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Abstract

Wavefront preservation of reflective X-ray optics, i. e.nfageneity and coherence prop-
erties of the reflected beam, are of crucial importance feir gpplication in combination
with high-brilliance synchrotron light sources. In ordeccompare the performance of op-
tical elements in a quantitative manner, a protocol has lestablished using the Talbot
effect to access the coherence properties of the reflective Agavell as long propagation
distance imaging to study its homogeneity. The basic idéadéperate in a single-bounce
geometry: a high-resolution imaging detector translatedhart propagation distances
along the beam is used to measure the visibility of féralition grating in transmission
geometry placed close to the mirror under study. The chahtfeedringe visibility as a
function of distance between the grating and the detectessgiccess to the angular source
size. A second high-resolution imaging detector at longepagation distances of up to
several meters allows one to measure the homogeneity ofeli@.bThis article outlines
the concept as realized at beamline ID19 of the Europeanh®gtion Radiation Facility,
gives insight into some of the technical details to be caergid for implementation at other
facilities and ends with an example application: the stuidy \8//B,C multilayer mirror.

Keywords: X-ray optics, multilayer mirrors, X-rays, coherence, X-raonochromators,
X-ray imaging, X-ray phase contrast, Talbdieet, synchrotron radiation

1. Introduction

Reflective optics are widely used in combination with harcaXs, e. g., Bragg-reflection
on single-crystals or reflection on flat multilayer mirroos fnonochromatization purposes,
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

or total reflection on (single-coated) X-ray mirrors to stggs higher harmonics for exam-
ple of an undulator sourcé&]. Recently, reflection on curved multilayer-coated KB-rais
has been successfully used to reach sub-100 nm focusingdXhays P].

However, as any optical element, reflective X-ray opticastieviations from their ideal
behavior. These deviations originate from various soyrsesh as roughness or slope er-
rors of reflective surfaces and interfacefgets of dynamical diraction (in the case of
crystal optics), contamination of the surfaces, etc., &g tan &ect any of the perfor-
mance parameters of the devices, e. g., the homogeneitye@gtof the beam profile at the
sample position, the smoothness of the wavefront phasdeyrarfid the coherence proper-
ties of the beam.

An example of wavefront modification caused by a reflectiviicapelement is the beam
profile after reflection on a multilayer mirro8]. Commonly, this reflected beam profile
shows a typical stripe modulation in combination with a aerloss of coherence proper-
ties. Such degradation of the wavefront can be detrimentapliase-sensitive imaging
techniques 4], [5], [6]. Attempts to improve the wavefront preservation capapitif
multilayer mirrors require quantitative approaches torabterize the degradation of the
wavefront due to reflection on such mirrors.

This article will introduce a protocol which has recentlyebheestablished to compare
multilayer mirrors consisting of éierent material composition8]f [8], [9], or that were
made by varying coating parametet§], or using diterent coating facilities][1] at beam-
lines 32-ID (Advanced Photon Source APS, USA) as well as 1806 ID19 (European
Synchrotron Radiation Facility ESRF, France). The baseiid to measure at short prop-
agation distances the visibility of a phase grating whicplaced close to the reflective
optical element. The change of the visibility affdrent Talbot distances gives access to
the vertical and horizontal angular source si8[[13]. At larger propagation distances,
modifications of the wavefront are transformed into intgnsiodulations and hence, al-
low one to depict the homogeneity of the reflected beash Besides the technical details
of the implementation, a few issues worth considering wih@niémenting the protocol at
other facilities are described together with an exampldiegpn.

