
com po nent of the po lar iza tion vec tor is col lin ear with the ±
[-110]pc shear di rec tion of the pseudocubic (pc) unit cell of
the film and periodically changes by 180° in adjacent
domains. 

A struc tural vari ant of a 90° ro tated MA do main pat tern, 
where the monoclinic dis tor tion of the pseudocubic unit
cells oc curs along ± [110]pc is also ob served (Fig.1b). How -
ever, this vari ant ap pears with sig nif i cantly lower prob a bil -
ity in agree ment with en ergy con sid er ations based on lin ear 
elas tic ity the ory and can not be in de pend ently re solved in a
con ven tional X-ray dif frac tion ex per i ment as shown in
Fig.1c. Nev er the less, a 100 nm-fo cus ex per i ment re cently
car ried out at ID01 beamline (ESRF) could be used to in di -
vid u ally in ves ti gate the two do main vari ants. Dis tinct dif -
fer ences be tween the 0° vari ant and the 90° variant were
observed and will be discussed. 

1. J. Schwarzkopf, D. Braun, M. Hanke, A. Kwasniewski, J.
Sellmann, M. Schmidbauer, J. Appl. Cryst. 49, (2016), 375.
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X-RAY PHASE-CON TRAST IN VIVO TO MO GRA PHY

Julian Moosmann

Helmholtz-Zentrum Geesthacht, In sti tute of Ma te ri als Re search Me tal lic Biomaterials, Max-Planck-Str. 1,
Geesthacht, 21502 Ger many

Four-di men sional im ag ing tech niques are es sen tial tools in
bi ol ogy to un der stand the be hav iour of cells dur ing em bry -
onic de vel op ment. Here, we ap ply X-ray phase-con trast
micro tomography to cap ture the early de vel op ment of the
Af ri can clawed frog (Xenopus laevis), an im por tant ver te -
brate model or gan ism, over the course of time and in 3D. 
Early de vel op men tal stages of the Xenopus frog are op ti -
cally opaque and lack con ven tional X-ray ab sorp tion con -
trast. For hard X-rays such em bryos es sen tially are
pure-phase ob jects. The prob ing wave front is thus char ac -
ter ised by a 2D phase map rep re sent ing the pro jec tion of
the ob ject along the X-ray beam. Em ploy ing quasi-mono -
chro matic and spa tially co her ent X-rays, we thus use prop -
a ga tion-based phase-contrast.

In Fres nel the ory, the for ma tion of 2D in ten sity con trast 
upon free-space prop a ga tion from a given phase map is
stud ied and how lin ear ap prox i ma tions to the in verse prob -
lem of phase re trieval from a sin gle-dis tance in ten sity mea -
sure ment break down for large prop a ga tion dis tances and
strong phase vari a tions.  Im por tant prop er ties of lin ear con -
trast trans fer, which are con served for a wide range of
phase vari a tions and prop a ga tion dis tances, are ex ploited
in or der to de vise a phase-re trieval method which ex hib its a 
high spa tial res o lu tion and con trast at low pho ton sta tis tics.

Con straints im posed by in vivo im ag ing are dis cussed
and re sults from ex per i ments on liv ing Xenopus em bryos
are pre sented.
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Fig ure 1. (a) Lat eral PFM im age (2 mm x 2 mm) of a 30
nm K0.75Na0.25NbO3 film grown on (110) TbScO3, (b)
mod els of 0° and 90° vari ants (white ar rows in di cate the
in-plane com po nent of the po lar iza tion vec tor), (c)
out-of-plane x-ray dif frac tion and, (d) sec tion along the
CTR at Q-100 = 3.09 C-1 (adapted from [1]).
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STATUS AND PERSPECTIVES OF SYNCHROTRON-BASED COHERENT X-RAY
DIFFRACTION IMAGING

