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Lectures

REGIONAL ISSUES SURROUNDING RESEARCH INFRASTRUCTURE

Marn, J.

Uni ver sity of Maribor, Fac ulty of Me chan i cal En gi neer ing, also Slovenia’s mem ber of ESFRI and 
chair of Re gional Is sues Work ing group

The re gional is sue ques tion is closely re lated to the fol low -
ing ques tions opened but in no means an swered by the con -
tri bu tion:
What is a re gion?
What is and what can be role of struc tural funds in pro mot -
ing re gional re search in fra struc ture?
How to pro mote re search at the lo cal level?
How to cre ate at mo sphere con duc tive for the re search in
new mem ber states com pet ing with clas sic in fra struc ture?
How to in te grate na tion ally funded re search with EU wide
re search ini tia tives?
How to fa cil i tate growth of re gion ally im por tant re search
cen ters into EU large in fra struc ture?
How to at tract in vest ments into re gional re search in fra -
struc ture?

In or der to fa cil i tate the an swer ing pro cess the fol low -
ing is sues are briefly dis cussed:

- The role and im por tance of re gions and for re gions in
the de vel op ment of a stra te gic Eu ro pean pol icy on Re -
search In fra struc tures, based on con crete ex am ple of pol i -
cies, in sti tu tional ar range ments, and/or of ex ist ing or
planned re gional re search in fra struc tures open to in ter na -
tional use;

- The ex pres sion “re gional” ap plies to na tion wide, re -
gional, and lo cal is sues

- Iden ti fi ca tion of gaps in re gional re search ca pac i ties
as so ci ated with lack of re search in fra struc ture on pan-Eu -
ro pean level;

- Con tri bu tion to the anal y sis of the so cio eco nomic im -
pacts of re search in fra struc tures at re gional level;

- Po ten tial of re gional fund ing in stru ments and in sti tu -
tional ar range ments for pan-Eu ro pean re search in fra struc -
tures1;

- Com mu ni ca tion to a wider pub lic about sig nif i cance
and im por tance of re search in fra struc tures within and for
re gions.

______________________________________________
1
Over the last de cade, the Struc tural Funds (SF) have con trib -

uted to RTD-re lated in vest ments up to a level equiv a lent to the

Re search frame work Programme. Within the new fi nan cial per -

spec tives (2007 - 2013) the SF will con tinue to play an im por tant

role, no ta bly by fund ing ac tiv i ties re lated to re search in fra struc -

tures.
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CENTRAL EUROPEAN SYNCHROTRON LABORATORY AND OTHER SCIENTIFIC
INVESTMENT PROJECTS IN BRNO

Kozubek, S.

In sti tute of Bio phys ics AS CR, v.v.i., Královopolská 135, 612 65 Brno, Czech Re pub lic

Ac cord ing to the Na tional Stra te gic Ref er ence Frame work
the con di tions of ca pac i ties in re search and de vel op ment
in clud ing re search in fra struc ture and hu man cap i tal in the
Czech Re pub lic are poor. Real cen tres of ex cel lence us ing
ac a demic and com pany ca pac i ties for the de vel op ment of
tech no log i cal dis ci plines with high growth po ten tial are
miss ing. In ad di tion, re search and de vel op ment ca pac i ties
are con cen trated in Prague. 

In or der to im prove this sit u a tion, re al iza tion of sev eral
large sci en tific in vest ment pro jects funded from EU Struc -
tural Funds is ex pected. The es tab lish ment of the Cen tral
Eu ro pean Syn chro tron Lab o ra tory (CESLAB) rep re sents
one of them. An other pro ject has been pro posed by sci en -
tific, re search and ac a demic in sti tu tions in Brno that de -
cided to coooperate in implemention of Cen tral Eu ro pean
In sti tute of Tech nol ogy (CEITEC). The CEITEC will con -
sist of four closely co op er at ing cen tres of re search in the
area of life sci ences and ma te rial sci ences and the group of
in for ma tion tech nol o gies. The cen tres will con cen trate and
in te grate ca pac i ties in ar eas of mo lec u lar and cell-bi ol ogy -
genomics, proteomics, bio chem is try, bio phys ics, bio infor -
matics (Men del Re search Cen tre), bio med i cal dis ci plines -
mo lec u lar on col ogy, mi cro bi ol ogy, stem cells, imag in ing

tech nol ogy, neu ro sci ence (Bio med i cal Re search Cen tre),
ma te rial sci ences and ad vanced tech nol o gies - ce ramic,
poly meric and metal ma te ri als and com pos ites, nano -
techno logy and mi cro tech nol ogy in the area of ma te ri als
and elec tron ics (Cen tre for Ad vanced Ma te ri als and Tech -
nol o gies) and in vet er i nary sci ences (Cen tre for Pro tec tion
of An i mals and Hu mans).

Close col lab o ra tion of indivitual cen tres with CESLAB 
is ex pected and syn chro tron beamlines will be con structed
in or der to ex tend re search po ten tial of CEITEC in most ad -
vanced fields of re search as well as for the de vel op ment of
tech nol o gies. For ex am ple, ad vanced im ag ing us ing co her -
ent light at syn chro tron lab o ra tory will ex tend pos si bil i ties
of con fo cal mi cros copy in stud ies of cells, photoemission
elec tron mi cros copy will ex tend pos si bil i ties of stan dard
elec tron mi cros copy, etc. The beamline for nano techno -
logy will con trib ute to the CEITEC re search in anal y sis of
nanostructures.

Co op er a tion with other ini tia tives in the re gion of a
sim i lar type as the ICRC (In ter na tional Clin i cal Re search
Cen tre Brno) pro ject (med i cal re search in co op er a tion with 
Mayo Clinic, USA) is ex pected.

