MID Beam Parameters
and Optics

Thomas Roth




MID Beam Parameters and Optics

European

XFEL] Qutline

SASE 2 beam parameters
Focusing with CRLs and beamsizes
Monochromators

Split and Delay Line

more X-ray optics

MID Hutches Overview

26t of January 2015, MID workshop, Hamburg
Thomas Roth



MID Beam Parameters and Optics

European

XFEL] Outline

SASE 2 beam parameters

26t of January 2015, MID workshop, Hamburg
Thomas Roth



1 MID Beam Parameters and Optics

European

XFEL ] SASE 2 beam parameters

€ electron beam operates at different energies and different bunch charges:

E..=17.5 GeV .= 20pC
E.. =14 GeV 9. = 250 pC
E.. =125 GeV g.. = 500 pC

Je.= 1nC

(also E,. = 8 GeV)

initial operation probably at 500 pC

electron accelerator

26t of January 2015, MID workshop, Hamburg
Thomas Roth
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XFEL ] SASE 2 beam parameters

35 undulators of 5m magnetic length

E..=17.5 GeV
E.. = 14 GeV
E.. = 12.5 GeV undulator period A ;= 40 mm

10 mm minimum gap (up to >20 mm)

always using 18t undulator harmonic
(3" harmonic is 3 orders of magnitude less, unless seeding on 3)

26t of January 2015, MID workshop, Hamburg
Thomas Roth
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XFEL | SASE 2 beam parameters, at saturation length

35 undulators of 5m magnetic length
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SASE 2 beam parameters, at saturation length

35 undulators of 5m magnetic length
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XFEL] SASE 2 beam parameters, tapered

35 undulators of 5m magnetic length
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XFEL]9 keV pulse at 0.25 nC bunch charge, tapered

SASE radiation

intensity [a.u]
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26t of January 2015, MID workshop, Hamburg

Thomas Roth spectra courtesy of V. Kocharyan, |. Agapov et al.
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XFEL]9 keV pulse at 0.25 nC bunch charge, tapered

SASE radiation, filtered by Si(111), filtered by Si(220)
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XFEL] SASE 2 beam parameters, seeding

self seeding using 2 C* seeding crystals & chicanes fore-

magnetic chicane

e
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XFEL ] transmittance of X-ray diffraction
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XFEL ] SASE 2 beam parameters, seeding

self seeding using 2 C* se

ing crystals & chicanes fore-

intensity [a.u]
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XFEL | MID/HED photon tunnel

' MID. '5h-0-to-n' (X

-

raJ/) tUnne/

MID photon (x-ray) tunnel experiments site and XFEL building

26t of January 2015, MID workshop, Hamburg
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MID beamline overview

beam size at sample without focusing:

bremstrahlungs shield
harmonic suppression
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XFEL] Outline

Focusing with CRLs and beamsizes

26t of January 2015, MID workshop, Hamburg
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XFEL|] Focusing with CRLs
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XFEL] Focusing with CRLs

CRL 1 actuator 1 2 3 4 5 6 7 8
filled with ' 1x5.8 1x4.9 1x4.0 1x3.3 2x5.8 3x4.0 7x4.0 7x2.0

actuator 1 2 3 4 5 6 7 8

CRL2 filled with | 1x5.8 2x5.8 4x5.8 7x5.8 10x4.0 10x2.0 10x1.0 10x0.5

.....................

¥ B,C
lens casette absorber

JJ X-ray & L. Batchelor
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XFEL|] Focusing with CRLs
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Focusing with CRLs
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XFEL] Outline

Monochromators
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XFELIMonochromators
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Si (111) Si (220)

26t of January 2015, MID workshop, Hamburg
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Monochromators

CRL-1
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Monochromators
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channel eut gap gxtmm artificial channel cut — variable offset
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channel cut gap 7.8mm
crystal length 48.3mm
required angle stroke 32.80°

5keV 25 keV

Bragg angle 0

beam offset o(E)
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D. Shu (APS) & X. Dong

26t of January 2015, MID workshop, Hamburg

Thomas Roth




MID Beam Parameters and Optics

European

XFEL] Outline

Split and Delay Line

26t of January 2015, MID workshop, Hamburg
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ewropean | 11MING €Xperiments at X-FEL:
XFEL] standard time structure
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< L | >
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XFEL] Split and Delay Line (SDL

X-ray pump X-ray prope experiments, XPCS and other fast scattering experiments
with At < 800 ps require an X-ray split and delay line (SDL)

- collinear mode:
upper nranc . ey egs
i contrast/visibility changes

collinear sample
beam i
merger

A

A

e ———

XFEL pulse = beam
splitter

lower branch
(2 channel cuts)

26t of January 2015, MID workshop, Hamburg
Thomas Roth
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Needed detour to achieve 800 ps delay in the upper branch:

depends on energy and reflection
(Bragg angle)

