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GOAL 1: Provide for Efficient and Effective Mission Accomplishment  
M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 1.1 – Science and Technology Results with Meaningful Impact 

The following section demonstrates the laboratory’s significant science and technology contributions that are aligned with DOE 
mission needs: 

BASIC ENERGY SCIENCES (BES) 

SLAC achieved high-profile scientific results and technology advances that meet the BES mission of fundamental research to 
understand, predict, and ultimately control matter and energy at the electronic, atomic, and molecular levels to provide the 
foundations for new energy technologies. The following provides a review of recent relevant science results and technology 
advances and references associated publications. 

Chemical Sciences 

The PULSE ultrafast chemical science program focuses on electron and nuclear dynamics in a broad range of chemical systems, 
with current investigations focusing on characterization and control of excited electronic states in photochemical and 
photocatalytic reactions. The SUNCAT Center for Interface Science and Catalysis aims to develop an understanding of the factors 
that govern the properties of catalyst surfaces and interfaces, with the goal of applying these insights to processes and catalysts of 
importance for energy transformations, particularly those involving the sustainable production and use of fuels and chemicals. 
These research directions are supported by extensive use of the unique capabilities at SLAC, notably LCLS, SSRL, ultrafast electron 
diffraction (UED) and, in the future, LCLS-II.  

PULSE FWP 

 A team led by Thomas Wolf and Todd Martinez have used UED and quantum chemical simulation to follow the archetypical 
photochemical ring-opening reaction of cyclohexadiene with sub-angstrom spatial and femtosecond temporal resolution, 
enabling the ring-opening reaction to be characterized with unprecedented detail (Nature Chem. accepted). A team led by 
Amy Cordones-Hahn has focused on the extension of UED to liquid phase chemical dynamics, with first experiments 
anticipated in FY19. 

 Methods for identifying the molecular geometries that control reactive transitions between electronic states have been 
developed. In a study of the archetypical photo-dissociation reaction of iodine, a team led by Adi Natan has demonstrated 
that the anisotropy in the ultrafast X-ray scattering signal can be utilized to determine the molecular geometry where 
transitions between electronic states occur [Phys. Rev. X, submitted].  

 A team led by Kelly Gaffney has shown that ultrafast X-ray spectroscopy and scattering studies can be used to track changes 
in electronic state and nuclear geometry along a reaction trajectory for light-triggered photochemistry in transition metal 
complexes [Phys. Rev. Lett. 122, 063001 (2019) & Chem. Sci., submitted].  

 The PULSE FWP has been leading in the development of solid-state strong field light-matter interactions as a probe of 
driven ultrafast dynamics in condensed phase media and nanoscale engineered structures. Shambhu Ghimire and David 
Reis summarize these activities and present the prospects for the future in a review article [Nature Physics 15, 10 (2019)]. A 
recent investigation by Reis and Tony Heinz has demonstrated the possibility of probing the surface region of bulk materials 
by the generation of even-order high harmonics, extending the well-established approach of surface second-harmonic 
generation into the non-perturbative regime [Optica, submitted]. 

 The electron dynamics on the nanoscale project has made significant progress in identifying new highly correlated excited 
states in 2D monolayers and in understanding their dynamics. In an investigation of WSe2 monolayers encapsulated in 
hexagonal boron nitride, emission features from excitons with line widths approaching the radiative limit were seen. This 
permitted identification of both neutral and charged biexciton states and understanding of their underlying structure 
[Nature Comm. 9, 3718 (2018)]. In collaboration with UC Berkeley/LBNL researchers, a review article was also prepared that 
discussed important recent progress in understanding charge separation at 2D semiconductor heterostructures [Nature 
Nano. 13, 994 (2019)]. 

 The attosecond science team in the PULSE FWP, led by James Cryan and Phil Bucksbaum working with Ago Marinelli in the 
Accelerator Directorate and Ryan Coffee in the LCLS Directorate, have developed sub-fs soft X-ray pulse generation and 
characterization capabilities at LCLS. The collaboration designed and built a unique electron spectrometer capable of 
measuring the electron momentum distributions produced in the angular streaking process [AIP Advances 8, 115308 
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(2018)]. This spectrometer was used to measurement the first sub-fs soft X-ray pulses from an FEL in the fall of 2018. The 
first measurements using these attosecond soft X-ray pulses have observed attosecond time delays in the photoemission of 
core-shell electrons and time-resolved the decay of core-excited states produced by X-ray ionization. 

SciDAC FWP 

 This activity has been exploring the potential of quantum computers for simulations of electronically excited molecules and 
materials. Most existing approaches have two major drawbacks – a restriction to the electronic ground state and the need 
for more qubits than can currently be assembled. We have introduced the multistate contracted variational quantum 
eigensolver (MCVQE) approach to address the first problem, and a hybrid computation scheme to address the second. This 
hybrid approach uses classical computers to determine matrix elements to be cast in the form of a spin Hamiltonian for 
solution with a quantum computer using MCVQE. Initial applications focus on the excited states in multichromophoric 
systems, such as those used in natural and artificial photosynthetic light harvesting [Phys. Rev. Lett., submitted]. 

SUNCAT FWP 

  Researchers at SUNCAT have developed a new synthesis process to generate Pd single-atom alloy catalysts in Au 
nanoparticles. Catalysts prepared from these precursors were demonstrated to be useful for selective oxidation reactions 
and present new opportunities for hydrocarbon oxidation reactions [J. Am. Chem. Soc. 140, 12930 (2018)]. 

 The electrocatalytic production of hydrogen peroxide has been investigated in multiple carbon-based materials. 
Electrochemical investigations show that both microporous and mesoporous carbons exhibit excellent performance under 
alkaline conditions, with an activity onset potential close to zero over potential and a >70% H2O2 selectivity. DFT results 
show that many types of defects in model graphene systems are expected to show selectivity for the 2-electron oxygen 
reduction reaction (ORR), with several defect configurations predicted to have activities as high as, or even higher than, 
state-of-the-art PtHg4 catalysts for the 2-electron reduction process [ACS Sustainable Chem. Eng. 6, 311 (2018)]. The 
electrocatalytic production of H2O2 in graphene oxide has also been investigated with theory and simulation. A first-
principles model has been developed to explain the mechanism and high activity of graphene oxide under mildly reducing 
conditions [ACS Catal. 8, 11940 (2018)]. 

 We have greatly accelerated the rate of transition state discovery by integrating a surrogate Gaussian process regression 
(GPR) atomistic model with a classical nudged elastic band (NEB) algorithm. Our method is an order of magnitude faster in 
terms of function evaluations than the conventional NEB method, with no accuracy loss for the converged energy barrier 
values [Phys. Rev. Lett., in press].  

 Theoretical efforts within SUNCAT have developed a model that accurately predicts atomic rearrangements at or near the 
surface of mono- and bi-metallic systems. Such understanding is essential for illuminating the interplay between catalyst 
structural rearrangement and catalytic activity. The ability to rapidly forecast site stabilities with atomic specificity across 
generic structural and compositional features enables reverse engineering of thermodynamically stable motifs of active 
sites in mono- and bi-metallic nanoparticles [Nanoscale 11, 4438 (2019)]. 

 The boundary between a metal oxide and its metal support provides an intriguing structural interface for heterogeneous 
catalysis. DFT calculations of this interface for TiO nanostripes supported on FCC metals show that CO hydrogenation, the 
reaction step believed to be rate limiting in electrochemical CO2 reduction, has greatly improved scaling over (111) and 
(211) transition metal surfaces. This structure appears to be a promising avenue to explore scaling modification in other 
metal oxide materials and reactions [ACS Catal. 8, 10555 (2018)]. 

Co-ACCESS FWP 

 Newly established as an independent FWP within Chemical Sciences, the Co-ACCESS program seeks to support the catalysis 
community through advanced synchrotron-based measurement capabilities. During the current fiscal year, Co-ACCESS 
research supported the in-situ/operando X-ray spectroscopy measurements and analysis of the single-atom iridium catalyst 
reaction mechanism. This effort, led by Ayman Karim of Virginia Tech, identified the specific chemical environment that 
makes a single atom catalytically active, with the active moiety comprising a bound CO ligand, and suggests pathways for 
designing improved catalysts [Nature Catal. 2, 149 (2019)]. 

Joint Center for Artificial Photosynthesis (JCAP) FWP 

During the current fiscal year, SLAC researchers have been supporting several significant research directions related to the 
electrocatalysis research component of the overall JCAP program. In one initiative, SLAC researchers have developed and 
employed a computational model involving explicit solvent to construct a microkinetic model for electrochemical CO2 reduction 
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on Cu(211) surfaces towards C2 products. We show how differences in multistep mechanisms for C1 and C2 products lead to 
different dependences on voltage and pH, suggesting how C2 products are favored under alkaline conditions. The mechanistic 
insights of this work elucidate how reaction conditions can lead to significant enhancements in selectivity and activity towards 
higher-value C2 products. [X. Liu et al., Nature Commun. 10, 32 (2019)]. 

In a further research component, SLAC researchers in the JCAP program have developed new catalysts that are capable of 
steering the selectivity of electrochemical CO2 reduction toward desired products. We synthesized and investigated CuAg thin 
films with nonequilibrium Cu/Ag alloying that, compared to pure Cu, showed enhanced activity and selectivity toward liquid 
carbonyl products, including acetaldehyde and acetate, while suppressing activity and selectivity toward hydrocarbons and the 
competing hydrogen evolution. Importantly, we show how alloying Ag into the Cu-rich phase of the catalyst underpinned the 
observed CO2R trends through tuning of adsorbate and reaction intermediate binding energies on the surface. [D. Higgins et 
al., ACS Energy Lett. 3, 2947 (2018)].   

In addition, researchers have also composed a Perspective article describing advances, challenges, and opportunities in 
translating knowledge in catalysis into the development of practical CO2 electrolyzers. We examine practical device 
architectures that operate using vapor-phase CO2 reactants, thereby overcoming intrinsic limitations of aqueous-based systems 
and representing new paradigms for unprecedented control of local reaction conditions [D.C. Higgins et al. ACS Energy Lett. 4, 
317 (2019)]. 

Ultrafast Catalysis FWP  

 This newly initiated project, led by Heinz, seeks to apply the unique capabilities of ultrafast X-ray pulses from XFELs to probe 
electronic and nuclear dynamics of model processes in heterogeneous catalysis and to capture and characterize short-lived 
reaction intermediates. To date, the effort has focused on developing the experimental infrastructure to perform the 
necessary initial measurements, including determination of the required optical excitation conditions and of the X-ray 
spectroscopic signatures of adsorbed species. Proposals for XFEL beam time at different facilities have been submitted. In 
addition, joint research has been conducted with FWP co-PI Anders Nilsson in developing theoretical models to describe 
recent XFEL data for core-level shifts in the spectra on adsorbed C atoms on transition metal surfaces following 
femtosecond laser excitation. The data reveal transient changes induced across the core level spectrum on the 
femtosecond time scale.  

Materials Sciences 

The Division of Materials Science (SIMES) is organized around 3 pillars of research, pursuing grand challenge problems in the areas 
of (1) quantum materials, (2) ultrafast materials science, and (3) chemical energy storage. Our 12 FWPs and associated BES 
partnerships have made important progress in these areas during the current fiscal year, including the highlights below. In 
addition, research in the area of energy storage is being carried out within the Joint Center for Energy Storage Research (JCESR) 
program, as described at the bottom of this section. 

In the area of quantum materials, our researchers have made progress in answering the question of what makes a great 
superconductor. This has been pursued by asking how can intertwined order be understood and controlled, and what are novel 
ways in which we can probe microscopic physics utilizing new tools and algorithms? Highlights include identifying a rapid change 
in superconductivity and bosonic coupling in the cuprates across 19% hole doping [Y. He et al., Science 362, 62 (2018)]. This work 
found a rapid and correlated increase of the superconducting gap and electron-phonon interactions as the chemical composition 
of bismuth-based cuprate samples was varied across a critical doping concentration. The interplay of electron-phonon with 
electron-electron interactions may lead to enhanced transition temperatures. Highlights also include further detailed studies of 
plasmons and quantum stripe phases in the cuprates via resonant inelastic X-ray scattering (RIXS) [M. Hepting et al., Nature 563, 
374 (2018), L. Chaix et al., Nature Physics 13, 952 (2017]) and associated numerical simulations [E. W. Huang et al., npj Quantum 
Materials 3, 22 (2018); Y. Wang et al., Phys. Rev. Lett. 120, 246401 (2018)] and algorithm development [C. J. Jia et al., Computer 
Physics Communications 224, 81 (2018)]. These works show via the interplay of experiment and theory how RIXS can reveal 
dispersive excitations unseen by other techniques. Our continued investigations of quantum nematic order and fluctuations have 
involved collaborations between theory and experiment, including how transverse Ising order can be tuned via strain through a 
quantum critical point [A. V. Maharaj et al., PNAS 114, 13430 (2018)], how superconductivity emerges in ultrathin free-standing 
films [S. S. Hong et al., Science Advances 3, 11 (2017)], and how a superconductor-insulator transition can be fine-tuned via 
disorder [Z. Chen et al., Nature Communications 9, 4008 (2018)]. A further investigation of the relationship between pairing 
phonons that contribute both the large electron masses and superconductivity [A. G. Swartz et al., PNAS 115, 1475 (2018)] has 
been extended to view depairing effects via spin-orbit coupling [A. G. Swartz et al., Phys. Rev. Lett. 121, 167003 (2018)]. The role 
of chiral superconductivity and spin-orbit coupling was investigated by scanning SQUID microscopy, where it was shown the 
strontium ruthenates does not display chiral ordering despite substantial spin-orbit coupling [C. A. Watson et al., Phys. Rev. B 98, 
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094521 (2018)]. Similar technique development led to the observation of chiral edge currents along magnetic domain walls in 
quantum anomalous Hall systems [I. Rosen et al., npj Quantum Materials 2, 69 (2017)]. 

In the field of ultrafast materials science, progress has been made toward answering questions concerning (1) how excited states 
of materials can be measured and interpreted, (2) how novel phases of matter can be stabilized or manipulated via controlled 
pulses, and, more generally, (3) how novel information can be obtained via ultrafast studies that is not available by other means. A 
joint experiment-theory effort was undertaken to determine how shear strain can be utilized to manipulate and switch topological 
materials at terahertz (THz) frequencies [E. Sie et al., Nature 565, 61 (2019)]. Crystallographic measurements by relativistic 
electron diffraction were used to demonstrate that THz light pulses can be used to induce THz-frequency interlayer shear strain 
with large strain amplitude in the Weyl semimetal WTe2, leading to a topologically distinct metastable phase. Diffuse X-ray 
scattering studies in the time domain at LCLS have revealed how dimers in vanadium oxide become disordered and entropy 
increases on ultrafast timescales to give snapshots of ultrafast phase transitions [S. Wall et al., Science 362, 572 (2018)]. The 
results show that the photoinduced transition is of the order-disorder type, driven by an ultrafast change in the lattice potential 
that suddenly unlocks the vanadium atoms and yields large-amplitude uncorrelated motions, rather than occurring through a 
coherent displacive mechanism. A similar technique was utilized to explore nonlinear lattice coupling and its connection to 
structural phase transitions in bismuth [S. Teitelbaum et al., Phys. Rev. Lett. 121, 125901 (2018)]. In a numerical study of a phase 
transition between 2 electronically ordered insulators (antiferromagnet and charge density wave), a light-enhanced d-wave 
superconducting state was observed when the system resides near a quantum phase boundary. By examining the evolution of 
spin, charge, and superconducting susceptibilities, we have shown that a subdominant state in equilibrium can be stabilized by 
photomanipulating the charge order to allow superconductivity to appear and dominate. This work provides an interpretation of 
light-induced superconductivity from the perspective of order competition and offers a promising approach for designing novel 
emergent states out of equilibrium [Y. Wang et al., Phys. Rev. Lett. 120, 24602 (2018)]. 

Our focused efforts on chemical energy storage have provided more insights into the solid-liquid interface and how lithium is 
transported across it in battery electrodes. Real-time (operando) X-ray microscopy maps were used to track lithium transport at 
the mesoscale level, and led to the discovery of solvent-mediated surface diffusion along nominally insulating directions [Y. Li et 
al., Nature Materials 17, 915 (2018)]. This work was able to reclassify battery cathode LiFePO as a pseudo 3-dimensional ionic 
conductor with 1-dimensional transport in the bulk but 2-dimensional transport on the surface. This translates into the 
understanding that fluid-enhanced surface diffusion can control intraparticle phase transformations. A recent set of review 
articles discussed how theoretical and X-ray methods may be combined to understand the nature of charge transfer in battery 
cathode materials, and how energy density at the electrodes may be increased via anionic redox mechanisms. Focusing on theory, 
we have provided an overview of theories for angle-resolved photoemission spectroscopy (ARPES) and RIXS applied to quantum 
materials [Y. Wang et al., Nature Reviews Materials 3, 312 (2018)]. First, we discussed methods for studying equilibrium 
spectroscopies, including first principles approaches, numerical many-body methods, and a few analytical advances. Second, we 
assessed the recent development of ultrafast techniques for out-of-equilibrium spectroscopies, from characterizing equilibrium 
properties to generating transient or metastable states, mainly from a theoretical point of view. Another review article showcased 
the roles of soft X-ray absorption spectroscopy and RIXS on anionic and cationic redox and interfaces in batteries [W. Yang and T. 
P. Devereaux, J. Power Sources 389, 188 (2018)]. In particular it reviewed how RIXS demonstrates how effective it is for battery 
research via superior chemical sensitivity. A universal oxygen redox mechanism was shown to be independent of the high voltage 
plateau and is a signature of increased energy density in cathodes. 

SLAC researchers also participate in the JCESR program, which was renewed recently after completion of its first 5 years of 
research. The SLAC JCESR program makes extensive use of synchrotron radiation capabilities to support the research goals of 
JCESR. Recent SLAC research has continued to examine charge transfer at dynamic interfaces through these approaches.  

In particular, by combining in situ synchrotron X-ray reflectivity, linear sweep, ex situ X-ray photoelectron spectroscopy, and first 
principles calculations from the materials project, researchers have increased our understanding of the formation of the solid 
electrolyte interphase (SEI) layer. These studies were performed on native oxide terminated silicon wafer anodes with a carbon-
based electrolyte (LP30). They have shown the formation of 2 well-defined inorganic SEI layers on the Si anode. By understanding 
the formation and function of these layers, the researchers are able to comment on potential advantages of artificial ion 
conducting layers [Cao et al., Joule 3, 762 (2019)]. 

In addition, within the JCESR research program at SLAC, work has recently started to explore the double-layer structure in super 
concentrated “water-in-salt” electrolytes. Here X-ray reflectivity is utilized again for its interface-surface sensitivity. Data collection 
and modeling are ongoing at this time. The team is also currently using in situ diffraction measurements to study calcium plating 
using a specially developed electrochemical cell. 
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Computer Science 

The CS Division is engaged with preparations for LCLS-II on the ExaFel project and also in discussions of future computing 
plans for both LCLS-II and the lab more generally [See also ASCR under Goal 1.1]. The mission of the CS Division has expanded 
during the past year to include work in machine learning (ML) relevant to massive-scale online data analytics, as well as initial 
work in reducing the cost of programming large-scale computations for facilities users, in particular making the use of 
computational accelerators such as GPUs more accessible. 

The CS Division has begun a collaboration with the software development effort for LCLS-II, contributing specifically to the 
development of a new generation of AMI, the interface that allows facility users to monitor and control experiments. This 
collaboration has been quite productive and currently AMI is ahead of schedule. It has also allowed the members of the CS 
Division to gain a deeper understanding of LCLS-II software issues. 

Accelerator Research 

 Development of an RF pump/X-ray probe instrument at SSRL, the first of its kind, is underway to image in situ temporally 
evolving thermal strain induced by high-power RF at W-band frequencies. This instrument will not only help with 
understanding the material’s interaction with the electromagnetic wave, but it will also enable development of material 
microstructure resistant to RF-induced damage. The instrument utilizes grazing incidence diffraction to measure changes in 
a material’s lattice constant in single-crystal copper samples oriented in (100) as well as (111) directions over the duration 
of single or multiple RF pulses. The ultrahigh vacuum material analysis system and the use of X-rays to probe materials 
transformations inside that system have recently been demonstrated; integration of the RF source into the system is 
underway. 

 A new THz accelerator/compressor structure was tested on the SLAC UED beamline. This experiment used two THz 
structures – a THz compressor and a THz deflector – to sample the beam. The laser-driven THz deflector was tested first, 
and completed, analyzed and published experiments (PRAB 2019) showed timing/synchronization and stability benefits. 
This type of instrumentation is the key to achieving high-quality and emittance-preserving beams. The THz 
accelerator/compressor was tested in Q2; preliminary results with the structure operating in compression mode delivered 
stunning performance, with 40 fs long bunches, 20 fs timing jitter and 3X improvements in both. 

 Underpinning the above research and our future competitiveness, SLAC continues to drive a broad R&D program into FEL 
accelerator science. The research directions are down-selected according to their ability to address the priority scientific 
objectives identified by SLAC and the wider user community in the fields of X-ray and ultrafast science. Good progress has 
been made in areas that are essential for full exploitation of LCLS-II and LCLS-II-HE, including: 

o Improved soft X-ray seeding has been targeted for study by a task force (joint with LBNL) that isolates soft X-ray self-
seeding (SXRSS) and echo-enabled harmonic generation (EEHG) as compatible and complementary options for 
narrowband FEL operations at LCLS-II. Promising results have led to a significant improvement in understanding of 
performance goals, limitations, and potential capabilities (SLAC Technical Note-19-001). Progress is highlighted in 
several papers and a final report will be published, including a demonstration of EEHG at Fermi National Accelerator 
Laboratory (Fermi) down to soft X-rays (accepted Nature Photonics) and a transition into a new high-resolution SXR FEL 
R&D program (Erik Hemsing). This program is focused on delivering novel SXRSS optics and beam configurations for 
enhanced flexibility, multicolor seeding, and higher pulse stability near the Fourier transform limit. The requirements 
for this work are routinely highlighted in LCLS-II project reviews as being a critical enabling technique for the future 
science program. 

o Complementing this, progress has been made in verifying the micro bunching instability origins of the pedestal in the 
current soft X-ray self-seeding configuration, through experimental measurements [Gabe Marcus, in preparation]. A 
new project has been launched to improve the laser heater and suppress the pedestal, supported through LDRD [Sergio 
Carbajo Garcia]. 

o Substantial focus has been applied to the generation of sub-fs (attosecond) pulses, in response to the priority research 
opportunities identified in this domain. The XLEAP sub-fs pulse generation program has been successfully 
commissioned and has already deployed new self-modulation operating modes to LCLS users that scale well to high-
repetition-rate machines. To improve our ability to measure such pulses, an algorithm to reconstruct the time structure 
from angular streaking has been developed [Li et al., Optics Express 26, 4531 (2018)]. This work is being taken forward 
in conjunction with direct BES funding for both the attosecond generation and diagnostics activities.  
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o A high-power mode has been developed using careful compensation of dispersion to reach 300 GW peak power in a 10 
fs hard X-ray pulse, representing a 3X increase in peak power for LCLS [Guetg et al., Phys. Rev. Lett., 120, 014801 
(2018)].  A second high-power, short pulse mode was demonstrated using 3-stage amplification for the soft X-ray FEL 
[Lutman et al., Phys. Rev. Lett. 120, 264801 (2018)]. This keeps LCLS well ahead of the rest of the world in terms of peak 
X-ray power. 

o Machine learning techniques are being studied in support of SPEAR3 (SSRL), LCLS, and FACET-II, and engaging a broad 
cross-section of researchers from across SLAC, Stanford, and the wider community. A new LDRD investigating Bayesian 
optimization methods is now underway [Joseph Duris], and SLAC hosted the first Machine Learning Applications for 
Particle Accelerators workshop February 27-March 2, 2018 to promote discussion and collaboration between 
laboratories worldwide. An initiative has been launched at SLAC to ensure close integration of all of our ML activities, 
led by Daniel Ratner. 

o The recently developed fresh-slice scheme has been hugely successful, improving a wide range of operating modes 
including short bunch, 2 pulse, 2 color, multistage (high power), and more. A new concept to make a match-based 
(rather than orbit-based) slice control reduces beam loss and will help extend fresh-slice modes to LCLS-II; it has now 
been demonstrated experimentally [Chao et al., Phys. Rev. Lett. 121, 064802 (2018)] 

 Coherent synchrotron radiation (CSR) in the bending magnets is one of the most important limits to improving brightness of 
electron beams in storage rings and bunch compressors in FEL light sources and high-energy linear colliders. A new 2-
dimensional theory of CSR wakefields has been developed and applied to the study of FACET-II bunch compression 
processes [Phys. Rev. Accel. Beams 20, 064402 (2017)]. 

 Work continued to contribute to the design and operation of future multibend achromatic storage ring light sources. This 
work is published in T. Zhang, X. Huang, “Numerical optimization of a low emittance lattice cell,” Nucl. Inst. and Methods in 
Physics Research, A, 923 (2019) 55-63, and T. Zhang, X. Huang, “Off-axis injection for storage rings with full coupling,” Phys. 
Rev. Accel. Beams 21, 084002 (2018). 

 Work continued to develop algorithms for beam-based optimization of operating light sources. This work is published in X. 
Huang, “Robust simplex algorithm for online optimization,” Phys. Rev. Accel. Beams 21, 104601 (2018), and T. Zhang, X. 
Huang, T. Maxwell, “Linear optics correction for linacs and free electron lasers,” Phys. Rev. Accel. Beams 21, 092801 (2018). 

 The science enabled by SLAC MeV-UED is broad and impactful. This capability has now been integrated into the LCLS facility 
due to the clear scientific synergies, where it is being treated as an additional beamline – with the first external call for user 
proposals issued in January. Recent science highlights include: 

o Atomic movie of melting gold: SLAC MeV-UED has recorded the most detailed atomic movie of gold melting after being 
blasted by laser light. The insights they gained into how metals liquefy have potential to aid the development of fusion 
power reactors, steel processing plants, spacecraft, and other applications where materials have to withstand extreme 
conditions for long periods of time [Science 360, 1451 (2018)]. 

o Motion picture of a conical intersection: in most chemical reactions, electrons move earlier and faster than nuclei. It is 
therefore common to model reactions by using potential energy surfaces that depict nuclear motion in a particular 
electronic state. However, in certain cases, 2 such surfaces connect in a conical intersection that mingles ultrafast 
electronic and nuclear rearrangements. SLAC MeV-UED was used to obtain time-resolved images of CF3I molecules 
traversing a conical intersection in the course of photolytic cleavage of the C–I bond [Science 361, 64 (2018)]. 

o Observing light squeezing and stretching next-generation data storage material: Combining snapshots from 2 world-
leading ultrafast atomic-resolution “cameras” at SLAC – LCLS and UED – it was shown that the laser flashes 
demagnetized iron-platinum particles within less than a picosecond, causing atoms in the material to move closer 
together in one direction and farther apart in another. The results provide the first atomic-level description of the 
mechanical strain, known as magnetostriction, occurring in magnetic materials when the magnetization is changed 
[Nat. Commun. 9, 388 (2018)]. 

o Ultrafast atomic snapshots of energy flow: Using time- and angle-resolved photoemission spectroscopy (tr-ARPES) and 
SLAC MeV-UED, a detailed understanding was developed of the energy flow in a well-known superconducting copper 
oxide (Bi-2212) and how it is affected by the interactions of electrons and atomic nuclei [Sci. Adv. 4, (2018) doi: 
10.1126/sciadv.aap7427]. 

o Switching material from one state to another with a single flash of light: Using SLAC MeV-UED, scientists from SLAC and 
MIT experimentally demonstrated a simple way of flipping a material from one state into another and back again with 
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single flashes of laser light. This could offer a new, simple path to storing data in next-generation devices [Sci. Adv. 4, 
(2018)]. 

Detector and Control System R&D 

 The Control Software Working Group (CSWG) is working on a number of innovative solutions to improve accelerator 
efficiency. At the EPICS level, they are working on a new high-throughput data protocol, more suitable for the data rates of 
the LCLS-II MHz beam and capable of carrying complex data such as images, matrices, and tables, while concomitantly 
developing the network infrastructure and security for that new protocol to keep experiments isolated and the accelerator 
safe. They are also working on accelerator beam data event building and data management for LCLS-II. For first steps in big 
data accelerator machine learning, a prototype of that event builder was repurposed for the final months of LCLS, capable 
of capturing, collating, and storing all the data of every beam, plus all its metadata (pulse current, destination etc.), forever. 
At the user level, the next generation of application and display technology is being developed, able to integrate the needs 
of both controls and physics for synoptic displays and high-level apps. The team is also looking at how EPICS and the physics 
tools on EPICS can be leveraged by FACET-II while keeping it on the SLC control system. 

 An important development at SLAC is the current plan for deploying a beam containment system based on a field-
programmable gated array (FPGA) platform. The use of FPGAs in safety systems is still uncommon at national labs, so the 
experience of JLab and ANL is being integrated into this work. The need for such a system is driven by the 1 MHz repetition 
rate planned for LCLS-II; the need to make rapid decisions within this time frame pushes the requirements beyond what is 
expected by the more conventional programmable logic controllers (PLCs).  

HIGH ENERGY PHYSICS (HEP) 

SLAC researchers produced high-profile scientific results and technology innovations that advance the HEP mission to understand 
how our universe works at its most fundamental level through investigating the most elementary constituents of matter and energy, 
exploring the basic nature of space and time, and probing the interactions between them. The following provides a representative 
set of recent impactful results and associated publications, scientific community impact and peer review, impact on HEP program 
needs, and notable staff recognition, honors and awards. 

Energy Frontier Research 

The Energy Frontier program is predominantly the ATLAS experiment at the Large Hadron Collider (LHC), where the collision of 
intense high-energy proton beams is used to probe both high mass scale and rare processes to study the Standard Model (SM) 
and to search for physics Beyond the Standard Model (BSM). The ATLAS experiment is an international collaboration of some 
3,000 physicists. The SLAC team of ~20 people leverages its expertise in silicon pixel detectors, flavor tagging of jets, and Higgs 
physics, as well as unique capabilities at SLAC such as electronics and data acquisition, to maximize its impact.  

The key project goal for the next few years is the construction at SLAC of the ITk pixel inner system for use during the high-
luminosity LHC run. As the innermost part of the upgraded charged particle tracker, it is crucial to the key science goal of 
understanding the properties of the Higgs boson while operating in the intense radiation environment next to the beam pipe. 

ATLAS Physics 

SLAC has focused its attention on Higgs physics and the corresponding analysis tools.  Several significant SLAC-led ATLAS 
publications have been completed or developed during FY18: 

 The SLAC group continues to leverage our strength in flavor tagging and machine learning to develop tools to tag b-jets and 
c-jets. These improvements have direct impact on a wide range of Higgs studies in ATLAS, since the branching ratio to two 
b-jets is ~60%.  

 The SLAC-led search for the production of bH with the subsequent decay of the Higgs boson to two b-jets is in final internal 
review and is expected to be published soon. An extension of this study to the full Run-2 data set has started.  

 The search for Higgs pair production in the 4b final state has been published [JHEP 01 (2019) 030], setting an upper limit 13 
times the Standard Model expectation. 

 Group members are active in all 3 of the most sensitive channels in the search for Higgs pair production: 4b, 2b2tau and 
2b2photon.   

 We are continuing in the search for the Higgs boson produced in association with a vector boson and subsequently 
decaying to a pair of charmed quarks.  
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 SLAC continues its involvement with the MATHUSLA project (arXiv:1903.04497), which focuses on the very weakly 
interacting long-lived particle regime as a complement to ATLAS and CMS capabilities. With LHC Committee 
encouragement, input has been submitted to the European Strategy (arXiv:1901.04040) and we are pursuing detector 
development and site-specific engineering. 

Intensity Frontier 

The Intensity Frontier program at SLAC is a vibrant mix of activities covering neutrino physics, the search for dark matter, and 
exploring the unknown, representing three of the HEPAP P5 science drivers. SLAC makes key contributions to the global long- 
and short-baseline accelerator-based neutrino program and originates and operates smaller SLAC-led experiments such as the 
Heavy Photon Search (HPS) and EXO-200. These efforts build on our core competencies to innovate, design, and fabricate new 
and increasingly sensitive instruments. 

Neutrinos are studied by fundamentally different probes that give us different views of their properties, and SLAC plays key 
roles in each of these probes. The SLAC accelerator-based neutrino team participates in the FNAL short-baseline experiments 
MicroBooNE and ICARUS, where the focus is on the data acquisition system, event reconstruction, machine learning 
techniques for data analysis, and exotic and astrophysics data analyses. The team is a founding member of DUNE, with data 
acquisition and science roles on Proto-DUNE and the 35-ton prototype as well as in cold electronics, event reconstruction, and 
near detector R&D. SLAC also collaborates in the T2K experimental program. Together with Stanford, SLAC developed the use 
of liquid xenon TPC technology to search for neutrinoless double beta decay and has stewardship of EXO-200. EXO-200 
successfully took data during all of FY18 and ceased operations at the end of the calendar year; data analysis will continue in 
2019. 

The exploitation of intense, low-energy electron accelerator beams to probe dark sectors – light dark matter that is charged 
under its own forces – was pioneered by SLAC scientists. SLAC stewards the Heavy Photon Search experiment that operates in 
Hall B at JLab. HPS has completed engineering runs and subsequent data analysis and is gearing up towards a 9-week run in 
FY19. Following major SLAC contributions to the Basic Research Needs workshop and report to define a program of new small 
projects to search for dark matter, the Light Dark Matter eXperiment (LDMX) collaboration has been formed, with SLAC 
playing leading roles. 

FNAL Short Baseline Program 

 The SLAC group has played an essential role in laying the foundation for analysis at MicroBooNE and the LAr TPC in general. 
These include calibration and software developments leading to a major simulation production that will be the basis for 
MicroBooNE results this summer, and fundamental neutrino reconstruction developments using both traditional and 
modern machine learning techniques that are advancing the global LAr TPC and resulting in publications.  

 SLAC played a significant role in the following publications: 

o Kazuhiro Terao was a principal author of ``Machine Learning at the Energy and Intensity Frontiers of Particle Physics,’’ 
Nature 560 no.7716, 41-48 (2018). 

o MicroBooNE collaboration, “A Deep Neural Network for Pixel-Level Electromagnetic Particle Identification in the 
MicroBooNE Liquid Argon Time Projection Chamber,” arXiv:1808.07269, accepted by PRD, Fermilab News article 
(09/12/18), DOE HEP Science Highlight (01/30/19) 

o MicroBooNE collaboration, “Ionization Electron Signal Processing in Single Phase LAr TPCs II: Data/Simulation 
Comparison and Performance in MicroBooNE,” arXiv:1804.02583, JINST 13, P07007 (2018), Fermilab News article 
(07/09/18) 

o MicroBooNE collaboration, “Ionization Electron Signal Processing in Single Phase LAr TPCs I: Algorithm Description and 
Quantitative Evaluation with MicroBooNE Simulation,” arXiv:1802.08709, JINST 13, P07006 (2018), Fermilab News 
article(07/09/18) 

o MicroBooNE collaboration, “The Pandora Multi-Algorithm Approach to Automated Pattern Recognition of Cosmic Ray 
Muon and Neutrino Events in the MicroBooNE Detector,” arXiv:1708.03135, Eur. Phys. J. C78, 1, 82 (2018) 

o MicroBooNE collaboration, “Ionization Electron Signal Processing in Single Phase LAr TPCs I: Algorithm Description and 
Quantitative Evaluation with MicroBooNE Simulation,” arXiv:1802.08709, JINST 13, P07006 (2018) 

DUNE 

The effort on the DUNE 35-ton prototype was completed. 

http://arxiv.org/abs/arXiv:1903.04497
http://arxiv.org/abs/arXiv:1901.04040
https://arxiv.org/abs/1808.07269
http://news.fnal.gov/2018/09/microboone-demonstrates-use-of-convolutional-neural-networks-on-liquid-argon-tpc-data-for-first-time/
https://science.energy.gov/hep/highlights/2019/hep-2019-01-c/
https://arxiv.org/abs/1804.02583
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
http://news.fnal.gov/2018/07/extracting-signals-of-elusive-particles-from-giant-chambers-filled-with-liquefied-argon/
https://arxiv.org/abs/1802.08709
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://news.fnal.gov/2018/07/extracting-signals-of-elusive-particles-from-giant-chambers-filled-with-liquefied-argon/
http://news.fnal.gov/2018/07/extracting-signals-of-elusive-particles-from-giant-chambers-filled-with-liquefied-argon/
https://arxiv.org/abs/1708.03135
https://doi.org/10.1140/epjc/s10052-017-5481-6
https://doi.org/10.1140/epjc/s10052-017-5481-6
https://doi.org/10.1140/epjc/s10052-017-5481-6
https://doi.org/10.1140/epjc/s10052-017-5481-6
https://arxiv.org/abs/1802.08709
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
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 The DUNE 35-ton prototype group, with SLAC leadership, published a paper describing the first tests of DUNE-style photon 
detectors in a large-scale prototype [D.L. Adams et al., JINST 13, P06022 (2018)]. 