2. Experiment

The experimental setup as used at beamline ID19 of the ESBRé&pisted in Figurel
[15). Optics characterization studies are commonly perforaied19 with the storage
ring operating in the so-called 4-bunch mode, because ahtiee availability issues. In
this mode the storage ring electron current is 40 mA, i. dy, 88% of the maximum user-
mode value. The two U32 undulator insertion devices of thenfime are combined in
order to achieve a siicient photon flux density. A diamond window placed close ® th
front-end is used to suppress the softer part of the specffamvertical reflecting double-
crystal monochromator 140 m downstream of the source iseaptd select a wavelength
of 18 keV to illuminate the optical element under study. Thetpon energy is selected as
by experience a majority of high-resolution X-ray imagingperiments using synchrotron
light are performed using energies from a range around #iigev llluminating with a
well-defined energy subsequently reduces the alignnfémt.ei. e. it is suficient to rock
the reflective optics while tracking the reflected beam withrge phosphor screen and a
video camera. Furthermore, the heat load downstream ofrifstat monochronmator is
negligible, allowing one to mount the optics under test imaihout further cooling. In this
configuration, the degradation of the wavefront with respethe beam as only reflected
by the silicon crystals of the monochromator is measured.

The mountfor the optical elementis shown in FigRré\ simple aluminium plate is used
as a base, bars are located upstream and downstream ofrengla a shiftable manner.
They can be tightened to the plate for fixation of the optigkauit introducing mechanical
stress. The mount is fixed on a double-cradle system (Hub@maktionstechnik GmbH
& Co. KG, Germany) in order to correct the roll and chose thglawf incidence. This
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setting is then mounted on the sample manipulator of the-féghlution tomograph of the
ID19 beamline. The manipulator is used to align the reflectiptics with respect to the
incoming beam.

A phase grating is positioned downstream of the optics ¢blpi approximately 10 cm
away) on translation stages to align the grating with resfgethe beam and move it out
of the beam for taking reference images, cf. FigreThe high-resolution tomograph is
additionally equipped with a 1 m high-precision linear axi®rder to translate an X-ray
detector along the beam (frequently used in combinatioh tnilotomography4]). Due
to the fact that ID19 operates a single-bounce verticalfiedeéng multilayer as monochro-
mator as well, the entire tomograph including the deteckis ean be tilted by several
degrees around a horizontal transverse axis; the deteatwlation can thus be aligned to
move parallel to a beam reflected upward by a multilayer. Thisfiguration is used to
measure the visibility of the phase grating dfelient distances. On instruments without a
tiltable stage, the detector can be translated along tha bgeadding another linear stage
for vertical translation11]. A second high-resolution detector is positioned furtthewn-
stream; in the case of ID19 it is located on the medium-régwidomograph, 6.1 m from
the reflective optics tested.

In order to study the coherence properties by means of Tattaging, it is beneficial to
operate with shorter propagation distances between thi@gend the first imaging detec-
tor and with the grating close to the optical element: théiliy of the phase grating in
the images is determined by the coherence of the impinginvgfr@nt but image analysis
is also dfected by the accuracy of the flat-field correcti6h Bimply speaking: measuring
the coherence properties close to the reflective opticatehe allows one to work with a
rather homogeneous beam profile and hence, suppressestadwatifacts due to imper-
fect flat-field corrections?]. Furthermore, the influence of potential angular instaéd
of the investigated optical element is reduced. Commohéyyisibility is scanned starting
from a propagation distance around zero to the second Tdis@ince in equidistant steps
that are much smaller than the Talbot distance. Comparece:#suaning only at the Talbot
distances (i. e., the visibility maxima), this increases toertain degree the sensitivity of
the characterization. For example, focusifiggets can shift the maximum visibility away
from the Talbot distance (see as well SecttoB). In order to measure the homogeneity of
the reflected wavefront, a second detector is positionegrakmeters downstream (with
the phase grating and first detector out of the beam). Phat®tiins introduced to the
wavefront due to the reflection on, e.g. an imperfect surfaeeconverted into intensity
modulations due to the long propagation of the bea#h, [16].

