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FEL driven by 6 GeV electron beam
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1D approximation: Exponential Growth Regime

P(z) ~ els

log(radiation power)

undulator distance

gain length describes FEL power growth
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1D approximation: Exponential Growth Regime

P(z) ~ els

log(radiation power)

undulator distance

gain length describes FEL power growth

1D — diffraction, energy spread, angular spread?
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1D approach: Ly =
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Analytical Study: Electron Beam Parameters XFEL

Parameters used for analytical study:

Parameter Symbol Value
energy E 6 GeV
rms energy spread of 2MeV
current le 5kA
emittance (normalized) en 0.3 mm mrad
average beta function Bavg 20m
rms beam size ox,y 23 um
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Technical Contraints for Planar Undulator

radiation wavelength: )\, = 2*7“2(1 + K

K < \uB

maximum magnetic field depends on:
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Wavelength Range: lower limit
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Wavelength Range: Soft X-ray and EUV
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Undulator Period at Different Wavelengths
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Undulator Period at Different Wavelengths
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Sensitivity to Current and Emittance: 1 nm

scaled energy spread with current:
2MeV at 5kA, £0.4 MeV /kA
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Sensitivity to Current and Emittance: 1 nm

scaled energy spread with current:
2MeV at 5kA, £0.4 MeV /kA

2
Ty = Bavgen/y

kept ox,y constant by adjusting Bavg

scales with current as Ly o< [y '/°

emittance — angular spread
spread in resonance wavelength
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Sensitivity to Current and Emittance: 25nm

scaled energy spread with current:
2MeV at 5kA, £0.4 MeV /kA

2
Ty = Bavgen/y

kept ox,y constant by adjusting Bavg

scales with current as Ly o< [y '/°

emittance — angular spread
spread in resonance wavelength
less severe at larger wavelengths
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GENESIS1.3 FEL code XFEL Europesn netwerk

for developing new horizons for Ris

GENESIS1.3, v4 by Sven Reiche
https://github.com/svenreiche/Genesis-1.3-Version4

time-dependent, 3D

entire bunch and field is kept in memory

based on the Slowly Varying Envelope Approximation (SVEA)
equations of motion are Undulator-Period Averaged (UPA)

coordinate system is based on slices
electron bunch consists of slices

photon field Simulations

calculated with the same longitudinal granularity SENESISt 3 cod
transversely: rectangular grid



FEL Beamline Lattice

planar undulators

undulator period length Ay = 13cm

undulator segments, 0.42 m space inbetween
quadrupole to focus electron beam
diagnostics

undulator segment length 2.08 m (16 periods)
~ 1 power gain length
undulator tapering
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Undulator Tapering

resonance condition:

Au K2
A = 272<1 +?) , K < \B

[(NNN WNNN NN NNN (WNE
"IN E AN EEN NN EEE

electron bunch loses energy along FEL undulator beamline
compensation of the electron energy loss necessary
undulator tapering to preserve resonance condition

undulator strength K should be decreased along the undulator
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Undulator Tapering XFEL eu”?q n PR

for developing new horizons for Ris

resonance condition:

Au K2
)\r:272(1+7) ; KO()\UB

i I D RE N D QRN I D QE DD NE NN
EEN NEN NENN NN NNN]

electron bunch loses energy along FEL undulator beamline
compensation of the electron energy loss necessary
undulator tapering to preserve resonance condition Simulations

undulator strength K should be decreased along the undulator Beamiine Latice

optimize K-values of individual radiator segments for maximum power output
here for simplicity based on time-independent scan simulations



S2E: Beam parameters

Laser Heater off
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Laser Heater on

microbunching instability suppressed by laser heater

laser heated electron distribution is used in the following
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Beam parameters
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FEL Performance at 1 nm
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FEL Performance at 1 nm
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FEL Performance at 4 nm
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FEL Performance at 4 nm: Undulator Tapering
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FEL Performance at 4 nm: Undulator Tapering
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FEL Performance at 4 nm: Undulator Tapering
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FEL Performance at 10 nm
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FEL Performance at 25nm
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FEL Performance at 25nm
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FEL Performance at 25nm
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Ideal Simulations

compared to S2E simulations:
Gaussian distribution
lower energy: ~ 6.08vs 6 GeV
higher emittance: ~ 0.2 vs 0.3 mm mrad
larger energy spread: ~ 1.2vs2MeV

slightly higher gain in S2E simulations
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Ideal Simulations

peak power (GW)

compared to S2E simulations:

Gaussian distribution

lower energy: ~ 6.08 vs 6 GeV
higher emittance: ~ 0.2 vs 0.3 mm mrad
larger energy spread: ~ 1.2vs2MeV

slightly higher gain in S2E simulations
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4 FEL
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Ideal Simulations: Tapering 1 nm, 10 nm, 25 nm

1nm
| tapered
{-\20“ —— 1o tapered
=
=
O 200
£ 150
<]
2100
e
g 50
0
0 20 40 60 80 100 120
undulator position (m)
6
—— tapered
= 5f — ot tapered
-
=,

0 20 40 60 80 100 120
undulator position (m)

500

400

aw)

§ 300

peak

100

= =
S o S &

pulse energy (mJ)
<

10nm

—— tapered

— o tapered

0 20 40 60 80 100 120
undulator position (m)

=3

—— tapered

—— ot tapered

0 20 40 60 80 100 120
undulator position (m)

eurizon

European network
for developing new horizons for Ris

25nm

—— tapered

FEL

Fabian Pannek

Motivation

(‘\4“() —— no tapered
= Analytical Study
O 300 De @i
s} Ming Xie Formalism
Z 200 Technical Contraints
E* Wavelength Range
T 100 Undulator Period
= Sensitivity Study
0
0 20 40 60 80 100 120
undulator position (m)
1S
20.0 —— tapered GENESIS1.3 code
= 1T5F — ot tapered Beamiine Lattice
= 15.0 S2E Simulations
:/ 12.5 Outlook
o0
=100
8 75
£ 50
=
2025 Summary
0.0
0 20 40 60 80 100 120
undulator position (m) 34



ween  @UFIZON
Summary XFEL European network
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FEL with ~ 100 m undulator beamline

wavelength from 1.2 nm to 25 nm — photon energy from 50eV to 1 keV
SASE pulses with peak power in 70 GW to 100 GW range

SASE pulses with pulse energy in 2mJ to 6 mdJ range

factor ~ 2 improvement is expected with undulator tapering
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Analytical: sensitivity to current and emittance
Ideal Simulations: 1 nm
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Ideal Simulations: 4 nm
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Ideal Simulations: 25 nm
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Ideal Simulations: 25 nm
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Ideal Simulations: 25 nm - Different Tapering
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Ideal Simulations: 25 nm - Different Tapering
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Transverse Coherence

maximum coherence before saturation
end of linear regime

depends on 2me/ A,

untapered, ideal simulations with 0.6 mm mrad
1nm: 2mwe/A, = 0.32
4nm: 27e /XA, = 0.08
10nm: 27e /A, = 0.032
25nm: 2we /A, = 0.013

see also e.g. E.L. Saldin et al.: Coherence properties of the radiation from X-ray free electron laser, 2007
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