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Outline 

FACET: A World-Class User Facility 
 
Experimental results from FACET Run I 
 
FACET Run II: Plasma Wakefield Acceleration 
studies with drive-witness bunch configuration. 
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FACET: A HEP User Facility 

•  FACET provides electron beams 
with unmatched charge and 
energy density. 
-  Beam charge Nb ≥ 2 ✕ 1010 
-  Bunch length σz ≤ 20 µm 
-  Bunch size σx,y ≤ 20 µm 
-  Peak current Ip ≥ 20 kA 
-  Beam energy E ≥ 20 GeV 

•  FACET is the only facility in the 
world capable of studying meter-
scale PWFA. 
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FACET Machine Performance 

U. Weinands, SAREC Review, Oct. 2012 

FACET beam parameters are steadily improving. 
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Machine Upgrades for FACET Run II 

• New optics in the Sector 20 chicane. 

• Additional beamline diagnostics and 
improvements to existing diagnostics. 

• Machine upgrades are crucial for moving 
FACET towards the desired beam 
parameters. 



Experimental results from FACET Run I 
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E202: Fast Magnetic Switching 

•  The enormous E field generated by the 
beam causes lattice deformations that 
couple to electron spin. 

I. Tudosa, SAREC Review, Oct. 2012 

•  Use information about the 
length of the electron bunch 
and the final magnetization to 
determine how long it takes 
for an electron spin to flip. 

Goal: Find novel methods for improving data storage. 



8 

E205: THz Radiation 

A. Fisher, SAREC Oct. 2012 

• Enormous THz fields recorded: 
-   E ≥ 0.3 GV/m 
- Peak frequency ~ 1 THz 
 

• These fields make FACET a unique source for 
THz radiation. 

 
• The radiation can be used to study materials and 

can be used as a temporal beam diagnostic. 
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E205: THz Radiation 

A. Fisher, SAREC Review, Oct. 2012 

•  THz radiation is generated when the beam passes through thin metallic 
foils (transition radiation). 

•  An interferometer provides 
temporal reconstruction of 
the bunch. 
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E200: X-band Transverse Deflecting Cavity 

φ=180˚	
 φ=0˚	
TCAV OFF	


•  The X-band TCAV is a single shot bunch length diagnostic. 
•  The TCAV was produced with help from LCLS.  
•  Knowledge of the longitudinal current profile is critical for many 

experiments at FACET.  

Temporal Profile	


Data from 
June 22-23	


Data (June 5th)	


2mm	


2m
m
	


Streaked two-bunch 
profile simulation	


temporal (vertical)	

spacing ~500fs	


M. Litos, SAREC Review, Oct. 2012 

σrms = 23 µm 
σrms = 84 µm 
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E204: High Gradient Metallic Structures 

V. Dolgashev, SAREC Review, Oct. 2012 

Beyond X-Band 

• Testing structures with: 
-  Frequencies > 100 GHz 
- Gradients > 1 GV/m 

• Use FACET’s ultra short bunch 
to drive fields in the cavity. 
-  What are the breakdown rates? 
-  What modes are excited? 
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E204: Post-Breakdown Autopsy 

V. Dolgashev, SAREC Review, Oct. 2012 

Beam Direction 

Evidence of breakdown 
only observed in last 
few cells of structure 
where fields are 
highest ( E > 2 GV/m). 
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E200: Plasma Wakefield Acceleration 

PWFA: So hot right now 
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E200: Plasma Wakefield Acceleration 

What is PWFA? 

•  An electron beam enters a 
plasma and “blows out” the 
plasma electrons. 

•  Most of the electron beam 
propagates through the “ion 
channel” and experiences a 
focusing force. 

•  Electrons toward the back of 
the bunch experience large 
accelerating gradients. 
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E200: Plasma Wakefield Acceleration 

Results from Run I 

• First test of PWFA in a Rubidium plasma. 
-  Low ionization potential compared to Lithium. 

• First results from the Betatron radiation diagnostics. 
- Beam-Plasma interaction produces photons with energy 

greater than 10 MeV. 
• Studies of head erosion using emittance spoiling. 
• Studies of dark current from plasma self injection. 
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E200: High Gradients 

•  In these experiments, the Li 
or Rb vapor is ionized by 
the extremely large field of 
the electron bunch. 

•  The lower ionization 
potential in Rubidium 
explains why the energy 
gain is larger. 

•  The accelerating gradients 
are sustained in plasmas 
over 30 cm long. 

We routinely observe gradients greater than 20 GeV/m! 



17 

E200: Betatron Radiation 

Focusing fields in the 
plasma are measured 
in MT/m. 

For comparison, the strength of IR quadrupoles at the 
LHC is roughly 200 T/m. 

S. Corde, FACET User Meeting, Oct. 2012 



18 

E200: Betatron Radiation 

Measuring the photon energy: 

S. Corde, FACET User Meeting, Oct. 2012 

Data in good agreement 
with 16 MeV curve. 
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E200: Betatron Radiation 

Measuring the angular profile: 

S. Corde, FACET User Meeting, Oct. 2012 

The angular distribution of the 
Betatron radiation provides 
valuable information on beam 
dynamics in the plasma. 
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E200: Head Erosion 

N. Vafaei, FACET User Meeting, Oct. 2012 

PWFA experiments during 
FACET Run I relied on field 
ionization to create the plasma. 
Field ionization makes it possible 
to create meter scale plasmas 
aligned with the bunch. 