EXO-200 

Data taking was completed in the search for neutrinoless double-beta decay in enriched 136Xe. The experiment has ended and 
has been dismantled, with useful components shipped to SLAC. 

 Limits determined on possible gamma backgrounds for neutrinoless double beta decay from measurement of neutron 
inelastic scattering on 136Xe at energies of 0.7-100 MeV, and a novel energy and light calibration method for reaching the 
inner detector volume is proposed [Phys. Rev. C98 (2018) no.6, 064606]  

 Development of deep neural networks for energy and position reconstruction in EXO-200 [JINST 13 (2018) no.08, P08023] 

HPS and Dark Sectors 

The SLAC HPS team published first physics results from the 2015-16 engineering runs at JLab and is in production of an upgrade 
to the SVT. 

 The first HPS physics result, “Search for a Dark Photon in Electro-Produced e+e− Pairs with the Heavy Photon Search 
Experiment at JLab,” was published [Phys. Rev. D98 (2018) no.9, 091101] and was selected as an Editor’s Suggestion. 

 Preliminary results of the displaced vertex search were published (arXiv:1812.02169). 

 On the strength of HPS operational success and demonstrated physics reach, as well as upgrades that improve the 
experiment, HPS is scheduled for a 9-week physics run in the summer of 2019. 

 The SLAC group played a major role in the Basic Research Needs process to define a program of new initiatives for small 
projects to search for dark matter. 

 The SLAC group has leadership roles in the newly formed LDMX Collaboration, which continues to develop the experiment 
and plan for a formal proposal process, expected this year. 

Cosmic Frontier Research 

The Cosmic Frontier program is targeted at the mysteries of dark energy, inflation, and dark matter, which correspond to two of 
the HEPAP P5 science drivers. SLAC is the lead lab for DOE contributions to LSST: camera construction and the Dark Energy 
Science Collaboration (DESC). SLAC manages the DOE construction and commissioning efforts for LSST and is integrating the 
camera. DESC is developing the analysis pipelines that will extract multiprobe cosmological parameters from the massive LSST 
data set, and is engaged in a series of large data challenges as a vehicle to develop the pipelines and computing infrastructure 
that will be needed during survey operations. SLAC has contributed significantly to the DES and DESI projects, and has gained 
considerable experience that is directly applicable to LSST. SLAC is also the lead lab for SuperCDMS SNOLAB, which passed its 
combined CD-2/CD-3 review last year. In addition to project management and operations planning, SLAC provides technical 
leadership for detector fabrication and is responsible for design, assembly and cold testing of the final detector towers. The dark 
matter program includes a broad technical scope for LUX-ZEPLIN (LZ), covering the fabrication of TPC grids and operation of the 
system test to provide feedback on prototypes from across the project, as well as testing of grids fabricated at SLAC’s custom 
weaving loom. SLAC has started commissioning the chromatography subsystem for the krypton removal production system for 
purifying the 10-ton xenon target, while completing integration on recovery, storage, and various support systems. SLAC is also 
leading the offline analysis effort, with SLAC scientists taking lead project and collaboration roles. SLAC’s role in detector 
fabrication and assembly has also led to on-site roles at the experimental site at SURF in coordinating assembly and verification.  
The effort on CMB-S4 has substantially ramped up, with SLAC team members playing critical roles in the detector and readout 
R&D, systems engineering, the collaboration Decadal Survey submission, and the formation of the project. 

Dark Energy LSST and LSST-DESC 

 The LSST-DESC management team implemented the recommendations of the May 2018 operations review committee, 
which included 1) updating the LSST-DESC science roadmap (SRM) to define the software and data set development aspects 
of the LSST-DESC operations activities, 2) producing a collaboration-wide release of the LSST-DESC’s science requirements 
(SRD), and 3) updating the operations prioritization plan (OPP) to incorporate needs identified in the SRM and potential 
resources from the collaboration and from operations funding. Planning is underway for the next phases – DC3, ComCam 
and Science Verification – as well as for remaining vigilant in the production of analysis pipelines and paying attention to 
schedule slippages.  
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 An International Resources Committee was initiated, with a start-up meeting at the end of January 2019. LSST-DESC’s needs 
were presented to its funding agencies, DOE, IN2P3, and STFC. The goal was to work towards agreements on needed 
support levels and ways to define a fair share of commitments. The IRC will meet again in July 2019 and continue to meet 
twice a year. 

 LSST Science Department members continued efforts in LSST-DESC operations support, leading the collaboration’s 
computing infrastructure (CI) operations efforts, contributing to the pipeline infrastructure work, and providing overall 
scientific management of LSST-DESC operations. 

 The collaboration’s Science Roadmap (SRM) Data Challenge 2 (DC2) is underway. The physics simulation code “ImSim” was 
selected for the bulk of DC2 production, with the “Run 2.1” 300-square-degree, 3-year survey simulation in progress. A task 
force co-led by SLAC staff is assembling the collaboration’s LSST DM stack image processing pipeline, to be run on the 
simulated images at CC-IN2P3 and NERSC. A task force is addressing data access issues, with SLAC staff playing a key role for 
testing Postgres for early database experience. The image processing for DC2 will be performed at CC-IN2P3; image 
production has been at NERSC and ANL.  

 More than 20 science projects have been defined to analyze the DC2 catalogs and images, driving the development of the 
DESC’s analysis pipelines and supporting research into improved cosmological methodology. At SLAC, scientists are using 
the DC2 data products to investigate machine learning approaches to emulating the LSST catalog and detecting time delay 
lens systems in that catalog.  

 Work by the SLAC galaxy cluster science team continues on projects that both serve as LSST pathfinders (DESC key projects) 
and enable the extraction of improved results from current data (DES,SPT). This includes studies to understand the 
systematic impact of miscentering and projection effects on optical cluster selection (two publications submitted in FY19 
and others in preparation) and work to utilize phenotypic redshifts with self-organizing maps, providing a novel method to 
characterize redshift distributions of source galaxies for weak lensing (paper submitted). The team is also making significant 
contributions to DC2. The development of the redMaPPer optical cluster finder for use with LSST, and of Bayesian 
hierarchical cluster cosmology analysis methods, continues. Looking forward to LSST-CMB-S4 synergies, work continues to 
develop improved techniques for calibrating cluster masses at high redshifts. The complementarity of LSST, CMB-S4, and 
other future observatories is being explored and summarized in white papers that will be submitted to the 2020 Decadal 
Review. 

 SLAC staff continues to participate in the H0LiCOW and STRIDES collaborations’ analyses of Stage 2 and Stage 3 time delay 
lens cosmography data. The H0LiCOW team published cosmology results from its 4th time delay lens system, after a blind 
analysis and a paper demonstrating a uniform lens modeling analysis of 13 lenses. 

 SLAC scientists continue to develop simulations for LSST-DESC, drawing on their work with DES. These simulations are being 
used to develop analysis tools for LSST in several working groups, including photometric redshifts, galaxy clustering, galaxy 
clusters, and theory and combined probes. 

 The electronic traveler system for LSST camera test data acquisition and process tracking remains in maintenance mode. 
This will allow the project and DESC to access historical test data during commissioning and operations to examine the 
lifetime performance of the hardware. Discussions continue with the LSST project involving mirroring the test data to the 
National Center for Supercomputing Applications (NCSA) and providing access to it from the project’s LSST science 
platform. 

 SLAC staff guided the LSST Stack Club (the community of LSST science collaboration members committed to learning the 
LSST software pipelines) through to the successful presentation of some 12 tutorial Jupyter notebooks at an end-of-year 
meeting with the LSST Project DM team. They obtained a second grant from LSST Corporation to support the junior 
members of the club as they prepare a second round of tutorials for the project and community workshop in summer 2019. 

 SLAC scientists are playing critical roles in the integration and testing (I&T) of the LSST Camera. The first half of FY19 saw 
significant progress and a number of milestones for camera I&T. Fifteen of the 21 science rafts were delivered to I&T, with 9 
of them tested at SLAC. I&T tests included cold focal plane height metrology, developed by Andrew Rasmussen, and cross-
talk measurements developed by Adam Snyder. Solutions to operational issues with both flavors of rafts were developed by 
SLAC scientists in collaboration with the LSST camera team. Control software and operational procedures for the full 
cryostat were under active development. SLAC staff have developed control and safety software for operation of rafts in 
the single raft cryostat, and has led all operation and troubleshooting of rafts in I&T. The camera cryostat was delivered and 
installed in the I&T BOT fixture. SLAC staff tested on mechanical dummy rafts the custom coordinate measuring apparatus 
to determine the absolute height of the CCD array with an accuracy of 1 micron. SLAC staff developed and tested analysis 
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methods and software for the raft view cameras, critical to installing rafts in the cryostat with 0.5 mm clearance, with 
successful integration of a number of such mechanical rafts. A comprehensive testing plan has been developed to assess 
the performance of the focal plane. SLAC scientists are analyzing CCD and raft data and uncovering idiosyncrasies of LSST 
CCD operation, and have developed plans and software for operating and testing the full LSST camera focal plane. They 
have developed raft testing equipment and associated analysis for cross-talk, deferred charge, brighter-fatter, and other 
CCD effects, to be used for the full cryostat. SLAC staff have developed data acquisition scripts and data analysis code for 
testing rafts in the full cryostat.   

 During testing of the delivered rafts, a number of individual CCD amplifier channels were found to have failed. The ultimate 
cause of these channel failures was determined by SLAC scientists to be metal particulates produced in raft assembly, which 
shorted out the pads or wire bonds of the CCDs. SLAC scientists led and contributed significantly to the development of a 
remediation plan to address these problems. 

 SLAC staff leads the development of the LSST camera control system, in use for all raft testing and camera operation as well 
as for the LSST auxiliary telescope. 

 SLAC staff leads the LSST camera commissioning and development of ComCam with a significant ramp up in FY19. The 
ComCam 9-CCD raft has recently been installed in the cryostat, and vacuum, thermal, and electrical testing has begun to 
prepare the ComCam for shipment to Tucson. 

Dark Energy Survey (DES) 

 The DES collaboration continued analysis in the first half of FY19 of the combined data from the first 3 years (Y1-Y3) of 
observations. Final processing of the data at NCSA, photometric calibration by SLAC scientists, and final co-addition of the 
Y1-Y3 images were completed and catalogs were released to the collaboration for analyses of cosmology. This data set is 
expected to provide factor of 3 improvement over Y1 in the key cosmology figure of merit. 

 SLAC scientists (Eli Rykoff and David Burke) made several improvements in the DES Forward Global Calibration Method 
(FGCM) and provided precision photometric calibration of the Y1-Y3 data. The repeatability and uniformity of the FGCM 
calibration was shown to have improved to 0.3% - 0.4% across the entire DES footprint. This is more than a factor of 2 
better than the original DES requirements, and is better than the 0.5% requirement set for the LSST project. FGCM has 
become the standard for DES, and SLAC scientists have implemented the package into the LSST data management stack, 
where testing on existing Subaru-HSC data continues. 

 SLAC scientists (Christopher Davis and Daniel Gruen) provided a new method of estimating photometric redshift 
distributions (“Phenotypic Redshifts with Self-Organized Maps”) that integrates data acquired by DES with those available in 
public databases. This method implements several features of machine learning and is being applied to the Y1-Y3 data.  

 Risa Wechsler’s group (Joseph DeRose et al. 2019) continues to provide simulations that are being used in the Y1-Y3 
cosmological analyses. Improvements in the galaxy populations in groups and clusters have been made to match the 
improving statistical accuracy of the DES data. These allow the simulations to be used to test critical systematics in lensing, 
photometric redshifts, clustering, and cluster cosmology analyses. 

 SLAC scientists led by Eli Rykoff provided catalogs of galaxies with robust photometric redshifts (the redMagic sample) as 
well as catalogs of galaxy clusters (the redMaPPer sample) that form the basis for Y1-Y3 cosmological analyses of large-scale 
structure and galaxy clusters.  

 The DES completed its final year of observing in January 2019. Observing operations continued to be guided by the all-sky 
monitoring instrument RASI-CAM, built and supported by SLAC. The survey successfully met its original goals for area and 
depth within the planned footprint on the sky. Initial processing, including calibration by SLAC scientists, was begun. 

 Participation by SLAC scientists in both DES and LSST provides for smooth transition of experience and capability to the 
future DOE dark energy science mission. 

Dark Matter Fermi Glast Space Telescope 

 The LAT collaboration paper “Search for Features in the Cosmic-Ray Electron and Positron Spectrum Measured by the Fermi 
Large Area Telescope” was published [Mazziotta et al., PRD 98, 022006 (2018)]. This is a sensitive search for narrow 
features in the high-statistics Pass 8 LAT measurements of the e+e- spectrum, including a novel indirect search for dark 
matter particles annihilating into e+e- pairs. Development of Pass 8 was led at SLAC. The search took into account 
propagation effects and included calculation of e+e- diffusion from annihilation in a Milky Way dark matter halo. The 
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resulting limits on annihilation cross section are below the thermal relic cross section for masses up to about 150 GeV. The 
limits are consistent with those reported from analysis of the AMS-02 e+e- spectra, but extend too much greater masses. 

 A LAT collaboration paper co-led at SLAC, “Search for Gamma-Ray Emission from Local Primordial Black Holes with the 
Fermi Large Area Telescope,” was published [Ackermann et al., ApJ 857:49 (2018)]. It is a unique analysis because the 
~10^8kg black holes to which the LAT would be sensitive would be near enough to have large, measurable proper motions. 
Black holes with masses this low could have formed only in the early universe and would be concentrated in the halos of 
galaxies, as expected with dark matter. The study set upper limits on the local evaporation rate (< 7.2 ✕ 10^3 pc-3 yr--1). 

 The LAT collaboration published “Fermi-LAT Observations of LIGO/Virgo Event GW170817” [Ajello et al. ApJ, 861:85 (2018)].  
The publication described the upper limits obtained for the high-energy counterpart of this event and future prospects for 
LAT detections of such neutron star mergers, including prompt analysis pipelines run at SLAC. 

 A dark matter search pipeline developed at SLAC is being applied to studies of the M31 and Large Magellanic Cloud galaxies 
and to an updated study of dwarf satellite galaxies, incorporating new models for dark matter halo mass distributions. The 
pipeline, an extension of the Fermipy package developed at SLAC, systematizes searches, including the important 
characterization of expected limits. 

 Dark Matter: LUX/LZ 

 SLAC’s participation in LUX continues through Christina Ignarra’s work as the convener of the Effective Field Theory working 
group to explore a broader range of WIMP-nucleus couplings beyond the conventional spin-dependent and spin-
independent couplings. We are working on a profile likelihood ratio test analysis of the full LUX exposure. In addition, we 
have published or posted the following LUX papers: 

o Results of a search for sub-GeV dark matter using 2013 LUX data (arXiv:1811.11241) 

o A search for annual and diurnal rate modulations in the LUX experiment [Phys. Rev. D 98, 062005 (2018)] 

 For LZ, we have nearly completed production of the LZ grids. The grids are manufactured using a custom loom and gluing 
system. Using the LZ system test at SLAC, we found that passivation with citric acid results in substantially suppressed 
electron emission, reducing the risk of sparking that could keep the detector from achieving the design voltages and fields 
needed for the ionization measurement. It also potentially extends the physics reach of the experiment by allowing a low-
rate search for events in the few electron regime, which provides sensitivity to the lowest mass dark matter and to elastic 
scattering of 8B solar neutrinos. We have also developed a set of protocols to assure the grids are free of dust and debris 
and have minimal exposure to Rn. Three of the 4 final grids have been produced and they match all mechanical 
requirements, including minimal deflection (<1 mm over 1500 mm span) when subjected to electrostatic forces in 
operation. The passivation is performed at a precision cleaning vendor, AstroPak. Their preferred method uses a high 
temperature incompatible with the epoxy bonding in the grids. We are currently tuning the passivation process prior to 
final treatment of the 2 cathodic grids.   

 Assembly of the LZ detector is proceeding in earnest. The TPC was assembled in December in the surface clean room facility 
at SURF (Homestake, South Dakota). The PMT arrays are being cleaned and dressed ahead of integration. Upon reception of 
the grids, the TPC will be completed, installed in the inner cryostat vessel, and moved underground to the Davis Cavern. 
SLAC project scientist Tomasz Biesiadzinski is leading the TPC assembly, integration, and verification effort at SURF. 

 The Kr removal production system that will be used to purify 10 tons of xenon to be used as the LZ target has advanced into 
the commissioning phase for the chromatography separation loop, which includes the helium circulation compressor, two 
400-kg charcoal columns, LN-cooled traps, and a purified helium supply. Fabrication of the last major component, the 
cryogenic freezer for xenon recovery, is approaching completion, as is integration of the various support systems and 
utilities. A commissioning readiness review was carried out, including a review of the failure modes, effects and analysis 
(FMEA) process, leading to a set of executable recommendations to be completed before xenon operations.  

 LZ is preparing its second Mock Data Challenge (MDC3), which will take place in April-July 2019. Maria Elena Monzani 
(offline and computing L2 manager) and Alden Fan (data analysis coordinator) are acting as co-leaders for MDC3. This data 
challenge simulates the first 6 months of LZ data taking (initial science run) and includes the full LZ analysis chain, all the 
way to a WIMP exclusion (or discovery) plot, including bias mitigation strategy. A kickoff meeting will take place in May and 
~70 collaborators plan to attend. The entire simulation and analysis chain is being tested and optimized at NERSC on HPC 
resources. 
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CMB 

 SLAC scientists continue to participate in the analysis of science data from the BICEP/Keck inflation-search series of 
experiments.  

o Data collected through 2015 has been used to set the most stringent limit on tensor-to-scalar ratio, r < 0.06 (95%CL), 
achieved to date [PRL 121, 221301 (2018)]. This result combined all available polarized galactic dust and synchrotron 
data available from WMAP and Planck with BICEP/Keck’s 95 GHz, 150 GHz, and 220 GHz measurements.  

o Analysis of science data collected through 2018 is now underway. The new data set includes 3 years of science data 
collected by BICEP3, a Stage-3 inflation search camera built by SLAC LDRD. 

 SLAC scientists continue developments at the forefront of superconducting high-density multiplexing readout for future 
CMB cameras, such as those necessary for CMB-S4.  

o SLAC Microresonator RF (SMuRF) electronics have been tested in the laboratory with cryogenic RF-SQUID amplifiers at 
multiplexing factors of >500 with CMB TES bolometers. This represents a nearly 10-fold increase in signal multiplexing 
over fielded CMB cameras while achieving photon-noise limited performance at all frequencies of interest for CMB-S4. 
[Henderson et al., Proc. SPIE 10708 (2018)]. 

o A BICEP/Keck Stage-2 camera was retrofitted at the South Pole with cryogenic RF-SQUID multiplexers and SMuRF 
electronics for an on-sky demonstration of CMB imaging with this new technology. First engineering data is being 
transmitted back to SLAC and analysis began in January 2019. 

o  Advanced Instrumentation is designing a warm RF electronics system to control and read out larger cryosensor 
focal planes. The system uses frequency multiplexing and is based on the SLAC ATCA common platform. Target 
applications are HEP CMB experiments and photon science spectrometers. 

Theoretical and Computational Physics (for HEP Programs) 

This program performs research with a broad view across subdisciplines, addressing crucial questions ranging from the 
development of fundamental theories to detailed calculations that are essential input for high-energy physics experiments. 
Research topics span the construction of event generators, precision QCD, beyond the Standard Model phenomenology and 
model building, dark matter phenomenology and model building, and neutrino physics. The group provides strong theoretical 
support to the experimental HEP programs at SLAC across the frontiers, and also engages with a broad array of experiments 
being carried out internationally. Group members take a leading role in the development of initiatives worldwide. Members of 
the particle physics theory group published 37 papers on the preprint arXiv or in refereed journals since the beginning of FY19. 
Highlights of this research include: 

 Detailed study of higher-order corrections in quantum chromodynamics, allowing for precise calculations of the production 
rates for Higgs bosons, top quarks, W and Z gauge bosons, jets, and Standard Model backgrounds for new physics searches 
at the LHC. Precision predictions were made at N^3LO for the rapidity distribution of the Higgs boson at the LHC [Phys.Rev. 
D99 (2019), no.3, 034004, arXiv:1810.09462]. Hadronic final states in deep inelastic scattering at NNLO in QCD employing 
parton showers were examined. An updated version of the public code iHixs2, describing the high precision inclusive Higgs 
boson production cross section at the LHC and future hadron colliders, was presented. A method to identify gluonium 
bound states using QCD counting rules was explored. An overview of the strength and weaknesses of various Monte Carlo 
generators for high-energy particle physics event simulation, with an eye towards future improvements, was performed 
(arXiv:1902.01674). A study was made of the detailed analytic structure of particle propagators in QCD. 

 New physics signatures that can be uncovered via precision measurements of Higgs boson decays at the LHC and other 
future colliders are being analyzed through the use of an effective field theory approach.  

 A detailed study was performed of the uncertainties in the poorly understood interactions of neutrinos with nuclear matter, 
which are critical for understanding results from DUNE. A corresponding study of the energy resolution of liquid argon 
detectors and its influence on the interpretation of these results was also initiated. An analysis was performed of the MeV 
physics potential of DUNE and how it may be influenced by the hard-to-model muon-induced spallation backgrounds. 

 Dark matter phenomenology was examined in several dark matter scenarios. The parameter spaces of new physics models 
that predict the direct production of light dark matter mediators at accelerator experiments such as HPS and beyond 
continue to be explored. The physics potential for the discovery of inelastic dark matter at the LHC and the corresponding 
long-lived signals of the dark sector obtainable by combining results from colliders and specialized detectors such as 
MATHUSLA, CODEX-b and FASER were explored. A model for a generalized dark sector with links to the Standard Model via 
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light mediators with broad experimental implications was examined. A preliminary phenomenological study of the impact 
of fermionic portal matter that is responsible for the kinetic mixing of the dark photon with the Standard Model photon was 
completed. The use of possible data from the LDMX experiment to explore the physics of millicharged states, axions, scalar 
particles, light gauge bosons, and other new physics continues to be examined. Preliminary studies were begun to explore a 
UV-complete model, based on SU(8), which simultaneously incorporates both the Standard Model and dark sector 
interactions and predicts the existence of light mediators and vector-like portal matter. A new method was found to 
suppress the interactions of the Standard Model with the dark sector fields without fine tuning or loop-induced kinetic 
mixing employing extra dimensions.  

 New physics scenarios that address the problems of the Standard Model and predict unique signatures at colliders, in dark 
matter experiments, in the flavor sector, in the rare decays of known particles, or in precision measurements are being 
newly constructed and studied. The physics reach of CLIC were summarized. The capability of discovery of new physics at 
CERN without the use of colliders was examined in detail. The production and event structure of fermion pairs in an 
SO(5)xU(1) Gauge-Higgs unified model were explored. The possibility of employing neural networks to detect data 
departures from a given reference model, with no prior bias on the nature of the new physics responsible for the 
discrepancy, continues to be analyzed. The evaluation of elliptic Feynman integrals in terms of pure functions was 
examined. The capabilities of the future FCC-hh and HE-LHC hadron colliders to produce and study new resonances in 
multiple final state channels were explored; the overall new physics potential of both machines was summarized. A study of 
the sensitivity of the angular distribution of the lepton from top quark decays to anomalous couplings was undertaken. The 
general 2-loop, 5-point amplitudes in both N=4 supersymmetric Yang-Mills theory and N=8 supergravity were determined. 
The capability of a future HE-LHC to probe the couplings of a new Z’ gauge boson were explored. A new warped extra-
dimensional model with gauged flavor sector physics in the bulk was constructed. The possible physics targets for an 
advanced very high energy e+e- linear collider were examined. The physics exploration potential of a fixed target program 
after the LHC runs are completed was considered. All 2-loop MHV remainder functions in multi-Regge kinematics were 
determined, and a study was performed of the amplitudes in the multi-Regge limit of N=4 supersymmetry.   

 Particle Astrophysics and Cosmology theory addresses key questions with particular relevance to the experimental program 
at SLAC. Research activities involve modeling, data analysis, and cosmological and astrophysical simulation relevant for 
near-term cosmological constraints from surveys and for developing new directions. Specific topics include dark matter and 
dark energy, growth of structure, structure of galaxy clusters, fluctuations in the microwave background radiation, physics 
of black holes, X-ray binaries, gamma ray bursts and neutron stars, and acceleration of charged particles. Members of the 
group have published 55 papers on the preprint arXiv or in refereed journals since the beginning of FY19. Highlights of this 
research include:  

 A major review article on the connection between galaxies and their dark matter halos, a key piece of the puzzle needed to 
use galaxy surveys to probe the dark universe (Wechsler and Tinker 2018, Annual Reviews of Astronomy & Astrophysics) 

 Theoretical contributions to several results from DES, including new constraints on H_0 and on models outside of flat LCDM 
and new methods to validate parameter estimation, calibrate weak lensing masses, model survey geometry, and constrain 
the size of dark matter halos 

 A new technique for reducing noise in simulations with neutrinos 

 New machine learning approaches to modeling strong gravitational lensing, including techniques for dramatically faster 
analysis of these systems using convolutional neural nets 

 Results from a large suite of cosmological simulations to emulate several cosmological statistics, including the halo mass 
function, as a function of cosmological parameters. These are essential to extract science from galaxy surveys including DES, 
DESI, and LSST  

 First measurement of the Hubble constant from a dark standard siren 

 A study of light particles with inflation 

 A study of black holes in an effective field theory extension of general relativity 

 Development of the effective theory of large-scale structure in the presence of massive neutrinos  

 Development of a new method to generate mock galaxy catalogs with a specific dark matter-galaxy bias. 

 Models of strong lensing systems and studies of the impact of baryons on dwarf galaxies and in galaxy clusters 
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Advanced Modeling Solutions 

The AMS team developed and supported detector simulation software through the Geant4 toolkit. The group supports the 
simulation needs of the ATLAS, CDMS, and Belle-II experiments, providing validation and specific developments relative to their 
individual software frameworks. As their first Belle-II detector simulation effort, the team completed the initial walk-through of 
the current Belle-II simulation code and spotted several areas for immediate computing performance improvements. The team 
participated in the release of Geant4 toolkit Version 10.5, which included the following developments and improvements: 

 Made further refinements in multithreading 

 Improved execution speed and further reductions in memory use per thread  

 Made Kernel code refinements to integrate muonic atoms and hypernucleus 

 Extended the Bertini cascade model to allow strange pair production at higher energies, up to 20 GeV. 

 Refactored the radioactive decay package to allow more efficient and correct biasing, and extended to allow electron 
capture from the N atomic shell. 

 Completed the migration to C++11 thread standard from the original POSIX threading. 

Accelerator Research 

 SLAC is the world leader in developing next-generation plasma wakefield acceleration (PWFA) technology for future 
accelerators, from compact systems to large-scale colliders, through operating the world’s only high-energy electron / 
positron beam-driven plasma facility. The Facility for Advanced Accelerator Experimental Tests (FACET) was the centerpiece 
of the PWFA program, operating as a DOE user facility from April 2012 to April 2016. For SLAC to maintain our leadership in 
this increasingly competitive field, FACET-II – the follow-on to FACET – is under construction. FACET-II will be the only 
facility in the world capable of providing 10 GeV electron and positron beams in support of accelerator science R&D, with 
the primary focus on investigating key R&D challenges of PWFA-based e+e- colliders and fifth-generation light sources. 

 The FACET-II beams will enable the next generation of PWFA research and development, and a series of PWFA experiments 
proposed for FACET-II is designed to demonstrate plasma wake generation where the drive beam is nearly depleted of its 
energy, the trailing bunch is accelerated with high efficiency while doubling its energy, and, ultimately, the emittance of the 
beam is preserved at state-of-the-art levels. Additional plasma-based experiments have been proposed for generating sub-
micron emittance bunches that will ultimately be needed for both an early application of PWFA and for a plasma-based 
future linear collider [C. Joshi et al., Plasma Physics and Controlled Fusion 60, 034001 (2018)]. 

 FACET-II is expected to deliver beams with unprecedented properties (sub-fs duration and peak currents exceeding 100 kA) 
requiring new diagnostic approaches where the beam parameters cannot be measured directly. The application of ML 
methods for predicting the longitudinal phase space (LPS) distribution at FACET-II has been studied and tested. The 
approach consists of training a ML-based virtual diagnostic to predict the LPS using only nondestructive linac and e-beam 
measurements as inputs. This approach has been validated with a simulation study for the FACET-II linac and with an 
experimental demonstration conducted at LCLS. At LCLS, the e-beam LPS images were obtained with a transverse deflecting 
cavity and used as training data for the ML model. Both the FACET-II and LCLS cases yield good agreement between the 
predicted and simulated/measured LPS profiles, an important step toward showing the feasibility of implementing such a 
virtual diagnostic at FACET-II. [C. Emma et al., Physical Review Accelerators and Beams 21, 112802 (2018)]. 

 The first operation of a practical accelerating structure cooled to liquid nitrogen temperatures has demonstrated record 
gradients and breakdown rates. This opens the potential for increased cost capability of NCRF accelerators in line with 
OHEP Roadmap goals, with dramatically increased gradients and record shunt-impedance as discussed by Bane et al. 
(arXiv:1807.10195 submitted to PRAB 2018). SLAC is leading the discussion with colleagues at LANL and UCLA on the 
utilization and future demonstration of this technology for multiple applications. We continue to develop designs for multi-
frequency structures optimized for high-gradient employing the distributed coupling architecture. 

 The TID Mm-wave and THz R&D portfolio for high-gradient, compact accelerators is multifaceted and has made SLAC highly 
competitive in this burgeoning field with applications in space, defense, and medicine, in addition to advancing accelerator 
capabilities. The multicell 0.11 THz standing-wave accelerating structure was built and delivered to MIT. The structure 
passed a quasi-optical cold test for coupling power at MIT. The first high power test campaign is complete, having operated 
at record high gradient. We are preparing for a second campaign and designing a THz gun for testing at MIT. 
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 Low-cost modulator prototypes were developed and have demonstrated required performance for the low-voltage RF 
source program. Record cost/power delivered was achieved with single unit production. A scaled prototype for integration 
with an RF source is in construction, with expected completion in FY19. 

 As part of our US-Japan collaboration, a distributed coupling structure was tested for ~4 months at KEK. This testing was in 
part supported by CLIC. The tested structure was fabricated with counter-sink EDM. After processing it performed similarly 
to a CNC machined structure in terms of breakdown rate. 

 ACE3P, the high-performance computing (HPC) tool for virtual prototyping of RF components and systems, was augmented 
with the implementation of a nonlinear eigensolver in collaboration with LBNL. This enabled the first-ever direct calculation 
of resonant mode damping in cavities coupled with multiple external waveguides. The new eigensolver solution 
demonstrated good agreement with measurements at DESY for the TESLA TTF cryomodule [Van Beeumen et al., Journal of 
Computational Physics (accepted August 8, 2018)].  

 AT&T and SLAC have partnered over the last year to address key technical challenges for the implementation of AT&T's 5G 
network at mm-wave frequencies. The project has entered Phase III and is preparing for experimental testing. This program 
utilizes SLAC's ACE3P simulation suite and has added new functionality to the software. 

 A surface impedance boundary condition (SIBC) was implemented in ACE3P to model cavity walls with finite electrical 
conductivities. This provides accurate evaluation of wakefield damping arising from beam transiting beamline components. 
The validity of the method has been verified for modeling the interaction region of the Electron Ion Collider at JLab. The 
SIBC was extended to include thin lossy dielectric materials on conducting surfaces, allowing efficient modeling of thin 
coatings deposited on vacuum chamber walls.  

 Publications  

o Record performance of RF structures [arXiv:1811.09925 (2018)] enabling new facility architectures [arXiv:1807.10195 
(2018)] 

o New high-power mm-wave switches [Phys. Rev. Applied NX10108 Accepted (2019)] critical to our mm-wave accelerator 
program 

o Exact solution of multi-bunch instabilities for ultra-relativistic constant energy bunches in particle accelerators [Physics 
Scripta (2019) 10.1088/1402-4896] 

o Novel THz transverse deflectors with femtosecond time resolution [PRAB 22, 012803 (2019)] 

o Cryogenic operation of NCRF structures [PRAB 21.10 (2018): 102002] for high brightness sources [22.2 (2019): 023403, 
PRAB 22.2 (2019): 023403, and NIMA 909 (2018): 224-228] 

 Developing new computational methods for RF design [arXiv:1902.01805 (2019) and PRAB 21.11 (2018): 114403] 

 The CW18 ACE3P code workshop has enabled the training of the next generation on HPC accelerator modeling. About 30 
participants, mostly graduate students, postdocs, and young researchers from labs and universities, attended the workshop 
at SLAC, where hands-on training included lectures, tutorials, and problem solving. Participants continue to receive code 
support for ACE3P simulation on HPC platforms at NERSC and Linux clusters for solving their modeling problems in 
accelerator projects and R&D. A standalone tool for converting unstructured finite element data format based on NetCDF in 
ACE3P to structured finite difference data format based on OpenPMD has been completed. The OpenPMD format for 
particle and field representation will be used by beam dynamics codes such as IMPACT and plasma codes such as Warp. The 
establishment of a data transfer standard between accelerator codes is essential for efficient start-to-end multiphysics 
simulation of accelerator systems. 

o L. Xiao et al., “Advanced Simulation of the TM0 Wire Mode Propagation over Long Distance at MM-Wave Frequency 
Using ACE3P," to be submitted [IEEE Trans. Microw. Theory Tech] 

 ACE3P provided first-ever computation of surface wave propagation on power lines over a distance of tens of meters 
subject to an operational environment with wire sag and rain. 

 Invited Talks 

o Michael Fazio, “The 21st Century Frontier of Particle Accelerator Technology,” 2018 International Conference on Plasma 
Science, June 25, 2018, Denver, CO. 
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o Liling Xiao, "Propagating Higher Order Mode Simulations in SRF Multi-Cavity Cryomodules Using ACE3P," ICFA Mini 
Workshop on High Order Modes in Superconducting Cavities (HOMSC18), Oct.1-3, 2018, Cornell University. 

• A newly developed nonlinear eigensolver in ACE3P made it possible to investigate high-order mode damping in 
LCLS-II 8-cavity cryomodule through high performance computing. 

• Zenghai Li, “RFD HOMs and HOM couplers”, 8th HL-LHC Collaboration Meeting, CERN, Geneva, Switzerland, Oct. 
15-18, 2018. 

• Produced design update for the RFD crab cavity that resolved two critical issues identified in the prototype cavity 
design for the HL-LHC upgrade 

• L.  Xiao et al., "Advances in Accelerator Modeling with Parallel Multi-Physics Code Suite ACE3P," 13th International 
Computational Accelerator Physics (ICAP18) Oct. 20-24, 2018, Key West, FL.  

• ACE3P enabled large-scale simulation of applications such as PIP-II and LCLS-II cryomodules for accelerator projects 
and mm-wave propagation over long distance for communications industry. 

