
uB in XFEL

one stage, rigid beam approximation → BC2 exit

shot noise and rms current fluctuation

induced energy spread

better models

LGM

1d particle model

3d periodic

XFEL with 1d particle model → BC0 exit

XFEL with 3d periodic

comparison with non-periodic

increased initial energy spread (gaussian) → BC1 exit

increased initial energy spread (LH)

summary/conclusion



beam current and 

wave number before 

compression

for large one stage gains

one stage, rigid beam approximation
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shot noise and rms current fluctuation
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induced energy spread: linear regime + rigid beam
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linear regime
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multiplicative one stage rigid beam approximation:



better models

one stage, rigid beam

linear gain model

(2x)1d particle model

1d impedance or wake

linear dynamic

discrete

3d linear optic
non-linear

dynamic

3d periodic space charge (2x)3d particle tracking
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example: LGM vs 1d particles

DESY-FLASH

start

before BC2

after BC2

before BC3

after BC3

end

LGM particles

effect of plasma oscillations

other working point → non linear effects

f/Hz



XFEL with 1d particle model

back to Igor’s problem, only 1st stage

but with r56 of LH and DOGLEG
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simplified 1d particle model
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after BC0:

current and slice energy

uncorrelated energy spread

rms current fluctuation

different qualitative behavior 

than expected for rigid beam 

approximation!!!

0 450 eVEσ =

150 keV was 

expected after BC2 

for 2kA beam!!!
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comparison for simulation with

two different band widths

same initial particle distribution!

before BC0 after BC0  before BC0

non linear mixing of phase space:

before BC0: similar time signals

after BC0: different time signals but

similar rms- and similar 

frequency-structure

current fluctuation can be decreased

~ ∆�



XFEL with 3d periodic

comparison with non-periodic

laser heater off !!!



non-periodic “before”

non-periodic “after”

periodic “after”







only periodic model:



only periodic model:



periodic model

1d particles, discrete stages (LH, DOGLEG, BC0), BW=1THz
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1d model severely overestimates effects



XFEL with 3d periodic

Gaussian “laser heater”:

April 9, 2019

beam parameters:
all beam parameters are as before with exception of the uncorrelated energy
spread; 
start distribution with an arbitrary gaussian spread of  450 eV, 1000 eV, 1500 eV ... 6000 eV;

dispersive things and compression:
r56 values and compression as before;

resolution:
charge of macroparticles is elementary charge;
the resolution to the exit of BC0 is as before (0.1µm);
the longitudinal resolution from BC0 exit to BC1 exit is enhanced to 0.03µm;
initial period length 0.1 mm 



the extra point (x) is calculated with a period length of 0.3 mm

BC0

BC1

DOGLEG

BC1

LH



expected slice energy spread after compression in BC2 to 5 kA

with an effective of about 14 kOhm (for the wavelength of maximal micro-bunching)

the extra point (x) is calculated with a period length of 0.3 mm



yes, I did simulations to BC2 exit:

I=2 kA, σE=2.1MeV 

inital σE=4 keV (gaussian)

wavelength ~ 1 µm is determined 

by period length of simulation !!!

σI ≈ 33.5A

∗ Z(main linac)

≈ 0.5 MeV

rigid beam !!!
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an other case: initial period length might be too short!



XFEL with 3d periodic

real laser heater

April 17, 2019

beam parameters:
all beam parameters are as before, initial gaussian spread of 450 eV; 

LH:
matching to design optic in LH
different LH working points → same rms spread of 7 keV

dispersive things and compression:
r56 values and compression as before;

resolution:
charge of macroparticles is elementary charge;
the resolution to the exit of BC0 is as before (0.1µm);
the longitudinal resolution from BC0 exit to BC1 exit is enhanced to 0.03µm;
initial period length 0.3 mm



working points for “5.8 A beam” → 4 keV



purple C1=8

gray  C1=5.5

Gaussian (0) and LH working points (1-6)



summary/conclusion

gain models:

one stage, rigid beam approximation
not applicable before BC0: beam is not rigid

not applicable after BC0: non linear effects

LGM useful in linear domain; needs transverse optic for dispersive sections

simulation of real particle noise:

1d particle model

with non-linear effects

without transverse optic: discrete dispersive sections

to be developed: real dispersive sections with effective optic

full 3d CPU cluster: full bunch simulation; moderate resolution 

single PC: reduced bunch length; interference with macro effects

3d periodic

linear optic; very high spatial resolution

no macro effects; limited period length

problem: “non linear phase space mixing”

??? how to generate an effective new distribution

no CSR → implement simple periodic CSR model



summary/conclusion

XFEL: earlier investigations did not consider LH and DOGLEG

µB effects are significantly increased

discrete model for DOGLEG is not appropriate

LH: 450 eV → 5 keV

after BC1: σI ≈ 10 A, I ≈ 10 A, σE ≈ 100 keV
after BC2: σI ≈ 33 A, I ≈ 2 kA, σE ≈ 2.1 MeV

5 kA → σE ≈ 5 MeV

need to be investigated: collimator and beam distribution system

3D periodic simulations with increased period length & more random seeds !!!





induced energy spread: linear regime + rigid beam
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