3. Phase Grating

The test object was made from a 0.25-mme-thick sili¢dQ0 substrate. The grating
pattern, a mesh of square dots on a Cartesian grid, was ekpusee resist layer of poly-
methyl methacrylate (PMMA) using a Vistec EBPG 5000 plugstta-beam lithography
system (Vistec Electron Beam GmbH, Jena, Germany) at 100ekedtron energyl7).
After development the resist pattern was transferred in2&-am-thick chromium layer
by dry etching in a GYCO, plasma 18]. This layer served as a hard mask for the pattern
transfer into the silicon substrate using a reactive iohiatgprocess in a $FC4Fg plasma.
The resulting structures argidn deep and have nearly vertical side walls, cf. Figdirat
a photon energy of 18 keV, this corresponds to a phase sHifé8frad (i. e.x 7/5), while
the absorption in the structures remains negligible (0.6%)

4. Data Processing

For the data processing, an ESRF inhouse developed codplischghich has already
been described in detail elsewhel®][ The approach of first integrating the image of
3
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the phase grating horizontally and vertically in order thiage line profiles of the inten-
sity, with a reduced noise level compared to individual isecprofiles, was found to be
very robust under dlierent experimental conditionS][ [11]. The visibility is then deter-
mined by Fourier analysis. Alternative processing corgédptwhich the visibility is first
calculated locally and then the mean over all visibilityues is determined, or using a
two-dimensional Fourier transform, were found to be moresgive to noise.

5. Considerations

A few issues frequently appear when studying the wavefroesgrvation capabilities
by means of Talbot imaging and long propagation distancejiinga For the reader who
is interested in implementing the protocol described in #rticle, the major issues which
can occur are briefly described below.

5.1. Storage Ring

The measured visibility of the phase grating can vary draliyi during and after a ma-
chine refill (i. e. the storage ring is not operated in top-ugde). An extreme example is
shown in Figure4 (top) where a refill occurred during a visibility scan (thersige ring
operated in the so-called 4-bunch mode). The inset showapihximated visibility plot
before and after the refill, the visibility drops significgnfrom 0.25 to 0.20 due to the
refill.

5.2. Wavefront curvature

The data processing approach as described in Seti®strictly valid only in case of
a parallel beam. The finite distance to the source, as welasogusing éects induced
by beamline optics or the element tested cause deviationstfris condition. A divergent
beam magnifies the image for larger propagation distanakbamce, artificially increases
the size of the grating structures as projected onto thetbetd-requently, the modulation-
transfer function of the detectors used increases for |dveguencies, i.e. the enlarged
image determines an artificially increased visibility. Téféect of the distance from the
source and of focusing beamline optics with known focal teagan be corrected. How-
ever, in the case of strongly bent reflecting optics whiclrerdje or focus the beam, the
protocol described in this article will not deliver correesults.

5.3. Detector

The indirect high-resolution detectors commonly used a®et on visible light mi-
croscopy combined with scintillator screer2§[ The spatial resolution of a visible light
microscope drops from the center of the image towards theédooT his can fiect as well
the measured visibility as shown in Figu¥€bottom): regions-of-interest (ROI) of an grat-
ing image at a fixed propagation distance were analyzed. Tls Rere chosen along a
horizontal line in the middle of the field-of-view. The anadéd ROI should therefore be
chosen as close as possible to the center of the field-of-Hewhermore, the ROI should
be kept the same at least during one measurement campaign.

5.4. Reproducibility

Due to the aspects mentioned in the previous three secttaasecommended to have
a calibration sample which is measured during each indalidueasurement campaign.
By doing so, results from flierent campaigns are comparable to a certain degree, i. e. the
reproducibility of the results is verified.
4
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6. Example

W-based multilayer mirrors are frequently used for monoaofatization in combina-
tion with hard X-ray imaging at synchrotron beamlines, eT@MCAT at the Swiss Light
Source P1], BAMIine at BESSY-II, Germany42], TopoTomo at ANKA, GermanyZ3],
2-BM of the APS, USA 24], or ID19 at the ESRF, Francé&}|. Here we present measure-
ments on a IB4C multilayer mirror produced by means of magnetron spurtgdt the
ESRF multilayer deposition laboratorg4]. The multilayer consists of 120 bilayers with a
period @ spacing) of 2 nm, which have been deposited on a Si subs@ateefal Optics,
USA, 100 mmx 20 mmx 18 mm). The ratid" between the thickness of each W layer
and the bilayer period was set to a nominal value of 0.5. Further details on the ©gati
parameters have already been reporféyi 11].