 The efforts on the accelerator physics of HEP colliders have covered several areas. For the midterm future, in 2019 SLAC has 
contributed to the design of the lattice for HE-LHC, which keeps the present tunnel geometry. We have also contributed to 
design efforts for the FCCee, which would use a 100 km new tunnel layout at CERN, in technical areas of IP optical lattice, IP 
backgrounds, IP higher order mode simulations, beam instabilities, beam instability feedback, and injection optimization. 
These efforts in accelerator research on colliders have contributed to the CERN FCCee Conceptual Design Report published in 
February 2019 concentrating on interaction region design, higher order mode generation and heating of the interaction 
region, magnetic optics design, and injection. Similar work has been done for general overall magnetic optics on a potential 
HE-LHC accelerator. One publication of this work is [A. Novokhatski, M. Sullivan, et al., “Unavoidable trapped mode in the 
interaction region of colliding beams,” Phys. Rev. Acc. Beams 20, 111005 (2017)]. 

 Accelerator work at SLAC on high-luminosity colliders as part of the U.S.-Japan Technology Cooperation Program has 
concentrated on X-ray imaging of small spot sizes, high-power transverse feedback kickers, faster bunch-by-bunch feedback 
systems, and providing spare components for the interaction region dither feedback for maximum luminosity during 
collisions. Several SLAC accelerator physicists will be spending extra time this spring at KEK to help recommission the 
SuperKEKB collider for its beam run starting in March 2019. One near-term goal is to make a strong contribution to the 
commissioning this year of the SuperKEKB at KEK by successfully demonstrating the use of dither feedback (extended design 
from SLAC’s PEP-II collider) to keep small, crossing beams in collision in the vertical plane. 

 For the collective effects, short-range wakefields generated in the blowout regime of plasma wakefield acceleration are 
developed. In the past, calculation of wakefields generated by an electron bunch propagating in a plasma has been carried 
out in linear approximation, where the plasma perturbation is assumed to be small and plasma equations of motion 
linearized. This approximation breaks down in the blowout regime, where a high-density electron driver expels plasma 
electrons from its path and creates a cavity void of electrons in its wake. In this paper, we develop a technique that allows us 
to calculate short-range longitudinal and transverse wakes generated by a witness bunch being accelerated inside the cavity. 
The results can be used for studies of the beam loading and the hosing instability of the witness bunch in plasma wakefield 
and laser wakefield acceleration. This work is published [G. Stupakov, PRAB 21, 041301 (2018), P. Baxevanis and G. Stupakov, 
PRAB 071301 (2018)]. 

 A wide range of exciting results have arisen from FACET experiments and in planning for FACET-II. Most of the work to date 
has involved acceleration of electrons, but positrons are also required for future colliders. Accelerating a trailing positron 
bunch in a plasma is much more challenging, as the plasma response can be asymmetric for positrons and electrons. Energy 
gain by a distinct trailing positron bunch in a plasma wakefield accelerator was demonstrated at FACET, spanning nonlinear 
to quasi-linear regimes and unveiling the beam loading process underlying the accelerator energy efficiency. A positron 
bunch was used to drive the plasma wake in the experiment, though the quasi-linear wake structure could as easily be 
formed by an electron bunch or a laser driver. The results marked the first acceleration of a distinct positron bunch in 
plasma-based particle accelerators [Doche et al., Nature Scientific Reports 7, 14180 (2017)].  

 Direct measurements of beam misalignment-induced transverse wakefields are therefore essential for designing mitigation 
strategies [Lindström et al., Physical Review Letters 120, 124802 (2018)]. 

 An important aspect of SLAC’s programs includes coordinating a worldwide effort on PWFA through annual science 
workshops and numerous collaboration meetings. These meetings are used in part to prepare for FACET-II operations 
beginning Q4 FY19. The October 2017 workshop [see summary report (SLAC-R-1087)] included 63 attendees representing 23 
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institutions. Response to a call for proposals sent in June 2018, with a due date of September 3, 2018, shows a high level of 
initial interest from 16 PIs concerning 27 proposals. This response suggests a strong demand for beam time. The first FACET-
II Program Advisory Committee meeting is scheduled for October 8-12, 2019. 

 Recent studies of high-luminosity LHC (HL-LHC) dynamic aperture include evaluation of the effect of large a4, b5 field errors 
in the inner triplet (IT). The study finds that the measured a4, b5 errors, which are 2-3 times larger than specified, are 
acceptable in terms of dynamic aperture, but require stronger IT a4, b5 correctors. The other studies include an investigation 
of optimal working tunes at collision and injection energies and optimization of dynamic aperture during beta pre-squeeze. A 
dynamic aperture tune scan is performed, which determines that the nominal LHC working tunes are also optimal for HL-
LHC. The study of beta pre-squeeze finds that an overall maximum dynamic aperture is achieved when the switch from 
injection to collision tune is done at early stages of this process. The LARP rotatable collimator underwent 7 days of 
destructive beam testing at CERN’s HiRadMat test facility in July 2017 as experiment HRMT21. The objectives were to access 
capabilities of the hardware due to beam loss, and the results were positive with regard to the mechanical damage limits. 

 Efforts on the accelerator physics of HEP colliders for FY18 have covered several areas. The US contribution to the LHC high 
luminosity upgrade continues through the HL-LHP Accelerator Upgrade Project (LAUP). SLAC’s contribution to LAUP is in the 
area of crab cavities. After extensive negotiation with CERN on the scope of our contribution, the work in the U.S. is now 
limited to the design and construction of 10 RFD-type cavities. SLAC led the optimization design study that resulted in the 
final electromagnetic design, which was frozen in a review on March 15, 2018. SLAC is also providing major contributions in 
support of the management of the work packages, the crab cavity collaboration, and all project-related documents.  

 In the near term, there has been a strong contribution of the SLAC accelerator team to the commissioning this year of the 
SuperKEKB at KEK, with successful demonstration with beams in collision at the interaction region using the “dither 
feedback” (extended design from SLAC’s PEP-II collider) to keep the crossing beams in collision in the vertical plane.  

 Beam physics and modeling continue to be a core strength at SLAC. We study the single-particle dynamics in a general and 
parameterized alternating-gradient cell with zero chromaticity using the Lie algebra method. The first-order perturbation of 
the` sextupoles largely determines the dynamics away from the major resonances. The dynamic aperture can be estimated 
from the topology and geometry of the phase space. In the linearly normalized phase space, it is proportional to the 
deflecting angle and the square root of the length in the cell. For the 2 degrees of freedom with equal betatron tunes, the 
analytical perturbation theory leads us to the invariant or quasi-invariant tori, which play an important role in determining 
the stable volume in the 4-dimensional phase space. The work is published [Y. Cai, PRAB 21, 054002 (2018)]. This work has 
been extended to the theoretical minimum emittance cell and is submitted to PRAB for publication.  

Accelerator Stewardship 

 3D rapid proton scanning proposal was awarded and the program initiated in close coordination with clinicians at 
LLU/Stanford Medical and industrial partner Varian Medical Systems. An overall system analysis is underway, the preliminary 
design of the energy modulator has been completed, and the beam dynamics in the energy modulation fields are being 
analyzed. 

 SLAC and industrial partner Communications & Power Industries (CPI) have successfully demonstrated the GREEN-RF 
advanced energy recovery concept on the CPI VKS-8262S industrial tube and are now applying this technology to a discovery 
science relevant tube, the SLAC 5045. The conceptual design for the 5045 is finished and we are in the final design phase of 
the project. Fabrication will proceed in Q1 of FY19. This program aims to dramatically improve RF system efficiency and open 
new applications for RF source technology. 

FUSION ENERGY SCIENCES (FES) 

SLAC achieved high-profile scientific results and technology advances that meet the FES mission of expanding the fundamental 
understanding of matter at very high temperatures and densities and building the scientific foundation needed to develop fusion 
energy. The following provides examples of recent impactful science results and technology advances and associated publications. 

The High-Energy Density (HED) Physics program has made major advances in experiments that investigate the physical properties 
of matter in extreme conditions. Recent experiments have taken advantage of the unique capabilities of LCLS, including high-
repetition rate pump-probe studies, high-energy X-ray probing and high spectral resolution measurements of plasmons and ion 
acoustic waves. These studies test our ab initio modeling codes and regimes important for laser fusion studies, and provide 
insights into the structure and properties of astrophysical objects. Recent experiments have further demonstrated probing on the 
atomic scale, providing structural dynamics of materials exposed to high-radiation and high-pressure environments. The HED 
program uses unique capabilities at SLAC, notably LCLS, UED and, in the future, LCLS-II, as well as facilities provided through 
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LaserNET US. The HED program is developing state-of-the art diagnostics, targets, and high-intensity laser-matter experiments to 
advance the field. The program has connections to many of the themes in the current Office of Fusion Energy Sciences report “A 
Ten-Year Perspective (2015-2025).” There is high relevance to the National Academy of Sciences study on “Opportunities in 
Intense Ultrafast Lasers: Reaching for the Brightest Light.” 

Key science issues underlying the research program include studying what determines the acceleration of particles in plasmas that 
produce the highest particle energies known to mankind. Answering this question is important for understanding cosmic rays and 
will provide opportunities to develop high-gradient accelerators for applications in research and medicine. In addition, the 
program explores ultrafast imaging and scattering techniques with X-ray and optical methods to test simulations of dense 
transient plasma states to advance our understanding of fusion models. These experiments test predictions of particle in cell, 
density functional theory, and molecular dynamics simulations. During the past years, we added a component on advancing LCLS 
physics though a Panofsky fellowship (Emma McBride) and a theoretical research program (Frederico Fiuza), and successfully 
competed for supercomputing time as described below. 

High Energy Density Science (HEDS) 

 Major progress on experiments at the MEC instrument at LCLS has demonstrated X-ray Thomson scattering measurements 
in shock-compressed and isochorically heated targets. These experiments include the first femtosecond time-resolved 
measurements of short-pulse laser isochoric heating. The analysis of plasmon and Compton scattering features is expected 
to provide first-principle density and temperature measurements from these laser-driven targets. In addition, these results 
may provide information on electrical conductivity. 

 A major advance in experimental capabilities has provided the ultrafast response of short-pulse laser excited matter by 
combining diffraction and THz probing. These studies have measured the melt times with high accuracies and simultaneously 
provided the evolution of the DC conductivity during the heating, melt process, and transition into the warm dense matter 
state.  

 An experiment at the Janus laser facility at LLNL has further demonstrated terahertz spectroscopy and provided the first 
measurement of near-DC electrical conductivity of shock compressed matter. These studies are expected to resolve 
questions on the magnetic field generation of exoplanets and further test modeling of hydrodynamic instabilities in laser 
fusion experiments. 

 Experiments on high-intensity, short-pulse lasers have produced ion beams with record peak brightness. These studies are 
important for the development of radiation sources for materials research, including direct ion knock-on studies and neutron 
damage. These experiments will continue on LaserNet U.S. facilities, where we will explore novel acceleration mechanisms 
to reach high ion beam energies and to increase the utility of these sources for pump-probe experiments by developing high 
repetition rate capabilities at high laser energies. 

 Understanding the properties of warm dense matter continues to be the focus of the research program in HED. For this 
purpose, we have developed high spectral resolution scattering experiments. We will collaborate on new experiments at the 
European XFEL with the aim of preparing experiments on LCLS-II when 25 keV becomes available in 2020. 

  High-impact journal publications 

o M. Mo et al., “Heterogeneous to homogeneous melting transition visualized with ultrafast electron diffraction,” Science 
360 1451–1455 (2018) 

o J. D. Koralek et al., “Generation and characterization of ultrathin free-flowing liquid sheets,” Nature Communications 9, 
2860 (2018) 

o N. J. Hartley et al., “Liquid Structure of Shock-Compressed Hydrocarbons at Megabar Pressures,” Physical Review 
Letters 121 245501 (2018) 

o T. R. Preston et al., “Measurements of the momentum-dependence of plasmonic excitations in matter around 1 Mbar 
using an X-ray free electron laser,” Applied Physics Letters 114, 014101 (2019) 

o Z. Chen et al., “Interatomic Potential in the Nonequilibrium Warm Dense Matter Regime,” Physical Review Letters 121, 
075112 (2018) 

o L. Obst-Huebl, et al., “All-optical structuring of laser-driven proton beam profiles,” Nature Communications 9, 5292 
(2018) 
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o T. Kluge et al., “Observation of Ultrafast Solid-Density Plasma Dynamics Using Femtosecond X-Ray Pulses from a Free-
Electron Laser,” Physical Review X 8, 031068 (2018).  

NUCLEAR PHYSICS (NP) 

SLAC achieved high-profile results and technology innovations that advance the NP mission in fundamental symmetries to develop 
a better understanding of the fundamental properties of the neutrino. 

Fundamental Symmetries  

The SLAC program in fundamental symmetries consists of research and development of a next-generation neutrinoless double-
beta decay experiment employing enriched liquid xenon TPC technology. This technology provides a homogeneous detector 
with the ability to simultaneously identify and measure both signal and background. Over the past 4 years, the nEXO 
collaboration has developed a conceptual design for a 5-tonne TPC that can achieve the sensitivity standard for neutrinoless 
double-beta decay set by the 2015 Nuclear Science Long Range Plan. Research and development is being performed with the 
aim of reducing the inherent risk in scaling the EXO-200 design to the tonne scale. Highlights of the SLAC effort include: 

o Liquid Xe TPC mechanical design R&D produced float-zone (FZ) silicon-based resistive electrodes using full COMSOL 
modeling and laboratory testing of spark discharge behavior of test parts, but the collaboration has decided to move 
ahead with a fully conductive Cu design as the default. In addition, a minimal spark mitigation scheme using resistive 
SiC standoffs as part of the field cage at locations of peak E field was proposed, and this concept remains on the table 
for now as an option. 

o Work continues toward design of a high voltage feedthrough for nEXO (and for the Phase III HV test stand at LLNL) 
using iteration of design and COMSOL electrostatic modeling. A few alternatives are under study; the collaboration 
plans to settle on a default design for the HV feedthrough in May. 

o The Phase III HV test stand at LLNL is nearing completion with SLAC participation as part of the HV R&D program. This 
setup will also serve as test stand for cryogenic procedures such as cryostat cool down and xenon recovery. 

o SLAC’s electrical engineering group designed a single integrated ASIC chip for liquid Xe charge collection to operate at 
cryogenic temperatures while meeting the noise requirements for nEXO; this work was performed in synergy with the 
DUNE detector cold electronics program. The DUNE prototype ASIC, with less stringent noise requirements and power 
dissipation specs, arrived in February and is under test (soon to include cryotesting at LAr temps in the EXO lab).    

o The SLAC nano fab team designed a charge detection tile prototype; fabrication will finish before the end of March, 
with testing planned in the Stanford campus LXe test cell. 

o The SLAC liquid xenon purity monitor (XPM) is operational and has tested candidate construction materials for 
compatibility. Micro-coax from IHEP in China is the next prospective material for testing. 

o SLAC continues involvement in the nEXO simulation effort, including selection and commissioning of an appropriate 
software framework. A software/simulation workshop co-organized by Lisa Kaufman was held the first week of March 
on the Stanford campus. 

o The simulation effort for the nEXO outer detector is being finalized to define a choice for the water shielding design 
after a design workshop held at McGill University in early February 2019. 

o Due to the completion of the EXO-200 program, Brian Mong is now resident at SLAC and will be switching over to full-
time nEXO involvement. On April 1st, a new SLAC RA, Sander Breur, will join the group with planned participation in 
both hardware and software activities. 

ADVANCED SCIENTIFIC COMPUTING RESEARCH (ASCR) 

The primary mission of the recently created Computer Science (CS) Division at SLAC is to address large-scale data analysis and 
simulation, topics of significant and increasing importance to SLAC and the DOE. The division is engaged with LCLS-II on the ExaFel 
project and also on discussions of future computing plans for both LCLS-II and the lab more generally.    

The core of the group's work continues to center on Legion, a task-based parallel programming system developed at Stanford and 
now under active development as an open source project at Stanford, SLAC, LANL, and NVIDIA. A key advance during the current 
fiscal year was the demonstration of a mechanism for reducing task overhead by specializing the implementation of repetitive 
sequences of tasks. This work led to a significant speedup (up to 5X) in a number of applications, and further improvements 
continue to be explored [W. Lee et al., Proc. International Conf. on Supercomputing (2018)].  
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A key problem with research on parallel and distributed computation platforms is a lack of accepted methods for comparing such 
systems. To address this issue, the CS Division has developed Task Bench as a new methodology for benchmarking such systems. 
Given a few parameters it automatically generates a benchmark, and the parameter choices are such that a wide range of 
behaviors can be investigated. A paper is currently in preparation with intermediate results from case studies.  

BIOLOGICAL AND ENVIRONMENTAL RESEARCH (BER) 

SLAC achieved high-profile scientific results and technology advances that support the BER science portfolio of fundamental 
research and technology development to achieve a predictive systems-level understanding of complex biological and 
environmental systems. The following provides examples of recent impactful science results and technology advances and 
references associated publications: 

 A research area involving scientists in the Biological Sciences Division (BSD) at SSRL, expanded in FY19, examines how 
molecular and cellular adaptations of ammonia-oxidizing archaea (AOA) can enable metabolic function under extremely 
limited nutrient availability. The aim is to understand the environmental determinants of these ubiquitous ammonia-
oxidizing organisms and their role in the control of global nitrogen and carbon cycles. The studies apply a multiscale, 
integrative, computational molecular biology approach to link (meta) genomics to molecular and cellular processes and 
ecosystems of specific N-cycling enzymes. Initial findings on surface layer proteins were published in FY18, with a second 
manuscript focusing on the unique transport properties of chemically forced nanopores in preparation in FY19.  

 SSRL Biosciences researchers have initiated an integrative experimental/computational study of ubiquitination signaling 
pathways in plants. Ubiquitination is an important and common post-translational protein modification implicated in plant 
growth and development and their response to abiotic stress. In contrast to its mammalian counterpart, plant 
ubiquitination is relatively underexplored and poorly understood but highly relevant for engineering efficient and 
sustainable feedstock and food crops for marginal land. In this project, the goal is to computationally engineer sensor 
proteins that target specific poly-ubiquitin chains to identify poly-ubiquitinated proteins, thereby mapping the unknown 
protein universe they target. 

 In collaboration with W.E. Moerner and Lucy Shapiro, Stanford, and John Smit, U British Columbia, BSD staff studied how 
bacteria assemble their surface layer (S-layer), a crystalline protein shell surrounding many microbes. The work showed that 
continuous protein crystallization alone controls S-layer assembly in Caulobacter crescentus, using the shape of the cell to 
localize its assembly. By watching the S-layer assemble on the surface of living cells using super-resolution fluorescence 
microscopy and single molecule tracking techniques, the team elucidated the native S-layer production and reconstitution 
process using purified protein in vivo [manuscript in revision, Nature Communications]. Complementary X-ray and cryo-EM 
studies have shown how the S-layer proteins assemble and form crystalline, yet flexible, 2D lattices in vitro as a function of 
ambient calcium concentration at the atomic to meso scales (manuscript in preparation). Our in vivo and in vitro findings 
establish a generalizable mechanism by which microbes can assemble and maintain a proteinaceous surface without 
localized regulation or feedback from the cell interior. The work will have broad implications to research areas such as 
synthetic biology, biofuels, and biotechnology applications in which understanding assembly mechanisms across wide 
branches of the evolutional tree play important roles in engineering S-layer proteins to control their assembly and 
functionalities. 

 In collaboration with the Joint Genome Institute (JGI) Synthetic Biology Group and Max Planck Institute for Terrestrial 
Microbiology, Stanford’s ChEM-H Institute and its Department of Earth System Science, BSD staff solved high-resolution 
structures of archaeal CO2 fixing enzymes. The structural and functional analyses using SSRL and SACLA (Japan) have shown 
strongly coupled catalytic domain motions that are critically important for these enzymes to achieve 20 times faster CO2 
fixation than RuBisCO, the most naturally abundant key CO2-fixing plant enzyme. The interface between the 2 catalytic 
domains is conserved among the enzymes involved in the primary metabolic pathways, but not in the secondary pathways, 
indicating an evolutionary development of these enzymes to acquire such a remarkable CO2 fixation rate. Two manuscripts 
are in review after submission. 

 SSRL BER SFA staff have studied how in rice paddies and other frequently flooded areas, groups of bacteria and other 
microbes adapt to repeated wet-dry cycles. These microbes exert major influences; they alter the availability of nutrients to 
help nearby plants grow and affect carbon dioxide and other emissions. Three types of frequently flooded soils from rice 
paddies have been examined to see how microbial activity varied in response to flooding. Three types of organic matter 
commonly found in rice paddies were used: dried rice straw, charred rice straw, and cattle manure. Knowing how microbial 
communities work in soils – before, during, and after flooding – can help improve models and promote beneficial changes 
in soil microbial functions. The study combined the use of EMSL’s Fourier-transform ion cyclotron resonance mass 
spectrometer to analyze dissolved carbon and then observe how microbial metabolism changed by measuring carbon use 
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(respiration), electron acceptor utilization, and heat release (by microcalorimetry). It was also discovered that a focus on 
the energy yield from water-extractable carbon was sufficient to predict microbial respiration rates from diverse metabolic 
strategies. Insights gained from this study suggest that water-extractable C is a reasonable proxy to use when modeling 
these complex interactions. [K. Boye, et al., Frontiers in Environmental Science (2018) DOI: 10.3389/fenvs.2018.00015].   

WORKFORCE DEVELOPMENT FOR TEACHERS AND SCIENTISTS (WDTS) 

SLAC achieved results that support the WDTS mission of ensuring that DOE and the U.S. have a sustained pipeline of highly skilled 
and diverse science, technology, engineering, and mathematics (STEM) workers, which includes supporting undergraduate 
internships and nation-wide science competitions such as Science Bowl. The following provides examples of recent impactful 
results. 

Science Bowl 

 SLAC hosted the 2019 Regional DOE Science Bowl, an academic competition using a fast-paced question-and-answer format 
that tests the knowledge of high school students in a broad range of science disciplines such as biology, chemistry, Earth 
Sciences, physics, energy, and math. The winning team qualifies to compete in the DOE National Science Bowl in 
Washington, D.C. in April. 

 On February 9, 2019, SLAC hosted 28 teams (~140 students) along with their coaches, and ~60 event volunteers. The 
students came from diverse backgrounds and mostly from cities within San Mateo, Santa Clara, Santa Cruz, San Francisco 
and Marin counties (this year, 2 out-of-region teams were approved to compete at SLAC). SLAC offered facility tours for the 
students and coaches during the event.  

 On February 23, 2019, SLAC co-sponsored the South/West Bay Area Regional Middle School Science Bowl by providing the 
competition venue. Twenty-two middle school teams and ~30 volunteers participated. The first place team travels to 
Washington, D.C. in April for a chance to compete in the DOE National Science Bowl. 

 SLAC has sponsored the Regional Science Bowl since 2004, and continues to support this program to encourage local 
students to excel in science and math and pursue careers in these fields. Many past participants have gone on to post-
graduate studies, have thriving careers in STEM, and have returned to this annual event at SLAC to serve as moderators and 
science judges. SLAC plans to host the Regional Science Bowl in February 2020. 

Symmetry 

 Symmetry is an online publication about particle physics produced at SLAC in partnership with FNAL. It speaks to diverse 
audiences with the overall goals of supporting and enabling U.S. and international particle physics research. Symmetry 
averages two new articles per week, and in 2017 garnered about 1.7 million page views by more than 750,000 readers – 
about half of them from the U.S.. 

 Symmetry invites readers into the world of particle physics and introduces them to the people involved. It speaks to them in 
a voice that is recognizable, friendly, trustworthy, and knowledgeable. It works to amaze, inform, educate, and delight. 
Symmetry explains foundational concepts in particle physics; covers particle physics news, including high-priority results 
and milestones; explains different aspects of the scientific process; shows the applications and benefits of particle physics, 
including the training of students; highlights the international nature of the field; highlights efforts to promote diversity and 
inclusion in the field; and explains the future planning process. 

Other Student Programs 

 SAGE-S: SLAC held a 1-week summer camp titled SAGE-S (SLAC Accelerating Girls Engagement in STEM) for high school 
students. SLAC scientists and engineers shared what everyday life is like in STEM professions at a national laboratory. The 
camp engaged over 100 volunteers from SLAC, who focused on encouraging college-bound girls to become a part of the 
STEM community and on showing that STEM fields offer a diverse set of opportunities to explore interests in history, 
creative writing, communications, and art in parallel with practicing logical thinking, analytic skills, and computational 
ability. The students shadowed STEM professionals, listened to technical talks, and worked on hands-on projects (i.e. they 
built an electrostatic particle accelerator, studied superconductivity, and explored laser diffraction for measurements) and 
met women in STEM at various stages of their careers (undergraduates, graduates, early career, and mid- to senior 
management). 
 
 
 



FY18 SLAC MID-YEAR PERFORMANCE EVALUATION AND MEASUREMENT PLAN SELF-EVALUATION 

 

Page 24 OF 79  MID-YEAR April 5, 2019 

Elements in Support of 1.2 – Quality Leadership in Science and Technology that Advances Program Goals 

The following provide examples of innovative or novel ideas that advance DOE program goals, collaborations with other DOE 
laboratories/facilities, leadership in the scientific community or within DOE, and SLAC contributions to peer review. 

BASIC ENERGY SCIENCES (BES) 

SLAC STAFF LEADERSHIP, RECOGNITION, HONORS and AWARDS 

LCLS 

SLAC/LCLS has been leading the development of data processing and data analysis methods that are scalable to the 
unprecedented data rates of LCLS-II and LCLS-II-HE. This effort includes a joint project with LBNL, LANL and Stanford, funded 
by ASCR, to develop new algorithms and techniques to exploit near-exascale computing. Known as ExaFEL, this work is of 
further relevance to the other light source upgrades. Recent progress includes: 

• Integrated the LCLS analysis toolkit with the Legion framework for improved scalability and portability to high-end 
computing facilities  

• Demonstrated the ability to selectively request an uncongested data path over ESnet for massive-scale data 
transfer (at the PB level)  

• Demonstrated that an existing compression algorithm (SZ), with further optimization, can be a viable method for 
rapid 9:1 data reduction in combination with vetoing and feature extraction 

• Evaluated 4 data transfer tools from LCLS to NERSC (bbcp, xrdcp, GO, zx) for streaming real-time data, investigating 
both performance and usability  

• Ported the nanocrystallography code to the Summit supercomputer at ORNL. 

A wide-ranging development program for LCLS-II detectors continues, including collaborative projects with LBNL and NIST 
and engagement of many other members of the community. Further details are provided below: 

• Mike Dunne is a member of the UK’s Science and Technology Facilities Council, and was appointed chair of its 
Accelerator Strategy Board earlier this year. 

• Ray Sierra chairs the Lightsources SIG, American Crystallographic Association  

• Randy Lemons received an SCGSR award (2018 solicitation, BES - Accelerator and Detector R&D) 

• Sergio Carbajo Garcia received a JSPS Invitational Fellowship for Research in Japan 

SSRL 

SSRL scientists have collaborated in creating program components as FWPs in the SUNCAT proposal to DOE BES, in the area 
of heterogeneous catalysis. They emphasize scientific links to the utilization of SSRL beamline facilities, specifically to the 
CoACCESS activity at SSRL. 

SSRL scientists have developed novel high aspect ratio diffractive optics for use at various DOE labs. High spatial resolution 
zone plates were fabricated using hybrid patterning techniques and their efficiencies were tested at BNL and APS. Diamond-
based beam splitters were fabricated and their performances, including diffraction efficiencies and impact on beam 
wavefronts, were characterized at LCLS. This research made it possible to generate hard X-ray beams with orbital angular 
momentum (OAM) with specially designed zone plates, and verified the existence of optical vortices in the beam using a 
novel wavefront sensor developed as part of this effort. The wavefront sensor further enabled new research to be initiated 
on proof-of-concept studies of nondestructive, high-resolution, large field of view, quantitative phase imaging of 
semiconductor chips by utilizing the wavefront sensor to directly measure the phase of the diffraction pattern. 

o Simon Bare serves on the DOE BES review of the ORNL Catalysis Sciences program. 

o Daniel Harrington chairs the APS-U front end design review. 

o Hirohito Ogasawara chairs the beamline review committee, NSLS-II SAC Review of In-situ and Operando Soft X-ray 
Spectroscopy Beamlines. 
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o Tom Rabedeau is beamline section chair, ALS-U DOE/SC OPA (CD-1) review ; chair, ALS-U bend magnet beamline CDR; 
co-chair, APS-U beamline final technical design review; section chair, APS-U director's (CD-2) review; chair, LCLS-II 
BCS&PPS, radiation safety, and LCLS-II HE reviews. 

o James Sebek is on the Accelerator Systems Subcommittee of the DOE CD-2 review of the APS-U. 

o Kevin Stone is on the APS Structural Science Proposal Review Panel. 

o Aina Cohen will serve on the SER-CAT review at APS this year. 

o Chuntian Cao received the 2018 Klein Award for lithium-ion battery research. 

Energy Sciences 

o Ming Yi received the William E. and Diane M. Spicer Young Investigator Award from SSRL 

o Taisia Gorkhover received the 2018 LCLS Young Investigator Award for pioneering the development of X-ray 
holographic imaging methods. She also received an Earlt Career Award in FY19.  

Accelerator Directorate 

o Dorian Bohler received the 2018 SLAC Director’s Award for outstanding community outreach efforts. 

o Giulia Lanza (Accelerator Directorate) and Diana Gamzina (Technology Innovation Directorate) received the 2018 SLAC 
Director’s Award for excellence, creativity, and collaboration. They established the SLAC Accelerating Girls’ Engagement 
in STEM program (SAGE-S) that gives intelligent and creative young women the opportunity to experience life as a 
scientist or engineer at a national laboratory and learn about other kinds of career opportunities. By engaging people 
from SLAC and Stanford to share with the students their collective energy and passion for STEM, the program has 
gained significant visibility in the DOE. 

o Daniel Ratner was recognized by the American Physical Society, Physical Review X for his paper, “Pump-probe ghost 
imaging with SASE FELs.” 

o Juhao Wu’s paper, “Single-pass high-gain tapered free-electron laser with transverse diffraction in the post-saturation 
regime," Phys. Rev. Accel. Beams 21, 060702 (2018), was chosen as an Editors’ Suggestion. 

o Marc Guetg’s work on high-power X-ray pulses was recognized by the Nature International Journal of Science with a 
Research Highlight article. 

o James Sebek chaired the preliminary review of the APS Plan for the 352 MHz RF System, August, 2018. 

o Xiaobiao Huang is on the APS/APS-U Machine Advisory Committee. 

o Filippos Toufexis and others were granted a patent in January, 2019, for work done as part of his Stanford PhD:   
US10,172,228, “Apparatus for mm-wave radiation generation utilizing whispering gallery mode resonators,” S.G. 
Tantawi, F. Toufexis, M.V. Fazio, V.A. Dolgashev, issued 1/1/2019. The invention behind the patent is a compact mm-
wave frequency multiplier vacuum tube that can produce 10s of kilowatts peak power at V-Band and beyond. Since 
there is no magnetic focusing in this device, several of these could be integrated on a single block, producing even 
more power. Current and potential applications of mm-wave radiation include spectroscopy, high-resolution medical 
imaging, all-weather navigation, spectroscopic detection of explosives and drugs, high-bandwidth and low probability 
of intercept communications, and radars for space debris tracking. Most of these applications typically require an 
amplifier or at least a phase-locked source. 

HIGH ENERGY PHYSICS (HEP) 

SLAC scientists hold the following key leadership positions: 

Scientific community: 

o JoAnne Hewett chairs HEPAP and the PNNL dark matter review panel, and serves on the panel of the Washington 
University Physics Departmental Review. 

o Norbert Holtkamp chairs the Machine Advisory Committee (MAC) and the cost/schedule review for CERN and the LHC 
Upgrade project. 

o Kent Irwin serves on HEPAP. 
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o Natalia Toro is member-at-large on the DPF Executive Committee and panel lead, Basic Research Needs Workshop on 
Dark Matter New Initiatives. 

o Timothy Nelson and Philip Schuster were panelists for the DOE's Basic Research Needs Workshop on Dark Matter Small 
Projects Initiative. 

o Alexander Friedland and Hirohisa Tanaka are on the FNAL Program Advisory Committee, with Tanaka chairing the 
committee as of January 2019. 

o David MacFarlane has just completed his roles on the FNAL PAC and LBNC, which he chaired, and also chairs the LSSTC 
committees. 

o Bill Wisniewski serves on LHCC. 

o Richard Dubois serves as the SLAC point of contact on HEP-CCE. 

o Phil Marshall served on the AAAC subcommittee on The Evolving Roles of the Gemini, Blanco and SOAR Telescopes.  

o Zeeshan Ahmed is on the CMB-S4 governing board. 

o Mike Huffer served on CERN UCG. 

o Norbert Holtkamp chairs the CERN Machine Advisory Committee and the Cost Schedule Committee for the LHC 
upgrade 

o Lance Dixon has a Distinguished Visitor Research Chair, Perimeter Institute, 2014–2020, and will be Schroedinger 
Professor at University of Zurich in 2019. 

o Michael Peskin will be a Schroedinger Professor at the University of Vienna in spring 2019, chairs a review committee 
for Physical Review D, and serves on the advisory boards for the Munich Institute for Astro- and Particle Physics 
(MIAPP) and the Center for Theoretical Physics of the Universe (CTPU), Institute for Basic Science, Daejeon, Korea.  

o Alex Chao received the 2018 American Physical Society’s Wilson Prize for achievement in the physics of particle 
accelerators. 

o Lance Dixon received the Humboldt Research Award for research in Germany. 
o Michael Kagan and Kazuhiro Terao received DOE Early Career awards. 

ATLAS 

o Rainer Bartoldus is co-convener of ATLAS Beam Spot Group and Level-2 manager, US-ATLAS TDAQ M&O. 

o Philippe Grenier is deputy project leader, ATLAS HL-LHC Pixel Detector and Level-2 manager, US ATLAS HL-LHC Pixel 
Detector. 

o Caterina Vernieri is the US-ATLAS HL-LHC pixel detector Level-3 manager for integration. 

o Ariel Schwartzman is co-convener of ATLAS High Granularity Timing Detector (HGTD) physics and performance group, 
member of the ATLAS HGTD management committee, and co-editor of the HGTD technical proposal. 

o Martin Kocian is the ATLAS Pixel Project leader and ATLAS Inner Detector Project leader. 

o Valentina Cairo is on the ATLAS Early Career Scientist Board and convener of the ATLAS vertexing group. 

o Michael Kagan is the ATLAS flavor-tagging convener. 

o Charles Young is on the ATLAS POTS Committee. 

Neutrino Experiments  

o MicroBooNE: Yun-Tse Tsai is astroparticle physics and exotics co-coordinator; Tracy Usher is analysis tools co-
coordinator and leads the data production. 

o ICARUS: Yun-Tse Tsai is DAQ co-convener and Tracy Usher is software co-convener.  

o DUNE: Mark Convery is 35-ton prototype co-coordinator; Matt Graham is DAQ Hardware Group co-leader. Hirohisa 
Tanaka is co-convener of the Near Detector Design Group. 
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o EXO-200: Martin Breidenbach was operations manager and has retired. Brian Mong oversaw the final shutdown at 
WIPP and the shipment to SLAC. 

Dark Matter Experiments 

o Fermi: Richard Dubois is the FGST-LAT computing coordinator and Robert Cameron is the FGST-LAT Instrument Science 
Operations Center manager. 

o HPS: Timothy Nelson is co-spokesperson of the HPS collaboration.  

o LDMX: Timothy Nelson is co-spokesperson of the newly formed LDMX collaboration. 

o LZ: Alden Fan is data analysis coordinator for LZ through July. Maria Elena Monzani has been appointed deputy 
operations manager for LZ and is a member of the Operations Office. Tom Shutt is manager for the grids. 

o SuperCDMS SNOLAB: Robert Cameron is operations manager; Ken Fouts is project manager; David MacFarlane is 
project director. 

