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SLAC Electron Beam Test Facilities  
5 MeV to 20 GeV 



FY14 FACET and Test Beam Facilities Users

• 396 Scientists associated with 42 active (beam time in FY14) or 
planned experiments and beam tests at FACET, ESTB, NLCTA and 
ASTA 

• ~60% (231) of these scientists working on the experiments are On-
site Users (badged and trained for experimental work)

Numbers calculated 7/15/2014
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FY13 FACET Run – Six Experiments
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Switching Mechanisms in Ultrafast 
Electromagnetic Pulses

Demonstration of Gigavolt- per-
meter Accelerating Gradients in 
Dielectric Wakefield Accelerating 

Structures

An Automated Method for Dispersion 
Free Steering

THz Reconstruction of Two-Bunch 
Profile

Mono-energetic Acceleration in a 
Beam-driven Plasma Wakefield 

Accelerator



FY14 FACET Run – Fifteen Experiments
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FACET is a National User Facility

20GeV, 3nC, 20µm3
Primary Goal: Demonstrate a single-stage 
high-energy plasma accelerator for electrons. 

• Meter scale ✓ 
• High gradient ✓ 
• Preserved emittance 
• Low energy spread ✓ 
• High efficiency  ✓ 

Timeline: 
• Commissioning (2012) ✓ 
• Drive & witness e- bunch (2012-2013) ✓ 
• Optimization of e- acceleration 

(2013-2015) 
• First high-gradient e+ PWFA (2014-2016)
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FACET user program is based on high-energy high-brightness 
beams and their interaction with plasmas and lasers



Why Plasmas?

Large 
Collective Response!

ne=1014 cm-3

~1 mm

~1m

• Plasmas are already ionized, no break down 

• Plasma wave can be driven by: 
- Intense laser pulse (LWFA) 
- Short particle bunch (PWFA)

Relativistic plasma wave (electrostatic):



E200: Plasma Wakefield Acceleration
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Up to 50% energy transfer from drive to witness was measured

2013
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High-Efficiency Acceleration of an Electron Bunch in a 
Plasma Wakefield Accelerator
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• Electric field in plasma wake is loaded by presence of trailing bunch 
• Allows efficient energy extraction from the plasma wake

Energetically Dispersed Beam 
After Plasma (Data)
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This result is important for High Energy Physics applications that require 
very efficient high-gradient acceleration
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Great result: 5 years in making

• One high profile result a year 
• Priorities balanced between focused plasma wakefield 

acceleration research and diverse user programs with 
ultra-high fields 



Log Color Scale

First Experiments with GeV/m Positron PWFA

• Early experiments followed rapid commissioning of 
positrons 

• Unanticipated features in the data 
- Beam Quality: Divergence of accelerated positrons 

similar to electrons, emittance growth less than expected 

• Source of active discussions & simulations
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FACET has the only program in the world studying plasma 
acceleration of positrons



Simulations Providing Insight into Positron Driven 
Wakes
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This study is important for plasma afterburner as an energy doubler

New regime: focusing and accelerating region for 
positrons in the wake of a positron beam

Log Color Scale



Plasma Wake Driven by a Short and Intense Positron Bunch
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Manuscript is in an advanced state – expect 
to confirm results this FACET run
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Positrons and Hollow Channel Plasmas

Hollow channel plasmas are 
considered a viable method for 
accelerating positrons in electron 
driven wake
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This study is important for e- driven collider stage

• Several orders of magnitude difference 
between BBU theory and preliminary 
experimental data 

• Need to improve theory, compare with 
simulations and experiments



PWFA Program Plan as Shown December 2012

Steady, methodical progress according to our plan

FY Facet Run LCLS off PWFA goal

2013 2/1 - 6/30 8/6 - 9/30
2 beam generation, laser commissioning, 
2 beams with laser-> mono energetic 
acceleration (all successful and more…)

2014 10/15-12/20 
2/1 - 6/30 8/1 - 9/30

2 beams with laser-> mono energetic 
acceleration, positron commissioning, 
positron PWFA, high brightness PWFA 
injector (all successful & positrons!)