The experiment was carried out at the ESRF beamline ID19 scriled above. The
multilayer was illuminated with photons of 18 keV energy. ase grating with a pitch of
6 um was used. The first detector operated with QurOeffective pixel size (18 objective
with 0.3NA combined with a R eye-piece), a scan of the visibility was performed for
propagation distances ranging from 100 mm to 840 mm. Thenskdetector at 6.1 m fixed
propagation distance operated with dfeetive pixel size of 0.7um (10x objective with
0.3NA combined with a R eye-piece). The results are depicted in Figbhirdhe angular
source size as derived from the visibility at the two givetbdadistances is: 1.5drad
(horizontal)x 1.69urad (vertical) (without multilayer reflection: 1.48ad x 1.28urad).
As can be expected, the horizontal source size remaineet tatichanged while the vertical
source size isféected by the vertically deflecting multilayer mirror. Thetpire of the beam
profile in Figure5 has been normalised to the mean gray-value. The profile @letis a
rather strong modification with respect to the flatincomiagin with peak-to-valley values
of up to 50%.

7. Summary

A protocol to study wavefront preservation capabilitiesreflective X-ray optics has
been described. It is relatively simple to implement intserg imaging instruments at a
synchrotron beamline. While the beamline ID19 of the ESR$piscially well-suited for
this kind of studies due to its coherence properties, thg éxperimental hutch and the tilt-
able high-precision linear stage for the detector, thequalthas already been successfully
applied at other stations such as 32-ID (APS) and ID06 (E3RMell [LO], [11], [19].

The characterization of optical elements in transmissioders possible with this pro-
tocol, as long as these elements do not substantially chitwegeavefront curvature (cf.
Section5.2). So far, single crystal Be windows were studi@é|[

Acknowledgments

We would like to thank Jean-Paul Valade (ESRF) for the deaighconstruction of the
multilayer mount and for technical support during varioupexriments. Vitaliy Guzenko
and Christian Spreu (PSI) made the gratings, for which theygeatefully acknowledged.
T. W. received support from the French research network®R@&TDigiteo” and “Trian-
gle de la Physique” (grants 2009-034T and 2009-79D). Workopmed at Argonne was
supported by the UChicago Argonne, LLC, operator of Argoda#gonal Laboratory ("Ar-
gonne”). Argonne, a U.S. Department of Energii€® of Science laboratory, was operated
under contract No. DE-AC02-06CH11357.

References

[1] W. Gradf, K. Engelke, Microradiography and Microtomography, in: Ebashi, M. Koch, E. Rubenstein
(Eds.), Handbook on Synchrotron Radiation, Vol. 4, Northitahd; Amsterdam, Oxford, New York, Tokyo,
1991, pp. 361-406.

5



(2]

(31

4

(5]

(6]

(7]

(8]

El

[10]

(11]

[12]
(23]
[14]

[15]

[16]

[17]
(28]
[29]
[20]

[21]

[22]

[23]

G. Martinez-Criado, R. Tucoulou, P. Cloetens, P. Bteug Bohic, J. Cauzid, I. Kiger, E. Kosior,
S. Labourg, S. Petitgirard, A. Rack, J. A. Sans, J. Seguia-Ri. Suhonen, J. Susini, J. Villanova, Status of
the hard X-ray microprobe beamline ID22 of the European Byatoon Radiation Facility, J. Synchrotron
Radiat. 19 (1) (2012) 10-180i:10.1107/S090904951104249X.