 Dark Energy Experiments  

o David Burke is on the DES Management Committee and chairs the DES External Collaborator Review Committee; Risa 
Wechsler is on the DES Science Committee.  

o Richard Dubois is the LSST DESC operations manager. 

o Philip Marshall is the LSST DESC spokesperson and deputy director of LSST (Facility) Operations at SLAC. 

o Eli Rykoff is co-convener of the DESC Photometric Corrections Working Group. 

o Seth Digel chairs the DESC Publications Board and serves on the Collaboration Council. 

o Kevin Reil is the LSST commissioning manager, deputy scientist and deputy manager of the LSST camera integration and 
test team. 

o Risa Wechsler chaired the LSST DESC Spokesperson Nominating Committee. 

Geant4 collaboration 

o Makoto Asai is spokesperson and Dennis Wright leads the SLAC-hosted meetings. 

o US ATLAS computing meeting. 

o Collaboration meetings for SuperCDMS, BABAR, and HPS. 

SLAC scientists served on numerous conference advisory and organization committees: 

o Michael Fazio chaired the Basic Research Needs Workshop on Compact Accelerators for Security and Medicine. 

o Stanley Brodsky was on the LHeC International Advisory Committee and on the IAC for the 15th International  
Conference on Meson-Nucleon Physics and the Structure of the Nucleon, MENU 2019. 

o Su Dong is on the international advisory committees for Physics in Collision and the Vertex conference series. 

o Lance Dixon was on the organizing committee for SchwingerFest2018; Thomas Rizzo chairs the SLAC Summer Institute 
Organizing Committee. 

o Stefan Hoeche is co-organizer of the CTEQ and MCnet schools and serves on the SM@LHC and Higgs Couplings 
international advisory committees. 

o Natalia Toro served as a cosmic frontier comparative review panelist. 

o Michael Peskin is on the Program Committee for DPF-2019. 

o Maria Elena Monzani is on the Scientific Advisory Committee for the PHYSSTAT Dark Matter 2019 Conference at 
Stockholm University in Sweden, and has been invited to co-convene a Working Group on Dark Matter at the 2019 
Division of Particles and Fields meeting of the American Physical Society (DPF2019) at Northeastern University, in 
Boston MA. 

o Ely Rykoff chaired the organization committee of the LSST Project/DESC Workshops on Photometric Calibration 
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o Ariel Schwartzman is on the international advisory committees for Boost, Connecting the Dots, and the US-ATLAS 
Hadronic Final State Forum. 

o Hirohisa Tanaka was on the international advisory committee for the Neutrino conference series and the scientific 
program committee for the NuFact workshop series, and co-chairs Lepton-Photon 2019. He also was a member of a 
recent review of the Department of High Energy Physics at the Tata Institute for Fundamental Research in Mumbai, 
India. 

o JoAnne Hewett is on the international advisory committee for Lepton-Photon 2019 and the Dark Matter at LHC 
workshop series. 

SLAC scientists served on numerous advisory boards and review or editorial committees: 

o Rainer Bartoldus served on the sPHENIX Project DOE/SC CD-1/3a review committee. 

o Stan Brodsky is an associate editor, Nuclear Physics B and Nuclear Physics B Proceedings Supplements. 

o Lance Dixon is on the Scientific Advisory Board, Kavli Institute for Theoretical Physics, UCSB. 

o Maria Elena Monzani is a reviewer for the on-site Operations Assessment Review (OAR) of NERSC, organized by the 
Advanced Scientific Computing Research (ASCR) at the Office of Science. 

o Dan Akerib is on the AURA Management Council for LSST (AMCL) and the SNOLAB Science and Technical Review 
Committee (STRC). 

o Su Dong, Ken Fouts, and Steve Kahn served on the NSF CMS HL-LHC upgrade Preliminary Design Review committee. 

o Ken Fouts was on the DOE ATLAS HL-LHC CD-1 review committee. 

o Ken Fouts and Ariel Schwartzman served on the US-CMS DOE CD-1 review committee. 

o Charles Young is an editor for the Conceptual Design Report for the Circular Electron Positron Collider (CEPC). 

o Kazuhiro Terao is on the 2019 DOE Intensity Frontier University Comparative Review Panel.  

o Alex Friedland is on the 2019 DOE Theoretical Physics University Comparative Review Panel. 

o Dan Flath is committee chair for the Integrated Control Systems Conceptual Design Review for the Second Target 
Station upgrade of the SNS@ORNL. 

o Ian Evans chairs the Environmental Safety and Health Advisory Committee for the Sanford Underground Research 
Facility (SURF) on behalf of the State of South Dakota Science and Technology Authority. 

o Alan Fry co-chairs the Brightest Light Initiative workshop sub-committee. 

SLAC scientists have initiated innovative ideas that advance HEP program goals: 

o Kazuhiro Terao has initiated two efforts to foster modern machine learning expertise and applications. The first is a 
web-based resource for tutorials, examples, discussion, and public data sets for the global LAr TPC effort that now has 
over 50 members. The second is a SLAC-based series of workshops and tutorials that has engaged scientists from a 
wide range of programs at the laboratory. He received an DOE Early Career Award to carry out machine learning-based 
analyses on the FNAL Short Baseline program and develop FPGA-based machine learning algorithms for the DUNE 
trigger. 

o Hirohisa Tanaka is performing R&D on a modularized ArgonCube concept for the LAr TPC for the DUNE near detector. 
SLAC is now engaged in two innovative aspects of this design – a field cage using high resistivity kapton foils (originally 
investigated by Jerry Va’vra) and a high voltage feedthrough using resistive polymers – in addition to the overall design 
and integration of the TPC. 

o SLAC scientists continue to update an initial design and physics capability study for an experiment (LDMX) to directly 
search for weakly coupled sub-GeV dark matter with low-energy, intense electron accelerator beams. Included are an 
initial design concept, detailed Geant-based studies of detector performance, signal and background processes, and a 
preliminary analysis approach.  

FUSION ENERGY SCIENCES (FES) 

FES notable contributions to leadership include: 
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 Siegfried Glenzer, whose roles include: 

o Reviewer for the DOE SC, the German-Israeli Foundation for Scientific Research and Development, and the UK Institute 
of Physics (IOP)  

o Member of the National Nuclear Security Administration’s red team, charged with preparing the 2020 review of the 
Science-Based Stockpile Stewardship strategy on progress towards achieving self-sustaining nuclear fusion in the 
laboratory through inertial confinement fusion (ICF). 

o Chaired the 2018 MEC user workshop on high-power lasers (HPL-6). The meeting was attended by more than 100 
scientists and highlighted recent experimental accomplishments at MEC. The report is being prepared for Powder 
Diffraction in 2019. The next HPL-7 meeting is scheduled for September 2019. 

 Luke Fletcher chairs the Jupiter Laser Facility (JLF) Executive Committee and co-organized the 2019 JLF/NIF Users Group 
Meeting. 

BIOLOGICAL & ENVIRONMENTAL RESEARCH (BER) 

SSRL 

SLAC seeks to deliver the highest-impact science through research conducted by individuals and small teams of investigators, in 
partnership with other BER supported resources like EMSL and JGI as well as Stanford PIs, and through advancing and making 
available its imaging tools – using X-rays, electrons, and advanced integrative methodologies – to the broader scientific user 
community. Such tools are key in addressing multiscale spatiotemporal phenomena important in areas of BER’s mission that 
include redesigning microbes and plants for sustainable biofuel production and finding ways to improve carbon sequestration 
and storage. To this end, SLAC and Stanford have together built a significant imaging program for biology, with a science 
portfolio that will enhance the ability to meet DOE-BER mission needs. This includes full operation of the SLAC-Stanford Cryo-
EM Facility with 4 state-of-the-art Cryo-EM instruments, laboratory infrastructure, and a significant associated computer 
infrastructure for data handling and rapid image analysis. The Cryo-EM Facility is a key element in SLAC’s bioimaging strategy, 
which also includes imaging and non-imaging X-ray techniques (crystallography, small-angle scattering, X-ray fluorescence 
imaging, and spectroscopy). The NIH National Cryo-EM Center at SLAC, for which funding was awarded with a May 2018 start, is 
awaiting the delivery of additional high-end Cryo-EM instruments and preparation of space in the Arrillaga Science Center. 
These are expected to become operational in the fall of 2019. A rigorous user training program has been initiated and a first 
proposal submission and review process has been completed. 

A new BER-funded FWP, “Cryo-Electron Microscopy and Tomography for Frozen, Hydrated Biological Samples,” was awarded 
late in FY18 with Wah Chiu as PI. It enables the procurement and implementation of cryo-FIB-SEM instrumentation to augment 
the existing Cryo-EM facility and capabilities, and pursuit of several biological development projects that are of direct relevance 
to BER’s mission. An initial research project will focus on using a multimodal imaging approach to discover how plants and fungi 
organize their cell walls for growth and respond dynamically to environmental conditions such as hydration, salinity, and 
interactions with various microorganisms. It will synergistically use synchrotron X-ray tomography and Cryo-EM/ET. The cryo-
FIB-SEM instrumentation is being procured, with installation and initial use planned for late FY19. 

In continued collaboration with the Nebraska Redox Biology Center at the University of Nebraska, Lincoln (Mark Wilson), SSRL 
BSD staff is examining the role of enzymes in the healthy soil microbiome. Isocyanide hydratase (ICH) hydrates diverse 
isocyanides to yield N-formamides and was isolated from pseudomonad bacteria that populate competitive microbial niches. 
ICH is one of only two enzyme classes characterized to date that degrade organic isocyanides, and both are abundant in – and 
unique to – the soil microbiome. Isocyanides frequently possess antimicrobial properties and are synthesized by microbes to kill 
competing species. Catalytic intermediates of ICH were studied at several time points in mix-and-inject structural enzymology 
experiments enabled by serial crystallography at SSRL BL12-2 and LCLS MFX to characterize the reaction mechanisms. An 
integrated experimental/computer simulation approach demonstrated, for the first time, how an on-pathway covalent 
intermediate reorganizes the functionally relevant conformational dynamics of any enzyme. A manuscript has been submitted 
and is under review [Proc. Natl. Acad. Sci. USA]. 

BSD investigators with colleagues in SLAC’s Chemical Science Division are part of the SciDAC center “Designing Photocatalysts 
through Scalable Quantum Mechanics and Dynamics,” (PI, Todd Martinez) funded through FY21. This project aims at developing 
and applying computational methods for studying and (re-)designing (photo) enzymes. One focus is on a recently discovered 
fatty acid photodecarboxylase (FAP), which uses light to catalyze decarboxylation of fatty acids. This class of photoenzymes has 
potential for harnessing clean energy to produce fuel-like hydrocarbons. FAP also shows promise for engineering a range of 
photo-biocatalytic reactions important for the biotechnology industry. The excited state dynamics and charge transfer steps of 
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the catalytic cycle have now been examined, using a combination of molecular dynamics (MD) simulations, QM/MM, and 
excited state computational methods. The simulations suggest that charge transfer requires population transfer between the 
first two excited states. The results provide a mechanistic basis for the reaction mechanism of FAP and have identified 
important relationships between the dynamic protein environment and the reaction mechanism, the first steps towards enzyme 
redesign. Further simulations to understand and ultimately modify the reaction will be carried out at next-generation DOE 
flagship computing architectures, e.g., Summit at ORNL. A manuscript is in preparation. 

In collaboration with the Spormann group at Stanford, Ritimukta Sarangi continued the study of cobalamin and its derivatives in 
understanding the conversion of vinyl chloride (a known environmental pollutant and a carcinogen) to ethylene. This will be 
extended in FY19 to biological reductive dehalogenation – a bacterial process that is among the most promising candidates for 
bioremediation of contaminated aquifers. Toward this end, SSRL is developing a new method for studying slow (ms time 
resolution) reactions using stopped-flow X-ray spectroscopy methods. 

SSRL (John Bargar, PI) submitted a collaborative proposal, “Identification of the Key Environmental Parameters Necessary for 
Predicting Rates of Microbial Mn(IV) and Fe(III) Reduction,” to the university-led DOE-BER Environmental System Science FOA, 
DE-FOA-0002035. By collaborating with Derek Lovely (UMass Amherst), SSRL will apply biogeochemistry expertise and XAS 
analyses to mechanistically investigate microbial reduction of iron and manganese in natural environments. These processes are 
of major importance to nutrient, carbon, and contaminant cycling around the globe. This work will leverage the SSRL SFA field 
research activity at DOE’s East River, CO research site.  

SSRL (Kristin Boye, PI) submitted a collaborative proposal, “A Microfluidic Biosensor Platform for Real-Time Water Monitoring” 
to the DOE SBIR-STTR FOA, SC-FOA-0001975. By collaborating with Quantitative BioSciences, Inc., SSRL will advance in situ 
sensor technology. This effort will fund the deployment of cutting-edge soil sensors for detecting N species and metals in pore 
water at the BER Groundwater Quality SFA field research sites. 

SSRL (John Bargar, PI) submitted a collaborative proposal, “Does micro-scale sulfur chemistry alter the traditional paradigm of 
macro-scale iron-mediated biogeochemistry? Implications in a fresh and brackish tidal river system,” to the university-led DOE-
BER Environmental System Science FOA, DE-FOA-0002035. By collaborating with Aaron Thompson (University of Georgia), SSRL 
will apply biogeochemistry expertise and XAS analyses to investigate the impacts of biogeochemical iron redox cycling on the 
bioavailability of phosphorous across salinity gradients. This work will leverage the SSRL SFA field research activity at DOE’s 
Riverton, WY uranium legacy ore processing site. 

SLAC STAFF SCIENCE COMMUNITY or DOE LEADERSHIP POSITIONS 

Accelerator Directorate 

o Bruce Dunham was appointed associate lab director and accelerator director for the Accelerator Directorate. 

o John Schmerge was named deputy director for the Accelerator Directorate. 

o Vitaly Yakimenko was named deputy for science for the Accelerator Directorate. 

o Ago Marinelli was named the leader of the FEL R&D program. 

o Zhirong Huang was named division director for the Accelerator Research Division. 

o The Linac and FEL Division for the Normal Conducting Accelerator was recently reorganized and consolidated to more 
effectively serve the needs of LCLS and other accelerators at SLAC. New department heads have been assigned to the 
Area & Machine Physics (Tim Maxwell) and Diagnostics & Applications (Bryce Jacobson) departments.   

o Bruce Dunham was vice chair for the 2019 DPB Outstanding Doctoral Thesis Award Committee and will be the chair for 
2020. 

o Nora Norvell received a fellowship from the first annual Ozaki Exchange Program honoring the late Satoshi Ozaki. She 
will work at KEK in Japan for 1 year, studying high-brightness electron sources and SRF cavity development. 

o John Seeman chaired the JLab Accelerator Advisory Committee and was on the Argonne APS-U Director’s Review and 
the SuperKEKB Accelerator Review Committee. 

Energy Sciences 

o Phil Bucksbaum has started a year’s term as president elect of the American Physical Society, to be followed by a year’s 
term as president in 2020. 
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o Yi-De Chuang is on the beamline advisory team for SIX, NSLS-II, 2018. 

o Tony Heinz is on the scientific advisory committees for The Center for Computational Study of Excited-Stated 
Phenomena in Energy Materials, LBNL, 2017-2020; CATS EFRC – Center for the Advancement of Topological 
Semimetals, Ames Laboratory, 2018-2021; and NPQC EFRC – Center for Novel Pathways to Quantum Coherence in 
Materials, 2018-2021.  

o Wei-Sheng Lee is on the proposal review panel for SwissFEL, 2018-2021. 

SSRL 

o Simon Bare chairs the Science Advisory Committee of the ORNL Physical Sciences Directorate. 

o Wah Chiu is on the scientific advisory boards of Biozentrum, Universität Basel, Basel, Switzerland; Integrated Structural 
Biology Infrastructure for Europe (INSTRUCT), Oxford University, United Kingdom; Centre for Ultrastructural Imaging, 
King’s College London, United Kingdom; Institute of Biological Chemistry, Academia Sinica, Taiwan; RCSB Protein Data 
Bank, Rutgers University; BioXFEL Center, University of Buffalo; and world-wide Protein Data Bank (wwPDB) 

o Aina Cohen is a member-elect of the U.S. National Committee for Crystallography, National Academy of Sciences. 

o Kelly Gaffney chairs the SAC for the Center for Scalable Predictive methods for Excitations and Correlated phenomena 
(SPEC) at PNNL. 

o Britt Hedman is on the International Review Panel, Consolidator Grants in Science and Technology, Swedish Research 
Council and on the Scientific Advisory Committee for ANSTO, Australian Synchrotron, Melbourne, Australia. 

o Keith O. Hodgson chairs the Science Advisory Board, Center for Structural Systems Biology, Hamburg, Germany and the  
Science and Technology Advisory Committee, National Synchrotron Radiation Research Center (NSRRC), Hsinchu, 
Taiwan, and serves on the Okinawa Institute of Science and Technology Board of Council, Okinawa. 

o Xiaobiao Huang is on the APS/APS-U Machine Advisory Committee. 

o Ingolf Lindau chairs the Elettra Science Advisory Council and the Photon Factory Science Advisory Committee. 

o Piero Pianetta chairs the Experimental Systems Advisory Committee for the APS-U project and is an ex-officio member 
of the APS Scientific Advisory Committee. 

o Thomas Rabedeau is on the APS-U ESAC.  

o Mike Toney serves on the APS and CNMS (ORNL) Scientific Advisory Committees; the International Advisory Committee 
for CiNe – Center for Innovation on New Energies in Campinas, Brazil; the American Physical Society Ovshinkky 
Fellowship selection committee; and the directorate for the JCESR energy storage hub. 

o Soichi Wakatsuki chairs the SOLEIL Science Advisory Committee. 

o Johanna Weker is on the organizing committee for the 2019 Bay Area Battery Summit. 
 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )   
1. BES: Deliver impactful science to advance the integrated research objectives for the Joint Center for Artificial 

Photosynthesis, as measured by the FY19 Progress Report and annual review. (Objective 1.1) 

Status: On Track 

Research supported under JCAP at SLAC in the area of electrochemistry has made significant progress to date during FY19.  
Key research accomplishments appear in Section 1.1 (above) under the JCAP FWP heading of the Chemical Sciences section.     

2. BES: Deliver impactful science to advance the integrated research objectives for the Joint Center for Energy Storage 
Research as measured by the FY19 Progress Report, journal publications, and the annual review. (Objective 1.1) 

Status: On Track 

Research supported under JCESR at SLAC using synchrotron radiation and coordinated measurements/theory has made 
significant progress to date during FY19. Key research accomplishments appear in Section 1.1 (above) at the end of the 
Materials Sciences section. 
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3. BES: Deliver impactful Ultrafast XFEL-based research in both materials and chemical sciences, as measured by journal 
publications supported by the BES-MSE and BES-CSGB research programs and compiled into a reported list. (Objective 1.1) 

Status: On Track 

Ultrafast XFEL-based research programs at SLAC conducted under the CSGB and MSE programs have made noteworthy 
advances to date during FY19. Key research accomplishments appear in Section 1.1 (above) under the Chemical Sciences 
section (PULSE FWP and ultrafast catalysis FWP) and the Materials Science section (ultrafast materials science). A complete 
set of relevant publications will be supplied with the full-year PEMP report.  

4. HEP: By February 2019, the lab should provide specific responses (including action plans as appropriate) to the lab-specific 
recommendations provided in the 2018 HEP comparative reviews of the General Accelerator R&D, Intensity Frontier, and 
Theoretical Research programs. (Objective 1.1) 

Status: COMPLETE 

5. HEP: By March 2019, develop a 5-year strategic plan for KIPAC that integrates the theory, computational cosmology, and 
broader HEP programs at the lab and addresses the ramp-down of LSST construction and transition of staff to other 
activities. (Objective 1.1) 

Status: Will be delivered by the end of April 2019, as agreed by SLAC and OHEP. 

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: (HEP) The decrease in FY19 HEP research funding had the potential to impact the laboratory’s Cosmic Frontier 

science programs. Future reductions in FY20, if implemented, will directly impact staffing levels and likely eliminate programs 
across HEP. 

o Mitigation: The Accelerator and Fundamental Physics Directorates took necessary actions to meet research budget 
reductions and align the laboratory’s budget with available funds while protecting our priority science programs. 
Elimination of programs will more likely be necessary with further reductions in research funding, and agreement with 
the HEP program office would have to be reached on determining priority. 
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GOAL 2: Provide for Efficient and Effective Design, Fabrication, Construction and 
Operations of Research Facilities  
M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 2.1 – Effective Facility/Project Designs (i.e., up to CD-2) 

Emerging SLAC facilities and projects embody novel and impactful technologies. SLAC provided high-quality scientific justification for 
proposed facilities, high-quality technical conceptual designs, and credible cost estimates, as well as leveraging existing facilities. The 
following summarize notable SLAC projects in design phase: 

BASIC ENERGY SCIENCES (BES) 

LCLS 

o Recent highlights of LCLS facility operation are the further extension of our FEL capabilities. Examples are the delivery 
of sub-fs pulses in both the soft and hard X-ray energy range, increasing the X-ray peak power by improved machine 
tuning (e.g. minimizing and compensating CSR effects), and delivery of up to 4 pulses at varying time delays. Many 
techniques were developed, based on pulse splitting of the injector drive laser and fresh-slice methods using the 
dechirper device.  

o Efficiency of machine tuning was improved via automation and application of optimization techniques. Examples are 
multi-parameter optimization of matching quadrupoles using the Ocelot optimizer system, extended use of accelerator 
configuration databases, automated lattice matching, undulator taper control, automation of beam emittance 
measurements, and completion of fast wire-scanner commissioning.  

o Preparation of supporting materials for the upcoming Accelerator Readiness Review (ARR) for the LCLS-II warm and 
cold accelerators is well advanced. 

SSRL/LCLS Collaboration 

o The SSRL Beam Line Systems (BLS) Division has taken an increased role in the LCLS-II beamline program. This includes 
engineering and design responsibility for all uncooled K-B mirror systems, the photon beam transport collimators and 
associated burn-through monitors, the associated L2SI modifications of existing hardware, and the fabrication of the 
collimators. BLS engineers continue to provide technical consulting expertise to the L2SI design team as well as review 
support. 

o SSRL and LCLS are collaborating with NIST in the development of next-generation TES detectors, with the initial 
deployment being done at SSRL BLs 10-1 and 13-3 to carry out research in soft X-ray spectroscopy and RIXS, 
respectively. 

o SSRL BL8-2 is being used to test concepts for a novel photoemission-based RIXS detector. 

SSRL 

o BL17-2, the energy sciences scattering beam line, developed to address SLAC’s strategic needs in the areas of operando 
energy-related materials, catalysis, and time-resolved studies, is under construction, with the start of commissioning 
planned for the start of FY20. Along with the hard X-ray RIXS beam line (BL15-2), this is part of a larger strategy to 
ensure that beamlines with advanced capabilities are available to support APS users during the transition to APS-U.  

o The NNSA metrology facility consists of two beamlines covering the energy regions from 50eV to 30keV to support 
NNSA metrology programs at the DOE national labs. The soft X-ray beam-line (BL16-2) has gone into operation with 
continued optics optimization. The hard X-ray beamline (BL16-1) is currently under construction and is expected to be 
completed in FY20. 

o The critical injection septum magnet required for the lower emittance AIP to reduce the emittance of SPEAR3 from 10 
nm to 6 nm is on track for installation during the FY19 shutdown. The design has been reviewed and validated and 
prototypes have been successfully fabricated and tested. 

o The in-vacuum undulator microfocus beam line (BL12-1) has begun commissioning and will be used for macromolecular 
crystallography studies of microcrystals of complex systems, requiring high-brightness beams and with the capability 
for time-resolved studies. It has a direct link to parallel developments at the LCLS MFX station for similar studies. 
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HIGH ENERGY PHYSICS (HEP) 

 SLAC developed a multipurpose, large-scale, liquid-noble test platform aimed initially at LZ project goals. Plans are 
advancing to use the platform for liquid argon detector development work for the DUNE near detector.  

 The SuperCDMS SNOLAB project successfully passed its combined CD-2 and CD-3 review in January 2018, and has been 
approved to proceed to the production phase of the project. 

 SLAC is contributing to the DUNE Technical Proposal in the areas of cold electronics, where it is proposing a new all-in-one 
solution for cold electronics, and in data acquisition, where it is proposing a solution using SLAC-developed hardware, which 
includes an innovative method for storing the full data set coming from a supernova burst. 

 SLAC contributed to the ATLAS HL-LHC Technical Design Report for the inner tracker pixel design and assembly. 

FUSION ENERGY SCIENCES (FES) 

SLAC has been working closely with the program to develop an effective response to the NAS panel report. FES has granted 
CD-0 January 2019 for a Petawatt Laser Facility as a National User Facility for High Energy Density Science. SLAC continues 
to work with the program to refine a proposal in response to the mission need.  

Elements in Support of 2.2 – Effective and Efficient Construction of Facilities & Fabrication of Components (i.e., CD-3 
to CD-4)  

SLAC successfully constructed facilities and components that adhered to requirements (i.e., DOE O 413.2) and met schedule and 
budget. SLAC also maintained effective, timely, and open communications with program sponsors regarding project progress. The 
following are examples of SLAC performance for Goal 2.2: 

BASIC ENERGY SCIENCES (BES) 

LCLS-II: (See related input in Goals 3.2 and 3.3 and in notable outcomes for 2.2 and 3.2.) 

o At the time of writing, the latest earned value data shows the LCLS-II Project is >82% complete. 

o Schedule and cost performance indices are respectively 0.95 and 0.98. 

o All required electrical utilities have been installed in the linac gallery and tunnel. 

o Delivery and installation of cryoplant components is advancing and cryoplant commissioning will be done by SLAC 
personnel with JLAB mentoring/consulting.  

o Seven cryomodules have been delivered to SLAC; 6 cryomodules are in place in the accelerator housing. 

o All 22 soft X-ray undulators are delivered to SLAC. 

o Nine of the 33 hard X-ray undulators have been delivered. 

o After a prolonged bake-out and pumpdown, the LCLS-II electron gun is now powered and running at operations power 
levels. 

o The photocathode laser is installed, aligned, and operating. 

o The 1-year shutdown of the SLAC linac has begun. Progress of work during the shutdown is satisfactory. 

o Contingency on work-to-go is 19.3%; the project must endeavor to minimize contingency usage.  

o A third cryomodule testing facility has been set up at JLab. With guidance from JLab experts, SLAC personnel are 
operating 2 LCLS-II cryomodules in this facility with controls and supervisory software that will be used for running the 
LCLS-II linac at SLAC.  

o The project will enact a number of cost-saving measures to ensure achievement of readiness for CD-4 within the 
baseline budget and schedule. 

HIGH ENERGY PHYSICS (HEP) 

LSST Camera Project 

o Construction efforts are 89.5% complete on the LSST camera project, and the project is on track for an expected 
conclusion by the end of calendar year 2020. All production science-grade sensors have been received and accepted. 
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Seventeen assembled science raft towers have been accepted, although they require refurbishment prior to 
installation in the cryostat, which has delayed the project overall. All the lenses have been polished and coated and the 
first of 6 filters is on track to be coated by spring 2019. The refrigeration system is under testing, with the cold circuits 
having demonstrated capacity at temperature, while the cryo circuits are still being evaluated. Integration and test 
activities are on track with successful demonstration of mechanical raft and engineering unit raft installation and early 
operation in the cryostat. 

o Following the LSST camera, and also running in parallel, is the LSST commissioning effort. FY19 represents a significant 
increase in activity, primarily in Chile. The deployment of the LSST camera refrigeration pathfinder and the assembly of 
camera project refrigeration compressor cabinets should be completed in Chile by Q3 of FY19. The build-out of the 
camera maintenance facility on the summit, including 2clean rooms, should also be approaching completion by the end 
of FY19. The summit clean room build-out is well underway, and the refrigeration pathfinder remains on target. In Q4 
of FY19 significant work on the summit is needed to prepare for the arrival of the commissioning camera (ComCam) 
hardware with deliverables from both the camera MIE project and the MREFC project. 

o LSST, LSST OPS, AURA, SLAC, NSF, and DOE are considering moving to an open data policy, which is different from the 
present model. This could have an impact on operations and cost, while at the same time setting a great example of 
what an open research policy could look like.  

LZ 

o The LZ group has completed design of the Kr Removal Production System to remove radioactive Kr and Ar from the 10 
tons of xenon to be used in the experiment. Major procurements are done, facility modifications are complete, and 
only one large component remains to install, the cryogenic freezer for xenon recovery. Commissioning of the system 
with helium carrier gas is underway, and xenon assay tests will begin this spring. Full commissioning toward 100-kg/day 
operation is expected to complete this summer, leading to an Operations Readiness Review in advance of processing 
the full 10-ton target. 

SuperCDMS SNOLAB 

o The project is managed by SLAC in accordance with the memorandum from J. Stephen Binkley, and recently carried 
out the annual project status review. The project is successfully operating a pathfinder tower with a Ge HV detector 
operating at base temperature and has demonstrated phonon energy resolution that exceeds the project 
requirement.  

FACET-II  

o The project for the National User Facility for Advanced Accelerator Experimental Tests (FACET-II) is managed by SLAC in 
accordance with the memorandum from J. Stephen Binkley, and recently carried out the annual project status, 
operations, and Program Advisory Committee reviews. The construction efforts are nearly complete, with a tentative 
start of commissioning planned for September 2019 and the user experimental program in 2020. Thirty-five proposals 
were submitted and reviewed by the external Program Advisory Committee. Approximately half of the reviewed 
proposals are expected to receive beam time. Initially, experiments that will support facility commissioning will be 
offered time. Following the commissioning the experimental program will be prioritized around the 7 proposals that 
received an “excellent” ranking. Operations are expected to start in 4Q FY19 with user assisted commissioning, and we 
are evaluating any possible interference with the other ongoing shutdown activities. 

ATLAS 

o The centerpiece of the U.S. contribution to the ATLAS HL-LHC upgrade is the pixel detector. A SLAC scientist is deputy 
project leader of the international effort as well as the lead for the U.S. effort. SLAC is responsible for the assembly of 
the so-called inner system. This is situated closest to the beam pipe and is crucial for the many analyses that rely on b-
jet tagging. Another SLAC scientist had responsibility in simulation, which resulted in an improved new baseline layout. 

HPS 

o The HPS experiment is completing a small upgrade to the SVT sub-detector system. All components are completed and 
assembly is underway at SLAC in advance of shipping to JLab. Installation is planned for downtime in Hall B at JLab to 
begin at the end of April. Significant updates to the SVT data acquisition system are also underway for completion on 
the same timescale. The 9-week run of HPS is currently scheduled to begin on June 17.   
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Elements in Support of 2.3 – Efficient and Effective Operations of Facilities 

SLAC efficiently and effectively operated laboratory facilities with high availability and reliability. SLAC also optimally configured and 
operated facilities to support users and user time and performed R&D to develop and expand facility capability. The following are 
examples of SLAC performance for Goal 2.3: 

BASIC ENERGY SCIENCES (BES) 

LCLS 

o LCLS successfully concluded Run 17 at the end of calendar year 2018. Beam availability was excellent throughout the 
run with a final availability for electrons and photons of 97% and 96%, respectively.  

o In FY19, 1512 user hours were delivered to the user program in the first quarter, prior to the long shutdown for LCLS-II. 
In this 3-month period, LCLS delivered 57 experiments to 468 unique users. This represents a rate of delivery that is at 
the high end of that established over the past couple of years. 

o In addition, in FY19 the SLAC MeV-UED capability was brought into the LCLS facility, providing a complementary source 
for time-resolved studies. UED was offered for the first time as an open-access instrument to external users via an 
independent peer review process, receiving 29 proposals for an anticipated 15 to 20 experiments (~60% acceptance). 
Beam availability was reasonable, at ~90%. We anticipate delivering 2500 hours of beam time to users in FY19 (with 
~1700 hours delivered to date to 25 UED experiments).  

o There was fast transition of new capabilities to operations and user delivery, targeting key requirements identified by 
the user community and in anticipation of LCLS-II science: 

• Continued development of ultrashort (sub-fs) pulse delivery. LCLS was configured to deliver isolated ~180 
attosecond pulses (14.4 eV coherent bandwidth) in the hard X-ray regime. Pulse widths have been measured using 
the angular streaking method.  

• For soft X-rays, the XLEAP sub-fs project has continued development with delivery to a number of user 
experiments, including the use of a new nonlinear pulse compression technique.  

• The range of available multi-bunch, multi-energy beams has been further extended to > 100 ns bunch separation. 
A technique based on drive laser pulse splitting has been developed to deliver 4 bunches per pulse with several 
hundreds of picoseconds separation. An extension of up to 16 bunches per pulse is planned. 

• A “double channel-cut split and delay hard X-ray system” has been designed, fabricated and fielded at LCLS by an 
in-house team. This first-of-its-kind system is capable of performing continuous on-the-fly delay scans over a range 
of 10 ps with sub-100 nanoradian pointing stability (to be compared to typical optical systems at the micro-radian 
level). We envision a wide range of applications, including single-shot X-ray pulse temporal diagnostics, studies of 
high-intensity X-ray-matter interactions, and measurement of dynamics in disordered materials systems using 
split-pulse X-ray photon correlation spectroscopy.  

• Electron beam-based multiplexing has been demonstrated through the use of rotating microbunches [MacArthur 
et al., PRX 2018]. This system is capable of producing 3 distinct X-ray pulses from the same electron beam that are 
maintained through large bend angles, addressing a key limitation of XFEL facilities and opening new upgrade 
possibilities for LCLS in the long term.  

o A new platform for integrated modeling of LCLS beam performance is in active development to allow start-to-end (S2E) 
simulations of electron and photon propagation. Known as LUME, it is initially being targeted for internal staff use to 
optimize beamline setup. When mature, it should also be used by the wider community to improve quantitative 
planning and analysis of experiments. This involves close collaboration with work at many other labs and across the 
international community. 

o The detector development program for LCLS, L2SI and LCLS-II-HE is demanding. An advanced management and 
oversight structure has been discussed with BES and is presently being implemented in order to develop and execute a 
long term strategic plan.   

SSRL 

o SSRL has maintained high availability and reliability to date in FY19, with 98.6% uptime and a mean time between 
failure (MTBF) of 76 hours for SPEAR3, and a 99% availability and MTBF of 75 hours for the injection system. 
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o Most downtime to date has been due to the SPEAR RF high voltage power supply. A concerted effort successfully 
determined the cause of the problems, and both the main and spare power supplies are operational. Improved 
preventive maintenance plans were developed, spare components acquired from decommissioned PEP-II units, and a 
high-voltage, low-power test stand and test load are being developed to allow for off-line operation of the spare unit. 

o Five new SSRL beamlines will provide expanded capabilities: BL15-2 (undulator beamline for advanced spectroscopy 
and time-resolved studies) is being commissioned, with initial user operation expected in FY19; BL16-2 (NNSA- funded 
soft X-ray metrology beamline) started operation, and construction of the hard X-ray branch line (BL16-1) has begun; 
and BL12-1 (primarily a Stanford University and The Scripps Research Institute-funded macromolecular crystallography 
undulator beamline that will provide complementary capabilities to the MFX beamline at LCLS) is being commissioned 
after development of a very tight SPEAR3 orbit interlock to prevent X-ray beam damage from the BL12-1 to the BL12-2 
undulator current sheet. Careful alignment of both undulators during the shutdown, coupled to beam based 
metrology, enabled optimization of the orbit interlock. Lastly, the completion date for BL17-2, the energy sciences 
scattering beamline, developed to address SLAC’s strategic needs in the areas of operando energy-related materials, 
catalysis, and time-resolved studies, has been moved up a year to the beginning of FY20. 

o In an effort to expand SSRL’s capabilities to support new areas of user research, SSRL is developing a RIXS instrument 
with a state-of-the-art detector that employs a transition edge sensor (TES). Since the expected signal of this RIXS-TES 
instrument is on the order of 3X better than that of the conventional RIXS instrument that uses a grating spectrometer, 
it will allow for the detection and study of glassy order and short-range order, as well as the extremely weak signal 
from high-Tc superconductors. Currently, this capability is under commissioning at BL13-3 with support from the NIST 
detector group that developed the TES detector. It is expected that this instrument will be available for general users at 
SSRL in early FY21.  

o In a related development, SSRL is deploying the TES technology for soft X-ray spectroscopy at BL10-1 to probe the local 
electronic structure of ultra-low concentration sites in biology, chemistry, and materials, while simultaneously 
providing a powerful R&D test bed for new cryogenic detector technologies. Precision energy resolved investigations at 
low concentrations are currently inaccessible in the soft X-ray regime due to the limited sensitivity of existing 
technologies. The TES effort at BL10-1 is enabling a new paradigms in soft X-ray spectroscopy, achieving a sensitivity of 
sub-mMol concentrations in aqueous/organic solvents, sub-percent sensitivity for monolayer films immersed in a 
solvent, solid matrix, or high-pressure gas, and sensitivity to concentrations <10 19/cm3 for defects and dopants in 
condensed phase samples. Several technical and scientific efforts are underway to make full use of the unique TES 
capabilities, including sub-mM concentration metal center characterization of a number of bioenzymes, as well as in 
situ developments to enable detection of active sites and intermediates of chemistry in solution and heterogenous 
catalysis. 

