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TD1: L = 85.56 m ϕ = 2.25 deg

TD20: L = 147.62 m ϕ = 6.68 deg
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5 Summary / Conclusion5 Summary / Conclusion

3 Attempts to avoid/reduce longitudinal effects 3 Attempts to avoid/reduce longitudinal effects 
no shielding effects can be usedno shielding effects can be used
weak influence of magnet length on weak influence of magnet length on rmsrms energy spreadenergy spread

2 2 CSRtrackCSRtrack calculation for ideal calculation for ideal gaussiangaussian bunch (bunch (εε ==11µµmm))
CollimatorCollimator
TD1TD1
TD20TD20

emittanceemittance growth <1 %, energy spread 2.6 growth <1 %, energy spread 2.6 MeVMeV
emittanceemittance growth 40 %, energy spread 2.0 growth 40 %, energy spread 2.0 MeVMeV
emittanceemittance growth 41 %, energy spread 3.5 growth 41 %, energy spread 3.5 MeVMeV, compression effects, compression effects

4 Realistic model for longitudinal phase space + collimator impe4 Realistic model for longitudinal phase space + collimator impedance modeldance model
after BC2after BC2 energy spread   2.9 energy spread   2.9 MeVMeV
after collimatorafter collimator energy spread 15.2 energy spread 15.2 MeVMeV emittanceemittance growth growth ≈≈ 88 %%

significant (nonsignificant (non--CSR collimator impedance)CSR collimator impedance) →→ 12 12 MeVMeV rmsrms spreadspread
after colli+TD1after colli+TD1 energy spread 15.2 energy spread 15.2 MeVMeV emittanceemittance growth 27 % **growth 27 % **
after colli+TD20after colli+TD20 overover--compression due to uncompensated r56compression due to uncompensated r56

it is difficult to avoid CSR induced energy spreadit is difficult to avoid CSR induced energy spread
emittanceemittance growth due to growth due to centroidcentroid shift can be controlled / compensatedshift can be controlled / compensated



2 2 CSRtrackCSRtrack calculation for ideal calculation for ideal gaussiangaussian bunchbunch

(Igor (Igor ZagorodnovZagorodnov))

simulation with simulation with gaussiangaussian bunchbunch
I_peakI_peak = = 5 kA5 kA, q = 0.5 , q = 0.5 nCnC ((→→ σσ = 12.5 = 12.5 µµmm))
normalized normalized transvtransv. . emittanceemittance = 1 = 1 µµmm
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longitud. lattice coordinate (m)

normalized horizontal emittance (m)

rms energy spread (eV)

self effects, 1d CSR model
centroid properties of a gaussian bunch 1nC, Ipeak=5kA
no chirp

XFEL collimation section, mode A

1.0081.008
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TD1; L = 85.56 m ϕ = 2.25 deg
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TD1; L = 85.56 m ϕ = 2.25 deg

longitud. lattice coordinate (m)

self effects, 1d CSR model
centroid properties of a gaussian bunch 1nC, Ipeak=5kA
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2.3 TD20
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self effects, 1d CSR model
centroid properties of a gaussian bunch 1nC, Ipeak=5kA
no initial chirp
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longitud. lattice coordinate (m)

normalized horizontal
emittance (m)
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self effects, 1d CSR model
centroid properties of a gaussian bunch 1nC, Ipeak=5kA
no chirp

hh = = infinf

hh = 4 cm= 4 cm

hh = 2 cm= 2 cm

center+σ

center−σ

center

3 Attempts to avoid/reduce longitudinal effects3 Attempts to avoid/reduce longitudinal effects
3.1 Shielding 3.1 Shielding 
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3.2 Magnet lengths and 3.2 Magnet lengths and splittedsplitted arcs arcs 
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3.3 In principle3.3 In principle

shielding by horizontal planesshielding by horizontal planes

circular motion: shielding parameter x << 3circular motion: shielding parameter x << 3

mm 5.7 3 3 2
bend ≈<< σRh

m100 Rbend ≈
μm5.12  ≈σ

butbut mm 402 pipe ≈R

transients: shielding by dispersion in waveguidetransients: shielding by dispersion in waveguide
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shielding by horizontal obstaclesshielding by horizontal obstacles

circular motioncircular motion

transient (exit, case ‘long magnet”, transient (exit, case ‘long magnet”, ββ=1=1))
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steady state and transient longitudinal CSR fieldsteady state and transient longitudinal CSR field
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roughrough estimation for energy loss or energy spreadestimation for energy loss or energy spread
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example: (example: (CSRtrackCSRtrack –– projected)projected)
rmsrms energy spread for bend + driftenergy spread for bend + drift
((IIpeakpeak = 5 kA, = 5 kA, σσ = 12.5 = 12.5 µµmm))

ϕϕ = 0.3 deg= 0.3 deg

ϕϕ = 3 deg= 3 deg

ϕϕ = 1 deg= 1 degLLbendbend/m/m = = 0.10.1,, 0.30.3,, 0.50.5
1.01.0,, 3.03.0,, 5.05.0

EErmsrms/MeV/MeV

SS // mm



11, , 55, , 1010, , 4040 magnetsmagnets

example: (example: (CSRtrackCSRtrack –– projected)projected)
L = 100 m ϕ = 3.00 deg
long weak magnet long weak magnet →→ many short strong magnetsmany short strong magnets



example: (example: (CSRtrackCSRtrack –– projected)projected)
dogleg with 2 magnets

deg 5.1=ϕ

80 m80 m

100 m100 m

bendL

(center particle)(center particle)

LLbendbend/m/m = = 1010,, 55,, 11, , 0.10.1, 0.01, 0.01 @100 m@100 m

EErmsrms/MeV/MeV = = 1.8541.854,, 1.6311.631,, 1.3231.323, , 1.2331.233, 1.305, 1.305