A. Rack, T. Weitkamp, M. Riotte, D. Grigoriev, T. Rack, Helfen, T. Baumbach, R. Dietsch, T. Holz,
M. Kramer, F. Siewert, M. Meduna, P. Cloetens, E. Zieg@omparative study of multilayers used in
monochromators for synchrotron-based coherent hard jaraging, J. Synchrotron Radiat. 17 (4) (2010)
496-510.

P. Cloetens, W. Ludwig, J. Baruchel, D. V. Dyck, J. Langul P. Guigay, M. Schlenker, Holotomography:
Quantitative phase tomography with micrometer resolutisimg hard synchrotron radiation X-rays, Appl.
Phys. Lett. 75 (1999) 2912-2914.

D. Paganin, S. C. Mayo, T. E. Gureyev, P. R. Miller, S. W.IN¥is, Simultaneous phase and ampli-
tude extraction from a single defocused image of a homogenebject, J. Microsc. 206 (2002) 33-40.
doi:10.1046/j.1365-2818.2002.01010.x.

T. Weitkamp, D. Haas, D. Wegrzynek, A. Rack, ANKAphaseftware for single-distance phase re-
trieval from inline X-ray phase-contrast radiographs, ynchrotron Radiat. 18 (4) (2011) 617-629.
doi:10.1107/50909049511002895.

J. |. Espeso, P. Cloetens, J. Baruchel, J. Hartwig, Tird/d.-C. Biasci, G. Marot, M. Salomé-Pateyron,
M. Schlenker, Conserving the coherence and uniformity wéltgeneration synchrotron radiation beams:
the case of ID19, a ‘long’ beamline at the ESRF, J. SynchnofRadiat. 5 (5) (1998) 1243-1249.
doi:10.1107/50909049598002271.

A. Rack, T. Weitkamp, |. Zanette, C. Morawe, A. V. Rommaug, P. T&oreau, P. Cloetens, E. Ziegler,
T. Rack, A. Cecilia, P. Vagovic, E. Harmann, R. Dietsch, iksemeier, Coherence preservation and beam
flatness of a single-bounce multilayer monochromator (tieeniD19 — ESRF), Nucl. Instr. & Meth. in
Phys. Res. A 649 (1) (2011) 123-127, Proceedings of the IgthAnerican Synchrotron Radiation Instru-
mentation Conference (SRI201@oi:10.1016/j.nima.2010.11.069.

A. Rack, L. Assoufid, R. Dietsch, T. Weitkamp, S. B. Tratiell. Rack, F. Siewert, M. Kramer, T. Holz,
I. Zanette, W.-K. Lee, P. Cloetens, E. Ziegler, Study of itayler-reflected beam profiles and their coher-
ence properties using beamlines ID19 (ESRF) and 32-ID (A%$) 1437 of AIP Conference Proceedings
(ICXOM21), AIP, 2012, pp. 15-17.

C. Morawe, R. Barrett, K. Friedrich, R. Klinder, A. \dy Spatial coherence studies on x-ray multilayers,
in: S. G. Ch. Morawe, A. M. Khounsary (Ed.), Advances in X-AlyV Optics and Components VI, Vol.
8139 of Proc. of SPIE, SPIE, 2011, p. 8139@8i:10.1117/12.894617.

A. Rack, L. Assoufid, W.-K. Lee, B. Shi, C. Liu, C. Moraw®, Kluender, R. Conley, N. Bouet, Hard X-ray
multilayer mirror round-robin on the wavefront preserwaticapabilities of WB4C coatings, Rad. Phys.
Chem. 81 (11) (2012) 1696—17020i:10.1016/j.radphyschem.2012.06.015.

P. Cloetens, J. P. Guigay, C. De Martino, J. Baruchel,S¢hlenker, Fractional Talbot imaging of phase
gratings with hard x rays, Opt. Lett. 22 (14) (1997) 1059-41Qfpi:10.1364/0L.22.001059.

