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XFEL Importance for XFELs

SASE pulses, baseline mode of operation: poor longitudinal coherence
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Figure 5.2.4

Temporal (top) and spectral (bottom) structure for 12.4 keV XFEL
radiation from SASE 1. Smooth lines indicate averaged profiles. Right side plots show

enlarged view of the left plots. The magnetic undulator length is 130 m.

Source: The European XFEL TDR — DESY 2006-097 (2006)
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XFEL monochromator

Somoduinted Method historically introduced for soft x-rays in:
output ] Feldhaus et al., Optics Comm. 140, 341 (1997)

electron beam bypass radiation
l = Linearly amplified SASE is filtered through a
1st undulato 2nd undulat H
uneuator ;_u _ grating monochromator
—— y = Electron beam bypass washes-out beam
inem regime) v (steady-state regime) microbunch, makes up for x-ray path delay by
grating and allows for grating installation
hromati electron . .

slectron beam T ey bearn veamaump = Demodulated beam is seeded in the output
Source: J. Feldhaus et al., Optics Comm. 140, 341 (1997) undulator

Grating monochromator substituted by crystal monochromator for applications to hard-x rays:
[E. Saldin, E. Schneidmiller, Yu. Shvyd'ko and M. Yurkov, NIM A 475 357 (2001)]

Extra-path of x-rays due to monochromator = 1cm. Long electron bypass (60 m) needed

firar undulator eleclion bypass secord Jrdulytor
ot 59 crystal monochromator located in baseline undulator
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Double- bunch self-seeding with four-crysigl
XFEL * monochromator

vndulator aysem for generation of highly mesochromatic X- raya

0012 T bandwidth
mondchromatr
four bounces
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flrst part of undulazor ¢ secord part of undulstor

Accelerator complex nl- |

Y

RF period
, Bl LB
photocathode i
half cell amplitude and phage jitter of the
RF system does not play any role
SASE at the exit of Ist undulator SASE
radiation radiation
50 MW 50 MW
electron bunch | electron bunch
rms. 31 | RF period rms 31

at the entrance of 2nd undulator
after monochromator

( silicon 220 )
bandwidth
0.005%
electron bearn modulation electron beam modulation
i washed out 15 washed out

T eells 12 cells
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naieleng i velength
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Sm
Method based on production of two identical
bunches separated by an RF period [see O.
Grimm K. Klose and S. Schreiber, EPAC 2006,
THPCH150, Edimburgh]

Developed independently in:

- G. Geloni, V. Kocharyan and E. Saldin, DESY
10-053

- Y. Ding, Z. Huang and R. Ruth, Phys.Rev.ST
Accel.Beams, vol. 13, p. 060703 (2010)
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Self-seeding techniques with wake
monochromator
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XFEL ———  Working principle (I)
Overview
weak chicane
. P ..:l\r R
SASE wake monochromator output self-seeded
undulator undulator X-ray pulse

First part: usual SASE - linear regime pulse

Weak chicane (Rg; ~ a few um for a 1 pm-long bunch — 0.025 nC) for:
= Creating a small offset (a few mm) to insert the wake mono

= \Washing out the electron beam microbunching

= Acting as a tunable delay line

The photon pulse from SASE goes through the wake mono (see next)
Photon and electron pulses are recombined
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XFEL Working principle (1D
1,00 S = 15
'.AN\a’\.-"..’\fu"\,"'u"‘..-'\,-"g“._-"-‘.".‘,".l,f‘| J'.J,Jl‘lul'l I'|I I|1I |||| ﬂ |l| |I| r l | l 1 . .
“.'.|]U|||“IN T A 10 The wake monochromator is a single
0,75 4 | SRR T ] .
i __|||l||ﬁ‘|'¢'~' 5 crystal in Bragg geometry.
il . =) :
i MIJJ--. ] g The forward diffracted beam
Eoso4 } U| k- is considered. Transmissivity
@ (modulus and phase) can
| {s & .
0.25 - _ be calculated using the
410 Dynamical Theory
| I of X-ray diffraction
0,00 : T : , : I : I -15
0,150098 0,150100 0,150102 0,150104 0,150106
\ Bragg geometry
A[nm] C(400) reflection
Y-ray beam of 0.15 nm X-rays
Alignment can be performed ot L forvanidffraced Yerays
With the help of a suitable detector. This ] Do cure T
Fixes the central frequency of the filter 4 iz meat
) reflectivity curve FWHM
transmittance 0.0008 %
detector for monitoring the angular position
of the monochromator crystal rotation error must be smaller than | mrad
for fitting the Brage reflectivity line fo the
SASE radiation bandwidth
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The wake monochromator principle: frequency vs. time
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XFEL Feasibility study for LCLS-(l)

100 GW- level
LCLS baseline undulator ( 33 cells ) fully-coherent

weak chicane self-seeded

[ cells [2cells 10 cells X-ray pulse
E Fléllﬂ || R

SASE single crystal uniform  tapered

undulator undulator  undulator 410" photons
single mode hard X-ray laser 5 fs (FWHM )
Parameters for the low-charge mode of operation at LCLS at(.1oom