HIGH ENERGY PHYSICS (HEP) 

ATLAS 

o SLAC scientist Martin Kocian is project leader for the pixel detector as well as the inner detector. These systems ran 
smoothly throughout the recently finished Run 2 at the LHC despite the instantaneous beam luminosity reaching twice 
its design value.   

DUNE 

o The construction of the ProtoDUNE single-phase prototype at CERN has been completed. On-site SLAC personnel have 
finished installation and commissioning of the SLAC-developed TPC data acquisition hardware. The system performed 
flawlessly during the charged particle test beam running from October to December 2018. It continues to run during 
the current cosmic ray data taking. Data rates and compression factors both exceeded design values.  

o The DUNE Interim Design Report (arXiv:1807.10327) has been submitted. SLAC physicists contributed sections to the 
cold electronics and data acquisition sections. They also contributed to the subsequent Technical Design Report to be 
submitted in spring 2019. 

o SLAC is developing an ASIC (named “CRYO”) to perform the front-end readout of LArTPC wire signals. The first 
prototypes of this ASIC have been received from the foundry and are undergoing bench tests at SLAC in preparation for 
system tests at FNAL and CERN.  
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EXO-200 

o EXO-200 was operating routinely with a good data rate > 90% until, as planned, ceased operations at the end of CY18. 

FNAL Short-Baseline Neutrino Program 

o Now that the ICARUS LAr-TPCs have been lowered into position in the FNAL Short Baseline Facility, the SLAC group is 
contributing to their installation and commissioning. Key contributions include leading the effort to check connectivity 
of all 53,248 wires in ICARUS and serving as co-conveners of the data acquisition and triggering groups. 

FGST 

o FGST and the Large Area Telescope (LAT) instrument are operating well, with more than 99% efficiency in data 
collection. A decrease in DOE support for FGST at the end of FY18 has been accommodated by associated increased 
coverage of needed operations support tasks by NASA and by members of the FGST LAT Collaboration. The transition 
occurred smoothly after detailed planning and preparation of task hand-over during the year leading up to the 
transition. 

HPS 

o The experiment is undergoing testing and general maintenance in advance of running in the summer. The portion of 
the detector returned to SLAC for upgrade has been maintained in a clean room at SLAC, while the remainder of the 
detector has been maintained at JLab. A small test facility for the SVT has been maintained at SLAC and expanded to 
enable testing of upgrade components. A test stand for full system testing of the SVT has been assembled with the 
latest upgrades to the RCE DAQ platform to enable full system testing of the upgraded SVT before shipping back to JLab 
for the physics run in summer. A setup including environmental control and monitoring for full system testing is being 
completed and commissioned in lab space at SLAC for testing during April. Improvements to the HPS offline computing 
framework have enabled a major expansion in the use of batch resources at SLAC for production of large Monte Carlo 
samples, which have been critical to advancing HPS physics analysis. 

LZ 

o The SLAC liquid nobles test platform, consisting of the gas and liquid phase test vessels, are in continuous operation to 
make coordinated tests of the LZ grids. A number of small grids have been tested in a fast-turnaround gas vessel to 
explore different treatments of the wire surfaces. We showed that a citric acid passivation process substantially 
reduces unwanted electron emission from cathode grids, and we studied the correlation between gas and liquid 
behavior. We have used a large gas phase chamber to confirm that the passivation process is effective for full-sized 
grids, and are currently using all 3 facilities to finalize the treatment of the LZ production grids. The small gas test 
chamber is also being used to qualify the HV cable connections for the grids. We also expect to use these studies to 
help optimize LZ operations and inform LZ data analysis. The test data acquired with the fast-DAQ developed at SLAC is 
being processed through the LZ reconstruction framework (LZap), providing useful experience with those tools.  

SuperCDMS 

o A joint proposal was submitted to DOE and NSF in December 2018 to support operations of the SuperCDMS SNOLAB 
experiment, including early operations testing of detectors at the CUTE and NEXUS test facilities being prepared at 
SNOLAB and FNAL, respectively. Planning is underway for a second Operations Review by DOE and NSF, expected to 
occur in the summer of 2019. Preparations are underway for starting early operations testing and calibrations of 
pathfinder Si and Ge detectors produced by the project, at the CUTE and NEXUS test facilities. 

Elements in Support of 2.4 – Use of Facilities to Provide Impactful Science and Technology Results to External User 
Communities 

SLAC facilities were used to perform influential science with high impact. SLAC pushed the envelope on the facility capabilities and 
balanced access by internal and external users. SLAC also effectively performed program outreach to the scientific community. The 
following are examples of SLAC performance for Goal 2.4: 

BASIC ENERGY SCIENCES (BES) 

LCLS has continued to drive an actively managed mix of experiments in response to user demand and to ensure optimal use of 
facility capability. The concept of “standard configurations” to allow multiple research groups to utilize similar experimental 
platforms was fully deployed, increasing the scientific throughput and reducing time spent on alignment and other time-
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consuming tasks. In this final quarter before the long shutdown, LCLS beam time was targeted at exploiting the new attosecond-
domain capability recently introduced using the XLEAP technique. 

Examples of recent published output from LCLS demonstrate the continued expansion of its capabilities, pushing into new 
domains: 

 XFEL-enabled measurement techniques:  

o It was demonstrated that accurate protein structures can be produced via a technique known as FEL-based Fluctuation 
X-ray Scattering (FXS), opening up an efficient approach for obtaining high-quality molecular structure and dynamics 
from samples under near-native conditions. Information-dense experimental data can be extracted that ultimately 
result in a greater level of detail than can be obtained using traditional X-ray scattering methods, with data acquisition 
times measured in just a few minutes [Pande et al., PNAS 115 (2018)].  

o Record spatial resolution using single particle imaging (SPI) was obtained, with sub-10 nm reconstructions of the PR772 
bacteriophage. This was the result of a sustained campaign to develop the experimental techniques, coupled to the 
development of data processing workflows [Rose et al., IUCrJ (2018)]. 

 New insights into fundamental transitions in materials:  

o LCLS revealed an unexpected transition through a state of disorder in the lattice of VO2 as this archetypical material 
transforms. This finding is important for the design of quantum materials with applications in sensors, smart windows, 
energy storage and conversion, and super-efficient electrical conductors. The use of LCLS circumvented the need to 
apply the simplification that systems evolve on a potential energy surface described by a few degrees of freedom with 
well-defined spatial periodicity. An ultrafast, uncorrelated disordering was observed, with these measurements 
questioning the interpretation of traditional X-ray scattering methods and opening a pathway to a new level of 
understanding [Wall et al., Science (2018)].   

o A related study [Teitelbaum et al., PRL (2018)] provided the first measurement of anharmonic phonon decay pathways. 
These are atomic-scale measurements of a fundamental interaction that plays a central role in structure and dynamics 
of materials of relevance to energy conversion, transport, and phase stability in complex material, near and far from 
equilibrium. 

 Pharmaceutical impact: LCLS was used to study a key drug (misoprostol) that is used to curb maternal deaths in developing 
countries. The structure of misoprostol bound to a labor-inducing receptor was mapped to help reveal the rules for 
receptor and tissue selectivity, and thus help create a roadmap to design low-cost drugs that can tackle postpartum 
bleeding without affecting other tissues [Audet et al., Nature Chemical Biology (2018)]. 

 Ultrafast chemistry: By using UED to complement prior LCLS results on gas phase photochemistry, researchers were able to 
obtain the highest spatial resolution maps and long-duration nuclear dynamics of a ring-opening event, with relevance to a 
broad range of systems including the synthesis of vitamin D in our bodies [Wolf et al, Nature Chemistry (2019)].  

SSRL 

o SSRL continues to operate ~5000 hours per year, which resulted in beam time for more than 1700 unique on-site and 
off-site users. The publication count to date for FY18 is 573 journal publications and 71 PhD theses. The FY19 user 
satisfaction survey continues to have a very high response rate of 70%.   

o SSRL’s BL12-2 for macromolecular crystallography was used extensively for structural work that was a component in 
research by Frances Arnold of Caltech that was awarded the 2018 Nobel Prize in Chemistry. In her approach to directed 
evolution of enzymes to enable enhanced reactivity and selective chemistry, obtaining molecular level structural 
information about active sites and configurational changes enabled functional understanding. Her work at SSRL has so 
far been included in 20 of her publications since 2011. 

o SSRL held a number of user training workshops, including: a workshop on the fundamental aspects of hard X-ray RIXS 
with world-expert lecturers, focusing on experimental details along with in-depth data analysis and interpretation using 
both experimental fingerprints and detailed theoretical descriptions; and a hands-on EXAFS analysis boot camp hosted 
by CoACCESS at SSRL to train graduate students from user institutions to analyze data they had previously collected at 
SSRL. About 470 scientists attended the SSRL/LCLS user meeting and participated in 14 workshops over a 3-day period. 

o Use-inspired materials science and quantum materials are two of the themes that guide SSRL’s research programs, 
especially in energy materials. In the area of quantum materials, scientists from Stanford and SIMES, in collaboration 
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with materials scientists from Japan and theoreticians from Japan, the Netherlands, and Berkeley, reinstated the 
substantial role of the lattice vibration in cuprate high-Tc superconductivity – but in a subtle way that is highly 
intertwined with the electronic correlations. They finely straddled 18 differently hole-doped high-Tc compounds 
(Bi2Sr2CaCu2O8+δ) with up to an 8% change in hole carrier concentration, a doping range where Tc evolves from 47 K 
to 95 K through a putative quantum critical point, around which the electronic correlation effect experiences a sudden 
change. Then systematic experiments were carried out using the ARPES facility at SSRL BL-5-4. Here, the high-
resolution ARPES end station provided critical information on both the superconducting gap and the electron-lattice 
coupling [Hashimoto, et al., Science 362, 62, 2018 (doi: 10.1126/science.aar3394)]. 

o  In the area of energy materials, scientists studied a mysterious process called oxygen oxidation that strips electrons 
from oxygen atoms in lithium-rich battery cathodes and degrades their performance. The lithium-ion batteries that 
power electric vehicles and phones charge and discharge by ferrying lithium ions back and forth between two 
electrodes, an anode and a cathode. The more lithium ions the electrodes are able to absorb and release, the more 
energy the battery can store. One issue plaguing today’s commercial battery materials is that they are only able to 
release about half of the lithium ions they contain. A promising solution is to cram cathodes with extra lithium ions, 
allowing them to store more energy in the same amount of space. But for some reason, every new charge and 
discharge cycle slowly strips these lithium-rich cathodes of their voltage and capacity. A new study provides a 
comprehensive model of this process, identifying what gives rise to it and how it ultimately leads to the battery’s 
downfall. Led by researchers from Stanford, SLAC and LBNL. [Hong et al., Nature Materials 4 February 2019 
(10.1038/s41563-018-0276-1)]. 

o In the area of catalysis, scientists from Virginia Tech, Stanford, SUNCAT and PNNL have their first direct, detailed look at 
how a single atom catalyzes a chemical reaction. The reaction is the same one that strips poisonous carbon monoxide 
out of car exhaust, and individual atoms of iridium did the job up to 25 times more efficiently than the iridium 
nanoparticles containing 50 to 100 atoms that are used today. This is the first paper to identify the chemical 
environment that makes a single atom catalytically active, directly determine how active it is compared to a 
nanoparticle, and show that there are very fundamental differences – entirely different mechanisms – in the way they 
react. The team discovered that each iridium atom performs a chemical trick that enhances its performance. It grabs a 
single carbon monoxide molecule out of the passing flow of gas and holds onto it. The formation of this bond triggers 
tiny shifts in the configuration of the iridium atom’s electrons that help it split oxygen, so it can react with the 
remaining carbon monoxide gas and convert it to carbon dioxide much more efficiently. [Lu et al., Nature Catalysis, 31 
December 2018 (10.1038/s41929-018-0192-4)]. 

HIGH ENERGY PHYSICS (HEP) 

ATLAS Support Center at SLAC: 

o SLAC is 1 of 4 locations of this multi-site user facility. It provides support to the U.S. ATLAS community, including an 
Analysis Computing Facility.   

o As the hub of activities in HL-LHC pixel detector construction in the U.S., SLAC has hosted several workshops on its 
design, layout, and planning.  

o SLAC continues to host a 5-person group from Cal State East Bay to work jointly on the search for di-Higgs decaying to 
bb and tau pair. 

o We host the Cal State East Bay and the Cal State Sacramento groups to work on ITk inner system assembly work in the 
clean room, with Cal State East Bay focusing on quality control and Cal State Sacramento focusing on detector control.  

o We host an SCGSR student from the University of New Mexico to work on the ITk inner system.  

o The lab hosted preparation activities of the SLAC ESA test beam restart for ATLAS upgrade users. 

ATLAS Analysis Computing Facility: 

The transition from a Tier-2 Center to an analysis computing facility has been smooth, and there are now many active 
U.S. ATLAS users.  

SLAC continues to support the study into the feasibility of a muon tagger at high eta. 

  

http://science.sciencemag.org/content/362/6410/62
https://www.nature.com/articles/s41563-018-0276-1
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EXO-200 Operations: 

Operations of the EXO-200 detector ceased at the end of November 2018. Valuable detector components were 
transferred to ground and shipped to SLAC for disbursement to collaboration members. 

FGST:  

o The large statistics LAT data on cosmic-ray electrons and positrons have been used for the first time for a deep search 
for dark matter annihilation into these particles [“Search for Features in the Cosmic-Ray Electron and Positron 
spectrum measured by the Fermi Large Area Telescope,” Phys. Rev. D 98, 022006 (2018)]. 

o Along with the LIGO and VIRGO gravitational wave observatories, the LAT is searching for gamma-ray burst 
counterparts to mergers of paired combinations of neutron stars and black holes. LIGO and VIRGO are about to start a 
joint third science observing run, expected to last 1 year, with ~70% or greater sensitivity reach than previous 
observing runs.   

o Together with the IceCube neutrino telescope, the LAT is looking for coincident detections in time and in arrival 
direction of neutrinos detected by IceCube and flaring gamma-ray sources detected by the LAT.  

LSST-DESC Operations: 

o The operations plan for DESC was reviewed by DOE/HEP in May 2018 and is being implemented. Quarterly progress 
meetings have been held since the review with the DOE program manager. 

o SLAC staff members serve as spokesperson and operations manager. 

o A number of services in the area of computing coordination have been performed. 

LSST Facility Operations: 

The LSST facility operations proposal that was submitted in August 2017, which underwent a very successful joint 
agency review in December 2017, is being matured by Phil Marshall, Christine Soldahl and the LSST Operations 
Director’s office in Tucson into a detailed plan for review in fall 2019. This detailed plan will include a staff transition 
plan, an experimental operations plan, and the first annual program operations plan (POP).  

LZ / Liquid noble test platform: 

o The LZ liquid noble test platform is being used to address a variety of goals in LZ outside of SLAC’s scope. The 
thermosyphon cooling system for LZ, a South Dakota and Penn State responsibility, was tested in the SLAC test 
platform. The LZ slow control and framework for online IT and networking are based directly on the systems developed 
at SLAC for the test platform. 

o We are expanding the goals of the test platform to include the study of general properties of liquid xenon, such as light 
emission studies, light and charge yield of low-energy nuclear recoils, and pulse-shape discrimination. These studies 
will be of general interest to the entire noble liquid community. Initial results on light collection and Teflon reflectivity 
were presented in November 2018 and are being prepared for publication. 

o Also, as anticipated when the platform was conceived, other users are being drawn to this facility: The DUNE group at 
SLAC is designing and fabricating a liquid argon test chamber to carry our development work for the DUNE near 
detector. The initial installation for an 80-liter vessel and associated support systems is in fabrication and safety 
reviews, and will begin operation this winter. Eventually, a 3-ton instrument for prototyping the DUNE near detector 
will be installed.  

SuperCDMS SNOLAB 

o A comprehensive early operations, commissioning, calibration, and full operations plan has been developed and is 
being refined. This plan was reviewed in June 2018 with strong endorsement of the test and operations plan in support 
of maximizing early searches for low-mass dark matter, and will be further reviewed in mid-2019. 

o Early operations allows for early testing of production detector towers at the CUTE facility at SNOLAB prior to their 
insertion into the SNOBOX cryostat, as well as nuclear recoil calibration measurements at the NEXUS facility at FNAL 
and at DOE’s TUNL facility in North Carolina. 

o Commissioning will encompass testing of the cryogenics systems installed underground at SNOLAB, followed by 
installation of the detector towers into the SNOBOX cryostat and installation of the SNOBOX into the cryogenics 
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systems underground at SNOLAB, followed in turn by testing and setup of the assembled experiment to bring it to 
science readiness. 

o Full operations encompasses a series of science runs each lasting more than a year, with intervening periods for 
experiment maintenance and possible insertion of additional detectors from European groups or resulting from 
advanced detector R&D aimed at ultralow-mass dark matter detection. 

FUSION ENERGY SCIENCES (FES) 

 The preeminence of the High Energy Density Science Division at SLAC was acknowledged through the 2018 APS Thomas Stix 
award to Frederico Fiuza and an honorary PhD for Siegfried Glenzer as part of the 600-year anniversary of the University of 
Rostock (Germany) in 2019. 

  In a follow-up to an experiment on the MEC instrument at LCLS on the species miscibility of hydrogen and carbon that first 
received worldwide attention, new insights were gained that the species in the plasma are not completely de-mixed. The 
modeling of such systems that describe the interior of giant planets is still incomplete [Hartney et al., Physical Review 
Letters, 121, (2018)]. 

 In a new experiment on cryogenic hydrogen, an all-optical laser ion beam spatial shaping was demonstrated. This capability 
is important for directing the proton beam for pump-probe studies or for injection into booster accelerator structures 
[Obst-Huebl et al., Nature Communications 9, 5292 (2018)]. 

 MEC experiments on shock-compressed aluminum to 1 Mbar have shown the increase in plasmon energy with density. The 
results are in good agreement with theories indicating the utility of plasmons to measure the conditions in warm dense 
matter. [Preston et al., Applied Physics Letters 114, 014101 (2019)] 

 The HED science division organized the 2018 MEC user workshop on high-power lasers (HPL-6). The meeting was attended 
by more than 100 scientists and highlighted recent experimental accomplishments at MEC. The report has been published 
[Powder Diffraction 34 (1), March 2019]. The next HPL-7 meeting is scheduled for Sept. 2019. 

MEC output 

o MEC provided the first observation of shock-induced lowering of phase boundaries, revealing unexpected behavior in 
dynamically compressed silicon. The experiment revealed the shear response of silicon to dynamic loading for the first 
time, showing that it is a phase transformation that releases this stress rather than plastic deformation, as previously 
assumed. These measurements, led by the latest SLAC Panofsky Fellow, Emma McBride, used a novel experimental 
geometry where measurements were made perpendicular to the shock propagation direction [McBride et al., Nature 
Physics (2018)]. 

o Single-shot measurements of low-Z (hydrocarbon) liquid structure were obtained at extreme conditions (2 Mbar) for 
the first time, showing that the usual assumption of plasma-like behavior is insufficient. Carbon-carbon bonds were 
observed to persist and to determine the structure of the sample even at 10,000 K. These conditions are relevant to 
the icy giant planets, and show that fully first-principle simulations, such as density functional theory, are needed in 
order to understand the interior structure of these bodies [Hartley et al., PRL (2018)]. 

o MEC scientists [Hae Ja Lee, et al.] demonstrated the creation of keV temperature and solid-density plasma isochorically 
heated by nano-focused hard X-rays. The beam created K-shell holes and highly ionized states, marking the first 
spectroscopic measurement of electronic structure in these extreme conditions. Such measurements enable the study 
of hot dense matter and the multiple processes involved in electronic structure, photoionization, and continuum 
lowering. 

MEC Developments 

o For the MEC instrument, good advantage is being taken of the LCLS downtime. The repeatability of pulse shaping in the 
long pulse laser has been substantially improved through better monitoring and algorithms. Motorization and 
automation of alignment is being undertaken on the short pulse laser for better reliability. And a new X-ray imaging 
platform is being developed as a standard capability, designed to accommodate corrective optics and operate across 
the full energy range of LCLS-II in PCI, direct imaging, and dark field imaging configurations. During the downtime, MEC 
will deliver 220 hours to users for laser-only operations. 
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BASIC ENERGY SCIENCES (BER) 

SSRL 

o The high availability and reliability to date in FY19 of the SPEAR3 accelerator complex, with 98.6% uptime and 99% 
availability for the injector system, has enabled full operation at high current for the 8 structural molecular biology 
(SMB) beamlines, operated with funding from DOE-BER and NIH-NIGMS, including for macromolecular crystallography, 
small-angle X-ray scattering, X-ray spectroscopy, and X-ray micro-spectroscopy imaging techniques. The total biological 
science community included >1000 investigators on active proposals at the end of 2018, of which >300 are considered 
of relevance at least in part to BER mission science. 

o The SSRL SMB program contributed significantly to Frances Arnold’s 2018 Nobel Prize in Chemistry. The use of the 
BL12-2 facility with its advanced instrumentation, robotics, and remote-access capabilities enabled 20 of her 
publications since 2011, 5 of which were referenced in the official announcement by the Nobel Committee. The latest 
of those studies – focusing on carbene transfer reactions in an engineered protein – was published in late 2018. This 
focused on the electron transport heme protein cytochrome c, which was engineered by directed evolution to catalyze 
non-biological reactions. Many of these reactions proceed through a catalytic iron porphyrin carbene (IPC) 
intermediate. Using crystallographic, spectroscopic, and computational methods, Arnold captured for the first time the 
structure of this catalytic IPC intermediate in the active site of engineered cytochrome c. The structure revealed how 
directed evolution created an active site for carbene transfer in this protein and how the enzyme achieves perfect 
transfer stereoselectivity by holding the catalytic IPC in a single orientation. This information helps in understanding 
the reactivity and selectivity of carbene transfer enzymes that generate a wide range of chemical compounds. [R.D. 
Lewis, et al., Proc. Natl. Acad. Sci. USA 115, 7308 (2018)]. 

o Methane-oxidizing microbes catalyze the oxidation of the greenhouse gas methane using the copper-dependent 
enzyme particulate methane monooxygenase (pMMO). Cu K-edge XAS data from BL9-3 was used to solve the 
longstanding quandary of the low activity of isolated pMMO relative to whole cells, which suggested that additional 
components may be required for full pMMO activity. The study revealed an unprecedented copper dimer-containing 
structure of PmoD, another protein critical for copper-dependent growth on methane, which likely provides the 
explanation for the low activity. Importantly, genetic analysis revealed a missing link in the function of enzymes critical 
to the global carbon and nitrogen cycles. [A.C. Rosenzweig, et al., Nat. Commun. 9, 4276 (2018)] 

o The nuclear pore complex (NPC) is a large, pore-like macromolecular assembly made up of several hundred individual 
proteins that is formed at the fusion of the inner and outer nuclear envelope membranes. The NPC is the sole gateway 
across the nuclear membrane, and it governs all macromolecular transport between the nucleus and the cytoplasm. 
Using Small-Angle X-ray Scattering (SAXS) together with a variety of complementary structural and biophysical 
characterization techniques, the Sali/Rout groups combined with an integrative modelling approach, the structure of 
the entire NPC of Saccharomyces cerevisiae was determined with sub-nanometer precision and a functional description 
of the different parts identified. Given that there is a high degree of yeast NPCs, as well as NPCs from other species, the 
results presented by the user group provide a roadmap with the potential to advance the understanding of NPC 
physiology and nuclear transport in general. [S.J. Kim, et al., Nature 555, 475 (2018)]. 

o The instrumentation upgrade of the SSRL biological SAXS beamline BL4-2 has continued in FY19 with the 
implementation of an in-hutch Kirkpatrick-Baez focusing optics, which is providing enhanced brightness and microfocus 
beam size, enabling new approaches to performing SAXS on BER-relevant biological systems. The system is currently in 
user commissioning and will enable SAXS studies of the most challenging biological problems. 

o SSRL continued collaborating with LCLS staff in developing and implementing a goniometer-based, fixed-target sample 
delivery end station instrument (partly funded by BER) on the new LCLS MFX station for macromolecular 
crystallography. This instrument system will be completed in FY19. The developments for the MFX station are in 
synergy with those for the new in-vacuum undulator microfocus BL12-1 for crystallography, which will include fixed-
target as well as injector-based sample delivery. BL12-1 is currently in commissioning and will be operational in FY20.   

o The SMB program organized a workshop on the fundamental aspects of hard X-ray RIXS in February 2019, which was 
open to all areas of science. It included lectures and tutorials and attracted strong interest from the >50 participants. 

o The SMB program is planning to hold a number of user training workshops, including the RapiData Structural Biology 
Workshop with lectures, hands-on activities, and data analysis tutorials in April 2019, and a Metals in Biology Workshop 
at the SSRL/LCLS Annual Users’ Meeting with focus on BER-mission science in the fall of 2019.  
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o A BER-funded postdoctoral scholar who will focus on a scientific outreach and user collaborations program will join the 
SSRL SMB program in April. This is part of a new FWP to enable investigators to use SLAC’s imaging tools to address 
multiscale spatiotemporal phenomena important in areas of BER’s mission. Focus will be on introducing SSRL’s X-ray 
microXAS and other imaging and SR techniques as well as Cryo-EM, as appropriate, with a focus on challenging 
biological problems with BER mission relevance. The goal of this effort is to directly and effectively provide scientific 
experimental and data analysis support so investigators can apply the techniques to their scientific projects. Key 
scientific researchers within the plant science and rhizosphere community at the BER-funded Environmental Molecular 
Science Laboratory (EMSL) have been identified for a joint collaboration leveraging SSRL’s X-ray imaging and 
spectroscopy techniques. 

o SSRL staff has continued to play an important role in a working group of BER-funded synchrotron and neutron 
structural biology user facility program PIs. The group focuses on how BER mission awardees can be made aware of 
useful techniques, how to access beamlines and how facilities can work together all the way up through joint access 
systems. This activity has provided specific informational material at DOE BER PI and other topical meetings and 
continued updates to the joint web site (https://www.berstructuralbioportal.org/). SSRL staff is also attending BER GSP 
and EXX PI meetings in FY19. 

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BES: Execute the LCLS-II-HE project scope in compliance with the technical performance specification and within the 

established DOE project performance goals for cost and schedule. Performance will be assessed based on the work planned 
and accomplished during FY19, not on the cumulative performance of the project. (Objective 2.1) 

The LCLS-II-HE project is fully aligned with CD-1 performance milestones: LCLS-II-HE partnership has been established and 
preparations for CD-3a in August are underway (developed internal project milestones towards the CD-3a review, 
deliverables dashboard, draft MOA, PMP, PEP, AS). 

o Quality of scientific justification for LCLS-II-HE: LCLS-II-HE will provide a qualitatively new capability, unique in the 
world, delivering ultrafast atomic resolution at high average power. It will extend operation of the high-repetition-rate 
beam into the critically important hard X-ray regime that has been used in more than 75% of LCLS experiments to date, 
providing a major leap in performance to the broadest cross-section of the user community.  

o Technical quality of conceptual designs and credibility of cost estimates: The LCLS-II-HE project is a natural extension to 
LCLS-II, adding known technology and using existing infrastructure. LCLS-II-HE will add 20 cryomodules similar to the 
type already being manufactured for LCLS-II, doubling the electron beam energy from the superconducting accelerator 
to 8 GeV and making use of the existing cryogenic cooling capacity and space within the linac tunnel. The LCLS-II-HE 
technical design, costs, and schedule are derived from the current LCLS-II project, in which 35 cryomodules are 
presently being assembled at JLab and FNAL. Work to complete the Final Design Report for the CD-3a scope is ongoing 
and internal baselines for CD-3a packages are being developed. 

o Leveraging existing facilities and capabilities for proposed projects: LCLS-II-HE will take advantage of infrastructure 
already being installed as part of the ongoing LCLS-II construction project, minimizing the need for additional design 
and construction. LCLS-II will be installed in the first section of a 1 km section of the SLAC tunnel that was cleared out in 
2016, leaving room for up to 20 additional cryomodules. With regard to delivery, LCLS-II-HE capitalizes on the proven 
project management capability, existing project infrastructure, highly experienced staff, and integrated project team 
for LCLS-II.  

o Novelty and impact of new technologies embodied in proposed facilities: The LCLS-II-HE project will support a modest 
R&D program aimed at improving the gradient of the SRF cavities. The program will focus on both understanding the 
Nb material and optimizing the N2-doping/infusion approach to best match the LCLS-II-HE requirements. The goal will 
be to improve the average usable gradient of the cavities by ~10% to at least 24.5 MV/m in vertical tests with a Q0 of 
roughly 2.7e10. Assuming the cavity R&D program is successful, it will provide a unique advancement in state-of-the-
art SRF technology at global scale. 

Status:  

o The LCLS-II-HE project management team has developed a partnering strategy for successful completion of the project.  
In December 2018, we completed the partnering options analysis and determined that a two-partner solution, as with 

https://www.berstructuralbioportal.org/
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LCLS-II, was the most favorable and least risky option. The results were presented to BES in January 2019, and no 
concern was found. Immediately afterwards, partnering discussions commenced with the JLab and FNAL directorates 
with the goal of identifying candidate senior team leaders (STLs) in February. The collaboration was established by a 
partnering workshop on March 11-12, 2019. 

o A risk workshop has been planned for April 23, 2019 at FNAL, with the goal of updating the risk registry in preparation 
for a DOE CD-3a review that allows the project to launch long-lead procurements (cryomodule supply chain and 
production). 

o Final Design Report and internal cost/schedule baseline are being developed for CD-3a scope. 

o The next milestone for the project will be to seek CD-3A approval by the end of the fiscal year. Therefore, the project 
has set an internal date of August 2019 to be ready for an OPA review, and has communicated this to the program. 

o New hires by LCLS-II-HE include a project manager and a technical lead. This is aligned with the overall SLAC strategy to 
attract and maintain in-house world-class talent in SRF technologies and project management. 

2. BES: Effectively manage and execute the LCLS-II project in accordance with the Project Execution Plan and deliver the 
project scope in compliance with the technical performance specifications and within the established DOE performance 
goals for cost and schedule. Performance will be assessed based on the work planned and accomplished during FY19, not 
on the cumulative performance of the project. (Objective 2.2) 

Status: The project has solved the problems associated with transportation of cryomodules to SLAC. Deliveries have 
resumed, and 8 of 35 cryomodules had been delivered as of the end of March. Welding of cryomodules will commence in 
April. Major deliverables for the cryoplant have arrived at SLAC since October 2018. Direct oversight of work activities at the 
vendor and engagement with the company’s owner have resulted in significant performance improvement. The remaining 
deliverables are monitored closely and presently on track. The scheduled delivery dates feeding into the PEMP notable 
outcomes for 2019 are listed in the table below. DOE conducted a review of the LCLS-II Project, focusing on the project’s 
completion plan. The review committee concluded that the project’s plan and budgeting for completion of the project was 
credible but tight, with lean contingency. The reviewers emphasized that, going forward, cost and schedule control will 
depend on comprehensive work planning for installation and commissioning. 

PEMP Goal Milestones 

CD-2 
Baseline 

Date 
Forecast 

Date 
Actual 
Date 

Complete removal of electron beam dump 7/10/18 12/19/18 12/19/18 

Remove LCLS Undulator from Undulator hall 6/14/18 1/23/19 1/23/19 

Receive cryo plant #1, 4.5K cold box 12/8/17 1/16/19 1/16/19 

Receive cryo plant #2, 4.5K cold box 6/6/18 6/24/196  

Linac injector transition to operations signed and complete 4/12/18 6/27/19  

2K cold box delivery to SLAC from PHPK 2/22/18 4/15/19  

2K cold box delivery to SLAC from Linde 2/1/19 5/29/19  

3.9 GHz first cryomodule strong assembly complete 4/25/18 8/30/19  

Complete installation (CM in Linac on mounts) 22 production 1.3 GHz cryomodules 5/24/18 8/19/19  

 

3. HEP: Consistent with the delegation to SLAC, meet cost and schedule goals for the SuperCDMS and FACET-II projects as 
described in their respective Project Execution Plans. (Objective 2.2) 

Status: Both projects have transitioned to SLAC project management control with regular reporting to DOE. HEP and SLAC 
agreed on the graded approach SLAC would take and SLAC planned and executed internal reviews to make sure that PEP 
milestones and cost schedule goals are met. 

4. HEP: By May 2019, complete operations plans, including coordination with NSF-supported efforts, for SuperCDMS SNOLAB 
and LSST experiments, suitable for review by an independent committee of experts. (Objective 2.3)  

Status: For SuperCDMS SNOLAB a tentative operation budget and plan was submitted to DOE and NSF in December 2018. 
We are presently planning a joint DOE-NSF review in June 2019 to review the plan. For LSST, the first version was submitted 
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in August 2017 and reviewed by both agencies in December 2017. Pre-operations funding started in 2018. With guidance 
from NSF, we have agreed with DOE to submit a revised operations plan by December 2019. 

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Contingency use for LCLS-II is at too high a rate to meet TPC.  

o Mitigation: Biweekly meetings are held among SLAC senior management and several mitigation actions are taken to 
reduce contingency use to a tolerable rate while meeting project milestones. 

 Concern: The LCLS-II descope to HE needs a solid justification pointing out the mutual benefit to both projects.  

o Mitigation: The LCSL-II and LCLS-II-HE teams are closely working with our sponsor to make sure the transfers are well 
justified and documented.  

 Concern: Cost growth in LCLS-II controls effort and cable plant is significant and continuous to trend high. 

o Mitigation: The project is working with the laboratory to make sure all the necessary scope to meet project 
deliverables is performed and a timely transition to operations is clearly stated.   

 Concern: Hardware for the cryoplant must be delivered on time to ensure commissioning can begin as planned in 2019. 

o Mitigation: Close coordination and oversight of subcontractors and in particular PHPK has significantly improved 
schedule performance and components are on track to be delivered as promised. 

 Concern: (SuperCDMS SNOLAB) An agreement between agencies for funding operations of SuperCDMS SNOLAB has not yet 
been reached. As the project transitions from construction to operation, it is imperative that a funding agreement on the 
operation cost and budget be achieved. Lack of such an agreement would have significant impact on pre-operations, 
calibration activities, and eventually the efficiency and effectiveness of full operations. 

o Mitigation: The SuperCDMS collaboration has encouraged high-level engagement at OHEP and NSF Physics 
management. Subsequently, OHEP and NSF Physics management have now agreed on a cost-sharing arrangement for 
operations, based on the relative numbers of physicist scientists supported by each agency. An initial operations 
proposal has been jointly submitted to OHEP and NSF Physics based on the agreed cost-sharing arrangement. The Joint 
Oversight Group (JOG) of OHEP and NSF program managers will continue through commissioning and start of 
operations. 

 Concern: (LSST-DESC) DOE funding for DESC has been reduced over the past fiscal year. DESC is vulnerable to cost overruns 
in other parts of the LSST DOE portfolio. These reductions are already impacting the functions of DESC and a descoping of 
the science plan is under consideration. 

o Mitigation: FPD and DESC are working closely with OHEP to make them aware of the budgetary impacts. An 
International Resources Committee was formed to assist with interagency problem solving. 