A 4

At = As/c

26t of January 2015, MID workshop, Hamburg
Thomas Roth
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Upper branch, Si(220

1

possible positions of crystals in the upper branch

Ll

10keV

800ps delay boundary

>

. S5keV

beam merger crystal

s

- el

1 1 4 4 Il L

A 4

[

0 200 400 600 800 1000 1200 1400

beam splitter crystal
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XFEL]SDL mechanics tolerances

1 um takes 3.3 fs
— 0.5 - 1 ym translational stability

10keV

possible beamsize at sample:
8 um at 8 m distance

S5keV 20 % deviation tolerated

— 0.2 prad angular stability

S

BMBF funding PRT——
TU Berlin (S. Eisebitt, T. Noll, W. Lu) and MID work on it l'ﬁ I it

26t of January 2015, MID workshop, Hamburg
Thomas Roth
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XFEL] SDL model

© Tino Noll
TU Berlin
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XFEL] SDL model

© Tino Noll
TU Berlin

* Bundesministerium
ZA% | fiirBildung
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XFEL] Intensity splitting of an X-ray beam
different beams at a Bartels, J. Vac. Sci. Technol. B, 1 (1983) p. 338
Bragg beam splitter Bartels et al., Acta Cryst. A, 42 (1986) p. 539
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XFEL] Beam splitter fabrication

Optics Express 21 (2013) p.2823

A Bragg beam splitter for hard x-ray
free-electron lasers

Taito Osaka,l" Makina Yahashi,2 Yasuhisa Szmo,1 Kensuke Tono,3 Yuichi Inubushi,2
Takahiro Sato,2 Satoshi Matsuyama,1 Tetsuya Ishikawa,2 and Kazuto Yamauchi®
‘Department of Precision Science and Technology, Graduate School of Engineering, Osaka University,
2-1Yamada-oka, Suita, Osaka 565-0871, Japan
‘RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Savo-gun, Hvogo 679-5148, Japan
? Japan Synchrotron Radiation Research Institute (JASRI), 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan
‘osaka@up. prec.eng.osaka-.ac jp
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more X-ray optics
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XFELI more MID beamline instrumentation
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J. Grunert
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MID Hutches Overview
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XFEL] EH mirror

EH mirror operation: SDL in inclined mode

2d pattern
1st pattern

split & delay
line
horizontal (111) (220) detector
Of:fset mono A mono monochr. sample
undulator CRLs mirror . Danh +12/+15 mm ,
_4%6_— [_[ , AN —%
DL / / VWV SDL, , -8 mm
CRLs SDL
(movable) after-
290 & 301 m 931 m 950.5m mirror 959 m 967 m
Om 235m 929 m 946.5 m 955 m

differential
pumping section

experiments
optics hutch §§ hutch
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XFELJ EH mirror

EH mirror operation: liquid surfaces

mirror
horizontal (111) (220) for liquid detector
Offset mono mono monochr invest. ||qu|d
undulator CRLs mirror AN +12/415 mm
T Ll R~ sample
— 77 W~ =
CRLs
(movable)
290 & 301 m 931 m 950.5m 959 m 967 m
Om 235 m 929 m 946.5 m 955 m

differential
pumping section

experiments
optics hutch §§ hutch
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XFEL] EH mirror

________ \SDL at 4.3mrad
_ \ |
E 4 i ...\_\\ i
E’ \\‘\
- a
LR N
S 3 [shL i\\
T at 3.15mrad \\
O ,
E i \\“‘“w...c’" 1t
&) 2 i ! \ch / an
-6 OfR 1
1 . , |

energy [keV]

25

0.2

0.1

[.] a|Pue [EonLo
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mu
mupitch

nJ murpl | =
European e L Ll

b

XFEL]J EH mirror - .ﬂﬂ
:1 i }g‘,?' i

1 chamber, 1 m long

2 mirrors:
1 facing up, 1 facing down

500 mm substrate length
B,C and one higher-Z coating ( Ni ?)

(B,C coating is already sufficient to reach

» B,C
the critical angle of mercury at sample)

copper braids
to cold finger

0.25 prad slope error

cooling option at a later stage

26t of January 2015, MID workshop, Hamburg indium fOI|
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1012319p
pueispua
ansoudelp

= éﬁ«q
diagnostic endstand:
single shot spectrometer (bent crystals and Gotthard detector)
B. Kist

beam position monitor

intensity measurement and beamdump
V. Lyamayev
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5-25 keV

pink, Si(111), Si(220)

220 ns spacing, or 0-800 ps (SDL)

2-1000 um spot size at sample

straight and down-deflected (liquids) beams
up to ~ 1- 10% photons/pulse

bandwidth Z5~ 1. 104 in self-seeding (expected)
~ 2 - 107 fs pulses

attenuators, slits, diagnostic
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XFEL| End

Thank you.
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