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Modifications of coherent hard X-rays beams
iInduced by reflection on multilayer mirrors

A. Rack, Ch. Morawe, R. Dietsch, F. Siewert, M. Kramer,
Th. Holz, A. Cecilia, A. Vivo, T. Weitkamp,

M. Osterhoff, H. Riesemeiler, P. Cloetens, E. Ziegler,
L. Assoufid, B. Shi, R. Conley

T e EE een | HZB
A4 7 : SOLEIL oMY,
Karlsruhe Institute of Technology SYNCHROTRON Zentrum Berlin

turopean Synchrotron Radiation Facility

4th IWXM Workshop — SRI2012, Barcelona, 5th July 2012 A. Rack — Modifications Coherent Synchrotron Beam by Multilayer Reflection 2



o Beam Profile

,,The Stripes“ A Light for Science

BESSY-Il / BAMIine ESRF /ID19

WLS DMM S D Worl DMM

I@—D
[ = ——

[OIITTT]
oo b mae od P T ome
L=20m D=17Tm L=144 m D=3m L=27m D=23m

Rack et al., JSR 17 (4) 2010

turopean Synchrotron Radiation Facility A. Rack — Madifications Coherent Synchrotron Beam by Multilayer Reflection 3



Multilayers vs. Wavefront
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o coatings: AXO Dresden GmbH Rack et al., JSR 17 (4) 2010
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o cf. Weitkamp et al., AIP Proc. 1221, 2010

Rack, Weitkamp et al., NIMA, in prep.
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= Beamline Round-Robin: APS & ESRF  atintforscience
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Rack, Assoufid et al.
AlIP Conf Proc 1437 (2012)
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NSLS-2 APS

ESRF, 4 nm d-spacing APS, 2.2 nm d-spacing

Rack, Assoufid et al.
W/B 2-1D (AP i
B,C, study @ 3 (APS) Rad Phys Chem, in press (2012)




The Substrate




Incident wave

reflected wave

E. Ziegler, et al., Japan Soc. Precision Engin. Proc. Vol. 3 (1999)
Rack et al., JSR 17 (2010)

Cocco et al., NIMA 616 (2010)

Siewert et al., Opt. Expr. 20 (2012)




ID19/ESRF light spurce

I
0.1 mm

source: 135 pm x 25 pm (h X V)
FWHM
18 keV

3.92 nm d-spacing
Ru/B,C

Measured period: 25 pm

calculated period with most
contrast: 21 um

blur: 1 um

length scale on multilayer
surface: 2.3 mm

BAM{ine /RESSY 11 light source

0.25 mm

source: 164 pm x 40 pm (h X v)
FWHM
18 keV

2.88 nm d-spacing
WI/Si

Measured period: 90 um

calculated period with most
contrast: 66 um

blur: 34 um

length scale on multilayer
surface: 3.0 mm

BMOS/ESRF light spurce

0.25 mm

source: 270 pm x 80 pm (h X V)
FWHM

20 keV

4.0 nm d-spacing

Ru/B,C
Measured period: 85 pum

calculated period with most
contrast: 49 um

blur: 37 um

length scale on multilayer
surface: 4.3 mm

TOMCAT/SSwiss light spurce

0.25 mm

source: 53 um x 16 pm (h x v)
SIGMA
15 keV

4.0 nm d-spacing
Ru/C

Measured period: 130 um

calculated period with most
contrast: 103 pm

blur: 82 um

length scale on multilayer
surface: 2.8 mm

Rack, et al., Opt. Express, in prep.




Coherence or Coherence?
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Rack et al., JSR 17 (4) 2010
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W/B,C, E = 18 keV Rack, et al., Opt. Express, in prep.
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Known:
» degradation of the wavefront due to reflection on multilayer mirrors

o Stripe pattern If visible related to the substrate

e full-field Imaging requires wavefront preservation, I.e. coherence and
homogeneity

e parameters like number of layers, d-spacing, deposition facility minor
Influence, characteristics are reproducable, see different beamlines

Unknown:
» Why some multilayer mirrors outperform (Pd/B,C — AXO Dresden GmbH)

Next steps:
» progress towards production of specified multilayers before performing

the characterisations (roughness, coating composition)
o focus on the substrate: suppliers, figure error
o deterministic model (PhD)
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Thanks for your attention!

Rack, Weitkamp et al., J Synchrotron Radiation
vol. 17, no. 4 (2010)

Rack, Weitkamp et al., NIMA 649 (2011)
Rack, Assoufid et al., Radiat Phys Chem, in press (2012)
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