4 Realistic model for longitudinal phase space4 Realistic model for longitudinal phase space
+ collimator impedance model (from database)+ collimator impedance model (from database)

BC0BC0
130MeV130MeV

BC1BC1
500MeV500MeV

L0L0→→11 L1L1→→22

cavity wakecavity wake
space chargespace charge

cavity wakecavity wake
space chargespace charge

cavity wakecavity wake
space chargespace charge

4.1 1D simulation4.1 1D simulation

1D1D--CSRCSR 1D1D--CSRCSR

50 A50 A 93 A93 A 850 A850 A

(ideal transverse phase space (ideal transverse phase space εγεγ = 1= 1µµm), working point m), working point ““00””



BC2BC2
2GeV2GeV

L1L1→→22

cavity wakecavity wake
space chargespace charge

1D1D--CSRCSRcavity wakecavity wake
space chargespace charge

mainmain
LINACLINAC

1D1D--CSRCSR
in collimatorin collimator

850 A850 A 5 kA5 kA

17.5 17.5 GeVGeV



main LINACmain LINAC

long. phase space

old design “2BC”old design “2BC”

cavity wakes + SCcavity wakes + SC

after BC2after BC2

new design “3BC” (V0)new design “3BC” (V0)

100 modules100 modules 84 modules84 modules

reduced remaining chirpreduced remaining chirp
cavity wakes + SCcavity wakes + SC



mainmain
LINACLINAC

collimatorcollimator

1D1D--CSRCSR
in collimatorin collimator

5 kA5 kA

L = 180 m

1D1D--CSR +CSR +
other impedancesother impedances

4.2 Collimator4.2 Collimator

rmsrms ==
2.9 2.9 MeVMeV



collimator collimator –– impedance budget (Olga impedance budget (Olga ZagorodnovaZagorodnova))

rms energy spread ≈ 11.2 MeV

pessimistic estimation
BPMCL = 12 cavity BPMs
KICK = 4 kickers (4x10m, r=1cm, κ=2E6 S/m)



longitud. lattice coordinate (m)

normalized horizontal emittance (m)

rms energy spread (eV)

XFEL collimation section, mode A
ideal gaussian bunch
“realistic model” (transversely ideal)

1.0911.091

12.02 12.02 MeVMeV

2.62 2.62 MeVMeVonly CSRonly CSR

CSRtrackCSRtrack calculation with distributed collimator impedancecalculation with distributed collimator impedance

2.182.18

1.0081.008
1.0821.082

before collimator  2.9 before collimator  2.9 MeVMeV

CSR + distributed impedanceCSR + distributed impedance

after collimator 15.2 after collimator 15.2 MeVMeV

only collimator  12 only collimator  12 MeVMeV

before collimator  0.0 before collimator  0.0 MeVMeV after collimator 12.0 after collimator 12.0 MeVMeV

remark: kicker afterremark: kicker after
collimator dog leg iscollimator dog leg is
“distributed”“distributed”



XFEL collimation section, mode A
realistic bunch

CSRtrackCSRtrack calculation with distributed collimator impedancecalculation with distributed collimator impedance

172172 200200162162152152142142z = 132z = 132

x/x/µµmm

s/s/µµmm

x/x/µµradrad

ΔΔE/E/MeVMeV



collimatorcollimator & & TD1TD1

5 kA5 kA

collimatorcollimator collimatorcollimator & & TD20TD20

1D1D--CSR, no other impedancesCSR, no other impedances

4.3 TD1 and TD204.3 TD1 and TD20

εε = 1.27 = 1.27 µµm **m **
** only TD1** only TD1

εε = 1.008 = 1.008 µµm *m *
* only * only collicolli..

rmsrms ==
16.6 16.6 MeVMeV

rmsrms ==
15.2 15.2 MeVMeV

furtherfurther
compressioncompression

rmsrms ==
22 22 MeVMeV



5 Summary / Conclusion5 Summary / Conclusion

3 Attempts to avoid/reduce longitudinal effects 3 Attempts to avoid/reduce longitudinal effects 
no shielding effects can be usedno shielding effects can be used
weak influence of magnet length on weak influence of magnet length on rmsrms energy spreadenergy spread

2 2 CSRtrackCSRtrack calculation for ideal calculation for ideal gaussiangaussian bunch (bunch (εε ==11µµmm))
CollimatorCollimator
TD1TD1
TD20TD20

emittanceemittance growth <1 %, energy spread 2.6 growth <1 %, energy spread 2.6 MeVMeV
emittanceemittance growth 40 %, energy spread 2.0 growth 40 %, energy spread 2.0 MeVMeV
emittanceemittance growth 41 %, energy spread 3.5 growth 41 %, energy spread 3.5 MeVMeV, compression effects, compression effects

4 Realistic model for longitudinal phase space + collimator impe4 Realistic model for longitudinal phase space + collimator impedance modeldance model
after BC2after BC2 energy spread   2.9 energy spread   2.9 MeVMeV
after collimatorafter collimator energy spread 15.2 energy spread 15.2 MeVMeV emittanceemittance growth growth ≈≈ 88 %%

significant (nonsignificant (non--CSR collimator impedance)CSR collimator impedance) →→ 12 12 MeVMeV rmsrms spreadspread
after colli+TD1after colli+TD1 energy spread 15.2 energy spread 15.2 MeVMeV emittanceemittance growth 27 % **growth 27 % **
after colli+TD20after colli+TD20 overover--compression due to uncompensated r56compression due to uncompensated r56

it is difficult to avoid CSR induced energy spreadit is difficult to avoid CSR induced energy spread
emittanceemittance growth due to growth due to centroidcentroid shift can be controlled / compensatedshift can be controlled / compensated


