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

radiation
= Linearly amplified SASE is filtered through a
1st undulator 2nd undulator gl’ating monOChromator

{ T— ,,T m} = Electron beam bypass washes-out beam
PUVOVIVeY {steacly-state regime)

electron beam bypass

SASE FEL microbunch, makes up for x-ray path delay by

{linear regime)

grating
grating and allows for grating installation
electron beam monochromatic electron . .
EESSE Ll = Demodulated beam is seeded in the output
Source: J. Feldhaus et al., Optics Comm. 140 (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 x-rays path due to monochromator ~1cm. Long electron bypass (tens of meters) needed

H
undulator-1 C(004) C(137) undulator-2
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Source: The European XFEL TDR — DESY 2006-097 (2006) e
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s undulator system for generstion of highly monnchromatic X - rays
RF period
0.012 T bandwigth
. PR " monachronstor
—dir—— four bounces
> sllicon 111
RF period first part of undulator & second part of yndulstor
/ %ﬁm Accelerator complex = I — | | -
phO:OCBThOdE‘ P e T cels 12 cells
half cell amplitude and phase jitter of the w3 _ rm
= RF system does not play any role &%fﬁ 2 EEETR
it
e 5 [H] T
SASE il SASE
i at the exit of Ist undulator bt ch}r:anc _’_D D__
50 MW 50 MW 5m
ikt Sy P o Method based on production of two identical
rms. 315 RF period | ems 303 bunches separated by an RF period [see O.
Grimm K. Klose and S. Schreiber, EPAC 2006,
R at the entrance of 2nd undulator THPCH150, Edimburgh]
' M 66 after monochromator i o
Xy e i) Developed.lndependently in: |
2T FIWVHM bandwidth - G. Geloni, V. Kocharyan and E. Saldin, DESY
electron beam modulation electron beam modulation - Y. Ding, Z. Huang and R. Ruth, Phys.Rev.ST
is washerl out i3 washed out

Accel.Beams, vol. 13, p. 060703 (2010)
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Weak chicane
| Self-seeded

BUNEEIRE - 2 e [ [[[]] X-ray pulse
lllll... Mono lllll..l electrons

SASE undulator Output undulator

First part: usual SASE - linear regime pulse

Weak chicane (Rgs ~ several um) for:
= Creating a small offset (a few mm) to insert the monochromator

= Washing out the electron beam microbunching

= Acting as a tunable delay line

The photon pulse from SASE goes through the monochromator
Photon and electron pulses are recombined
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1,00 — -4 15
1 ] The monochromator hardware is
T Y, “-.”'l"|||‘||‘|1 it . .
s “~““v“wu'«'u“l,||ﬂ|]||ul||’|ﬂ"| e 10 constituted by a single
.- 5 ||1f|| |'ul.l,"u"l H
bR 'H‘ - |,1|ﬂ||'[."d'*"" T crystal in Bragg geometry.
| P 1 45 = .
: (] - |||;h-.__ g The forward diffracted beam
Al - . ey
E o504 S Jo £ is considered. Transmissivity
U 2 (modulus and phase) can
45 £ .
- | . be calculated using the
146 dynamical theory
| of X-ray diffraction
0,00 : T : T . T : T — -15
0,150098 0,150100 0,150102 0,150104 0,150106 Bragg geornetry
A[nm] C(400 ) reflection
T of 0.15 nm X-rays
Ezngwiﬂth forward-diffracted X-rays
Alignment can be performed / O
With the help of a suitable detector. This / 0012 mrad
. . reflectivity curve FWHM
Fixes the central frequency of the filter I ﬂ.ooosl%W :
: detector for monitoring the angular position
ransmittan
transmittance of the monochromator crystal rotation error must be smaller than | mrad
for fitting the Bragg reflectivity line to the
SASE radiation bandwidth
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The single-crystal monochromator principle: frequenc y vs. time
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LCLS baseline undulator (33 cells )
Weak chicane

11 cells

SASE undulator

9 cells/12 cells 12 cells/off Self-seeded
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Output undulator
(uniform)

Single crystal
g y electrons

Output undulator
(tapered)

Single mode hard X-ray FEL

100 GW-level
Fully-coherent
Self-seeded
X-ray pulse

410! photons
5 fs (FWHM)
at 0.15 nm

low charge

(0.02 nC) mode of

operation
Parameters for the low-charge mode of operation at LCLS
Units
Undulator period mm 30
K parameter (rms) - 2.466
Wavelength nm 0.15 4m_|0ng magnetic chicane
Energy GeV 13.6 _
Charge nC 0.02 R56_12um
Bunch length (rms) pm 1
Normalized emittance mm mrad 04
Energy spread MeV 1.5
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Weak chicane
7 cells 12 cells Self-seeded

INNRRRRR - ; . BECECEC X-ray pulse
T T AT T

SASE undulator Output undulator
Parameters for the short pulse mode of operation
Units
Undulator period mm 48
K parameter (rms) - 2.516 : _
Wsaligt . 015 5m-long magnetic chicane
Rge=12um
Energy GeV 17.5
Charge nC 0.025
Bunch length (rms) gm 1.0
Normalized emittance mmmrad 04
Energy spread MeV 1.5
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3,00E+015
4,0x10" 1 SASE contribution ~ 14%
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s[um]
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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
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Small SASE contribution: at the second filter BW nearly Fourier limited already
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Tapering scheme

baseline gap-tunable XFEL undulator SASE2 (42 cells )

First cascade Second cascade Output undulator

Weak chicane Weak chicane TW-level
7 cells 7 cells 10 cells 18 cells Self-seeded
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SASE undulator Amplifier undulator Uniform undulator Tapered undulator

electrons

Single mode hard X-ray FEL

Similarly as for LCLS to increase
output power/brightness
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Conclusions

Solves the problem of poor longitudinal coherence for hard x-ray FELSs
= Bandwidth down to 104 for Q=0.02 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
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