Units low-charge ( 0.02 nC ) mode of operation
Undulator period mm 30
K parameter (rms) - 2.466
Wavelength nm 0.15 _ _
Energy oV 156 4m-long magnetic chicane
Charge nC 0.02 Rse=12um
Bunch length (rms) um 1

Normalized emittance mm mrad 0.4

Energy spread MeV 1.5
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XFEL —Feasibility study for LCLS (i)
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Efficient seeding mechanism
(monochromatic wake
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YXEEI Feasibility study for LCLS (1))
2,5x10"
Spectrum at saturation without tapering 1 Power distribution at saturation with no tapering
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2,47

9 Unifrom + 12 Tapered = 21 cells (84 m)
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Feasibility study for LCLS (1V)

Energy with tapering
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XFELl Feasibility study for the European XFEL (1)

weak chicane
T cells i/|—|\Ir 12 cells
SASE wake monochromator output self-seeded
undulator undulator X-ray pulse

Parameters for the short pulse mode of operation

Units
Undulator period mm 48
K parameter (rms) - 2.516
5m-long magnetic chicane
Wavelength nm 0.15 9 9
R56212um
Energy GeV 17.5
Charge nC 0.025
Bunch length (rms) um 1.0

Normalized emittance mm mrad 0.4

Energy spread MeV 1.5

Gianluca Geloni, Workshop on Complexity, ANL, October 11-13, 2010



European -!

XFEL| Feasibility study for the European XEEL (li)

3 OOE+01 5 —
_ ] SASE contribution ~ 14%
4.0x10™
Aw _
2 00E+01 5 - —=8-10 >
— a
o
= =,
0 2 ox10™H n:_-
1, 00E+HD 5 4 /
0,0 0,00E+000 , , , ,
-3 0, 15000 0, 15005 045010 0,450 015020
AJnmi]

About 30000 bunches/s vs. 10 bunches/s
Heat loading much more severe for European XFEL
Cannot increase length of first undulator part
Relevant SASE contribution

Gianluca Geloni, Workshop on Complexity, ANL, October 11-13, 2010



European

XFEL

Three-undulator setup -
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Small SASE contribution: at the second filter BW nearly Fourier limited already
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XFEL| Feasibility study for the European XFEL (1V)

Tapering scheme

baseline gap-tunable XFEL undulator SASE2 ( 42 cells )

output
Tirst cascade second cascade undulator
TW-level
weak chicane weak chicane self-seeded
T cells M—\ﬂ 7 cells }—./|—|\l 10 cells 18 cells X-ray pulse
SASE wake ronochrormator amplifier wake monochromator  ypiform tapered
undulator undulator undulator undulator

Similarly as for LCLS to increase
output power/brightness
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Feastibility study for the European XFEL (V)
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XFEL| Feasibility study for the European XFEL (V)

Long-bunch mode of operation possible too
Charge = 0.25 nC, Bunch length (rms) = 10 pum—>A®/®v~10-°

2,5x10"
& ox10" SASE contribution ~ 65%
2,0w10™
weak chicane
7 cells 12 cells .
4,010 —1
— a
S*le”:* 3 2
SASE wake monochromator output self-seeded = o
undulator undulator X-ray pulse 20m10"
0 s 0,15008 04 o0 ; '_ij‘ . 2
Anm]
Axti
1 An1L
SASE contribution ~ 4%
firat cascade second cascade
S weak chicane ol wegk chicang 1 el
Tce cell Leelk = —
SASE wake monochromator| | amplifier wake monochromat: output sef-geeded £
undulator unigulator undulator Xeray pulse

A[nm]
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The weak chicane does not perturb the baseline mode of operation, and can be
used for purposes other than self-seeding. Our scheme is extremely flexible.

flexibility of magnetic chicane setup installed in LCLS baseline undulator

[ ]
a) — Ww——f} baseline mode of operation
magnetic chicane off
magnetic shifter on

bl e - self-seeding setup

crystal on
X-ray mirrors off

c) T e ultrafast X-ray pulse measurement setup
crystal off

X-ray mirrors on

d 4:*/\4:« scheme for femtosecond resolution pump-probe

crystal off experiments with two spatially separated X-ray pulses

X-ray mirrors on

f) 4:{/"\.4:|ﬂ scheme for multiplying the X-ray heams

crystal off to serve more users simultaneously
X-ray mirrors on

Gianluca Geloni, Workshop on Complexity, ANL, October 11-13, 2010



European -l

XFEL —Conclusions and References

Conclusions
Solves the problem of poor longitudinal coherence for hard x-ray FELs
= Bandwidth down to 10-*for Q=0.025 nC (10> for Q=0.25 nC)
Low cost
= No need for long electron bypass
= No need for special photo-injector setup
= Only needs: 1 weak chicane + 1 crystal within a single segment
Robust
= Baseline mode of operation is not disturbed
Flexible
= Weak chicane may be used for different purposes

Further reading: G. Geloni, V. Kocharyan and E. Saldin, “Cost-effective way to
enhance the capabilities of the LCLS baseline” http://arxiv.org/abs/1008.3036 and
references therein
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