Simulations of temporally modulated
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Study of possible THz seeding option
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Introduction

European

XFEL

Pre-bunching to improve CEP stability of SASE 2> “Seeding”
Start-to-end simulation with flattop laser (X.-K. Li)
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* Photocathode laser pulse temporal modulation
* Using IR laser, modulator and BC for E or 6E modulations
« Using CDR from short seeding bunch
» Using corrugated structures
» Using Dielectric Lined Waveguides - DLW (first experiments)
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Modulated 3D ellipsoidal laser pulses
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Electron bunch generation at PITZ

« Ecath(Gun4.6)=60.58MV/m, MMMG (not optimized®)

 Photocathode laser:

 20ps FWHM 3D ellipsoid

«  XYrms=0.5mm (not optimized) ? 0 ? -
E o ) 06 E 0.6

« Smooth profile vs. modulated 1ps period with 50% in intensity  £° " 0a =0 “"WWMN"" |y o4

Q=0.5nC (not optimized) 20 0 10 o 20 0 10 o
ps ps
« MaxB=-0.22643 7 odulated
. = th

. Booster: Emax=18.3MV/m, MMMG (not optimized*) Z15 4 o
* Monitor at z=5.27m &
. ASTRA: £05

« 1M macroparticles 0
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Electron bunch generation at PITZ
Results of ASTRA simulations (z=5.27m)
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Electron bunch generation at PITZ
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Conclusions and Outlook

Simulations with temporally modulated photocathode laser pulses applied to PITZ

« 50% modulation depth decreased by space charge / mirror charge effects, but still observable

« 3" harmonics of 1ps modulations - 3Thz (100um) - still over noise level = might be interesting for THz
seeding

* Possible next steps:

DESY

Optimize parameters (gun+booster phases, main solenoid, bunch charge, laser spot size at cathode) - backup slide
Study details = generation of higher harmonics (space charge — booster - plasma oscillations ?,...) - backup slide
+BC?

+3rd cavity for linearization?

Start-to-end simulations: track to the undulator + GENESIS (or other proper code)
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Electron bunch generation at PITZ

Results of ASTRA simulations — beam parameters along beam line
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Electron bunch generation at PITZ

form factor of the normalized longitudinal distribution of electrons p(t)
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Electron bunch generation at PITZ

Gun+booster phase scan 2 gun phase=+10deg; booster phase=-10deg
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