2015 10/15-12/20 
2/1 - 6/30 8/1 - 9/30 positron PWFA, one stage, efficiency, 

high brightness PWFA injector

2016 10/1-5/31
6/1 

S0-10 
D&D

Finalizing the program, single stage 
demonstration (energy spread, 
emittance, efficiency)
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From FACET to FACET-II
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FACET today

FACET-II

LCLS-II SC linac

Three main stages:  
• electron beam photoinjector     (e- beam only) 
• positron damping ring         (e+ or e- beams) 
• “sailboat” chicane          (e+ and e- beams)



PWFA Goals for FACET-II
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FY FACET-II PWFA Goals

2017 Construction 
(Phase 1)

Finalize FACET data analysis, prepare 
FACET-II experiments

2018-19 Phase 1 
(e- only)

Staging studies with witness injector 
(synchronization, alignment), high 
transformer ratio (with shaped bunches)

2020-21 Phase 2 
(e- or e+)

e- or e+ acceleration in e+ wakes (physics of p 
driven PWFA), high-brightness beam 
generation, preservation, characterization

2022-23 Phase 3 
(e- and e+)

e+ acceleration in e- driven wakes, 
demonstration of e+ acceleration stage

2024-25 Witness bunch acceleration in two PWFA 
stages (independently driven)



Creating Ultra High-Brightness Beams with PWFA

• Plasma bubble (wake) can act as a high-frequency, high-field, high-
brightness electron source 

• Photoinjector + 100GeV/m fields in the plasma =  
- Unprecedented emittance (down to 10-8 m rad) 
- Sub-µm spot size 
- fs pulses

18

‘Trojan Horse Technique’

Leverages efficiency and rep rate of conventional accelerators to produce 
beams with unprecedented brightness for collider & XFEL applications



Testing Dielectric Structures at and Above Breakdown 
Voltage 
UCLA, Euclid Techlabs, Tech-X, Radiabeam Technologies, NRL, SLAC, MPI, Argonne

• High-energy beam allows access to narrow structures and high gradients
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• 15cm quartz tube 
• 300µm diameter 
• 2 GV/m fields from 
Energy loss 

• Next step - two bunch 
acceleration! 20 20.5 21

0

50

100

150

200

Energy [GeV]

Energy Loss in Tube: 332.2032 MeV

 

 

Tube
No Tube

20 20.5 21
1000

1050

1100

1150

1200

1250

1300

Energy Pixel

tra
ns

ve
rs

e 
Po

si
tio

n

900 1000 1100 1200
0

50

100

150

200

Transverse [GeV]

Transverse Information

 

 

Tube
No Tube

0 0.5 1
0

0.2

0.4

0.6

0.8

1
holder

cheese

be
er

Demonstration of Gigavolt- per-meter Accelerating Gradients in Dielectric 
Wakefield Accelerating Structures



Strong Wakefields in Dielectric Tubes Have 
Applications Beyond Acceleration

• De-chirper: remove correlated energy spread for 
narrow bandwidth FEL 

• Electron beams can make unrivaled THz source 
- CTR gives mJ, broadband, short pulse 
- Dielectric structures can extract 100’s of mJ, 

narrowband, long pulse 

• FACET developing techniques for THz transport
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Frontiers of THz Science 
Workshop @ SLAC, Z-X. Shen et 

al



Science Opportunities at FACET

Record THz energies (narrow band and broad 
band) for pump-probe experiments 
• Focused THz creates fields approaching V/Å
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Record intensity of monochromatic gamma-ray beams 
•Noteworthy opportunities for materials research with gammas from 
Compton backscattering

P. Zhu et al 
arXiv:1304.5176Ultrafast Electron Diffraction 

(recent hire: X.J. Wang to develop program) 

•PWFA witness bunch can offer 
real-time fs imaging using UED

21

FACET-II unique capabilities may open up many new 
opportunities for ultrafast sciences
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Gamma Gamma collider

e+

e-

γ
γ

e-

e+

Ee = 4GeV 

Εγ ~ 30 MeV, α ~ 0.05 

Eγcm ~ 1.5 MeV 

L ~ 5x1024 cm-2 sec-1 

σγγ->e+e-~10-25cm2 @ 1.5MeV
Will focus on technology research for 
gamma gamma collider.  

Will test for the first time ability to 
generate e+e- pairs with real (not 
virtual) photons

This would be the first pair creation test using two real photons



Summary

Accelerating 
Gradient
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SLAC linac continues to play an invaluable role advancing 
understanding of plasma acceleration: FFTB, FACET, FACET-II

Plasma wakefield acceleration presents an enormous opportunity!  
• Success follows naturally from mixture of compelling scientific questions, 
strong collaborations and powerful test facilities

Beams, 
Efficiency

High Energy Positrons


