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Motivation

e 2-3driver bunches, spaced by plasma period to generate resonant excitation of nonlinear

plasma wakefields (BeamNetUS, PI: L. Verra)
« Allow for live tunable, clean separations (100-150um) between current spikes
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Laser Heater at FACET-II

* Laser Heater System: Chicane, Undulator, IR Laser

/

NP

125

Energy [MeV]
N
w5 A
W S W

123 * :
-2 0 2

Before heater

/N

z [mm]

After Heater

z [mm)]

C. Emma, LH Commissioning in 2023

Damp microbunching
Control current at IP
Suppress CSR + emittance growth

Heated electron beam shortly after LH

6

y (mm)
ro

o

'
3]




Background & Theory

* LH energy modulation — Current modulation (kinetic model, D. Cesar et al. 2021)

a s2n

* Analytical backtracking: chirp sources add linearly (Sudar & Ding 2022)
* At FACET-II: LH-driven high current spike, ~0.1 MA, demonstrated experimentally (C. Emma et
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S2E Simulations - Single Pulse

Laser Heater ~ BC11 BC14 BC20 Experimental Area
Injector LO L1 L2 L3
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S2E Simulations - Single Pulse

Laser Heater
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S2E Simulations - Single Pulse
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Laser Heater ~ BC11 BC14 BC20 Experimental Area
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S2E Simulations - Single Pulse

Laser Heater ~ BC11 BC14 BC20 Experimental Area
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Parameter Scans

* Freeparameters: L1/L2 RF phase, LH power, pulse width, spacing, overall delay
* Supplemental search method: Bayesian optimization CWt LH Profile
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LH Pulse Stacker

Pulse stacker: spectral mask + grating compressor sets pulse duration; HWP/PBS splits into
two independently-delayed, independently-weighted arms; recombine into a single beam with

two sub-pulses
/2 LH Profile
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Laser Heater Commissioning
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Laser Heater Commissioning
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Laser Heater Commissioning

LH Delay Scan . . .
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Future Work

« Develop analytical models to understand coupled nature of collective effects (CSR, wakefields,
space charge) and better understand how this impacts current profile reproducibility

* Full experimental L1/L2 scan with two LH pulses of 2ps separation, 3mJ LH energy

« BeamNetUS proposal target: 2-3 equal drivers (spaced by plasma wavelength) + smaller

witness spike

Optimistic for the future beamtime in October!
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Future Work

« Develop analytical models to understand coupled nature of collective effects (CSR, wakefields,
space charge) and better understand how this impacts current profile reproducibility

* Full experimental L1/L2 scan with two LH pulses of 2ps separation, 3mJ LH energy

« BeamNetUS proposal target: 2-3 equal drivers (spaced by plasma wavelength) + smaller

witness spike

Thank you for listening!

Optimistic for the future beamtime in October!
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A Complicated Phase Space
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