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Outline
• FACET-II accelerator overview

• Simulations of single bunch 2nC operation:
• Beam parameters at IP near full compression 
• Compression tuning and collimation options
• Impact of Laser Heater on beam parameters at IP
• Jitter scans with laser heater on/off

• Plans for two bunch operation



FACET-II Accelerator Overview

Photoinjector 
Single and two bunch

operation with 
variable charge Q = 0.6-2nC

Notch and jaw collimators 
Beam shaping capabilities

Laser heater 
Beam shaping capabilities

Single Bunch 2nC

E = 4.5 GeV
σz = 80-100 μm

E = 335 MeV
σz = 0.4-0.5 mm

E = 10 GeV
σz = 0.7-100 μm

XTCAV

σz ~ 1 μm

IP

FACET-II linac provides single and two-bunch beam configurations at IP with flexible beam shaping capabilities

Main Beam Configurations

1. Single bunch, 2 nC 
(TDR, W-Chicane, with/without 
collimation/laser heater)

2. Two bunch (from cathode, 0.5 + 
1.5 nC) with/without laser heater

3. Single bunch, long bunch, good 
transverse quality (SFQED initial 
experiments. Not covered here.) 

E = 10 GeV
Q = 0.6 – 2.0 nC
β∗ > 5 cm
σz > 0.7 - 100 µm
δE = 0.1 – 1.4 %
Ipk = 1 – 300 kA
γεx = 5-40  mm-mrad

σz ~ 1 mm

R56 = -46mm R56 = -36mm R56 = +7mm
E = 125 MeV

σz = 0.8 - 1 mm

L2 φ sets final 
compression  



Electron Injector Parameters
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Gun

Phase cavity Diagnostics section

L0-A L0-B TCAV

Vault 
shield 
wall

Toroid

YAG screen

Dump screen/FC

BPMs

OTR screens
6 MeV

(E0=120 MV/m) 60  MeV 125  MeV

Parameter Single Bunch 
TDR

Operation 
(Summer 2022)

Operation
(Summer 2023)

Bunch Charge (nC) 2 2 1

Gun rf Phase (deg) 10 30 30

Cut radius on transverse laser spot  [mm] 2.68 2.75 2.75

Laser pulse length (FWHM)  [ps] 7.0 3.8 2.2

Gun Solenoid Int. Field Strength [kG.m] 0.38 0.39 0.39

Laser heater

Injector simulation infrastructure updated to streamline start-to-end modeling from gun to beam dump
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Single Bunch 2nC Beam Parameters at IP



Simulations scanning the L2 phase



Beam shaping with Notch and Jaw Collimators in BC20
Lattice Functions in the W chicane

Notch and jaw collimation provides ability to shape beam distribution at the IP with minimal linac tuning

JawNotch



Alternate 2-bunch Configuration Particle Tracking
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• Δt = 500 fs , Ipk ~5/15 kA, Q ~330/820 pC
• Φ(L1) = -19.8 deg ; Φ(L2) = -39.8 deg
• Can trade: >Ipk for < Δt by adjusting Φ (L1 & L2) 

Drive
Bunch

Witness
Bunch

Δx=1.1mm

Δx=1.1mm

Δx=0.65mm

Δx
 @

 C
N

20
69

Notched configuration enables quick start of PWFA 2–bunch experiments ahead of double-pulsed injector 
configuration which will bring improved beam quality next year 



Single Bunch 2nC Beam Parameters at IP with Laser Heater



Jitter scans - single bunch current variation with LH on/off at 350 keV

Starting point for the jitter scans is the 2nC single bunch simulation shown in the slides. 
Jitter parameters are L1 and L2 RF phase (±0.25 deg) and amplitude (±0.1 %)



Jitter data used to understand PWFA interaction

Plasma accelerated spectra reveal details of incoming beam consistent with simulation results

• Participating charge and energy are loss in PWFA sensitive current profile

• Simulations used to quantitatively understand charge participation in  ionization and 
capture of particles.
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HWP

Hardware is in hand and ready for installation



Expected two-bunch beam parameters at IP, LH off



Expected two-bunch beam parameters at IP, LH on



Drive/Witness beam parameters at IP with LH on/off



Summary
• FACET-II offers flexible single bunch and (soon-to-come) two bunch configurations 

with beam shaping capabilities to serve the user community.
• Start-to-end simulations set expectation for beam parameters at the IP including shot-

to-shot variation due to linac jitter. 
- Example beam distributions and lattice configurations are available here

• Recently commissioned upgrades like the laser heater can improve the beam stability 
at the IP.

• These linac jitter simulations will inform PWFA simulations
• Two-bunch UV pulse stacker hardware in hand; planned install during winter down

- Other options in the meantime

Accelerator configurations designed to meet the need of the FACET-II science program

https://github.com/slaclab/facet2-lattice/tree/master
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