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Kavli Institute for Particle Astrophysics and 
Cosmology

* Recent News
– Dec 03 2 junior faculty searches
– Jan 04 4 postdocs hired
– Jan 04 Pierre R. Schwob Computing and 

Information Center
– Feb 04 X-ray Polarimetry Conference
– Mar 04 9 new Kavli Institutes announced
– Apr 04 Stanford Community Day
– Apr 04 Independent Lab status
– May 12-15 Beyond Einstein Meeting 
– June 28 Kavli Building Groundbreaking



Kavli Building Groundbreaking



Beyond Einstein Meeting

Over 260 participants
Excellent talks and presentation of 

Science
Journalistic attention

Political prognosis uncertain due 
to NASA redirection.



Kavli Institute for Particle Astrophysics and 
Cosmology

* Upcoming Events
– Aug 2-13  SLAC Summer Science Institute
– Oct Varian 2 Ground Breaking?
– Dec 11-17 Texas Symposium



Current KIPAC Membership

– Director, Deputy Director
• Blandford, Kahn 

– Administration
• Formichelli, Kawakami +2 

– KIPAC New Faculty (Joint 
SLAC- Campus)

• +2? (Offers made)
– SLAC Faculty and Senior 

Staff
• Bloom, Kamae, Craig, 

Madejski, Marshall +2
– Campus Faculty

• Cabrera, Church, Linde, 
Michelson, Petrosian, 
Romani, Wagoner

– ‘03 Postdocs
• Baltz, Frolov, Gu, Ho, 

Lyutikov, Marshall, 
Peterson, Sako, 
Spitkovsky

– ‘04 Postdocs
• Bowden, Bradac, Granot, 

Zhang
– Visitors

• Dekel, Eichler, Greehill, 
Rephaeli, Weiler

– Students
• Amin, Broderick, 

Morganson, Muller, 
Rathore, Suyu, Zheng



Computing Plans

– Schwob Center
– Data Handling from Large Observational Projects

• LSST 30PB of data
• Computing Services Division

– Computational Astrophysics
• Large scale numerical simulations

– Cosmology
– Pulsar Magnetospheres
– Black Holes

• New graphical output tools 
– DOE Huge Memory Computing Proposal
– Vendor discussions



Science Highlights 

Frolov

Spitkovsky
Baltz

Ho

~50 papers (inc. proc.
~50 talks
excluding new members



New KIPAC Experimental Projects

* KIPAC Faculty and staff have initiated new involvements 
in several key experimental projects:

– The Large Synoptic Survey Telescope (LSST)
– The Supernova Acceleration Probe (SNAP)
– The Nuclear Spectroscopy Telescope Array (NuSTAR)
– The New X-Ray Telescope Mission (NeXT)

* These are still largely in their fledgling stages, but they 
have ramped up considerably over the past few months.



The Large Synoptic Survey Telescope

* The LSST will be a large, wide-field ground-based telescope designed 
to provide time-lapse digital imaging of faint astronomical objects 
across the entire visible sky every few nights.

* LSST will enable a wide variety of complementary scientific 
investigations, utilizing a common database.  These range from 
searches for small bodies in the solar system to precision astrometry of 
the outer regions of the galaxy to systematic monitoring for transient 
phenomena in the optical sky.

* Of particular interest for HEP, LSST will provide a weak lensing map 
of the distribution of dark matter in the recent universe over most of 
the sky, with unprecedented sensitivity.  The observed distribution will 
provide very tight constraints on the properties of dark energy.



Endorsement of LSST



The Essence of LSST is Deep, Wide, Fast!

* Dark matter/dark energy via weak lensing
* Dark matter/dark energy via supernovae
* Galactic Structure encompassing local group
* Dense astrometry over 30,000 sq.deg:  rare moving objects
* Gamma Ray Bursts and transients to high redshift
* Gravitational micro-lensing
* Strong galaxy & cluster lensing: physics of dark matter
* Multi-image lensed SN time delays: separate test of cosmology
* Variable stars/galaxies: black hole accretion
* QSO time delays vs z: independent test of dark energy
* Optical bursters to 25 mag: the unknown
* 5-band 27 mag photometric survey: unprecedented volume
* Solar System Probes: Earth-crossing asteroids, Comets, TNOs



LSST Telescope Mount

Two Possible Configurations.



LSST Camera



LSST Organization

* Three main sub-project teams:

Telescope/Site: Telescope/Site: 

NOAO, U. of ANOAO, U. of Arizonarizona

Camera (DOE)Camera (DOE):  :  

SLAC, BNL, LLNL, Harvard, U. of SLAC, BNL, LLNL, Harvard, U. of 
Illinois et al.Illinois et al.

Data Management: Data Management: 

NCSA, LLNL, PrincetonNCSA, LLNL, Princeton et al.
Camera

Steve Kahn, Sci.
Bill Althouse, Mgr.

Telescope/Site 
Charles  Claver, Sci. 

Victor Krabbendam, Mgr.

System
Engineering
Jacques Sebag

     Project Support
•Change Control Board
•Risk Management
•Project Controls
•Performance Assurance
•Administration

                                                                                 Science Working Groups

Data Management
Tim Axelrod, Sci.
Jeff Kantor , Mgr.