 Concern: Long down-time work at the LCLS and FACET complex will not finish on time for the planned restart in spring of 
2020 to allow for some FACET II operation during FY19. 

o Mitigation: While we are currently on schedule, close coordination is needed. Weekly reports on installation progress 
across the site and biweekly briefings to all senior management involved allow resource-effective management should 
progress fall behind.  
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GOAL 3: Provide Efficient and Effective Science and Technology Program 
Management 

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 3.1 – Effective and Efficient Strategic Planning and Stewardship 

SLAC developed high-quality strategic plans for program areas that are well aligned with program/sponsor goals. SLAC effectively 
articulated and demonstrated strategic plans and vision to program sponsors. SLAC takes advantage of unique facility capabilities, 
conducts research unique to laboratory capabilities, and enables sustainable programs. The following are examples of SLAC 
performance for Goal 3.1: 

BASIC ENERGY SCIENCES (BES) 

LCLS 

o Notable projects currently planned or being executed are accelerator projects aimed at maximizing scientific 
capabilities and beam delivery options for the future LCLS-II FEL complex. One example is an electron beam transfer 
line from the normal conducting accelerator to the soft X-ray undulator system, thereby enabling early commissioning 
of those X-ray systems and preserving the high peak power X-ray pulse capability for LCLS-II. To enhance the LCLS-II FEL 
in the soft X-ray energy range, we also started design work on a self-seeding system (SXRSS-II), attosecond pulse 
capabilities (XLEAP-II), and related bunch length measurement system (XTCAV-II). 

o An onging LDRD project is aimed at concepts and design of sophisticated beam manipulation capabilities for LCLS-II. 
This includes advanced energy control within electron bunches and multiple colors and energies. This effort is an 
extension of similar work done for LCLS in the past. 

o A project in transition from the R&D to engineering phase is the DELTA-II project, enabling polarized photons at high 
repetition rates for LCLS-II. 

o Planning is underway to maximize the efficiency of photon energy tuning using the new LCLS-II variable gap undulators. 
This work is being done in close collaboration with the LCLS-II scientific community to optimize implementation of this 
system. 

o A photocathode growth system for the LCLS-II electron source has been designed and is in the final stages of 
construction. This system will provide a supply of photocathodes for LCLS-II, as external partners have not expressed 
interest in providing cathodes to SLAC. 

o A 5-year transition to operations plan has been developed, integrating all aspects of the activity at SLAC to progress to 
steady-state operation of LCLS-II. This combines the roll-off of subsystems from the LCLS-II Project with the ramp-up of 
commissioning activities within LCLS Operations, as well as other critical dependencies across SLAC, with fidelity at the 
level of individual staff members. This process is identifying gaps and critical assumptions, and is being used to inform 
prioritization of activities and deployment of staff. This process is overseen by the SLAC deputy director. 

o The Accelerator Directorate continues to prepare the facility for the operation of the LCLS-II accelerator. Examples are 
participation in the injector commissioning and characterization and tuning of LCLS-II variable gap undulators for soft 
and hard X-rays. This includes the development of new measurement techniques, including in situ measurements and 
in situ radiation survey methods. Other LCLS-II preparedness activities include: development of a cathode fabrication 
laboratory; development of software applications that will be used during commissioning and operations to optimize 
machine performance; creation of the necessary documentation for safely operating the new superconducting 
accelerator; and modification of current accelerator infrastructure to accommodate LCLS-II accelerator systems and 
beamlines. 

o A new division called the SC linac division was created in the Accelerator Directorate for the future cryoplant and SRF 
staff to roll into once the LCLS-II project is complete. Currently it is composed of a division director (John Schmerge), 
safety coordinator, and accelerator physicist trained at partner laboratories on cryomodule operation. 

o A significant number of accelerator staff (>60) have been training at partner laboratories in the last few years to 
prepare for SC linac operations. Skills learned include cryomodule assembly, welding, particle-free cleaning, cryoplant 
operation, and SRF linac commissioning. Staff will also be sent to JLab in 2019 to participate in the SRF testing of SLAC 
cryomodules using all SLAC hardware and software at the LERF facility. This is a unique opportunity to gain experience 
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operating the future LCLS-II linac several years before it actually becomes operational at SLAC. In addition, SLAC hosted 
the first of three 1-week SRF workshops in February 2019 where SRF experts from around the world shared their 
expertise and advice for operating SRF linacs. Over 100 SLAC staff attended the first workshop. 

o The LCLS strategic plan was updated in October 2018, published on the external website, and discussed with our SAC 
and UEC as well as with the DOE program. This lays out the facility development path for LCLS-II, LCLS-II-HE and MEC, 
along with plans for new instrumentation, enhanced accelerator capabilities, and new detector and data systems, as 
well as the key science drivers that were used to define this path. 

o This plan reflects the impact of the ongoing work done to identify and refine the most compelling suite of first 
experiments for LCLS-II and a look ahead to LCLS-II-HE. Most recently, we are working with the community and DOE 
programs to identify areas where extended access to LCLS would substantially increase the scientific ambition and 
impact in critical areas, and will put in place a campaign-style access mode to enable this for a fraction of the beam 
time (~10%), subject to further discussion with our advisory bodies and DOE over the next few months – in time for the 
restart of LCLS operations in mid-FY20. Core to the LCLS scientific strategy is the design and delivery of new instrument 
capabilities via the L2S-I program. Very significant progress has been made with L2S-I in the past few months in this 
area, with highlights including: 

• Completed instrument equipment removal in the FEE and NEH 

• Awarded all long-lead procurements required to operate the first two end stations (NEH 1.1: VMI, NEH 2.2: 
ChemRIXS) 

• Completed the design of the front end enclosure (FEE) optics and diagnostics 

• Started conventional construction activities in the FEE and NEH 

o The new Arrillaga Science Center (ASC) at SLAC opened for initial installation of equipment by LCLS programs in Q2-
FY19, with work now underway or imminent in the Optics Metrology Lab, the Detector Characterization Lab, the Nano-
X diffractive optics lab, and a suite of laser and sample preparation laboratories that will underpin LCLS user operations 
and capability development. 

o A wide range of accelerator improvement projects (AIPs) are underway, principally aimed at enabling advanced modes 
of performance for the LCLS-II era as described before.  

o LCLS-II-HE science: LCLS organized a community workshop in October 2018 on the topic of advanced methods and 
instrumentation, targeting required developments in hard X-ray science – with a particular focus on informing the 
design of the instrument upgrades for LCLS-II-HE. There were 174 attendees, split into 5 sessions (AMO & Gas Phase 
Chemistry, Condensed-phase Chemistry, Quantum Materials, Biological Function and Structural Dynamics, and 
Materials Physics). The output is informing down-selection of instrument and facility capabilities to feed into the LCLS-
II-HE Project and Operations-based developments. 

o X-ray Optics: LCLS hosted a 3-way meeting in October (with APS and NSLS-II staff) to assess key needs for hard X-ray 
optics (thin diamond crystal fabrication, mounting and cooling), to identify solutions to this long-standing problem 
area. 

o Detectors: An extensive assessment of the LCLS detector development program was undertaken in Q1, making use of 
an expanded advisory committee (LDAC). This focused on ensuring we can make good use of the high repetition rate 
capabilities of LCLS-II from day one, and put in place advanced capabilities (for 2D imaging and scattering and extended 
spectroscopic fidelity) as the new instruments are commissioned and mature. Work to be done includes the need to 
better define a longer-term roadmap for systems for LCLS-II-HE and beyond. This is now underway. 

o Data Science: LCLS continues to take the lead role in determining future requirements and technical solutions for 
extreme data rate science that can fully exploit the next generation of light source upgrades. This includes 
development of camera-based solutions (such as FPGA devices for rapid analysis of 1D and 2D signals), workflow 
development for online data reduction and analysis, porting to high-performance computing platforms, and application 
of artificial intelligence algorithms. We successfully harnessed a full 30% of the ESNet network for an extended period 
(29 hours) to transmit over 1 Petabyte of data across a 5000-mile loop – demonstrating the approach and performance 
needed for LCLS-II. 
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UED 

o We have developed a plan for UED user operation with the goal of providing >2500 hours/year of user beam time.  
Liquid phase UED is being developed to address critical challenges of ultrafast science. Feasibility of 360 Hz UED 
operation has been demonstrated and will go into production in FY19. 

o SRF gun project: A proposal for upgrading the SRF gun with a closed-loop cryoplant and new laser system was funded 
by BES. With an upgraded SRF gun, simulation shows that we could extend the hard X-ray limit for LCLS-II-HE beyond 
18 KeV. 

SSRL 

o The critical injection septum magnet required for the low emittance accelerator improvement project to reduce the 
emittance of SPEAR3 from 10 nm to 6 nm is on track for installation during the FY19 shutdown. The design has been 
reviewed and validated and prototypes have been successfully fabricated and tested. 

o Investigations of potential upgrades to enhance time-resolved experimental capabilities have continued, including 
simulation and design of superconducting crab cavity options to compare to the previous work with normal 
conducting cavity design. Work has also started to explore possibilities for using streak cameras on the SSRL photon 
beamlines to achieve ps or sub-ps time-resolved experiments with 70 ps electron bunches in SPEAR3. 

o SSRL continues to execute on its strategic plan in the development of X-ray techniques that use its unique capabilities 
for in situ and operando studies that couple to the energy materials and catalysis research in the Energy Sciences 
Directorate, along with continued development of new undulator beamlines for advanced spectroscopy and 
scattering that will enable time-resolved studies and couple to the LCLS. 

o  SSRL is leveraging capabilities within the Technology Innovation Directorate and NIST in the area of transition edge 
sensors to bring unique high-resolution soft X-ray fluorescence capabilities to SSRL beamlines, which will impact 
research ranging from dose-sensitive metalloproteins to correlated materials systems. Results from the BL10-1 TES 
detector on soft X-ray fluorescence and RIXS have shown very promising results [S. Sainio, et. al, "A Hybrid X-ray 
Spectroscopy-Based Approach to Acquire Chemical and Structural Information of Single Wall Carbon Nanotubes With 
Superior Sensitivity," J. Phys. Chem. C., 10.1021/acs.jpcc.9b00714, (2019)]. 

o SSRL continued to provide strategic planning support in the development of a scientific and infrastructure plan for a 
SLAC/Stanford cryo-electron microscopy facility, including the integration of programs in synchrotron- and cryo-EM-
based techniques and facilities, and eventually joint user programs. SLAC Photon Science faculty members at SSRL are 
co-PIs of the grant proposal in response to NIH’s National Cryo-EM Center funding opportunity announcement that 
was submitted in June 2017. The proposal was successful and resulted in SLAC being the location of 1 of 3 national 
service and training centers that will make the technology available to scientists nationwide and teach them how to 
use it. The facility will be known as the SLAC-Stanford Cryo-EM Center and located in the new Arrillaga Science Center. 

HIGH ENERGY PHYSICS (HEP) 

 Colliders: SLAC received HEP funding this year for U.S.-Japan activities related to improvements to high-luminosity colliders. 
Work on bunch feedback systems, bunch-by-bunch feedback systems, small X-ray beam size monitors, and interaction 
region dither luminosity feedbacks is proceeding. 

 SLAC is implementing the planned strategic expansion of its engagement in the U.S. accelerator-based neutrino program. 
The addition of a professor and two associate staff scientists in experimental neutrino physics and two research associates 
in theoretical neutrino physics in the last 6 months has allowed for the development of leading roles in DUNE near detector 
R&D, DUNE cold electronics, machine learning for neutrino physics, physics analysis for MicroBooNE, and neutrino cross 
section computations. 

 The SLAC INSPIRE team provided primary system management for the INSPIRE production site, and contributed to the 
design and execution of the migration to a new backend architecture. The team worked with the global collaboration to 
minimize impact of the FY18 SLAC team reduction, and also assessed possible development projects for increasing 
automation in content curation. The team continues to plan the ramp-down of the SLAC INSPIRE program and to 
investigate alternate sources of funding. 

 The Fundamental Physics Directorate, incorporating the previous EPP and PAC divisions within the dissolved Science 
Directorate, has been successfully stood up. 
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 Exascale computing is needed to enable multidimensional parameter optimization studies and high-fidelity simulations of 
multistage plasma-based TeV-collider systems. SLAC is collaborating on the LBNL-led, 4-year program titled “Exascale 
Modeling of Advanced Particle Accelerators.” 

 SLAC invested project development resources to perform R&D for a new beam transfer line to deliver low-current electron 
beam from the LCLS-II dump line into End Station A (ESA), where it can be utilized for new physics initiatives, neutrino 
physics studies and detector R&D. As an accelerator improvement project, this initiative creates a significant new electron 
beam facility in the lab complex that is invisible to LCLS-II operations at very low cost and negligible risk. 

 SLAC has initiated a project development program for R&D on a liquid argon TPC with pixel readout prototype for the DUNE 
near detector. This R&D will be carried out at the liquid noble test platform in IR2, expanding the use of this laboratory core 
capability. This work will benefit from much of the expertise and infrastructure now in place.  

FUSION ENERGY SCIENCES (FES) 

LCLS: As detailed above, SLAC has driven an extensive consultation activity with the current and potential user community for 
MEC to identify the priority scientific opportunities and corresponding facility capabilities needed to keep this facility at the 
international forefront for at least the next decade. This has been translated into specific facility development options for 
evaluation by DOE FES. The approach is tailored to be self-consistent with the anticipated operations and downtime needs of 
the LCLS-II-HE project. 

 MEC Petawatt Upgrade: Extensive work over the past 3 years has culminated in a detailed science case and provisional 
project plan for development of the MEC instrument. This is now being developed in pursuit of CD-1 design selection, 
following on from the approval by DOE-SC of CD-0 for a petawatt laser user facility in January 2019. The MEC approach 
allows stand-alone, world-leading laser performance to be hosted, in addition to its coupling to the enhanced LCLS X-ray 
beam. We are designing a system capable of at least petawatt-level (and potentially > 10 PW) performance, with a 
repetition rate that will transform the field. This is to be coupled to an order-of-magnitude increase in long-pulse laser 
energy for extreme material science. 

BASIC ENERGY SCIENCES (BER) 

SSRL 

o The SSRL structural biology program management developed a future research and facility strategy to support the BER 
science mission and its research community with a coherent multi-technique approach, and submitted a 5-year 
program proposal in December 2018 at the request of BER program management. This was in synergy with a proposal 
to NIH NIGMS for the support of biomedical research using the same technologies and facilities. Review of these 
proposals will be completed by BER and NIH during FY19. 

o SSRL BER-funded structural and cryo-EM biology program PIs have continued significant communication, interactions, 
and planning processes with BER program managers to define, plan, and execute, together with partners at other 
facilities, meetings aimed at informing and engaging BER-funded investigators for whom accessing specific techniques 
and facilities would enable and/or enhance their BER mission-focused science goals. A common web portal has been 
updated and describes relevant science highlights, techniques, contact information, and access mechanisms.   

o Based on a proposal to BER in FY18, a new FWP, “Cryo-Electron Microscopy and Tomography for Frozen, Hydrated 
Biological Samples,” was given an initial award in FY18. Additional funding provided in FY19 has enabled the 
procurement of two cryo-FIB-SEM instruments to augment the existing cryo-EM facility and capabilities at SLAC/SSRL.  
These will be made available for BER-funded researchers when operational in late FY19.   

o SSRL scientific staff engaged in further collaborative efforts on joint science projects with scientists at other BER-
funded facilities. A collaboration was developed in FY19 with scientists at ORNL’s Center for Structural Biology for 
projects related to lignocellulose, using biological SAXS and SANS. 

o SSRL is pursuing a multi-technique access mechanism for bioscience users that would initially include X-ray techniques 
(macromolecular crystallography, small-angle X-ray scattering) and cryo-EM. A pilot program is in development, 
including approaches to proposal review and scheduling. This approach is planned to involve X-ray imaging and LCLS 
projects as appropriate at a future stage. 
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Elements in Support of 3.2 – Project/Program/Facilities Management 

SLAC provides effective program and facilities management and manages R&D according to plans. SLAC uses LDRD and other 
laboratory investments to improve competitiveness, and leverages across multiple areas of research and facility capabilities. SLAC 
also effectively identifies and avoids technical problems and is willing to make tough decisions. The following are examples of SLAC 
performance for Goal 3.2: 

BASIC ENERGY SCIENCES (BES) 

LCLS 

o A successful R&D project (XLEAP) was carried out to generate and measure attosecond X-ray pulses at LCLS. The X-ray 
pulses were generated by compressing the electron bunch with a high-intensity infrared pulse, and the attosecond 
pulse duration was diagnosed with a single-shot photoelectron angular streaking experiment. The median pulse 
duration was determined to be 350 as. This is roughly a factor of 10 shorter than the previous measurements at LCLS, 
and it represents an improvement of 7 orders of magnitude with respect to other available attosecond light sources in 
the soft X-ray region. First user experiments were carried out with these intense attosecond X-ray pulses and 
demonstrated the use of attosecond FELs in non-linear spectroscopy and single-shot imaging. Plans are being made to 
implement and enhance this capability for the LCLS-II.  

o An LDRD was awarded to study regenerative amplifier FEL for LCLS and LCLS-II. The award is for 2 years and focuses on 
a cold, small-scale cavity and Q switching. The proposal also generates strong interest in BES R&D, and we are in the 
process of writing a white paper on a staged approach for cavity-based FEL R&D to BES. 

o Pump-probe scanning is the standard approach to measuring dynamics at X-FELs; but at the shortest timescales, and 
particularly for X-ray pump, X-ray probe experiments, the scans require challenging beam setups and can introduce 
systematic errors. An alternative approach is proposed that uses the randomness of the self-amplified spontaneous 
emission (SASE) process to drive many simultaneous pump-probe experiments on each shot enabling the 
reconstruction of ultrafast dynamics down to the coherence length of the FEL without the need for pump-probe scans 
[Ratner et al., Phys. Rev. X., 9, 011045 (2019)]. 

o An effort was launched to generate a comprehensive framework for start-to-end simulations. The goal of this effort is 
to integrate various simulation tools into a common framework. This includes, for example, electron beam and photon 
beam transport codes, space-charge codes for low-energy beams, FEL simulation, and X-ray-matter interaction 
simulations. The goal is twofold: to truly allow S2E simulations in user experiments and to streamline user interfaces to 
give users who are not highly skilled subject matter experts access to tools. 

o We have developed a number of white papers describing applications of machine learning to improve operational 
efficiency of LCLS and LCLS-II. The white papers were submitted to DOE BES. 

o Transition to Operations (TTO) plan for LCLS-II:  

• We have developed a self-consistent lab-wide plan for LCLS operations, the LCLS-II project, and SLAC programs – at 
the level of individual staff and shops with month-by-month fidelity across the TTO period. This allowed us to 
identify mismatched assumptions (e.g. between staff rolling off the project and the ramp-up of operations 
commissioning activities). In particular, this enabled the creation of a mature plan for the long downtime (CY19), 
building from the success of the 6-month downtime in FY17.   

• The delays in cryomodule delivery have led to a ~12 month slip from the early-finish date originally estimated for 
LCLS-II, which has had substantial knock-on impact on LCLS operations costs as well as on the project. This has led 
to a reduction in available funds for the development program and reduced flexibility to address issues in the 
upcoming commissioning period. But overall, we have been able to maintain our planned balance of programs for 
investments into LCLS-II instrumentation (L2S-I), and we foresee being able to do so as long as funding follows the 
request, including accounting for escalation. 

• This plan allows us to turn on the new instruments on roughly the original early-finish schedule, which will give us 
~1 year of commissioning and operations with the LCLS-I linac prior to LCLS-II. This should prove invaluable in 
debugging the complex new systems (the attosecond end stations and the DREAM end station in NEH1.1, and the 
monochromatic beamline for the ChemRIXS end station in NEH2.2, to be followed by qRIXS when the new beam is 
available). This plan includes the required detector suite and data systems consistent with up to 1MHz operation of 
these end stations, as well as the allied high-repetition laser systems and integrated control systems.  
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• Our long-term plan for LCLS operations shows that we are on course to almost double the number of beamline 
user hours available to the community (from an average of 5730 in FY15-17 to an estimated 10,250 by FY22), 
subject to funding along previously declared lines. 

o R&D program. LCLS operations supports a wide range of R&D projects to keep at the forefront of both accelerator and 
photon science capabilities. Example areas include: 

• Advanced modes for 100 kHz laser performance: We are exploring wavelength conversion schemes and pulse 
compression approaches that are consistent with very high power (10-100W) operation at high repetition rate, for 
delivery to the new soft X-ray instrument suite. 

• Synchronization: An extensive development program is underway to ensure that we have the best possible 
synchronization between external laser-based pump sources and the LCLS-I and LCLS-II beams. This requires 
entirely new infrastructure and new methods for measuring and feeding back information, with the intent of 
enabling experiments that can make use of differing levels of fidelity (~100 fs, 20-50 fs, and <10 fs). A specific area 
of recent progress is the design of a novel interferometric X-ray arrival time monitor, capable of cross-correlating 
X-rays with laser light at 1.5 um, which will allow the new pulsed fiber timing system being developed to exploit 
LCLS-II to directly derive a relative timing signal and thus support sub-10 fs operations. 

• Ultrafast kicker: There is a compelling need to kick the LCLS-II beam between undulators on a pulse-by-pulse basis, 
which requires ~5 ns timescale pulsing of the magnetic switch. This development is now in prototype, having 
demonstrated the required ramp at repetition rates of 5-10 kHz, which is consistent with the initial needs of an 
instrument such as TXI. 

o LDRD projects: LCLS science is benefiting from targeted investment from the SLAC LDRD portfolio, with $3.18M (58% of 
the total) allocated in FY19 to relevant projects [building from $2.98M (57%) in FY18 and $1.3M (36%) in FY17]. In 
addition to the 5 relevant Panofsky Fellowships, these LDRD projects range from the development of new X-ray 
techniques (e.g. stimulated X-ray emission for photocatalysis studies and impulsive scattering for structural dynamics 
of liquids), to improved control of the electron beam phase space (via novel laser heating methods and improved 
cathode materials), machine learning algorithms for LCLS-II data and accelerator optimization and exploration of new 
modes of operation (such as the RAFEL regenerative amplifier concept for >terawatt beams). 

LCLS-II 

o An LDRD was awarded to use novel theoretical and simulation techniques to investigate materials that could be 
candidates for high-brightness photocathode materials. This collaboration involves Evan Reed from Stanford, his 
graduate student, and SLAC scientist Theo Vecchione. Initial work has provided intriguing calculation results that match 
well with experimental data, including predicting a decrease of thermal emittance as the excess energy increases. The 
next step will be to apply the methods to a materials database and search ~100,000 materials for potential new 
photocathodes. The first publication is in preparation. 

SSRL 

o SSRL has effectively used LDRD programs to leverage its R&D funds. This has included a number of developments that 
further the DOE mission, in particular. New for 2019: 1) Development of a combined XAFS/FTIR in situ cell for insight 
into catalyst function; and 2) Research into the study of bacterial dehalogenation in action. In addition, SSRL is hosting 
a SLAC Panofsky fellow who will develop novel methods for single-particle bioimaging using X-ray and electron sources. 

HIGH ENERGY PHYSICS (HEP) 

 SLAC invested project development resources to perform design and planning work for a new beam transfer line to deliver 
a low-current electron beam from the LCLS-II dump line into End Station A (ESA), where it can be used for new physics 
initiatives, neutrino physics studies, dark matter experiments, and detector R&D. As a future accelerator improvement 
project, this initiative creates a significant new electron beam facility in the lab complex that is invisible to LCLS-II 
operations at very low cost and negligible risk. The initiative is referred to as S30XL, the sector 30 beamline. 

 The LZ group at SLAC provides significant support in management of the project. This includes three Level-2 managers at 
SLAC (Dan Akerib, Maria Elena Monzani, Tom Shutt) and management of a substantial component of technical aspects of 
the project at Level 3. In preparation for LZ operations, Tomasz Biesiadzinski has been appointed to the role of detector 
installation/verification lead. Monzani also serves as deputy operations manager for offline software and computing and is 
a member of the LZ Operations Office. 
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 SLAC is providing project management for the SuperCDMS SNOLAB project, including David MacFarlane taking on the 
position of project director in 2018 and Ken Fouts continuing as project manager, with Richard Partridge and Tiffany Tran as 
deputy project managers. Robert Cameron is operations manager for the SuperCDMS SNOLAB experiment. 

 SLAC is providing project management and systems and mechanical engineering support to the pre-project development 
group for CMB-S4.  

 The laboratory is providing program development funds to Philip Schuster and Natalia Toro, theorists who recently joined 
the SLAC faculty to develop their theoretical physics program in hidden sector physics. 

 The laboratory is providing program development funds to Hiro Tanaka, a neutrino experimenter who recently joined the 
SLAC faculty to develop his program in long baseline neutrino physics. 

 The laboratory is providing LDRD support to 3 Panofsky Fellows: Zeeshan Ahmed, Michael Kagan, and Caterina Verieri. 

 The FPD ALD hosts a monthly teleconference that involves SLAC HEP program management and the HEP program office. 
The teleconference reviews program, project, and operations performance and status. Participants on the teleconference 
include the ALDs for SLAC HEP programs, HEP project directors, and the KIPAC director. 

 The SLAC deputy director and SLAC HEP program management promptly inform the HEP program office of abnormal events 
or conditions that impact HEP programs or projects. 

 SLAC AD/FPD/TID ALDs hold weekly meetings with members of the HEP program office. 

 SLAC HEP program managers/project directors have weekly meetings with their respective HEP program sponsors. 

FUSION ENERGY SCIENCES (FES) 

 The laboratory is providing LDRD support to Panofsky Fellow Emma McBride. 

 SLAC’s High Energy Density Science Division leadership conducts regular phone calls with FES program sponsors to review 
program and operations performance and status. 

BIOLOGICAL & ENVIRONMENTAL RESEARCH (BER) 

SSRL 

o SSRL effectively uses LDRD programs to leverage its programmatic funds. This has included a number of developments 
that further the DOE-BER mission, such as structural biology applied to femtosecond macromolecular 
nanocrystallography and geoscience applied to real-time control of subsurface fractures and fluid flow. In FY19, the 
project to understand how bacterial dehalogenases convert environmentally toxic halogenated organic compounds to 
innocuous substances is progressing, with a first publication in submission that addresses the first critical steps to 
understanding the mechanism that drives reactivity. This provides fundamental knowledge to devise a bioremediation 
strategy for DOE heritage sites contaminated with these toxic substances. 

o Imaging tools at various length scales are key in studying systems important to BER’s mission, including redesigning 
microbes and plants for sustainable biofuel production and finding ways to improve carbon sequestration and storage. 
SLAC and Stanford together built a significant imaging capability to address these needs, with the SLAC-Stanford Cryo-
EM Facility on the SLAC site becoming fully operational in FY18. With this facility and its programs becoming a division 
of SSRL in FY19, there is a focus on multi-technique approach development, with a joint facility user access pilot 
underway. 

o A Cryo-FIB-SEM facility will become operational in FY19 with funding from DOE-BER that was awarded in late FY18. Two 
instruments are in procurement, and the spaces for each of these instruments are close to becoming available in the 
Arrillaga Science Center and in B006, respectively (FY19 Q3). 

Elements in Support of 3.3 – Communications and Responsiveness with Program/Sponsors 

SLAC continually strives for high-quality, timely, and accurate communications with program sponsors and effectively responds to 
customer requests for information. SLAC also provides point of contact resources, maintains effective communications and 
effectively manages communications under extraordinary and critical circumstances. The following are examples of SLAC 
performance for Goal 3.3: 
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BASIC ENERGY SCIENCES (BES) 

The laboratory endeavors to inform BES of any extraordinary occurrence as soon as practical (e.g. extended beam downtime, safety 
incidents, or impacts to future programs) and has established a protocol inside the lab and with BES.  

LCLS 

o Regular (at least monthly) meetings are held between LCLS and BES staff to provide updates on operational activities, 
with a formal agenda and minutes of actions. 

o Monthly teleconference meetings with BES focus on the transition to operations for LCLS-II and involve all relevant 
elements at SLAC. This is intended to ensure consistency of assumptions and plans across programs, SLAC and BES. 

o Periodic meetings are held with BES staff to provide updates on the development of new capabilities for LCLS-II 
(including the new instrument suite, detectors, data systems, etc.), with extensive detail provided on scientific 
prioritization, scope, schedule, and budget for each. 

o Bimonthly scientific highlights are provided on the output of research undertaken at LCLS. 

SSRL 

o SSRL has provided timely bimonthly highlights to BES and participates in a bimonthly conference call for which written 
materials with the discussion items are provided prior to the call. The provided progress report covers the technical 
details and future programs as well as highlighting potential concerns. 

o The SSRL director promptly communicates with DOE User Facilities Division management when situations arise that 
impact operations or projects. 

LCLS-II 

o SLAC management is holding regular in-house meetings between LCLS-II, LCLS, the Accelerator Directorate, the 
Facilities and Operations Directorate and the Office of the CFO to ensure good communication and coordination among 
all organizational units involved. 

o Due to the seriousness of some of the recent issues with LCLS-II, SLAC management engagement has significantly 
increased to make sure the project will be delivered successfully and all partners are fully engaged.  

o SLAC senior management, LCLS-II management and the federal project director meet daily to discuss the latest events 
and overall project status. 

o The project team together with LCLS and AD reports on progress, including LCLS-II transition to operations topics to 
DOE BES management at least once a month. 

o SLAC management has organized planning meetings and discussions to enable a smooth transition of personnel from 
one project or activity to another. This has resulted in repositioning of resources to meet the needs of LCLS-II, LSST, and 
LCLS. 

o SLAC management has facilitated the coordination of a lab-wide installation plan for the 1-year shutdown. LCLS and 
LCLS-II installation activities have been given clear priority and a central coordinator for all installation activities was 
nominated (Scott Debarger). Progress is reported on a weekly basis and at biweekly coordination meetings. 

o The project provides written progress reports to BES for discussion during teleconferences twice per month.    

o DOE-OPA completed a review of the project March 19-21, 2019. 

o Preceding the DOE review, the SLAC directorate conducted a review of LCLS-II, both to ensure that the project 
communicates its status, risks, and management actions accurately and to determine how SLAC can ensure the 
project’s success. 

o SLAC management communicates with the directors of the LCLS-II project partner labs frequently to discuss issues and 
actions going forward. 

HIGH ENERGY PHYSICS (HEP) 

o The ALD for Fundamental Physics organizes monthly meetings between HEP and senior leadership at SLAC to address 
all question for ongoing programs. 
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o Project directors for all HEP construction projects and the deputy lab director meet monthly to discuss project progress 
and communicate risks and mitigations. 

FUSION ENERGY SCIENCES (FES) 

o SLAC nominated an acting project director (Alan Fry), acting project manager (Carolyn Galayda), and senior scientist 
(Gilliss Dyer) for the MEC /Petawatt laser upgrade. Management communicates with the directors of the LCLS-II project 
partner labs frequently to discuss issues and actions going forward. 

o The project team meets regularly with SLAC senior management and has involved senior advisers from the community 
to establish a baseline scope, schedule, and cost for the upgrade 

o The project team organizes regular meetings (~ every 2 weeks) with the program to inform them about progress and 
make sure that we meet expectations.    

BIOLOGICAL & ENVIRONMENTAL RESEARCH (BER) 

SSRL 

o SSRL biology and geology science leadership maintain regular contacts with BER program managers to provide science 
highlights relevant to the BER mission, to discuss program elements, program performance, plans and scientific 
directions, and instrumentation and technology development progress, and to provide other updates. SSRL leadership 
attend BERAC meetings to stay informed and interact with BER program staff and leadership from other BER-funded 
facilities/programs. 

o SSRL hosted two visits by BER and BER BSSD management, including a tour of SSRL X-ray structural biology, 
spectroscopy, and imaging beamline facilities, the Arrillaga Science Center, and the SLAC-Stanford Cryo-EM Facility; a 
presentation by faculty on BER-relevant science foci; and a general discussion on the SLAC strategy for imaging over 
length and time scales as related to the BER science mission. One of the visits included extensive information about the 
Joint Initiative for Metrology in Biology (JIMB) program.  

o SSRL BER program-funded PIs interacted with BER program staff on strategic planning for DOE-BER PI meetings (GSP 
and ESS) and workshops supporting the BER mission, and worked with BER program staff on materials and 
presentations for this purpose. 

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BER: Given recent NIH investments in a Cryo-EM facility at SLAC and additional operational support funds from BER, 

develop and present a strategic plan to manage, engage and attract the BER research community and the broader scientific 
community to utilize the new capability. (Objective 3.1) 

Status: The strategy includes the following components, integrated into a coordinated plan: 

o Outreach to the BER community at BER Division’s PI meetings. Such activities have been initiated with a poster by Wah 
Chiu and presentation of cryo-EM outreach material at the BER Genomic Science Program PI meeting in February 2019. 

o Outreach to users of BER-funded user facilities, in particular the Joint Genome Institute. There will be a cryo-EM 
presence at the annual DOE JGI User Meeting in San Francisco in April 2019. 

o Development and distribution of outreach material: Printed material has been developed and distributed at the BER 
focused meetings above, and at other venues for the broader scientific community. Web pages for the cryo-EM 
facilities have been developed and launched. Several training workshops have been held, open to the wider science 
community. Web presence and video material specifically for BER science applications will be developed, with inclusion 
of cryo-FIB-SEM techniques as this instrumentation becomes operational. 

o A workshop session will be organized at the SSRL/LCLS Annual Users Meeting (fall 2019) on the SLAC Cryo-EM facilities, 
science programs, and access opportunities. This will specifically include the new cryo-FIB-SEM instrumentation and 
opportunities for the BER research community. The outreach program in general rests on (and coordinates with) 
processes developed at the SSRL synchrotron facility that have been shown to be successful in the past. 
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2. BES: Provide effective leadership, management, and integration of LCLS-II-HE partner laboratories and collaborating 
institutions to ensure project requirements are met and that the partner laboratories and collaborating institutions meet 
their performance objectives for FY19. (Objective 3.2) 

o Management of R&D according to plans: The LCLS-II-HE R&D program has demonstrated excellent results on single-cell 
cavities with two independent cavity processing methods. In light of this, the R&D program has been refocused, using 
12 extra LCLS-II 9-cell cavities to demonstrate the candidate cavity processing methods on 9-cells ahead of the original 
timeline. Four of these 12 cavities will be treated with the 2/0 method, and the other 8 with the 3/60 method. We 
expect to have the first results on production 9-cells at the end of March and early April. At the conclusion of this phase 
of the R&D, a cavity processing method will be selected for the 10 additional 9-cell cavities that are being fabricated by 
the cavity vendors. These cavities will then be used as part of the LCLS-II-HE prototype cryomodule. 

Additionally, the single-cell work on nitrogen doping will be wrapped up at FNAL and JLab in February. The results of 
this work have demonstrated the feasibility of reaching higher accelerating fields with nitrogen-doped cavities. 
Likewise, the infusion work, centered at Cornell University, was concluded in January. With single-cell work finished, 
the first phase of the R&D program, meant to find candidate cavity processing methods for LCLS-II-HE, is complete and 
has been a great success. 

o How program supports laboratory strategic plan: LCLS-II-HE at SLAC will be a transformative X-ray tool for the scientific 
mission of BES and for the nation. It represents the vital next step in the ongoing revolution in X-ray lasers, triggered by 
the world’s first demonstration of a hard X-ray free-electron laser by LCLS. The project is a natural extension to LCLS-II, 
adding known technology and using existing infrastructure. It will extend operation of the high- repetition-rate beam 
into the critically important hard X-ray regime (>5 keV) that has been used in more than 75% of LCLS experiments to 
date, providing a major leap in performance to the broadest cross-section of the user community. 

o Effectiveness of leverage across multiple areas of research and facility capabilities: The LCLS-II-HE project is closely 
coordinated with the MEC upgrade project for installing a petawatt laser system within the MEC experiment. This 
combination of capabilities at SLAC is an example of leveraging across multiple research areas and facilities. 
Furthermore, careful coordination of both projects will allow us to minimize the facility downtime requirements for 
installation of equipment for both projects. 

o Quality, accuracy, timeliness, and demonstrated importance of the laboratory response/communication to customer 
requests for information: The LCLS-II-HE project aims to optimize the flow and the quality of communications with BES, 
with efficient response to requests for information and regular project updates in preparation for CD-3a (weekly 
meeting with BASO, monthly project reports to BES, monthly calls with BES, and ad hoc meetings and conference calls 
as appropriate). 