J.-P. Guigay, S. Zabler, P. Cloetens, C. David, R. MokdéoSchlenker, The partial Talboftfect and its use
in measuring the coherence of synchrotron X-rays, J. Syt Radiat. 11 (6) (2004) 476-482.

P. Cloetens, R. Barrett, J. Baruchel, J.-P. Guigay, bhi&ker, Phase objects in synchrotron radiation hard
x-ray imaging, J. Phys. D: Appl. Phys. 29 (1) (1996) 133-146.

T. Weitkamp, P. THoreau, E. Boller, P. Cloetens, J.-P. Valade, P. Bernardeyi® W. Ludwig, L. Helfen,

J. Baruchel, Status and evolution of the ESRF beamline IM&D,1221 of AIP Conf. Proc. (ICXOMZ20),
2010, pp. 33—-38doi:10.1063/1.3399253.

A. Snigirev, |. Snigireva, V. Kohn, S. Kuznetsov, |. &tbkov, On the possibilities of x-ray phase contrast
microimaging by coherent high-energy synchrotron radigtRev. Sci. Instrum. 66 (12) (1995) 5486-5492.
doi:10.1063/1.1146073.

V. A. Guzenko, J. Romijn, J. Vila-Comamala, S. Goreli€k David, Hficient e-beam lithography exposure
strategies for diractive x-ray optics, AIP Conf. Proc. 1365 (2011) 92-95.

C. David, D. Hambach, Line width control using a defoetidow voltage electron beam, Microelectron.
Eng. 46 (1-4) (1999) 219-2280i:10.1016/S0167-9317(99) 00066-0.

R. Kluender, F. Masiello, P. van Vaerenbergh, J. Hiygtieasurement of the spatial coherence of syn-
chrotron beams using the Talbdtext, Phys. Status Solidi A 206 (8) (2009) 1842—-1845.

A. Koch, C. Raven, P. Spanne, A. Snigirev, X-ray imagivith submicrometer resolution employing trans-
parent luminescent screens, J. Opt. Soc. Am. 15 (1998) 1940~

M. Stampanoni, A. Groso, A. Isenegger, G. Mikuljan, Che@, D. Meister, M. Lange, R. Betemps,
S. Henein, R. Abela, TOMCAT: A beamline for TOmographic Miscopy and Coherent rAdiology experi-
ments, in: J.-Y. Choi, S. Rah (Eds.), AIP Conference Praogsd SRI2006), Vol. 879, 2007, pp. 848-851.
A. Rack, S. Zabler, B. R. Miller, H. Riesemeier, G. Waithnn, A. Lange, J. Goebbels, M. Hentschel,
W. Gorner, High resolution synchrotron-based radiogyagaid tomography using hard X-rays at the BAM-
line (BESSY Il), Nucl. Instr. & Meth. in Phys. Res. A 586 (2)0@8) 327-344.

A. Rack, T. Weitkamp, S. Bauer Trabelsi, P. Modregger, Gecilia, T. dos Santos Rolo, T. Rack,
D. Haas, R. Simon, R. Heldele, M. Schulz, B. Mayzel, A. N. Damsky, T. Waterstradt, W. Diete,
H. Riesemeier, B. R. Muller, T. Baumbach, The micro-imagstation of the TopoTomo beamline at
the ANKA synchrotron light source, Nucl. Instr. & Meth. in ¥#h Res. B 267 (11) (2009) 1978-1988.
d0i:10.1016/j.nimb.2009.04.002.


http://dx.doi.org/10.1107/S090904951104249X
http://dx.doi.org/10.1046/j.1365-2818.2002.01010.x
http://dx.doi.org/10.1107/S0909049511002895
http://dx.doi.org/10.1107/S0909049598002271
http://dx.doi.org/10.1016/j.nima.2010.11.069
http://dx.doi.org/10.1117/12.894617
http://dx.doi.org/10.1016/j.radphyschem.2012.06.015
http://dx.doi.org/10.1364/OL.22.001059
http://dx.doi.org/10.1063/1.3399253
http://dx.doi.org/10.1063/1.1146073
http://dx.doi.org/10.1016/S0167-9317(99)00066-0
http://dx.doi.org/10.1016/j.nimb.2009.04.002