  LSST Director
Anthony Tyson

Science Advisory
Board

Zeljko Ivezic, Philip Pinto
Project Manager

Donald Sweeney

Science Assurance
System Scientist

Christopher Stubbs
Data-Access: Kem Cook
Camera: Steve Kahn
Tel/Site: Chuck Claver

Array Technology
Don Figer, Mike Lesser

SW Architecture
Jim Gray,  Robert Lupton

Public Outreach
Michael Shara,  Doug Isbell

External Review
Board

Constance Rockosi

LSST Corporation Board of Directors
                     John Schaefer, President
Research Corporation, University of Washington, National
Optical Astronomical Observatory, University of Arizona

Executive
Advisory

Committee
Arthur Bienenstock

et al.



LSST and Dark Energy

* LSST will measure 250,000 
resolved high-redshift galaxies per 
square degree!  The full survey 
will cover 15,000 square degrees.

* Each galaxy will be moved on the 
sky and slightly distorted due to 
lensing by intervening dark 
matter.  Using photometric 
redshifts, we can determine the 
shear as a function of z.

* Measurements of weak lensing
shear over a sufficient volume can 
determine DE parameters through 
constraints on the expansion 
history of the universe and the 
growth of structure with cosmic 
time.



Constraints on DE Parameters

From Hu & Jain (2003)



The Supernova Acceleration Probe

* SNAP is a wide-field space telescope designed to study Dark Energy.  
The primary method will be to acquire a large sample of high redshift
Type 1a supernovae, which can be used as “standard candles” to 
determine the redshift-distance relationship in the recent universe.
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Focal plane - imager

* Fixed filter mosaic on top of the 
imager sensors.
– 3 NIR bandpass filter types.
– 6 visible bandpass filter types.



SLAC Role - Instrument Control Unit



Strong Lensing with SNAP



Strong Lensing Science

* Wide fields, depth and excellent image quality allow 
statistics-sized samples to be built up
– Cluster arc systems: Detailed modelling of many clusters, dark 

matter profiles, mass calibration, high magnification of very faint 
protogalaxies, rare events.

– “Beasties” - rare (3D) alignments can give exotic image 
configurations and very high magnifications.

– Lensed quasars:  Large sample with variability information (from 
SN field or from ground-based follow-up with LSST or SKA) 
gives H0, σH0.

– Galaxy-galaxy lenses:  Most of the cross-section is in ellipticals at 
z < 1, most sources are faint blue galaxies: lens models, source 
redshifts, cosmography?



Extracting Einstein Rings with SNAP

Knowledge of source and lens spectra allows optimal
combination of 9 filters images to reveal the Einstein ring



NuSTAR - A NASA Small Explorer

The Nuclear Spectroscopic
Telescope Array, or 
“NuSTAR” would be the 
first focusing mission at 
hard X-ray energies

NuSTAR brings unparalleled
sensitivity,
angular resolution, and
spectral resolution

to high energy astrophysics
NuSTAR provides 3 orders of 
magnitude in sensitivity compared to 
previous missions.

The NuSTAR Team:

NASA-JPL, Caltech (PI), Columbia, 
DSRI, LLNL and SLAC.



NuSTAR’s Science Goals

NuSTAR will explore the most extreme physical environments in the Universe, 
teaming with GLAST and Chandra to span the high-energy spectrum

GLAST’s measurements of Compton radiation in the blazar 
Markarian 501 are severely compromised without NuSTAR’s
simultaneous measurements of the time variable synchrotron peak 
(SSC model is shown).  Together, they strongly constrain physical 
models.

NuSTAR will test our 
understanding of all 
types of black-hole 
powered active 
galaxies



The NuSTAR Instrument 

NuSTAR optics utilize 
multilayer films 
deposited on highly 
nested, precisely 
formed glass sheets to 
focus X-rays up to 80 
keV.

The NuSTAR
detectors are 
shielded 
CdZnTe
crystals 
readout by a 
ultra-low power 
ASICs.

The NuSTAR instrument was 
developed for the HEFT high-altitude 
balloon flight program that allows 1-3 
days of observations at an altitude of 
120,000 feet.



The NuSTAR Observatory

The hard X-ray optics at one end of a 9-meter 
extendable boom collect the X-rays and focus 
them onto CdZnTe detectors. The spacecraft 
points the observatory to better than 5 
arcseconds for long, pointed, observations.

The 
NuSTAR
observatory 
shown 
stowed for 
launch in a 
Pegasus XL 
shroud.



The New X-Ray Telescope (NeXT)

* NeXT is a Japanese X-ray satellite mission, recently 
selected for launch ~ 2011 or 2012.

* It is designed to emphasize studies of the “non-thermal 
universe” - X-ray and gamma-ray emission from 
relativistic particles in XRBs, SNRs, AGNs, and clusters.

* There will be three major experiments:
– SXT:  An X-ray TES microcalorimeter at the focus on an XRT.
– HXT:  A CdTe detector at the focus of a NuSTAR-like telescope.
– SGD:  An actively collimated soft gamma-ray telescope.



SLAC will participate in the SGD



The SGD will achieve dramatic improvements 
in sensitivity over the 100 - 600 keV band.



Summary

* KIPAC is off to a vigorous start with broad-based science program 
ranging from fundamental cosmology to the physics of the exotic 
environments of discrete astrophysical sources.

* The institute is now firmly entrenched at both SLAC and the Stanford 
campus.  We have an excellent crop of young postdocs who have 
already made a significant impact on the external particle astrophysics 
and cosmology communities.

* We have started a suite of new major experimental efforts.  These 
should provide a strong anchor for our theoretical and observational 
programs as they near commissioning.
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