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Review of previous work (2Review of previous work (2--fs FWHM)fs FWHM)

Exploring limits of the techniqueExploring limits of the technique

Altered parameters for 400Altered parameters for 400--as pulsesas pulses
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StartStart--toto--End SimulationsEnd Simulations

ParmelaParmela for injector [1] (for injector [1] (EE ≤≤ 135 MeV)135 MeV)

ElegantElegant [2] for linac/compressors (wake, CSR, etc)[2] for linac/compressors (wake, CSR, etc)

ElegantElegant [2] for Coulomb scattering of very thin foil[2] for Coulomb scattering of very thin foil

K. Bane code for foil wakefield (1K. Bane code for foil wakefield (1--nC case only)nC case only)

Genesis 1.3 Genesis 1.3 [3] for time[3] for time--dependent FEL rundependent FEL run

[1][1] C. Limborg (C. Limborg (SLACSLAC))
[2]  M. Borland ([2]  M. Borland (ANLANL))
[3][3] S. Reiche (S. Reiche (UCLAUCLA))



Coulomb ScatteringCoulomb Scattering

γεγεxx ≈≈ 1.0 1.0 µµmm

γεγεyy ≈≈ 1.0 1.0 µµmm

PRIOR TO FOILPRIOR TO FOIL

( )[ ]00 ln038.01MeV14 XxXx
pcrms +≈θ

15%15% overover--estimate for estimate for xx//XX00 ≈≈ 1010−−44

FOIL:FOIL:
BerylliumBeryllium
rad. length: rad. length: XX00 = 35 cm= 35 cm
thickness:thickness: xx = 50 = 50 µµmm

γεγεxx ≈≈ 6.7 6.7 µµmm

γεγεyy ≈≈ 6.7 6.7 µµmm

Coulomb scattering in thinCoulomb scattering in thin--
foil:  foil:  ElegantElegant (M. Borland)(M. Borland)

JUST AFTER FOILJUST AFTER FOIL

11--nC casenC case
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K.L.F. Bane and G. Stupakov, SLACK.L.F. Bane and G. Stupakov, SLAC--PUBPUB--9726, June 2003.9726, June 2003.

Transition Transition 
Radiation Radiation 
Wakefield Wakefield 
of Metallic of Metallic 
FoilFoil
((γγ >> 1)>> 1)

SlotSlot not includednot included
Cylindrical beam pipeCylindrical beam pipe
Small charge in slot (2 pC)Small charge in slot (2 pC)



FoilFoil--wakefield (without slot) at 4.54 GeVwakefield (without slot) at 4.54 GeV

insignificant effect (without slot), even at 1 nCinsignificant effect (without slot), even at 1 nC

∆∆εεxx//εεxx << 1%1%

σσΕΕ//ΕΕ << 1010−−55

∆∆εεyy//εεyy << 1%1%

K. Bane codeK. Bane code

chirpchirp

1 nC1 nC

11--nC casenC case







Tapered slot width allows Tapered slot width allows 
pulse length controlpulse length control with with 
simple stepping motorsimple stepping motor

Pulse Length Control With Stepping MotorPulse Length Control With Stepping Motor









LSC/CSR MicroLSC/CSR Micro--bunching Instability Limitsbunching Instability Limits

Initial current modulations must be <2% Initial current modulations must be <2% 
at wavelengths longer than 50 at wavelengths longer than 50 µµm.m.
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BC2 chicane and beam parameters for subBC2 chicane and beam parameters for sub--fs casefs case
BC2 start BC2 start →→
BC2 center BC2 center →→

Use same:Use same:
σσzz00

BC1 BC1 RR5656
BC2 BC2 RR5656

Adjust:Adjust:
charge charge ↓↓
RF phasesRF phases
chirp chirp ↑↑, , hh
ββx,yx,y in foil in foil ↓↓

chirpchirp currentcurrent100 pC100 pC

FOIL:FOIL:
Beryllium: Beryllium: XX00 ≈≈ 35 cm35 cm
Thickness:Thickness: x = x = 50 50 µµmm
SlotSlot--width: width: ∆∆xx = 140 = 140 µµmm











Energy and Timing JitterEnergy and Timing Jitter

Energy jitter after BC2 is Energy jitter after BC2 is 
suppressed by fixed slot, but suppressed by fixed slot, but 
timing jitter is still 100 fs rmstiming jitter is still 100 fs rms

σσEE//EE00 ≈≈ 0.23%0.23%energyenergy
before before 
BC2BC2

σσ∆∆tt ≈≈ 99 fs99 fstimingtiming
after after 
BC2BC2

rms jitter:rms jitter: ∆∆QQ//QQ = 2%, = 2%, ∆∆ttgungun = 0.5 ps,= 0.5 ps,
∆∆ϕϕRFRF = 0.1= 0.1°°, , ∆∆VV//VV = 0.1%= 0.1%

0.23% energy jitter 0.23% energy jitter →→
800 800 µµm m xx--jitter (30%  jitter (30%  
of rms beam size)of rms beam size)
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zz, longitudinal position (mm), longitudinal position (mm)

inside BC2inside BC2



Peak Current and Pulse Duration JitterPeak Current and Pulse Duration Jitter

rms jitter:rms jitter: ∆∆QQ//QQ = 2%, = 2%, ∆∆ttgungun = 0.5 ps,= 0.5 ps,
∆∆ϕϕRFRF = 0.1= 0.1°°, , ∆∆VV//VV = 0.1%= 0.1%

<10% peak current & pulse width jitter, but <10% peak current & pulse width jitter, but 100100--fs timing jitterfs timing jitter



Concluding RemarksConcluding Remarks
2 fs FWHM x2 fs FWHM x--ray pulse possible in ray pulse possible in LCLSLCLS with with 
baseline design + simple foilbaseline design + simple foil

Photons per pulse reduced (10Photons per pulse reduced (101212 → 10→ 101010 or 10or 1099))

Pulse length is easily adjustablePulse length is easily adjustable

Precisely spaced double pulses availablePrecisely spaced double pulses available

400400--as pulse looks possible with reduced charge as pulse looks possible with reduced charge 
and modified compression parametersand modified compression parameters

This extreme case is nonThis extreme case is non--trivial, requiring low trivial, requiring low 
emittance and low intrinsic energy spread, but emittance and low intrinsic energy spread, but 
also at low charge.also at low charge.
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