263
264
265
266
267
268
269
270
271

272

[24] Y. S. Chu, C. Liu, D. C. Mancini, F. De Carlo, A. T. MacradB. Lai, D. Shu, Performance of a double-
multilayer monochromator at Beamline 2-BM at the AdvancédtBn Source, Rev. Sci. Instrum. 73 (3)
(2002) 1485-1487doi:10.1063/1.1423628.

[25] C. Morawe, C. Borel, J.-C. Ben, The new ESRF multilayer deposition facility, in: A. M. &imsary,
C. Morawe, S. Goto (Eds.), Advances in X-R&YV Optics and Components Il, Vol. 6705 of Proc. of
SPIE, 2007, p. 6705040i:10.1117/12.734107.

[26] A. Khounsary, B. Lai, A. Rack, S. Goto, O. Chubar, T. Wainhp, Progress on single crystal beryllium
windows, in: S. G. Ch. Morawe, A. M. Khounsary (Ed.), Advasiae X-RayEUV Optics and Components
VI, Vol. 8139 of Proc. of SPIE, SPIE, 2011, p. 813954i:10.1117/12.895391.

Figures


http://dx.doi.org/10.1063/1.1423628
http://dx.doi.org/10.1117/12.734107
http://dx.doi.org/10.1117/12.895391

_ phase
i* grating

phase grating imaging

detector |l

2x U32 undulator || DCM (Si111) | imaging detector |

4-bunch mode @ 18 keV

multilayer « ,100...840 mm
147 m
120m 7m - 6.1m
95 mm

Figure 1: [2-column-span, color online only] The experitatsetup as typically used at ID19, the inset shows
a photo of the experimental hutchg). The reflective optical element (OE) is mounted on the dedaigh-
resolution tomograph, its detector can be translated alompeam over a travel range of 1 m. A second detector
at the end of the hutch is used to grab a picture of the beanigrbféetails of the mount for the optical element

under study are shown in Figuge
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Figure 2: [1-column-span, color online only] The mount foe toptical element (here shown with a multilayer
mirror in the center of the picture): an aluminium plate vsttiftable bars which can be tightened in order to fix
the element without introducing mechanical stress. Bel@oable-cradle system to align the roll as well as to
chose the incidence angle. The inset shows a sketch of thatrfanudifferent substrate geometries. In the upper
right part of the image, the phase grating can be seen, nimi protective box on a firactometer head as

well as on horizontal and vertical translation stages.
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Figure 3: [1-column-span] Scanning-electron microscdiihe phase-grating used as test pattern to measure the
coherence properties of the reflected beam.
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Figure 4: [1-column-span, color online only] Top: changehaf visibility during a scan due to a refill marked in
red (red box with zoomed inset: dotted lines depict the apprated curves, the arrow marks the absolute drop
in intensity). Bottom: variation of the measured visilyildue to diterent regions-of-interest selected along the
middle horizontal line of the field-of-view of the deployettiirect detector.
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Figure 5: [1-column-span, color online only] Results of tharacterization of a YB4C multilayer mirror (2.0 nm

d spacing, 120 bilayers, ESRF multilayer laboratory). Téye heam profile after 6.1 m of propagation. A profile
plot of the marked line (normalised to the mean gray-valuéhefimage) is used as a measure of the intensity
modulation. Bottom: plot of the horizontal and vertical ibilty of the phase grating measured atfdrent
propagation distances. The respective angular source agéderived from the two Talbot distances given are:
1.54prad (horizontal)x 1.69urad (vertical).

12



	Introduction
	Experiment
	Phase Grating
	Data Processing
	Considerations
	Storage Ring
	Wavefront curvature
	Detector
	Reproducibility

	Example
	Summary

