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At Last TAC (Jan. 2001)…At Last TAC (Jan. 2001)…
•• XX--band RF introduced at BC1 to linearize compressionband RF introduced at BC1 to linearize compression
•• CDR linac ChapterCDR linac Chapter--7 finished7 finished

Since then…Since then…
•• StartStart--toto--end simulations encouraging…end simulations encouraging…

•• Borland finds CSR microBorland finds CSR micro--bunching effect in chicanes bunching effect in chicanes 
→→ emittance growth much worseemittance growth much worse

•• Stupakov/Emma (using Saldin et al.) develop more Stupakov/Emma (using Saldin et al.) develop more 
accurate bendaccurate bend--exit CSR model for use in trackingexit CSR model for use in tracking

•• StartStart--toto--end simulations encouraging again, but end simulations encouraging again, but 
projected emittance growth worse than at last TAC

•• SuperSuper--conducting wiggler at BC2 reduces microconducting wiggler at BC2 reduces micro--
bunching by raising incoherent energy spread

•• DoubleDouble--chicanes replaced with singlechicanes replaced with single--chicaneschicanes

bunching by raising incoherent energy spread

projected emittance growth worse than at last TAC



Tracking JuneTracking June--2001 design with June2001 design with June--2001 CSR model2001 CSR model

•• Previous runs used too Previous runs used too 
much much ff((tt) smoothing) smoothing

•• …and too large slice…and too large slice--
energy spreadenergy spread

•• MicroMicro--bunching ruins slice bunching ruins slice 
emittance and energy emittance and energy 
spread (PAC2001)…spread (PAC2001)…

ElegantElegant (M. Borland)(M. Borland)

CSR micro-bunchingCSR microCSR micro--bunchingbunching

however…however…

•• ElegantElegant overover--estimated estimated 
CSR after bendCSR after bend--exitexit

•• SingleSingle--chicanes generate chicanes generate 
less microless micro--bunchingbunching

•• SCSC--wiggler added to BC2wiggler added to BC2

•• DL2 bends reduced to DL2 bends reduced to θθ/2/2

•• New design with new CSR New design with new CSR 
model is much better…model is much better…



Superconducting Wiggler in Superconducting Wiggler in LCLSLCLS……

SC wigglerSC wiggler

wiggler field limited by wiggler field limited by ββ--functionfunction

4 T4 T

10 cm10 cm

20 cm20 cm
5 cm5 cm

20 cm20 cm

90 cm90 cm

EE00 = 4.54 GeV= 4.54 GeV
σσEE//EE00 ≈≈ 3×103×10−−55

∆∆εεxx//εεxx00 ≈≈ 7%7%

At BC2:At BC2:

EE11 = 14.3 GeV= 14.3 GeV
σσzz0 0 ≈≈ 195 195 µµmm
σσzz1 1 ≈≈ 22 22 µµmm
((σσzz00//σσzz11))σσEE//EE11 ≈≈ 8.4×108.4×10−−55

At Undulator:At Undulator:

BC2 chicaneBC2 chicane

Add SuperAdd Super--Conducting Conducting 
wiggler prior to BC2 to wiggler prior to BC2 to 
increase incoherent increase incoherent 
energy spread (×10)energy spread (×10)



Superconducting wiggler Superconducting wiggler OFFOFF

Using Stupakov Using Stupakov 
CSR model and CSR model and 
new design in new design in 
ElegantElegant trackingtracking

CSR may still be CSR may still be 
overover--estimated in estimated in 
present trackingpresent tracking

SCSC--wiggler wiggler 
OFFOFF

SCSC--wiggler wiggler 
ONON



CSR Generated in BC2CSR Generated in BC2
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CSR Generated in BC2CSR Generated in BC2 λλ((ss))
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CSR Generated in BC2CSR Generated in BC2
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Study CSR for much smoother input distributions…Study CSR for much smoother input distributions…

Parmela output…Parmela output…
((C. LimborgC. Limborg, 29, 29--NovNov--01)01)
smoothed and extended to smoothed and extended to 
22××101066 particlesparticles



Track again with Track again with 
2×102×1066 macromacro--
particles and with particles and with 
smoothing applied…smoothing applied…

BC2BC2

…numerical noise …numerical noise 
from Parmela run not from Parmela run not 
significant contributor significant contributor 
to microto micro--bunchingbunching



CSR may be overCSR may be over--estimated in estimated in 
present tracking…present tracking…

((ss−− ss′′) ) ≈≈ RRϕϕ33/24/24

RR

ϕϕ

ss
ss′′

ssss′′

fields evaluated fields evaluated 
and and immediatelyimmediately
applied, without applied, without 
including longer including longer 
bunch at retarded bunch at retarded 
position position →→ overover--
estimate?estimate?

RR



33rdrd--order energyorder energy--time correlation from injectortime correlation from injector
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11stst, and 2, and 2ndnd--order correctable order correctable 
with Swith S--band and Xband and X--band RF…band RF…

EE00 = 150 MeV= 150 MeV

33rdrd--order term remains…order term remains…

22ndnd--order fitorder fit

energy ‘chirp’energy ‘chirp’

33rdrd--order term generated with space charge and order term generated with space charge and λλ′′((ss) in gun) in gun--toto--linac drift (linac drift (C. LimborgC. Limborg))