During head erosion, the amount of bunch charge that participates in 
ionizing the vapor and driving the wake decreases along the plasma. 
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E200: Head Erosion 

N. Vafaei, FACET User Meeting, Oct. 2012 

Head erosion increases 
with beam emittance and 
decreases with peak 
current. Observations 
match the model. 

Spoiler foils with different thickness were 
used to blow up the beam emittance so that 
the effect could be quantified.  
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E200: Dark Current 

N. Vafaei, FACET User Meeting, Oct. 2012 

Dark current occurs when plasma electrons are trapped 
in the wake. This happens when the beam ionizes the 
second Rb electron inside the plasma wake. 
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E200: Dark Current 

N. Vafaei, FACET User Meeting, Oct. 2012 
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Downstream toroid 
registers up to 70% 
greater charge than 
drive beam alone on 
some shots. 

The dark current is a parasitic effect and it is more  
prominent in Rubidium. 
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Run I Studies at FACET not mentioned here 

E200: 

• Beam hosing instability. 
E201: 
• Dielectric wakefield acceleration. 
E203: 
• Smith Purcell Radiation. 
T501: 
• Emittance preservation techniques for linear colliders 



FACET Run II: Toward Collider Applications 
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FACET Run II Goals 

• Demonstrate acceleration of a 
witness (production) bunch in 
the wake of a drive bunch. This is 
the configuration best suited for 
collider applications. 
- What is the minimum witness bunch 

energy spread? 
- Can we preserve witness bunch 

emittance? 
- What is the drive bunch to witness 

bunch efficency? 
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How do we create closely separated bunches? 
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“You don’t collimate electrons, you just make them angry.” 
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Pre-Ionization Laser 

10 TW laser pulse for ionization will make it easier for a low-
charge drive/witness bunch train to drive a wake in a plasma. 
This is crucial for two-bunch operation. 
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Simulation and “PLC” Considerations 

• We are drafting ideas for a 
PWFA driven linear collider 
(PLC) for Snowmass. 

•  We are running simulations to 
determine the plasma parameters 
needed for an afterburner at the 
ILC or a future Higgs factory. 

J. P. Delahaye and E. Adli 
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New Studies/Proposals for FACET Run II and Beyond 

E208: 
• Wakefield verification for CLIC structures. 

E209: 
• Long bunch self-modulation. 
E210: 
• “Trojan Horse” laser injection. 
New: 
• Radiation in diamond (γ-ray laser). 
New: 
• High repetition rate PWFA. 
New: 
• Plasma wake visualization. 
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Conclusion 

• We are pushing the envelope in every facet of high 
gradient acceleration. 

• There are exciting new possibilities for studying 
materials with THz radiation. 

• We are exploring novel methods for producing γ-
rays using plasmas and diamonds. 

• The E200 group wants to demonstrate the viability 
of PWFA as an “afterburner” for an upgrade to the 
ILC or a future Higgs factory. 
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Thanks! 

E200: 
E. Adli, W. An, C. Clayton, S. Corde, J. P. Delahaye, J. England, J. Frederico, S. Gessner, C. Hast,  
M. Hogan, C. Joshi, S. Li, M. Litos, W. Lu, K. Marsh, W. Mori, P. Muggli, N. Najafabadi, A. Sahai,  
S. Tochitsky, D. Walz 
 E202: 
I. Tudosa, H. Durr, J. Stohr, C. Back, S. Guenther, S. Parkin, A. Lindenberg, M. Hogan, Z. Wu, S. Li 

E204: 
V. Dolgashev, S. Tantawi 

E205: 
A. Fisher, Z. Wu 

FACET Team: 
C. Clarke, U. Weinands, J. Yocky, N. Lipkowitz, F. J. Decker, M. Woodley, G. White 
 



Backup 



34 

E201: Dielectric Wakefield Acceleration 

• GV/m scale gradients can be 
achieved with dielectric 
structures. 

•  The apertures are small (tens of 
microns), so alignment is critical. 
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E203: Smith-Purcell Radiation 

• Dipole radiation is created 
when the beam induces an 
image charge oscillation as it 
passes over a grating. 

•  Fourier analysis of the radiation 
provides a time domain 
reconstruction of the beam. 

• Currently used as a longitudinal 
bunch diagnostic; will be used in 
the future as a THz source. 
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E203: Smith-Purcell Radiation 

A. Reichold, SAREC Oct. 2012 



E200: X-TCAV 

φ=180˚, Max Kick	
 φ=0˚, Max Kick	
TCAV OFF	


σz = 44.6 µm 
(σt = 149 fs)	


Bunch Length Calc.	


Temporal Profile	


Future Plans for TCAV: 
•  Single shot bunch profiling. 
•  Temporal jitter measurement. 
•  Beam tilt control at plasma entrance. 

M. Litos, SAREC Review, Oct. 2012 