Y. Chushkin1, F. Zontone1, T. Beuvier2, A. Gibaud2, T. Latychevskaia3, B. Maillot6, P. Pernot1,
E.T.B. Skjrnsfjell4, D.W. Breiby4, K. Giewekemeyer5 
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 3De part ment of Phys ics, Uni ver sity of Zu rich, Winterthurerstrasse 190, CH-8057 Zu rich, Swit zer land
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Af ter the first dem on stra tion ex per i ment [1], Co her ent
X-ray Dif frac tion Im ag ing (CXDI) at tracted a lot of in ter -
est be cause of its prom ise of im ag ing iso lated mi cro scopic
ob jects at high res o lu tion which is be yond the val ues
achieved with stan dard lens-based mi cros copy tech niques.
In spite of the huge po ten tial [2-4] tech ni cal chal lenges
have de layed the ex ploi ta tion of the method for a reg u lar
ap pli ca tion in sci ence. Only re cently CXDI turned out to be 
a re li able tech nique for high res o lu tion 3D im ag ing [5].
In this work we re port and dis cuss the op por tu ni ties and
chal lenges of CXDI by show ing ex am ples of re con struc -
tions of Deinococcus radiodurans bac te ria in 2D Fig. 1(a),
of a vaterite core-shell par ti cle Fig. 1(b), a poly mer
microsphere coated with me tal lic multi-lay ers Fig. 1(c) and 
a gold test sam ple Fig. 1(d) in 3D. The high qual ity of the
re con structed im ages proves the power of CXDI: high sen -
si tiv ity, full 3D ca pa bil ity, im ag ing the in ter nal struc ture
and high res o lu tion. The im prove ment in the bi o log i cal
sam ple prep a ra tion and the de vel op ment of large 2D

(pixel) de tec tors re main the key el e ments for achieving the
full potential of the technique.

1. J. Miao, P. Charalambous, J. Kirz, D. Sayre, Na ture, 400,
(1999), 342.

2. H.N. Chap man, and K.A. Nu gent, Na ture Pho ton ics, 4,
(2010), 833.

3. J. Miao, T. Ishikawa, B. John son, E.H. An der son, B. Lai,
K.O. Hodgson, Phys. Rev. Let ters, 89, (2002), 088303.

4. H.M. Chap man et al, J. Opt. Soc. Am. A, 23, (2006), 1179.

5. Y. Chushkin et al, J. Syn chro tron Rad., 21, (2014), 594.

Fig ure 1. Re con structed im ages: (a) Deinococcus radiodurans bac te ria; (b) Vaterite core-shell par ti cle
(semitransparent iso-sur face ren der ing); (c) Poly mer microsphere with 3 coat ing lay ers (shown in a cut); (d) Tiny

gold test sam ple. The scale bars are 1 mm.
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STRUCTURAL INVESTIGATIONS OF SINGLE HETEROSTRUCTURE NANOWIRES 
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GaAs/InGaAs/GaAs heterostructure nanowires (NWs)
with 140nm GaAs core-10nm In0.15Ga0.85As quan tum
well-30nm GaAs outer shell have been stud ied us ing Co -
her ent X-ray dif frac tion im ag ing (CXDI) tech nique at ID1
beamline at ESRF. CXDI probes the struc ture of the wire
by map ping the re cip ro cal space for ex am ple around the
sym met ric GaAs (333) (see Fig. 1 a,b) and asym met ric
GaAs (331) (not shown here). In the di rec tion of per pen -
dic u lar to the NW growth axis the CDXI pat tern shows a
com plex dif frac tion pat tern as a re sult of the core-shell
struc ture (Fig. 1a). Along the trun ca tion rod the CXDI pat -
tern shows dis placed peaks in di cat ing that co her ently il lu -
mi nated seg ment of the NW is com posed from wurzite and
zinc-blende seg ments (Fig. 1b). The elec tron den sity dis tri -
bu tion in real space can be in verted from the dif frac tion
pat terns by means of dual space phase re trieval it er a tive al -
go rithms. We dem on strate the fea si bil ity of phase re trieval

al go rithms in case of sym met ric and asym met ric re flec -
tions in 2D. In vert ing  the 2D dif frac tion pat tern shown in
Fig. 1a leads to the phase pat tern (see Fig. 1c,d) where the
phase anom a lies are ap pear ing at the cor ners of the hex ag o -
nal shaped nanowire in di cat ing higher strain ac cu mu la tion
at the cor ners and strain re lax ation to wards the side fac ets
of the NW.  Fig.1d shows sen si tiv ity of the phase to the
pres ence of the InGaAs shell with phase shifts at the po si -
tion of the em bed ded quan tum well. In ter pre ta tion of these
re sults by means of Fi nite El e ment Method sim u la tions as
well as 3D phase re trieval anal y sis are cur rently on the way
in order to investigate the impact of strain caused by
InGaAs inner shell and retrieve the 3D nanowire structure.
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Fig ure 1. (a,b) Pro jec tions of the ex per i men tally re corded 3D CXDI pat tern from  sin gle NW  around
the GaAs (333) re flec tion.(c) Re trieved phase pat tern of the nanowire. (d) Line cut from the phase
shown in (c) black line.