Status: 

o Met performance objectives commensurate with CD-1 milestones; formed LCLS-II-HE partnership with JLab and FNAL, 
and preparing for CD-3a review in August 13-15, 2019. 

o Completed Phase 1 of LCLS-II-HE R&D in January 2019. Based on excellent results, the project will use 12 extra LCLS-II 9-
cell cavities to demonstrate the candidate cavity processing methods, with the goal of using such cavities for the LCLS-II 
prototype cryomodule. 

o Held partnering workshop with SLAC, FNAL and JLab senior management for LCLS-II-HE on March 11-12, 2019.  

o Completed MOA and PMP drafts, put SOW in place and completed initial transfer of FY19 funding to JLab in early 
March, with initial transfer to FNAL expected by the end of the month. 

o The SLAC project manager and technical director plan to visit the partner labs for project management and technical 
discussions the week of April 20-16, with a LCLS-II-HE risk workshop being organized for April 23 at FNAL and facilitated 
by risk consultant Keith Molenaar. 

o Developed detailed timeline of events toward CD-3a and had it endorsed by partner labs. 

o Completed list of deliverables for CD-3a (dashboard) with dates for completion. 

3. BES: Provide effective leadership, management, and integration of LCLS-II partner laboratories and collaborating 
institutions to ensure project requirements are met and that the partner laboratories and collaborating Institutions meet 
their performance objectives for FY19. (Objective 3.2) 
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Status:  SLAC management in conjunction with the LCLS-II leadership drives strong integration between the LCLS-II partners. 
Daily meetings between LCLS-II management and Senior Team Leaders at the partner labs drove the recovery from major 
setbacks during cryomodule production with SLAC overseeing the process.  To date we have received 6 linac-ready 
cryomodules and are on track to receive a total of 26 linac-ready cryomodules by the end of the fiscal year. 5 of the linac-
ready cryomodules have been installed on the stands. We currently anticipate installing 22 linac-ready cryomodules by 
August 19, 2019. SLAC senior management engages when necessary and early on if technical issues arise or procurement 
and/or production activities stall.   

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Delay in partnership consolidation efforts manifests for LCLS-II-HE into a very aggressive CD-3a schedule. 

o Mitigation: Commitment from all partners to develop a timely cost/schedule baseline for CD-3a packages, and 
development of enhanced communications between partner labs. 

 Concern: Conflicts between LCLS-II and HE personnel who might be overbooked. 

o Mitigation: Project is developing a new team, including new STLs at partner labs and new hires for the SLAC scope. 

 Concern: Continued progress and delivery of production cryomodules by FNAL and JLab. 

o Mitigation: Close coordination between the project and the partner labs. In the event they fall behind, extended hours 
and additional manpower will be used to recover schedule. 

 Concern: Cost control for LCLS-II to maintain sufficient contingency to handle risks and cost growth during final installation 
and commissioning 

o Mitigation: Track contingency use of the project weekly and ensure that rate of depletion is consistent with staying 
below the TPC.  

o Mitigation: Increase focus on the technical aspects of work planning and control (WPC) while maintaining our 
traditional safety focus on work planning. 

o Mitigation: Prepare LCLS-II/SLAC cryogenic engineers to commission the cryoplant with partner lab 
mentoring/consulting. 
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GOAL 4: Provide Sound and Competent Leadership and Stewardship of the 
Laboratory 

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 4.1 – Leadership and Stewardship of the Laboratory 
 We continue to focus on reinforcing the lab’s mission, vision, and goals. 

o SLAC’s mission statement, vision statement, and a refreshed set of definitions of our core values were launched in the 
fall of 2018. 

o The lab’s strategic planning processes are evolving – we continue to refine the lab agenda, which will further align all 
our activities. 

 We are expanding SLAC’s scientific impact by supporting emerging lab initiatives. 

o Q-FARM (Quantum Fundamentals, ARchitecture and Machines), a newly launched SLAC/Stanford initiative, leverages 
and expands the lab and university’s strengths in quantum science and engineering.  

o Daniel Ratner has been appointed to organize lab-wide collaboration in machine learning. The first ML workshop was 
held in February, attended by more than 100 participants. 

 Developing new, disruptive technologies is a central focus to keep our science at the cutting edge, and enables us to 
broaden our mission into new areas.  

o The growth of Cryo-EM and investments in UED continue to advance discovery and innovation. 

 We are capitalizing on new opportunities by partnering with Stanford on Long Range Planning efforts. 

o Stanford’s Natural World design team is focused on solving big science questions, from the origin of the universe to the 
laws of physics. SLAC is poised to play a role across these grand challenges and is increasing partnerships with Stanford 
to help answer these questions. Specifically, the university has expressed a clear interest in the capabilities provided by 
LSST and CMB-S4 in understanding the origin of the universe; X-ray facilities at SLAC can be utilized to speed up the 
synthesis of important molecules for a wide range of applications; and the QIS initiative has already enabled several 
new collaborations between Stanford and SLAC. 

 Key positions have been filled and will help advance lab strategy. 

o Paul McIntyre, the Rick and Melinda Reed Professor at the School of Engineering at Stanford, has been selected as the 
next director of SSRL and will begin his appointment at SLAC on July 1. 

o David Reis has been appointed the new head of the PULSE Institute.  

Elements in Support of 4.2 – Management and Operation of the Laboratory 
 SLAC has implemented the following major initiatives specifically targeted to improve overall operations performance: 

o We are implementing PeopleSoft modules for recruiting and compensation management to augment system capability, 
streamline process improvements, improve efficiency and enhance lab-wide line management engagement and 
accountability. 

o SLAC is finalizing an institutional policy and procedure for the preparation and processing of proposals to ensure 
adequate institutional risk assessment and full engagement with the DOE Site Office early in the proposal development 
process. This will improve the overall operational performance of adding funds to our contract by engaging 
stakeholders early in the process. Ultimately we will automate the process to make work flow and documentation even 
more efficient and effective. 

 SLAC prioritizes management and allocation of costs commensurate with risk and benefit. 

o We plan our indirect budgets in the following broad portfolios: (1) mission support, (2) strategic priorities, and (3) 
reserve. Our strategic priorities portfolio represents our investment portfolio, with resources aligned specifically to the 
critical outcomes SLAC has developed to advance our Laboratory Agenda.   

o The total indirect budget is sized to maintain SLAC’s competitive pricing position relative to the other science 
laboratories and to maintain costs to programs at or below inflation. For the period of FY14-18, we held year-over-year 
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increases in our core mission support operations to 2%. In FY19 we had to increase overhead by an additional $3.2M to 
cover ongoing environmental remediation operations that were previously covered by DOE long-term surveillance and 
monitoring funding (originally from EM). This challenged our strategy to identify and implement efficiency measures to 
reduce our costs, while increasing our investment in our strategic initiatives, core capabilities, and infrastructure. As a 
result, for the first time in 5 years we raised our indirect rates in FY19 to absorb the aforementioned environmental 
costs and maintain necessary investments in the mission. SLAC remains very competitive relative to other science 
laboratories, even with the rate increase. 

o Budgets for our strategic initiatives include our LDRD program, faculty and senior scientist start-up packages, program 
development funds, and infrastructure investments. Nearly one-third of our indirect resources are directed toward our 
strategic initiatives and maintaining or improving our site. 

o We have worked closely with DOE to ensure our management and allocation of costs is consistent with cost accounting 
standards and allows for optimization of the funds allocated to SLAC by Congress and the DOE. This effort 
demonstrates the close working relationship SLAC has with our DOE counterparts to work toward the right balance of 
efficiency and effectiveness. 

 SLAC ensures good and timely communications with DOE-SC and DOE-BASO. 

o We meet openly and collaboratively with DOE BASO team members and participate in ad hoc and quarterly data calls 
and phone conferences to share updates.  

RWG Model Contract Implementation Benefits 

 SLAC, Stanford, and DOE-BASO have realized a number of significant benefits from implementation of the new contract in 
several operational areas. For example, in Q2, the DOE approved SLAC’s Davis-Bacon (D-B) Process and Advanced 
Determinations Policy. This is a first-ever advanced determination process for the laboratory complex, enabling the 
laboratory to streamline assessment and tracking of contracted work effort across all science directorates and mission 
support divisions. 

 The RWG Effectiveness Assessment is currently in progress, and Mark Bodnarczuk has been leading the sub-team that is 
evaluating the impact that the trust-based partnership and RWG operating model have had on SLAC’s operational 
performance, mission achievement, and/or organizational culture. He designed the assessment model and lines of inquiry 
needed to gather the data to evaluate these areas; he conducted 52 structured interviews with people from 6 populations 
of interest – DOE-BASO, DOE-HQS and DOE-ISC, SLAC managers, SLAC Senior Management Team, non-Stanford affiliated 
BoO members, and Stanford affiliated BoO members; and he is currently analyzing and writing up the data for the draft 
report that is due on June 1, 2019. 

Elements in Support of 4.3 – Leadership of External Engagements and Partnerships 
SLAC has established a strong vision for developing and promoting technology transfer activities that align with its research 
portfolio. 

 The SMT has established a vision for tech transfer that aligns with the SLAC research portfolio, furthers the DOE mission, 
and promotes national and economic security. 

 It is part of our mission to develop relationships with industry and other government agencies to better bridge the gap 
between scientific discoveries and their practical applications. 

 SLAC has leveraged the established network that the Stanford School of Engineering has in the automotive industry to 
develop battery technology partnerships. 

 SLAC works to broaden and strengthen our impact across critical national and local needs by using our position within 
Stanford and Silicon Valley.  

 SLAC has continued to engage small businesses, increasing participation in both DOE and DOD Small Business Innovation 
Research (SBIR) Phase I and Phase II efforts. 

 SLAC has also grown its California state sponsored partnerships, such as with PG&E and the California Energy Commission. 

External partnerships, engagements and outreach activities have promoted the technology transfer objectives of the laboratory. 

 SLAC works closely with the Stanford Office of Technology Licensing (OTL) to identify potential technology transfer partners. 
OTL performs the key role of marketing and establishing licensing agreements.  
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 SLAC continues to participate in and host meetings with potential industry partners to share information on current and 
proposed research in an effort to engage in new collaborations.  

 In February, SLAC attended a Strategic Institute Conference related to new advanced capabilities for alternative acquisition 
systems using other transactions to engage with potential private industry partners in Silicon Valley that may not be aware 
of SLAC capabilities that could support the execution of their federally awarded projects. 

 SLAC is participating in DOE events and initiatives, such as the Laboratory Partnering Service (LPS) program to help potential 
industry partners identify opportunities to work with SLAC.  

 SLAC will be attending the upcoming DOE Building Better Plant Technology Days hosted at LLNL and LBNL in April. 

 New endeavors such as the Cryo-EM facility envision close collaborations with industry partners. SLAC continues to identify 
new opportunities to broaden our impact.   

 The laboratory continues to develop a culture that fosters entrepreneurship and encourages technology transfer 
opportunities. 

 SLAC continues to encourage employees to partner with industry. This year an employee was able to take a leave to pursue 
opportunities with industry in line with her research, and thereby further relationships between SLAC and industry. 

 SLAC has developed new procedures through the Proposal Advancement Office (PAO) to encourage partnerships and 
provide streamlined processes to enhance our ability to work with industry. PAO is engaged early in the partnering process 
to ease private industry access, particularly small businesses, through the laboratory clearance process. 

Elements in Support of 4.4 – Contractor Value-Added 
 High-level involvement from Stanford with regards to DOE policies related to international S&T engagement and foreign 

government talent recruitment at the DOE national laboratories. 

 Stanford support for RWG: 

o Stanford, through its provost, vice president for SLAC, Board of Overseers, and employees, continues to provide strong 
support for both the new Stanford revolutionary contract and the adoption of the concept among other DOE labs and 
contractors.  

• Stanford’s legal counsel has worked extensively with their counterparts, familiarizing them with both the process 
used for the DOE/Stanford RWG contract and the impacts of the changes. Saurabh Anand, Stanford counsel for 
SLAC, serves on DOE’s Regulatory Reform Working Group for M&O Contracting Mechanisms.  

• A variety of other subject matter experts at SLAC have interacted with their peers at other DOE labs regarding the 
RWG. 

• Larry Gibbs, chair of the BoO Operations Committee, is supporting the RWG notable outcome assessment. 

• Stanford’s VP for SLAC routinely interacts with his contractor counterparts and other lab leaders to help them 
develop their RWG-like programs. 

o SLAC is working extensively with DOE to obtain approval for a variance under 10 C.F.R. 851 to rely extensively on 
Cal/OSHA regulations for worker health and safety protections, an effort that could have wide- ranging impact across 
the DOE system if approved. 

o SLAC ESH Director Carole Fried and her office continue to work closely with other SC labs communicating on the 
variance request status, regulatory reform, and other technical standards. 

o SLAC is currently assessing the progress of the RWG contract towards the stated goals of the pilot, and closely 
coordinating these efforts with the BASO and also the DOE OIG.   

o SC encouraged all of its labs to adopt 28 DEAR clause deviations authored as part of SLAC's RWG contract development 
and implementation. 

 Stanford’s SLAC Science Policy Committee (SPC): 

o The SPC reviewed SLAC’s X-ray instrument plan for LCLS-II and provided feedback that the lab must address grand 
scientific challenges that are relevant in a broad physics and/or chemistry context, rather than representing 
evolutionary X-ray research. The definition and planning of the first experiments requires a continued strong effort in 
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sharpening the scientific cases and communicating them to a broad photon science community. The laboratory should 
consider more active involvement of external researchers, who have the potential to perform early experiments on 
LCLS-II with impact that will be readily recognized by the broader scientific community. 

o The SPC reviewed the laboratory’s strategy for high-energy physics, including the lab’s planned participation in CMB-S4, 
a mid-scale HEP project. It also reviewed SLAC’s present and future potential contributions to the DUNE experiment 
through the near detector effort and possibly, depending on project choices, the cold electronics. The committee also 
recognized significant leading contributions to reconstruction development now actively underway through the Short 
Baseline Program at FNAL and enroute to DUNE. The committee encourages SLAC to continue to push for success on 
cold electronics contributions, but also to capitalize on these existing significant and impactful efforts in event 
reconstruction and to potentially build from these to become well positioned for an impact on the physics program. 

 Stanford’s SLAC Board of Overseers (the Board): 

o The Board has played an active role in both the formation of the RWG and Stanford’s approval of the new contract. In 
light of the additional risks accepted by Stanford under the RWG, the Board has stepped up its oversight of SLAC in 
areas impacted by the RWG. In particular, the Board’s Finance and Audit Subcommittee has asked for additional 
internal controls in certain areas of laboratory performance, such as cyber security and procurement. In addition, the 
Board now requires laboratory management to provide interim reports on issues of concern between Board meetings. 
The Board subcommittees include senior level managers from LBNL, PNNL (two managers), ANL and BNL (two 
managers), as well as retired senior managers from LLNL and LANL and a cadre of senior managers from Stanford. The 
composition of the Board’s committees brings a wide range of views on significant laboratory risks and associated 
mitigations, and has facilitated close monitoring of the roll-out and implementation of the RWG. An added benefit for 
senior managers from participating DOE labs is knowing about the RWG process from start to actual operations under 
its terms so they can share that knowledge with their labs. 

 Stanford continues to invest/co-invest in SLAC.  

o Stanford provided $1M in seed funding for the Stanford/SLAC QIS initiative. 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BASO: SLAC leadership needs to remain fully engaged and successfully deliver LCLS-II; in particular, for the near term, 

delivery and installation of cryomodules and cryoplant equipment. (Objective 4.2) 

Status:  In Progress 

At a very high level, the project is back on track. As of the end of March we have 8 healthy cryomodules at SLAC, with up to 
14 more coming from partner labs by the end of the fiscal year. These cryomodules are evidence that we have overcome 
the particular transportation problems we encountered with the cryomodules during the last 12 months. WPC issues at 
SLAC, evidenced during unloading and installation of the first few cryomodules, have been overcome. We also received 
major cryoplant subsystems, and after working with the subcontractor have clear evidence that the remaining deliveries 
will arrive before the end of the fiscal year – which is critical, since the installation contract relies on this on-time delivery. 

The project is now more than 80% complete. LCLS is currently in a >1-year shutdown, with SLAC staff performing critical 
installations across the site, and with all directorates heavily engaged and supporting this effort. A recent DOE OPA review 
focused on the remaining installation activities as well as the transition to operations for the facility, and pointed out 
deficiencies in the proactive management of project issues in conjunction with full application of rigorous WPC across the 
laboratory. A low contingency – 19% as of the end of March – and a remaining schedule float of 13 months represent a 
major concern and is receiving full attention of the senior management. 

2. BASO: Conduct preliminary tri-party (BASO, SLAC, and SU) assessment of the effectiveness of the RWG contract. (Objective 
4.2) 

Status: In Progress 

Over the last decade, Stanford, SLAC, and DOE have worked together to develop a Stanford-DOE partnership based on 
trust, transparency, and teamwork. This partnership was the basis of what became the RWG Pilot. The RWG Pilot’s aims 
were to demonstrate that a return to the original trust-based partnering model that formed the justification for establishing 
the original U.S. national laboratories would increase the efficiency and effectiveness of national laboratories. SLAC was 
chosen as the initial pilot site and is now in the final year of this pilot. 
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The RWG Effectiveness Assessment is currently in progress. The charge is to assess the overall benefits and effectiveness of 
the RWG Pilot and any actions that led up to the final RWG contract.    

The assessment is tasked with developing lines of inquiry, conducting interviews with SLAC, Stanford, and DOE 
management and staff, and reviewing pertinent metrics and data that will aid in determining the following: 

1. Has the RWG Pilot preserved and enhanced the trust-based partner relationship between Stanford, SLAC, and DOE, 
resulting in improved mission achievement and operational performance? 

2. Has the RWG Pilot resulted in the more effective use of contractor expertise and processes, fostered improvements in 
contractor accountability, performance, effectiveness, and efficiency, and allowed reduced transactional oversight by 
DOE? 

3. Do the results obtained with the RWG Pilot at SLAC and benchmarking data with other DOE national laboratories 
indicate that the RWG process could be effectively implemented at other national laboratories? 

The final report is due to senior leadership at Stanford, SLAC, and BASO by June 1, 2019. 

3. BASO/SC: Implement any updated DOE foreign visits and assignments (FV&A) policy requirements when issued. (Objective 
4.2) 

Status: In Progress 

In December 2018, the Deputy Secretary issued a new International Science & Technology Engagement Policy calling for 
substantial changes to how the laboratories engage within the international scientific community. The basis for this is a real 
threat from certain nations that are engaging in practices that take advantage of access to and commercialization of U.S. 
government sponsored research. In consultation with the SC deputy director of field operations, the Bay Area site office, 
the national lab chief research officers (NLCROs), the national lab chief operations officers (NLCOOs), and Stanford 
University executive management, we have been evaluating the impact and recommending solutions to manage this 
change. Specific activities have included: 

o Taking a leading role among the NLCOOs (SC labs) in proposing initial solutions to minimize possible detrimental 
impacts, while meeting DOE’s initial requirements. 

o Maintaining an active and regular collaboration with LBNL to have a common approach with the BASO. 

o Briefing the University Office of the President and Provost, SLAC faculty, and the Faculty Senate Committee on 
Research. 

o Providing a DOE counterintelligence briefing to the SLAC Managers All Hands and continued briefings to the SMT and 
directorate business managers. 

o Actively participating in the activities of the NLCOO to assist DOE in defining the sensitive technologies to be used in 
the S&T Risk Matrix within specific areas that are in the national economic security interest (initially in accelerator 
science and energy storage technologies).  

o Implementation elements now complete include:  

• Defined the applicability of the Unclassified Foreign Visits and Assignments (UFVA) Order to activities associated 
with the DOE mission. 

• Developed process and forms for screening events (e.g., meetings, symposia, etc.) and incoming foreign national 
individuals, as well as a determination of need for entry into DOE FACTS. 

o Further activities over the balance of FY19 will include:  

• Continued participation with SC lab counterparts and DOE in further defining the S&T matrix and rewriting of the 
UFVA Order. 

• Development of new training material for SLAC hosts of foreign nationals. 

• Development of automation applications to improve the processes needed to support these requirements. 

• Hiring a UFVA program manager.  
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In addition to this policy, the Deputy Secretary also issued a second policy on Foreign Government Talent Recruitment 
Programs. A draft DOE Order has been developed but not yet shared with the labs. The lab will determine its compliance 
plan when the order is issued.   

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: The new International S&T Engagement Policy and new International Talent Recruitment Policy are still 

developing. Unknowns exist in a number of areas – for example, employment law, cost of implementation and 
management, etc. 

o Mitigation: SLAC senior management and Stanford University will continue to be actively involved in influencing the 
development of DOE’s implementation requirements. SLAC is also actively involved within the NLCOO/NLCRO 
communities to identify reasonable ways of complying with the new requirements. SLAC is also identifying the likely 
cost of implementation and submitting this information to DOE SC Safeguards & Security. 
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GOAL 5: Sustain Excellence and Enhance Effectiveness of Integrated Safety, Health, 
and Environmental Protection  

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 5.1 – Provide an Efficient and Effective Health and Safety Program 
SLAC’s Health and Safety Program continues to support the laboratory’s mission by providing a robust program targeted toward 
current and planned activities.  

Quarters 1 and 2 of FY19 have seen an increase in field work supporting LCLS-II; preparatory efforts for new laboratories opening 
in Arrillaga Science Center; and design work for various projects (i.e., LCLS-II-HE, FACET-II, potential petawatt laser facility).  

Significant ES&H support to LCLS-II installation and commissioning efforts included: 

 Early injector commissioning support: Laser approval of LCLS-II injector zone, radiological surveying, monitoring. 

 Successful transportation, staging, rigging, maneuvering, and unloading of 8 cryomodules at S10 Adit.  

 Development of an enhanced WPC for LCLS-II tasks; high-consequence activities are classified as Category 1 and Category 2 
and additional planning and controls are implemented. As part of WPC for this project, rolled out Course 114, Cryomodule 
and Waveguide Protection Training, as mandatory training for workers in the vicinity of the cryomodules at the Sector 10 
Adit. To date, ~170 workers have completed the training.  

 Additional radiation protection efforts including: removal of the LCLS Electron Beam Dump and preparation for radioactive 
waste disposal; set up, calibration, and deployment of all peripheral radiation monitoring stations around the site 
boundary; deployment of LCLS-II air monitoring system units along the linac to monitor radioactive air concentration; 
support to LCLS-II reviews for the FDR off the beam containment system; completion of evaluation of LCLS-II beam 
operation impact on groundwater contamination in beam switchyard area.  

 Completed ODH analysis for the project. 

Arrillaga Science Center: Support to complete the project included implementation of enhanced oversight of the electrical 
subcontractor, including daily electrical LOTO checks, as a result of an electrical incident on August 16, 2018. 

Other notable ESH project support included: 

 Radiation safety design for the Petawatt Laser Facility CD-0, design of shielding and radiation safety systems for FACET-II, 
and safety analysis for the Cu-2-SXR project. 

 Development of the new Conduct of Accelerator Facility Operations policy document that will set the requirements for safe 
operation of SLAC accelerator facilities in compliance with the requirements of DOE Order 420.2C. 

SLAC ESH program improvements included: 

 Defined a construction-specific WPC process (Construction CAP Team action). 

 Completed the triannual 10CFR 835 self-assessment of the Radiation Protection Program. 

 Completed the authorized limit for disposal of very-low-level radioactive materials and submitted the package for review 
and approval to DOE. 

 Gave laser safety operational approval for LCLS laser lab in B40A Rm146 Zone B. 

 Rolled out ESH Course 431, Human Performance Improvement (HPI) Tools for Workers in FY19Q1, which has now been 
completed by >150 employees.   

 Required all construction subcontractors’ supervisors to attend FAC101 onboarding class prior to performing any work 
(Construction CAP Team action). 

 Enhanced the ergonomics program including: offering a short course, Ergonomics for Field Operations, and implementing a 
process to increase engagement and follow-up in the investigation of all industrial ergonomic injuries, with Occupational 
Health performing field walkthroughs of areas involved in musculoskeletal injury cases. 
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ESH staffing: 

SLAC ES&H Division has implemented monthly ESH resource planning meetings to ensure the availability of resources to support 
SLAC activities (including construction). In collaboration with Procurement, a new labor service agency that can support the 
hiring of temporary ESH staff was added to the SLAC pool of temporary staffing agencies. A number of recent hires has filled out 
all but one ESH division position; they include a field safety construction specialist, radioactive waste management group leader, 
radioactive waste technician positions, a senior hazardous waste technician, and an RPG health physicist converted from 
temporary to continuing position.  

Injury/illness metrics continue to show improvement. There have been only 5 recordable cases (2 of them DARTs) through the 
first half of the year. The current 12-month rolling average injury case rate for total recordable cases (TRC) is 1.0, which is the 
lowest rate experienced in the past 29 months and 50% lower than the high of 2.0 in April 2015. The current rate for days 
away/restricted time cases (DART) is 0.8, which is slightly higher than the 0.7 rate experienced over the past 2 years (14% 
increase) but is 33% lower than the high of 1.2 in April 2014. SLAC’s current lost/restricted day rate (12-month rolling average) is 
23.8, which is the lowest rate experienced during the past 5 years and 69% lower than the high of 76.9 in May 2014. Continued 
focus on non-office ergonomics will continue to reduce injuries and severity. 

Elements in Support of 5.2 – Provide Efficient and Effective Environmental Management System 

SLAC continues to implement and deliver a strong environmental management system (EMS) through its environmental 
protection and waste management programs. SLAC operations had no significant adverse impact on the environment or public 
safety. An emphasis on compliance with regulations and requirements and environmental stewardship remains a high priority for 
the laboratory. 

Environmental Restoration mid-year accomplishments include: 

 Physical removal of over 9,000 tons of soil at the former hazardous waste storage area and installation of 4 new soil vapor 
probes to monitor effectiveness of mitigation and removal of the IR-6 oil-water separator and surrounding soil  

 Continuing on-time and effective coordination with the Water Board (e.g., Human Health Preliminary Remediation Goal 
Report has reduced the frequency of required revisions from biannually to every 5 years; rebound testing has restarted at 
the Central Lab following favorable soil gas results; and the final Operations and Maintenance Plan for the Research Yard-
SSRL / IR-6 Drainage Channel Operable Unit has been submitted) 

Environmental Protection mid-year accomplishments include: 

 Removed major vegetation under the 6-mile, 230kV power lines to reduce current and future fire risk. Arborists removed 
over 200 targeted trees whose growth threatened encroachment (grow-in or fall-in) on our power source lines. A long-term 
vegetation maintenance strategy, which includes inspections, vegetation removal, and documentation, is being prepared in 
concert between F&O and ES&H.   

 Held first SLAC SWAP event; this provided a venue for redistribution and reuse of no-longer-needed equipment and 
supplies; 89 participants picked up at least 1 item, resulting in estimated savings of $14,800 (49% lab/safety equipment, 
31% furniture/office hardware, 12% office supplies) 

 Developed a Time-Delayed Discharge Plan Proposal to meet industrial waste discharge requirements specified in West Bay 
Sanitary District’s (WBSD) Mandatory Wastewater Discharge Permit 

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BASO: Implement Permanent Variance with respect to 10 CFR 851 establishing CAL OSHA safety requirements at SLAC 

(Objective 5.1) 

Status: On Track 

The variance was developed in collaboration with LBNL and submitted to the DOE Associate Under Secretary for EHSS on 
November 9, 2018.  Feedback on the variance was received in February 2019 and discussions with the Office of 
Environment, Health, Safety and Security (AU) were held to address their concerns.  The variance was revised based on AU 
comments and resubmitted on March 5, 2019. 
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Concurrently, SLAC has begun planning to transition its 10 CFR851 WSHP to the Cal-OSHA based IIPP, as well as the SLAC 
ESH Manual and associated training; collaboration with LBNL continues. 
 

2. BASO: Develop and implement a biosafety plan that supports SLAC’s growth in biological research. Develop in-house 
biosafety expertise to augment support from Stanford University. (Objective 5.1) 

Status: On Track 

An experienced laboratory manager from SSRL has been partnering with the SLAC biosafety program manager and the 
Stanford biosafety representative to review and approve bioagent classifications and biosafety SOPs for SLAC work. This 
manager is scheduled to attend a 5-day Principles and Practices of Biosafety course in March, after which she will become 
the SLAC biosafety program manager. 

A draft biosafety chapter was issued for review in FY19Q1; the chapter will be published before the end of FY19. 

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Lack of resources to develop and implement a Cal-OSHA based IIPP program with tailored consensus standards in 

the allotted 10-month time frame. 

o Mitigation: Begin preparations in advance of DOE pilot approval; collaborate with LBNL on the review and analysis of 
consensus standards in order to meet time frame. 

 Concern: An increase in LCLS-II and other long-downtime field work poses a higher non-office ergonomic risk of injury. 

o Mitigation: Continue to attend planning meetings, identify high-risk tasks, and offer ergonomic assistance (training, 
evaluations, equipment review) to all groups.  To date, there have been no ergonomic recordable cases on the LCLS-II 
project. 
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GOAL 6: Deliver Efficient, Effective, and Responsive Business Systems and 
Resources that Enable the Successful Achievement of the Laboratory 
Mission(s) 

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 6.1 – Provide an Efficient, Effective, and Responsive Financial Management System(s) 

SLAC continues to strive for financial process efficiencies and controls improvements, and, as a result, is implementing a number 
of projects during FY19 (e.g., electronic supplier payments, corporate travel card, and productivity metrics). These projects and 
goals will minimize both risk and manual effort once implemented. BTS has undertaken a process documentation effort in order to 
create an environment of compliant and sustainable financial management. Through the first half of the fiscal year we have 
created inventories of all of the necessary documentation and links to existing processes. A contractor assurance-focused activity 
included implementing numerous self-assessment programs to enhance our understanding of our controls and their effectiveness.  
A notable program launched this fiscal year is a time card floor check process, which will enable our business staff to interact with 
the laboratory staff to improve their understanding of the controls around labor cost distribution and tracking of productive time. 
SLAC did not have any STARS edits or abnormal balances during 2018 fiscal year-end, and we have continued to submit STARS 
reports with zero errors or edits on a monthly basis. 

Audit activities the first half of the year were favorable. KPMG (with direction from the OIG) conducted a financial reporting and 
PP&E (property, plant & equipment) audit for FY18. This was a comprehensive and challenging audit that resulted in no findings or 
observations for these key areas at SLAC. Additionally, there were no findings or observations for SLAC as a result of a PwC 
Stanford University FY18 financial audit. Appropriate controls were determined to be in place for SLAC-SU inter-entity financial 
transactions. 

Other substantial accomplishments include: 

 SLAC has nearly completed its review of the new Support to Physical Infrastructure pool costs to determine which costs are 
most appropriate for G&A versus this other intermediate pool consistent with CAS 410 and 418. 

 SLAC’s CFO is currently chair of the National Laboratory CFO Committee. The NLCFO worked with the DOE HQ CFO to make 
clarifying edits to the Financial Handbook Chapter 24. The revised chapter provides the necessary guidance for the 
laboratories to fund indirect minor construction projects. 

 SLAC’s financial management system support to our certified Earned Value Management System was found to be sound 
and played a positive role in SLAC’s recent review. 

 SLAC’s financial compliance office has fully loaded our data into the new America Internal Controls tool and is prepared to 
test roughly 50 controls for this year’s assessment. 

 The BTS intern class of FY19 has been identified with robust projects to advance SLAC’s business environment and provide a 
rich learning experience for the interns. A significant percentage of SLAC’s high-potential staff were BTS interns at the start 
of their SLAC careers. 

 A new project management class for non-project managers has been developed with F&O as part of the Construction CAP. 
BTS staff are participating in the class to enhance their understanding and ability to support SLAC’s large number of 
construction efforts. 

 SLAC Controller's Office successfully implemented a secure supplier payment program (SUA - Single Use Account) using 
virtual credit cards administered by JP Morgan. This initiative is expected to result in rebates for SLAC as we continue to 
enroll suppliers on this program during FY19. 

 A new Financial Management for Principal Investigators class has been developed to propagate the information that PIs 
need to know in order to make the best use of funds to achieve their research outcomes, to ensure that the use of funds is 
consistent with their research aims, and to prevent fraud, waste, and abuse of sponsor support. 

 SLAC reviewed the threshold cap for procurement burdens to ensure that the threshold amount is CAS compliant and 
results in an equitable distribution of procurement costs.  
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RWG Model Contract Implementation Benefits: 

 BTS continues to work on maintaining and improving its relationship with the DOE BASO, ORO Service Center, DOE program 
offices and DOE CFO. Through open and transparent collaboration, we have created the level of trust necessary to operate 
effective and efficient financial management systems. 

 SLAC continues to carefully monitor conference attendance based on the RWG model contract delegating SLAC approval 
authority for major conference expenditure. This process has worked well, with senior management having visibility to 
conference attendance data. 

 In line with the RWG, Stanford University and DOE Order 551.1D, SLAC's Travel Office is updating our travel policy to 
enhance clarity and compliance. The Travel Office will incorporate appropriate recommendations from Stanford Internal 
Audit noted as part of the ongoing senior management expense report audit. 

Elements in Support of 6.2 – Provide an Efficient, Effective, and Responsive Acquisition Management System and 
Property Management System 

Procurement 

 SLAC’s current SB participation rate is at 60% compared to a year-end performance objective of 45%. Our Hub Zone 
numbers are below target at 0.5%, compared to our 3% goal, but we expect to come up by year end. SCM is on track with 
our major workload metrics and we don’t anticipate any issues for FY-end activities. 

 We are actively pursuing implementing a new contract management system (CMS) as we continue to look at multiple 
options for either tapping into a program management system or a stand-alone procurement one, and should have a 
decision on platform and timing by FY-end. While we went to an entirely paperless system in June 2017, a CMS will address 
the need for more stringent compliance around the paperless process. 

 SLAC’s first major procurement award for LCLS-II-HE occurred: 9-cell superconducting RF cavities. 

 The LCLS-II Near Experimental Hall (NEH) Reconfiguration & CP3B Photon Construction contract were awarded and are in 
progress. The ~$17M NEH reconfiguration scope consists of the complete installation of structural work, utilities, and 
electrical systems, as well as installation of government-furnished property. CP3B Photon Construction scope consists 
of structural, mechanical and electrical new work and modifications to existing infrastructure from the linac all the way to 
front end enclosure areas. 

 We finished actions from the 2018 Construction Corrective Action Plan, including: a procurement operating procedure for 
special construction subcontracting requirements to ensure lessons learned are codified into daily operations, and an 
indefinite delivery indefinite quantity (IDIQ) agreement to an 8(a) small business for a 3-year period and up to $4M, 
allowing us to generate fast-reaction task orders. 

 An $810K A/E Conceptual Design Report for the Large Scale Collaboration Center (LSCC) was awarded in December, paving 
the way for ultimate award of the construction contract. 

Property Control 

 SLAC is on track to meet or exceed property control metrics. Of note, SLAC reissued a total of 78 items of furniture, 
hardware, parts, etc. worth an estimated $1,557 cost savings to SLAC. 

RWG Model Contract Implementation Benefits: 

 We continue to experience a great working relationship with the site contracting officer, as well as the time savings benefit 
of a raised simplified acquisition threshold for competition requirement. 

 We continue to monitor and enforce our risk mitigating controls to deliver efficient and effective procurement services to 
SLAC. 

Elements in Support of 6.3 – Provide an Efficient, Effective, and Responsive Human Resources Management System 
and Diversity Program 

Performance Management and Talent Development 

A talent review and planning process completed this summer continued the trend of more thorough job assessing of bench and 
pipeline for succession plans. This included an increase of 11% in mission positions with named candidates and an 8% increase 
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for mission support positions. Performance management continues to improve, as evidenced by our third annual assessment 
and analysis of all employee goals and performance feedback entered into the performance tool. 87% of all goals were 
constructed in SMART format (+11% from previous FY) and overall the quality of manager feedback documented in reviews for 
employees improved (up 6% for feedback on competencies, 2% for SMART goals, and 5% for learning questions.) Stanford’s 
engagement survey results similarly reinforced improvements in employee perceptions on alignment and manager-employee 
feedback. 

