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About “CSR” Effects
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Idealized Gaussian Input Distribution

Calculation with CSRtrack “projected method”

Two (of many) CSR effects

Very Rough Estimation of Growth of Projected Emittance

Split Calculations

An Effect causing Growth of Slice Emittance
and an other estimation

some remarks



(very) high compression in last bunch compression stage
rf tolerances (in particular for low bunch charges)

space charge effects (in particular for high bunch charges)

longitudinal dynamics (in BC)
extremely sensitive to self effects

can be compensated to some extend (and has to be) in advance
by the energy profile before the compressor

transverse dynamics (in BC)

most important things happen in the last dipole (of the chicane)
and on the drift before)

this statement is investigated in the following for an particular
example (= S-type bc of FLASH)



FLASH BC3

S type chicane:

horizontal beta function:

optic 1

optic 2

at FLASH: energy ≈ 500 MeV

here: calculations for 500 MeV and 2 GeV
as well as for both optics

~ BC2 of XFELr56 ≈ 56.4mm



Idealized Gaussian Input Distribution

Gaussian in all 6 phase space components 
+ z-correlated correlated (nonlinear) energy chirp
to achieve (without self effects) ideal linear compression

bunch charge: scan

bunch length: 100 μm

initial transverse emittance:
nC 1

μm 2.1 q
γ

ε =

nC 1  pC 25 L=q

chirp: ideal linear compression (in given S type chicane) to kA 5.2ˆ =I

transverse twiss paramters: according to optic given above

uncorrelated energy spread: small



Calculations with CSRtrack “projected method”
S-type BC3 (FLASH) 500MeV optic 1

projected

slice emittance
for

slice with peak current

slice

initial



S-type BC3 (FLASH) 500MeV optic 2

projected

slice

initial



S-type BC3 2GeV optic 1

projected

slice

initial



S-type BC3 2GeV optic 2

projected

slice

initial



Split Calculations

no self forces

CSR projected method

CSR “Greens function method”
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Split Calculations
S-type BC3 (FLASH) 500MeV optic 1

initial initial

1
2

3

1 projected complete
2 projected only drift & magnet
3 projected only drift

1 slice complete
2 slice only drift & magnet
3 slice only drift

1

2

3



S-type BC3 (FLASH) 500MeV optic 2

1

2

3

1 projected complete
2 projected only drift & magnet
3 projected only drift

1 slice complete
2 slice only drift & magnet
3 slice only drift

initial initial
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S-type BC3 2GeV optic 1

1

2

3

1 projected complete
2 projected only drift & magnet
3 projected only drift
4 projected & greens in last magnet
5 projected only drift & greens in last magnet

4
5

1 slice complete
2 slice only drift & magnet
3 slice only drift
4 slice & greens in last magnet
5 slice only drift & greens in last magnet

initial initial
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S-type BC3 2GeV optic 2

1 projected complete
2 projected only drift & magnet
3 projected only drift
4 projected & greens in last magnet
5 projected only drift & greens in last magnet

1 slice complete
2 slice only drift & magnet
3 slice only drift
4 slice & greens in last magnet
5 slice only drift & greens in last magnet

initial
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steady state and transient longitudinal CSR fieldsteady state and transient longitudinal CSR field
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Two (of many) CSR Effects
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Rough Estimation of Projected Emittance Growth

idea: everything is ok to the entrance of last magnet
estimate additional energy spread by steady state CSR in last magnet
estimate additional kick for short magnet
→
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estimation 1:



idea: everything is ok to the entrance of last magnet
…

but:   steady state field in last magnet

estimation 2:
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estimation 3:

idea: everything is ok to the exit of magnet before last magnet
effects in last magnet neglected
energy spread due to csr field in drift
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500 MeV, optic 1

2GeV, optic 1

500 MeV, optic 1

2 GeV, optic 2
initial



500 MeV, optic 1

2GeV, optic 1

500 MeV, optic 1

2 GeV, optic 2

initial

even weak effects in the first part of the compression process 
change the longitudinal dynamics significantly (@500 MeV)

comparison for projected comparison for projected emittanceemittance: complete <: complete <------> > splittedsplitted <<------> estimation 4> estimation 4



An Effect causing Growth of Slice Emittance
simplification: last magnet is discrete = no length but same defsimplification: last magnet is discrete = no length but same deflectionlection

x / mx / m

y / my / m
top view: a bit before last magnet directly after last magnet

the slice
in the middle of the bunch



longitudinal phase space short before last (discrete) magnet

the slice
particles
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length / m

x’ x’

x / m

only the slice

after (discrete) magnet

without self effect

with self effect

growth of slice emittance!



this can be solved analytically

500 MeV
optic 1

2GeV
optic 1

500 MeV
optic 1

2 GeV
optic 2

initial

numerical calculation with
projected method:

split 3 (only drift) split 2 (drift + mag.)

this difference is essentially caused
by the discrete magnet approach



only optics:

“length of slice”
determines bunch length

before magnet

(it is an
emittance effect)

case 1

growth of slice emittance

case 2

“length of slice”
is short before bunch length

before magnet ≈ σ / C

no growth of slice emittance
by that effect