Compression EvolutionCompression Evolution

before BC1before BC1
Ε Ε = 250 MeV= 250 MeV
σσzz ≈≈ 830 830 µµmm

after BC1after BC1
Ε Ε = 250 MeV= 250 MeV
σσzz ≈≈ 190 190 µµmm

underunder--compression of head compression of head 
& tail from 3& tail from 3rdrd--order termorder term

before BC2before BC2
Ε Ε = 4.5 GeV= 4.5 GeV
σσzz ≈≈ 190 190 µµmm

L2 wakes induce L2 wakes induce newnew
33rdrd--order correlationorder correlation

after BC2after BC2
Ε Ε = 4.5 GeV= 4.5 GeV
σσzz ≈≈ 22 22 µµmm

overover--compression compression 
of head and tailof head and tail



Now flip injector’s temporal distribution and reNow flip injector’s temporal distribution and re--track track LCLSLCLS……

…with reversed …with reversed 
33rdrd--order injector order injector 
EE--tt correlationcorrelation

CSR emittance CSR emittance 
growth much growth much 
reducedreduced
(2 (2 µµm m →→ 1.5 1.5 µµm)m)



Compression evolution (Compression evolution (with reversed 3with reversed 3rdrd--order injector order injector EE--tt correlationcorrelation))

before BC1before BC1
Ε Ε = 250 MeV= 250 MeV
σσzz ≈≈ 830 830 µµmm

after BC1after BC1
Ε Ε = 250 MeV= 250 MeV
σσzz ≈≈ 190 190 µµmm

overover--compression of head compression of head 
& tail from 3& tail from 3rdrd--order termorder term

before BC2before BC2
Ε Ε = 4.5 GeV= 4.5 GeV
σσzz ≈≈ 190 190 µµmm

L2 wakes do not L2 wakes do not 
change linearitychange linearity

after BC2after BC2
Ε Ε = 4.5 GeV= 4.5 GeV
σσzz ≈≈ 22 22 µµmm

less overless over--compression compression 
of head and tailof head and tail



DiagnosticsDiagnostics

εεεε εε εε εε

σσEE σσEE σσEEσσEE

sliceslice

sliceslice



screen at 6.2 MeV after BC2 screen at 6.2 MeV after BC2 
with transversewith transverse--RF RF OFFOFF

Transverse RF Transverse RF 
ONON ((VV = 20 MV)= 20 MV)

Transverse RF Transverse RF 
deflector used to deflector used to 
diagnose ‘slice’ diagnose ‘slice’ 
emittance after BC2emittance after BC2



Transverse RF cavity at 150 MeVTransverse RF cavity at 150 MeV

zz--ΕΕ phase space phase space 
at 150 MeVat 150 MeV

Linac Center
Line
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TransverseTransverse--RFRF

ηη--screenscreen

150 MeV150 MeV

RFRF--gungun

xx--yy screen in bends after screen in bends after 
injectorinjector

xx--yy screen between screen between 
DL1 bends with DL1 bends with 

transversetransverse--RF RF ONON

LL = 55 cm, = 55 cm, VV = 1 MV, = 1 MV, PP ≈≈ 1.3 MW1.3 MW



Sliced Beam After Injector and Linac TrackingSliced Beam After Injector and Linac Tracking
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LCLS Accelerator and Compressor SchematicLCLS Accelerator and Compressor SchematicLCLS Accelerator and Compressor Schematic

(12/01/01)(12/01/01)

SLAC linac tunnelSLAC linac tunnel undulator hallundulator hall

LinacLinac--00
L L =6 m=6 m

LinacLinac--11
L L =9 m=9 m

ϕϕrf rf = = −−3838°°

LinacLinac--22
L L =330 m=330 m
ϕϕrf rf = = −−4343°°

LinacLinac--33
L L =550 m=550 m
ϕϕrf rf = = −−1010°°

BCBC--11
L L =6 m=6 m

RR5656= = −−36 mm36 mm

BCBC--22
L L =22 m=22 m

RR5656= = −−22 mm22 mm DLDL--22
L L =66 m=66 m
RR56 56 = 0 = 0 

DLDL--11
L L =12 m=12 m
RR56 56 ≈≈0 0 

undulatorundulator
L L =120 m=120 m

7 MeV7 MeV
σσz z ≈≈ 0.83 mm0.83 mm

σσδδ ≈≈ 0.2 %0.2 %

150 MeV150 MeV
σσz z ≈≈ 0.83 mm0.83 mm
σσδδ ≈≈ 0.10 %0.10 %

250 MeV250 MeV
σσz z ≈≈ 0.19 mm0.19 mm

σσδδ ≈≈ 1.8 %1.8 %

4.54 GeV4.54 GeV
σσz z ≈≈ 0.022 mm0.022 mm

σσδδ ≈≈ 0.76 %0.76 %

14.35 GeV14.35 GeV
σσz z ≈≈ 0.022 mm0.022 mm

σσδδ ≈≈ 0.02 %0.02 %

...existing linac...existing linac

new
new

rfrf
gungun

2525--1a1a
3030--8c8c

2121--1b1b
2121--1d1d XX

LinacLinac--XX
L L =0.6 m=0.6 m
ϕϕrfrf==180180°°

2121--3b3b
2424--6d6d

SCSC--wigglerwigglersinglesingle--chicaneschicanes



SummarySummary

•• New awareness of CSR microNew awareness of CSR micro--bunching and new bunching and new 
design optimizationdesign optimization

•• Projected emittance doubles over linac, but slice Projected emittance doubles over linac, but slice 
parameters allow parameters allow LLGG < 4 m< 4 m

•• Projected emittance growth presents a diagnostics Projected emittance growth presents a diagnostics 
and tuning challenge (use transverse RF)and tuning challenge (use transverse RF)

•• Stability studies and Stability studies and GenesisGenesis results results →→
(see M. Borland talk…)(see M. Borland talk…)

TThanks to M. Borland for hanks to M. Borland for ElegantElegant and and SDDSSDDS--ToolkitToolkit