Culture and Diversity  

We achieved a 52% participation rate on the first SLAC Inclusive Workplace Survey, focused on inclusive and respectful 
behaviors and experiences in our environment. Comments submitted included recommendations for continuing positive efforts 
and prioritizing additional areas of improvement. We are implementing an action plan, including a series of specific activities for 
lab-wide impact. The results of the survey and the action plan have been presented to SLAC via a lab-wide all-hands meeting. 
Directorate and division leaders have also been presented with analysis for area-specific data and are working to develop local 
action plans to address identified issues within their organizations.  

We reconfigured our inclusion and diversity role to have a half-time focus on managing internship and pipeline programs while 
supporting employee resource groups (ERGs) as well as inclusion and diversity efforts; we are actively interviewing for this 
position at this time.  

Two of our three Directors Awards honors were directly related to inclusion and diversity: 1) for sustained leadership of 
outreach for underrepresented minorities to SLAC and 2) SAGE-S (SLAC Accelerating Girls’ Engagement in STEM) summer camp 
for high school girls, with a longitudinal study to follow girls into careers. The camp was launched in summer 2018 for 20 girls, 
and steps are being taken to repeat it this summer for 40 girls, plus provide for an additional $100K Moore Foundation grant for 
SLAC to identify a second DOE lab location. 

RWG Model Contract Implementation Benefits 

HR is a core member on the team charged with conducting an assessment to demonstrate the value of RWG. Leveraging 
Stanford benefits and disability leave services continues to be advantageous, as well as partnering with Stanford’s employee 
and labor relations in preparation for SEIU contract negotiations this summer.  

We are leveraging our HR system of record (PeopleSoft) and the modules we own to increase efficiencies and capabilities, 
streamline processes, and enhance ownership and engagement of line management in hiring and compensation practices; 
implementation of modules for compensation planning and for talent acquisition/recruiting are underway. Go-live of these 
modules in late July 2019 will coincide with a platform-wide image upgrade. 

Elements in Support of 6.4 – Provide an Efficient, Effective, and Responsive Contractor Assurance System (CAS), 
including Internal Audit and Quality 

Operations Assurance 

 Significant progress has been made on the IT project to upgrade the Integrated Assessment Schedule (IAS) software 
package, the laboratory’s tool for tracking institutional assessments, and completion of the project is expected in Q3. The 
Institutional Assessment Program manager is currently developing assessment training materials that will be rolled out in 
conjunction with the upgraded IAS software and provided to assessment team leaders. These upgrades will improve the 
quality and on-time completion of assessments, leading to more proactive identification and mitigation of risks.  

 In 2018, SLAC issued an Institutional Requirements Program document that defines the “policy on policies” and launched 
the Institutional Policies Program. Since then, the Institutional Requirements program manager has been implementing the 
submittal, review, and publication of new policies, in addition to periodic updates to existing policies. In FY19, new policies 
have been issued in the areas of project management, royalty revenues, the Davis-Bacon Process and the Advance 
Determinations Policy. Additional policies are in development and scheduled to be issued in the near future, including 
Conduct of Accelerator Facility Operations and Standardized Software Toolkit for Engineering Analysis and Design. This 
program is relatively new, but its benefits are starting to be realized by ensuring policies are aligned with SLAC prime 
contract and Stanford university requirements and developed with SMT engagement, and by providing the workforce with 
clear, concise, and current institution-wide policies and procedures that are easy to find and use. 

 SLAC’s Lessons Learned (LL) program manager continues to promote the use of OPEXShare to capture and share lessons 
learned within SLAC and the DOE complex, and has increased SLAC’s subscribership to 125 users (up 11% from FY18 and 
42% from FY17).  SLAC lessons learned articles posted in OPEXShare currently have over 3,900 views and 2,100 downloads 
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from subscribers at SLAC and other DOE sites. In addition, the LL program manager reviews the posted articles on a daily 
basis and selectively distributes them to individuals and organizations within SLAC, based on the subject matter. In FY19, 
ESH began partnering with the LL program manager to develop and publish Lessons Learned Discussion Guides, which 
highlight a particular incident (from SLAC or another DOE site) and provide suggestions for managers to discuss the 
incident, its subsequent causal analysis, and corrective actions with their staff. The first LL Discussion Guide was published 
in February and focuses on a laboratory fire and explosion at PNNL in September 2018. 

 CACM provided significant support to the LCLS-II project in FY18 to assist in the investigation and analysis of serious issues 
that arose with transportation of cryomodules from partner laboratories to SLAC. The resulting mitigations allowed for 
resumption of delivery of cryomodules, and 8 have now been successfully delivered. Lessons learned from this effort are 
now being applied to the LSST project to proactively ensure that shipment of the LSST camera from SLAC to Chile occurs 
successfully. CACM supported this by participating in a LSST camera shipping design review in Q1, and will continue to 
support the LSST project going forward. 

Quality 

 SLAC’s WPC program manager has engaged heavily with the LCLS-II project in FY19 to enhance WPC rigor for cryomodule 
receiving and installation activities so as to achieve technical results while ensuring the work is performed safely. Work 
activities that require enhanced WPC rigor have been identified and placed into two categories: 

o Category 1 work involves tasks where unmitigated risks or errors have the potential for adverse consequences to the 
project (e.g., particle-free vacuum work such as CM beamline connections). Enhanced WPC rigor for Cat 1 work 
includes the use of failure mode & effects analysis (FMEA) for risk assessment and mitigation, development of 
procedures, checklists, and job aids to ensure consistent performance to requirement, application of human 
performance improvement (HPI) to identify and mitigate error precursors, and specialized training, practice, and 
demonstration prior to the work being performed on production CMs. Welding of CM beamline connections, a Cat 1 
task, is expected to begin in April, and the application of enhanced WPC rigor in the planning of this work significantly 
increases the likelihood that it will performed safely, efficiently, and effectively. 

o Category 2 work involves other tasks that have been identified as requiring a higher level of WPC rigor (e.g., electrical 
connections to CMs, RF BPM handling). Enhanced WPC rigor for Cat 2 work includes the development of procedures 
and hands-on demonstration of the tasks prior to work being performed on production CMs. 

An additional benefit of the enhanced WPC approach being applied on LCLS-II is that it will serve as a model that can be applied 
to other high-consequence work activities across the laboratory to minimize incidents, downtime, rework, and damage to 
equipment.  

Stanford Internal Audits (IA) 

As of this mid-year evaluation, IA is currently engaged in four audits: Allowable Cost FY18, Senior Management Expense Reports, 
Vendor Bidding Process, and Subcontract Invoice Review and Payments. IA has participated in the SLAC BoO Finance and Audit 
Committee meetings, the SLAC Director’s Assurance Council meetings and the SLAC Integrated Assessment Plan meetings. IA 
continues to meet regularly with DOE and SLAC management to continually assess SLAC’s risks and the status of ongoing audits, 
and proactively interacts with DOE IG to foster a collaborative audit relationship. 

Elements in Support of 6.5 – Demonstrate Effective Transfer of Technology and Commercialization of Intellectual 
Assets 

 The SLAC SPP Not to Exceed $250,000 domestic entity template was revised to identify any NEPA determinations required 
and identify the SLAC Safety Officer. 

 SLAC and DOE worked together to update the CRADA terms and conditions template 

 SLAC brought expertise from SNL to advise and draft SPP and CRADA internal policy and templates  

 SLAC has executed 7 new SPPs and 2 CRADAs so far in FY19, and processed 41 funds in requests for active SPP and CRADA 
agreements. 

 SLAC’s Technology Innovation Directorate executed Small Business Technology Transfer (STTR) agreements for the first time 
and is engaged in a Basic Needs for Compact Accelerators for Security and Medicine.  

RWG Model Contract Implementation Benefits 
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In FY19, through ongoing standardization of SPP and CRADA processes, enhancement of documentation, and open dialogue 
with DOE BASO, SLAC has been delegated authority by DOE BASO CO to approve and execute SPP and CRADA no-cost time 
extension modifications without DOE review and approval. 

Elements in Support of OSTI– Progress on Comprehensive Collection and Submission of Peer-Reviewed Accepted 
Manuscripts from DOE-Funded Research to DOE PAGES Portal 

 Through the first half, SLAC is at 87% compliance compared to the 85% goal. Consistently meeting compliance reflects 
SLAC’s strong Science and Technical Information (STI) program. This includes a dedicated STI manager with strong 
relationships and ties to the science community engaged in communicating, training, and advising SLAC’s science groups to 
report all accepted manuscripts (AMs) associated with their DOE-funded research. Tools have been provided to facilitate 
reporting, with the most recent focus on utilizing solutions provided by the DOE Office of Science and Technical Information 
(OSTI).   

 Beyond AM reporting, SLAC has also worked with OSTI on implementing features and fields in their applications to facilitate 
other publication reporting that is important to various science groups, thus further enabling and supporting science. 

 From the start, SLAC has excelled in the area of submitting AMs to OSTI. This was formally acknowledged by the OSTI 
director for the quality and thoroughness of the work performed by SLAC’s STI manager.   

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BASO: Validate that compliance controls are in place and effective to ensure that greater latitude with procurement actions 

does not result in increased costs and is not detrimental to the project performance. (Objective 6.2) 

Status: We have performed 40 compliance file reviews during the first 5 months of FY19, with a pass rate of 92%. Areas we 
are focusing attention on based on our file reviews are price fair and reasonable determinations and modification rationale. 

o Cost savings are back on track after a slow start to the fiscal year; our current savings are $1.8M in strategic sourcing 
and $2.4M in “other.” Our goal is 4% of procurement actuals, which would be ~ $1.7M for each category. 

o Proactive contract administration continues to ensure we anticipate issues before they arise and deal with them in a 
timely manner. For example, the Medium and Low Voltage Revitalization (MLVR) project contractor got off to a bad 
start, but concerted partnering with F&O and SCM pushed the contractor to get back on track, and this is now being 
praised as a success story for SLAC. 

o We are tightening our parameters for price fair and reasonable expectations from 30% to 20%, a 33% tighter control. 

o Our quarterly compliance reviews are averaging 92%, which is just at our goal, so we have implemented training on 
specific areas identified as weak spots in contract review board comments, quarterly compliance reviews, and semi-
annual CO reviews. 

o We reviewed each procurement specialist signature authority based on recent experience and commodity scope. Some 
authorities were lowered, but all were rewritten with additional clarifications on the more risky cost type contracts. 

o We created SCM liaison teams with all of the ALDs and major support customers. This has worked well in some areas, 
while in others the previous partnership continues to work fine. This gives each ALD a single contact in procurement to 
go to for information or support.  

o We implemented an external-facing supplier construction page for companies wishing to do business with SLAC, giving 
them advance insight into SLAC processes and requirements so we don’t have such a steep learning curve when new 
companies are brought into the lab.  

o We ensured the paperwork available on the supplier page is free from proprietary or copyrighted material. 

o We jointly worked with project management and a new contractor (Tri-Technic) that initially struggled with SLAC 
requirements but has since turned around and is back on track, on schedule, and producing nicely. 

o We have held many vendor outreach events to publicize SLAC projects and find new suppliers willing to bid on them. In 
the past we have had many medium to large projects with only 1 or 2 bidders. We are getting at least 3 and sometimes 
many more for most of the RFPs we send out today. Many of these bidders are new to SLAC and were contacted 
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through our vendor outreach, market research, or FedBizOps postings, which are now required for all construction 
projects. 

o We are partnering with F&O on their project management system replacement project. This partnership will help both 
SCM and F&O, as it will drive technology improvements in contract administration and more insight for all parties. 

o We are on track to achieve our cost savings goal for both strategic and other savings – 4% of actionable spend for each. 
Areas of opportunity for reaching this goal are discussed during our monthly metrics meeting.  

o The need for proactive contract administration is reinforced with our procurement specialists; identifying lapses earlier 
in the process gives us enough time to make changes and achieve a favorable outcome. 

o We implemented an 8-page construction administration operating procedure to ensure projects are scrutinized early 
and often and problems escalated as appropriate 

o Cable plant negotiations saved over $700K claim against SLAC 

o We awarded the first-ever 8(a) construction IDIQ contract (Patriot) based on some smaller-dollar projects as a test run 

o We rewrote the procurement description with RWG in mind to further restrict or clarify vague issues from n the past, 
thereby demonstrating a true partnership built on trust with the site office CO. 

2. BASO: Develop and implement an automated system and standards to efficiently process SPPs and CRADAs. (Objective 6.5) 

Status:  SLAC senior management agreed to a proposal review process in the first quarter of FY19 that will allow for 
standardized risk assessment and quality review of all proposals and institutionalizes the Proposal Advancement Office’s 
(PAO) role in proposal review and submittal. This standardization will drive greater effectiveness and efficiency in our 
proposal process. A policy document is currently being routed for review. Once the standard process is established, we can 
automate it to further improve the efficient processing of SPPs and CRADAs. The third party review process, TARC, in 
ServiceNow has been reassigned to PAO to begin evaluation and implementation of changes necessary to create an 
automated proposal to closeout system. 

SLAC has assigned all standard and system responsibilities to the PAO.  In addition, PAO has made progress on updating the 
SLAC third party policy, currently with the CAS POC reviewers. Additional procedures have been documented and 
implemented to ensure consistent manual execution of standard processing prior to development of an automated system 
for processing. 

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Persistent staffing challenges within Human Resources & Development Services are impacting the ability to 

provide expected levels of support to stakeholders. Local market conditions are making it difficult to compete for HR 
personnel.  

o Mitigation: HR is currently working on filling four HR vacancies. Two are critical roles – compensation and records 
manager and HR business partner (note: we are evaluating adding an additional HRBP position). We are actively 
interviewing for HRBP positions at this time and have opened a replacement position for the compensation and records 
manager. We were successful this half in filling the vacant employee relations manager role. 

 Concern: Loss of the Contractor Assurance and Contract Management (CACM) director to LANL in Q1 was highly 
unfortunate.  

o Mitigation: Position is being filled on an acting basis by another member of the CACM team, and CACM continues to 
function fully, although stretched. The uniqueness of this position makes finding a successful candidate a challenge. 
This position has been identified as one of the top 10 positions to fill at the lab. Recruiting and interviewing are actively 
underway, and it is anticipated that they will successfully conclude in early Q3. 
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GOAL 7: Sustain Excellence in Acquiring, Constructing, Operating, Maintaining and 
Renewing the Facility and Infrastructure Portfolio to Meet Laboratory 
Needs 

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 7.1 – Manage Facilities and Infrastructure in an Efficient and Effective Manner that Optimizes 
Usage, Minimizes Life Cycle Costs and Ensures Site Capability to Meet Mission Needs 

Operational Management 

 SLAC improved our electrical system reliability by completing critical maintenance activities on 3 substations powering 86 
facilities across SSRL and the Research Yard. All activities were completed safely, and within budget and schedule. 
Exceptional WPC associated with detailed scripts for electrical switching procedures; walk-through rehearsals with 
technicians, subcontractors, and building managers; effective all-hands and tailgate meetings; established protocols for 
communication with the control room; and standardized forms and procedures all contributed to safe, seamless switching 
between power sources and completion of all planned tasks without overtime or disruptions to operations. 

 At the new cryoplant supporting LCLS-II, SLAC implemented systems to efficiently capture data and reduce life-cycle costs 
for collecting data. By replacing legacy architecture during commissioning, technicians are able to remotely monitor and 
perform trend analysis of process water and cooling tower water. These effort to integrate several data collection points 
will avoid thousands of dollars in labor costs for inefficient work by minimizing manual monitoring and enabling real-time 
data reading and troubleshooting. 

 Continued efforts to leverage ultrasonic readings, vibration analysis, motor testing, and infrared technologies to test health 
of equipment improved operational reliability and saved labor hours. Our expanded predictive maintenance program 
throughout the linac, SSRL, cooling towers, electrical substations, and other mechanical systems minimized outages and 
operational disruptions, improved workforce safety conditions, improved reporting accuracy, and increased efficiency in 
performing maintenance rounds.   

 Recent efforts have continued to improve our approach of ensuring reliable deferred maintenance (DM) and repair needs. 
Stewards for electrical and mechanical systems championed efforts to validate and classify the accuracy of our documented 
infrastructure gaps, which serve as the foundation for our campus strategy and infrastructure investment plan. DM was 
reduced from $80.3M (FY17) to $76.2M (FY19). Our overall laboratory facility condition index currently shows a “good” 
rating, using industry-recognized standards. High risks identified in our campus strategy DOE-GPP investments, including 
cooling towers and low-conductivity water systems, will further reduce DM by $2.2M in FY20. 

 As part of site-wide integrated WPC, field construction managers (FCMs) were instrumental in the successful oversight of 
construction subcontractors over a sustained period of peak construction work during the long down-time for major 
projects such as LCLS-II and PSLB, as well as during all conventional infrastructure projects. F&O adopted a new model to 
manage the multiple construction efforts distributed across the entire laboratory. Each FCM covered an assigned zone to 
manage WPC, and also covered specific contracts for construction oversight spanning multiple areas or zones.  
Implementation of this new construction oversight model resulted in improved communication and coordination, 
successfully contributed to WPC safety, and ensured construction quality. 

 In addition to the 230 kV line vegetation management, we collaborated with PG&E on installation of 230kV line fault 
protection relays for the two substations serving SLAC. This ~$1M project is part of an overall PG&E upgrade through FY20 
that monitors for faults at substations and remotely isolates breakers, increasing resiliency of our single power source. Our 
portion of this project is ~$150K and will be completed in FY19. The project design is complete.  PG&E is soliciting bids and 
expects to award by summer 2019 (note: pending impact of PG&E bankruptcy issues).   

 F&O successfully rolled out a modernized computerized maintenance management system (CMMS), sunsetting a legacy 
system (FAMIS) that was no longer supported and beyond end of life. F&O selected and implemented Nuvolo, a platform 
that is based on the enterprise ServiceNow. Nuvolo allowed F&O to provide more robust work tracking and response to 
work requests across the laboratory and track key performance metrics. In addition to work management improvements, 
Nuvolo allowed F&O to segregate work order management from timekeeping, retiring a finding in the DOE A123 audit. All 
F&O employees are now on the lab-wide common timekeeping platform. Follow-on expansion of Nuvolo is planned over 
FY19 and will include deployment of a mobile application platform, work induction, project planning and prioritization, 
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Davis-Bacon wage determination tracking, and recurring reporting of fiscal data to assigned cost account managers and 
facility actions to assigned building managers. 

Major Project Support 

 With dedicated focused support for LCLS-II from project managers, engineers, and FCMs, critical projects along the linac 
were supported, including the cryoplant, cryomodule installation, cryogenic distribution system, Near Experimental Hall 
reconfiguration, CP3B, and cable plant. F&O successfully expedited a project to expand and strengthen the road shoulder 
for Adit 10 access over the winter break to greatly improve the safe delivery and offload of cryomodules. 

 SLAC made significant improvements on laboratory-wide infrastructure and efficiently executed multiple Science 
Laboratories Infrastructure (SLI) projects over FY19. 

o Medium-Low Voltage Revitalization: Using industry best practices, F&O turned around a challenged project and is set 
to deliver reliable schedule performance in FY19. Analysis of FY18 lessons learned identified several focus areas in 
which they worked with the subcontractor to improve performance. A critical key to success was an innovative industry 
best-practice method of integrated and collaborative scheduling, known as the Last Planner® System (LPS). A LPS® 
project facilitator coached SLAC and subcontractor supervisors to successfully implement the construction pull-
planning scheduling tool, resulting in currently ahead-of-schedule performance on the MLVR project.  

o Low-Conductivity Water Upgrades: A design-build contract was awarded in February 2019 to replace end-of-life 
equipment, improve system reliability, and decouple multiple systems to improve operations and maintenance. The 
project is in design phase, with construction to start later this year and continue into FY20. 

o Cooling Tower (CT) Upgrades: Several CTs throughout the laboratory require replacement due to reaching end of life 
and resizing of cooling loads. A design-build RFP is in development to balance scope and budget to replace these 
cooling towers to meet current and future cooling demands. Contract award will follow later this year, and 
construction will complete in FY20. 

 SLAC’s investments in laboratory infrastructure in support of current DOE programs and emerging mission areas enable 
science research and discovery. 

o Cryogenic Electron Microscopy (Cryo-EM): Funded in partnership with the National Institutes of Health, SLAC will invest 
in development of this new laboratory with build-out of spaces within PSLB/ASC starting in April 2019. 

o CT Water Laterals (CTWL): A $2.1M contract started construction in March to replace aging water laterals to the 2 CTs 
serving the linac. Replacement of this infrastructure will reduce known risks related to cooling requirements from 
sectors 0-30. 

o Heat Exchanger 5 (Hx5): In support of LCLS II and other program requirements for linac cooling, F&O awarded a $750K 
contract to replace an end-of-life heat exchanger. This effort will complete in the summer of 2019 to support FACET-II 
operations. 

Sustainability 

 An NREL grant funded expansion of electric vehicle (EV) charging stations to the PowerFlex system. We deployed several 
systems throughout the SLAC campus, bringing the current total of EV chargers to 30 (between ChargePoint and 
PowerFlex). This supports a personal and GSA EV fleet of over 100 vehicles, and that number continues to grow rapidly. 
Additionally, PowerFlex provided cost-free charging management and payment portal. This allowed us to discontinue the 
flat-fee system, reducing the accounting burden and opening more access to charging outlets for SLAC fleet vehicles. 

 Office Building Energy Reduction: A 6% reduction in electrical energy use was measured over a 1-year period for 13 of our 
buildings with energy meters. The improvement is attributed to the installation of energy efficient LED lighting and 
monitoring and verification of buildings for operational inefficiencies using the electrical meter dashboard system. 

RWG Model Contract Implementation Benefits 

 Award of IDIQ General Construction Contract: Under the leadership of and in partnership with Supply Chain Management, 
we were able to establish an IDIQ 8a Small Business Set Aside contract for general construction with Patriot Construction & 
Industrial on February 8, 2019. This acquisition vehicle enables SLAC to form a longer-term relationship with a contractor, 
improving adherence to WPC, and greatly streamlines the acquisition timeline by implementing task orders. 
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Elements in Support of 7.2 – Provide Planning for and Acquire the Facilities and Infrastructure Required to Support 
the Continuation and Growth of Laboratory Mission and Programs 

Facility Planning, Forecasting, and Acquisition 

 Campus Vision Update: Strategic Capital Planning hosted collaborative engagements with our SMT to further define 
requirements for the 2019 SLAC Campus Vision. This effort sought greater alignment of its guiding principles and campus 
strategy to the previously adopted laboratory goals. This product will address strategies for future infrastructure and space 
needs as the laboratory grows. It includes needs assessments for building or renovating to allow growth, identifies scientific 
clusters and collaboration spaces, and establishes the need to develop the facilities surrounding the quad as a center for 
science collaboration. 

 Large Scale Collaboration Center (LSCC): The laboratory requires a 38,000 to 45,000 GSF building that co-locates cross-
functional teams, creates synergies between major SC-sponsored programs, and provides a central office and collaboration 
space to grow science research programs. We drafted a mission needs statement and presented the LSCC at a Mission 
Validation Independent Review, culminating in earning CD-0 in July 2018. The conceptual design report is underway and we 
expect completion at the end of FY19, preparing this project to earn CD-1 and Energy Systems Acquisition Advisory Board 
(ESAAB) approval in early FY20. 

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BASO: Deliver CD-4 for the Photon Science Laboratory Building (PSLB) project within all project requirements and ensure a 

robust transition to operations. (Objective 7.2) 

Status: The first 70 occupants moved into PSLB/ASC on March 16, 2019. The remaining Cryo-EM group will move in on April 
11, 2019. All 116 seats are allocated, of which 20 seats are assigned to rotating user groups. PSLB IPR is tentatively planned 
for May 2019, followed by ESAAB in June 2019.  

Construction for the PSLB project was beset by a number of subcontractor staffing, quality, and scheduling problems. 
Original occupancy should have occurred at the start of the fiscal year. Poor subcontractor electrical safety performance 
and labor availability, numerous design errors by the A&E firm, and lack of quality oversight by the general contractor 
combined to delay the temporary certificate of occupancy (TCO) to November 6, 2018 for office and common areas; 
January 29, 2019 for the biology labs; and March 4, 2019 for the metrology clean room. Final certificate of occupancy (FCO) 
for the entire scope, including the remaining Nano-X clean room, will occur in early April 2019.   

In contrast, improved communications and process improvements in the PSLB Transition to Operations (TTO) have been 
very successful in preparing for and coordinating the moves by the various research groups. Led by the building operations 
coordinator (BOC), enhancements initiated by the transition team included: improvements to the TTO team structure; 
enhanced communication tools and processes; full integration within the commissioning process; enhanced quality 
assurance and inspection processes; and heightened planning, scheduling, communication, and tracking of the training 
process. These improvements enabled early detection of issues, reduction of wasted resources due to planning and 
scheduling issues, and increased overall quality of the facility. Beginning in the second half of FY19, the BOC will be leading 
the coordination of readiness reviews for each of the individual laboratories to safely start operations. 

2. BASO: Effectively plan, execute, and successfully deliver SC projects equal to or less than $50M that have been delegated to 
the laboratory director by SC under DOE O 413.3b (FACET-II and Super Cryogenic Dark Matter Search). Clearly demonstrate 
successful accomplishment of all work planned for FY19. (Objective 7.1) 

Status: 

o The Office of Project Management (OPM) continues to support major construction projects, both scientific and 
infrastructure, with project controls support. SLAC’s EVMS system was just recertified by SC-OPA. The office also 
provides training and support for project managers. The office oversees the implementation and application of the 
Conduct of Project Management, which prescribes a graded approach to projects below $50M – SLAC’s threshold for 
projects managed without directly assessing SC-OPA and fully applying Project Management Order 413b. In addition, 
OPM, in partnership with the laboratory’s chief engineer and Contractor Assurance Office, is working with the 
directorates on a self-assessment regarding the implementation of the Conduct of Engineering and Conduct of Project 
Management policies. Lastly, the Project Management Assessment Group (PMAG) meets monthly and provides the 
laboratory with a regular risk assessment of all ongoing projects. 
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o The DOE Project Leadership Institute (PLI), which is administered by SLAC, is designed to cultivate a diverse network of 
successful DOE project delivery practitioners who are capable of delivering major high-risk projects. PLI participants 
contribute to building a culture of project management excellence across DOE. PLI began its 3rd cohort on January 28, 
2019 with 25 participants from 17 DOE organizations. 

 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Conventional facilities Project Staffing. We are experiencing a surge in facility investments across programs and 

for lab-wide infrastructure, but we don’t have enough project management breadth and depth to meet this demand. There 
are not enough project managers and FCMs to support project workload, and the number of project managers with the 
experience needed to act as project directors is insufficient for long-term succession management. Lastly, loss of long-term 
employees may result in inadequate pass-down of knowledge (e.g. vehicle fleet reporting requirements). 
o Mitigation: We undertook a focused search for new project managers for the design and construction services team.  

Two new project managers joined the F&O team in March 2019. Interviews for a cost estimator and additional 
construction managers are underway, with onboarding expected in April and May. With this additional staffing, 
conventional facility project management resources will suffice to meet anticipated project workload for the remainder 
of FY19. To address knowledge transfer, lessons learned from FY18 will be reviewed and corrections implemented. 
Internal procedures and templates will be developed and implemented in pass-down. F&O will enter all fleet DOE 
reporting requirements into the lab-wide tracking system (SLACTrak) to ensure timely submission. Future reports will 
be reviewed by F&O leadership prior to submission.   

 Concern: Construction Industry in Bay Area. Cost variability and availability of construction subcontractors and labor in the 
Bay Area have impacted projects across the laboratory. This trend also affects Stanford, LBNL, and LLNL. Developing 
accurate cost estimates in such a dynamic market is a challenge.   
o Mitigation: F&O and SCM are collaborating to both expand our pool of construction subcontractors and partner with 

them to establish successful project performance at SLAC. With new subcontractors, we plan to spend additional time 
and effort to establish early successes with planning and coordination. Based on current trends and variability in area 
market conditions, pre-award projects are being planned with additional budget contingency and scope strategies.  
F&O is testing the use of pull planning methodology and the Last Planner® system on the MVLR project. If this pilot 
project proves successful, we will employ this system in other high-risk projects. Additionally, we established a new 
estimator position within F&O to support planning and budgeting for projects and assess current project change 
orders. This position is on track to fill before the end of FY19. 

 Concern: Significant risks remain that affect the resiliency of the electrical power system, including lack of redundant 
sources with sufficient capacity, single points of failure (i.e. linac LV feeder cables and substation 519), forecasts of  
increased future loading on 60kV service, and power quality. 
o Mitigation: Repairs to temporary feeders installed in the linac and first phase of substation 519 are scheduled this year.  

We are pursuing a comprehensive utility infrastructure project  (SLI) for FY21 that will install a SCADA-controlled power 
grid across the linac, modernize our motor control center (MCCs) and variable voltage substations (VVSs), replace the 
power supply from K-15B, and repair failed cables in the PEP region. This effort is supported by a planned power quality 
study and continued analysis of our single points of failure. We are also performing a preliminary investigation into the 
employment of a static VAR compensator and harmonic filter at the master substation to mitigate power quality issues 
and meet the minimum power factor rating as part of the PG&E interconnect agreement. 
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GOAL 8: Sustain and Enhance the Effectiveness of Integrated Safeguards and 
Security Management (ISSM) and Emergency Management Systems  

M A J O R  A C C O M P L I S H M E N T S  

Elements in Support of 8.1 – Provide an Efficient and Effective Emergency Management System 

SLAC continues to enhance its emergency management system; FY19 YTD highlights include: 

 Radio program manager position created to ensure effective and efficient operation of radio communication systems used 
by emergency management, protective force, Accelerator Operations Safety Group, and Facilities & Operations 

 Preplans developed for cryoplant and other lab areas 

 Participated in two DOE accountability drills with 100% of staff reporting 

 Coordinating with Menlo Park Fire Protection District on familiarization tour schedule of SLAC for fire and other responders 

Business Continuity Plan (BCP) status: 

 Annual update by directorates/divisions completed in February 2019; currently 77 unique plans. Planning underway for 
DOE exercise Eagle Horizon (May 2019) to include BCP emphasis 

Elements in Support of 8.2 – Provide an Efficient and Effective System for Cyber Security for the Protection of 
Classified and Unclassified Information 

Cyber security is an integral component of SLAC’s mission, with strong support and oversight from the laboratory’s leadership.  
The cyber security program presents, educates, and communicates several times a year to executive management, the Stanford 
BoO and the Internal Review Board. This continuous feedback loop provides a mechanism to present on risk and the direction of 
the program, as well as gather feedback on its strategy and roadmap. Cyber security risk is monitored through monthly metrics 
and quarterly updates to the Director's Assurance Council (DAC). 

SLAC continues to maintain a highly effective cyber security incident response process and plan, which includes coordination 
activities with DOE iJC3 and Stanford. SLAC Cyber Security investigated and resolved over 759 possible cyber security issues since 
the start of FY19 and reported 9 issues that met threshold requirements to DOE iJC3.  

In FY19 several assessments of the program were conducted: 

 In Q2, an Internal Review Board, consisting of cyber and IT executives from other national laboratories and Stanford, was 
convened to evaluate the cyber security program and ensure it meets or exceeds DOE requirements.  

 In response to the last DOE OIG audit, SLAC has amended its vulnerability management program to address all known 
critical, high, and medium-risk vulnerabilities as recommended in the finding. In Q1, the plan of action and milestones was 
completed and signed.  All corrective actions are in place and operational, and the finding is pending closure by the DOE 
OIG audit team.   

 The effort included searching for potentially unwanted software (Kaspersky, among others) on lab systems and networks; 
conducting an internal assessment to improve the lab’s cyber posture in response to the 4 memoranda issued by DOE (Anti-
Phishing, Remote Access Security, Removable Media Security, Social Media Security); and doing an assessment in response 
to the DHS 19-01 emergency directive to mitigate DNS infrastructure tampering. All corrective actions were implemented. 

The program continues to instill cyber security into lab culture, emphasizing that cyber safety is everyone’s responsibility. Cyber 
awareness activities have included: 

 Ongoing phishing awareness training exercises, which increase user awareness of potential phishing attacks and encourage 
users to report such attacks to the cyber program.   

 A cyber security presentation at the laboratory Safety and Security Fair (which coincided with Cyber Security Awareness 
Month), which was voted the most-liked presentation.   

The cyber security program is executing on its roadmap to make significant improvements in preventive cyber security while 
ensuring we are aligned with industry standard solutions and DHS directives.   

 SLAC remediated over 500 critical vulnerabilities through its web application security program, which completed scanning 
of all SLAC’s public-facing websites. 
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 SLAC completed its implementation of the email portion of the DHS Binding Operational Directive 18-01, which requires 
improvements to web and email security. We are on track to complete the web portion of the project by deploying a web 
application firewall.  

 SLAC integrated with Stanford’s email solution, Proofpoint, to enhance SLAC’s email security and provide encryption 
capabilities in response to the 18-405 SLAC Payment Process Internal Assessment.  

RWG Model Contract Implementation Benefits 

 Leveraged Stanford-provided tools, including web application vulnerability scanning, email security, multi-factor 
authentication, password manager, and endpoint backup, among others. 

Elements in Support of 8.3 – Provide an Efficient and Effective System for the Physical Security and Protection of 
Special Nuclear Materials, Classified Matter, Classified Information, Sensitive Information, and Property 

SLAC continues to enhance its physical security program, with highlights including: 

 Completed DBT Implementation Plan for the DOE Design Basis Threat (DBT) order  

 Security, the VUE Center and user support offices are creating procedures and protocols to implement the new DOE UFVA 
policy memo and associated changes  

 Development of a medical surveillance plan for the subcontractor EMT security officers working at SLAC  

 Development of a security alarm testing protocol and procedures for all security system alarms on site 

 Completing integration of all new cameras and card readers in ASC building  

 Continuing training of all Security/EMT personnel with SLAC mass notification system for active threat 

 

S T A T U S  O F  N O T A B L E  O U T C O M E ( S )  
1. BASO: Complete cyber security and forensics upgrade projects consistent with funding provided by the Department. 

(Objective 8.2) 

Status:   On Track 

o The cyber security project deployment of the web application firewall has made tremendous progress. All necessary 
hardware has been procured, installed and configured. Web site migrations are in progress. The project is on track to 
complete this fiscal year.  

o The forensics upgrade project has also made great progress. The main focus of the project, the network traffic 
recording hardware, has been procured, installed and is currently being configured. There are still two items (additional 
storage and an offline forensics system) in the procurement process. The project is on track to complete this fiscal year. 

2. BASO/SC-33: Develop an effective and actionable implementation plan addressing the new design basis threat (DBT) 
requirements and submit to DOE by March 31, 2019. (Objective 8.3) 

Status: On Track 

SLAC has completed the DBT analysis and implementation plan and submitted it to DOE. Further actions and 
implementations (including answering DOE S&S data call for implementation funding) will be completed in Q3. 

 
  



FY18 SLAC MID-YEAR PERFORMANCE EVALUATION AND MEASUREMENT PLAN SELF-EVALUATION 

 

April 5, 2019  MID-YEAR Page 79 of 79 

S I G N I F I C A N T  C O N C E R N S  A N D  M I T I G A T I O N S  
 Concern: Implementing the complete UFVA Order and the new International Science & Technology Engagement policy will 

require significant additional resources. SLAC is currently funded for 0.75 FTE for personnel security under FS funding.  
Implementing the requirements of the full order and policy will require a UFVA program manager position, a 
technology/export control specialist, and applications development for automating tools to support the requirements. See 
Goal 4, Section 4.2 Notable Outcome for more information on this program. 

o Mitigation: SLAC will initiate an opening for a UFVA program manager in Q3, and initiate development activities for 
process automation. DOE has recently issued a data call for FS funding to support the new requirements.  
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