CON CEP TU AL DE SIGN AND BE A MLI NES FOR THE NEW CEN T RAL EU RO PEAN
SYN CHRO T RON LABORATORY

Mi ku lík, P.

De part ment of Con densed Mat ter Phys ics, Masaryk Uni ver sity, Brno, Czech Re pub lic

The pre sen ta tion will dis cuss the con cep tual de sign of the
new syn chro tron ra di a tion fa cil ity to be built in the Czech
Re pub lic. It will pres ent pro pos als for the ex per i men tal
beamlines with their re search fields, ap pli ca tions and the
user base.

The new 3 GeV syn chro tron to be built in the Czech Re -
pub lic in Brno will be the 3rd gen er a tion source tak ing the
best from the cur rent state of the art of syn chro tron phys ics
and tech nol ogy. The main fa cil ity will be based on the lat -
est 3 GeV Eu ro pean syn chro tron ALBA, cur rently un der
con struc tion. The knowl edge trans fer, help and di rect col -
lab o ra tion on the pro ject plan ning and later on syn chro tron
con struc tion has been agreed with the ex pe ri enced team in
ALBA with a sup port by the re spec tive Czech and Span ish
min is tries. This con sid er ably boosted prep a ra tion of the
Con cep tual De sign Study, which has been in main prep a ra -
tion till Oc to ber 2007 and it is to be re leased shortly af ter a
cor rec tion phase. From a tech ni cal point of view, the stor -
age ring of di am e ter 270 m will con sist of 24 straight sec -
tions for in ser tion de vices for up to 33 beamlines.

Beamlines are the heart of re sults at the syn chro tron fa -
cil ity. They pro vide nec es sary equip ment for the meth ods
ap plied to dif fer ent fields of re search. They were pro posed

to sup port re search in bi ol ogy and med i cine, ma te rial sci -
ence, chem is try, microtechnology and nanotechnology,
en vi ron men tal sci ences, ar che ol ogy and other dis ci plines.
The meth ods of X-ray scat ter ing (high-res o lu tion dif frac -
tion, pow der dif frac tion and graz ing/small an gle scat ter -
ing), crys tal log ra phy (sin gle crys tals, macromolecules),
spec tros copy (ab sorp tion, Mössbauer), and im ag ing (ab -
sorp tion, phase-con trast and co her ent, dif frac tion) will be
avail able at ded i cated beamlines. A mul ti pur pose X-ray
op tics beamline will be avail able for ge neric ap pli ca tions,
in clud ing test ing of new com po nents, meth ods and for me -
trol ogy. While most of the beamlines will work in the
X-ray re gion, a beamline for VUV chem is try in gas phase
and two IR sta tions for spec tros copy and ellipsometry are
pro posed as well. 

Czech sci en tists have a long tra di tion in re search with
syn chro tron ra di a tion. The Czech Re pub lic was the first
from the cen tral Eu ro pean coun tries join ing the ESRF, the
bright est Eu ro pean syn chro tron. Con se quently, there is a
lot of ex pe ri ence for con struct ing and run ning a syn chro -
tron.  In the Eu rope, as ev ery where in the world, the de -
mand for beamtime is larger than the avail able mea sur ing
time. A new syn chro tron will help to re duce this pres sure.



Ó Krystalografická spoleènost

Ma te ri als Struc ture,  vol. 15,  no. 1a  (2008)      s 55

Fur ther, the new source will en hance in ter est in phys ics
and high tech nol ogy. It will also al low young re searcher
eas ier come-back from their po si tions in Eu ro pean
synchrotrons.

The cur rent trend in the world is to pro vide fast ac cess
for ur gent or cut ting-edge ap pli ca tions, which is needed

mainly for in dus trial ap pli ca tions. A new syn chro tron fa -
cil ity in the fa vour ite lo ca tion of Brno close to five cen tral
Eu ro pean coun tries will take care of all of these needs.

POLISH NATIONAL SYNCHROTRON CENTRE

Görlich, E. A.

M. Smoluchowski In sti tute of Phys ics, Jagiellonian Uni ver sity, ul. Reymonta 4, PL 30-059 Kraków, Po land

The Na tional Syn chro tron Ra di a tion Cen tre (NCPS) will
op er ate a mod ern syn chro tron light source in Kraków. The
pro ject is in cluded in a gov ern men tal list of the high-pri or -
ity ini tia tives, which will es sen tially im prove and ex tend
the re search in fra struc ture for sci ence and tech nol ogy on a
re gional scale. An orig i nal de sign for the ac cel er a tor and
the stor age ring will se cure top per for mance of the fa cil ity
in its class of me dium en ergy ma chines. The talk will also

out line a sci en tific case that cov ers a broad spec trum from
fun da men tal stud ies in phys ics and chem is try, ap pli ca tions
in ma te rial- and nano-sci ence and tech nol ogy to stud ies of
en vi ron men tal prob lems, com plex bi o log i cal sys tems and
med i cal ques tions. The ad vanced re search tech niques for
var i ous dis ci plines will be come avail able thanks to the spe -
cial ized beamlines.  

THE CYCLOTRON CENTER OF THE SLOVAK REPUBLIC

Rùžièka, J.

Slo vak Of fice of Stan dards, Me trol ogy and Test ing, Fac ulty of Math e mat ics, Phys ics and In for ma tics,
Comenius Uni ver sity, Bratislava, Slo vak Re pub lic

The Cy clo tron Cen ter of the Slo vak Re pub lic (CC SR), as a 
multidisciplinary pro ject for ap pli ca tion of ac cel er a tor
tech nol o gies was es tab lished at the be gin ning of Au gust
1999, within the Slo vak Office of Stan dards, Me trol ogy
and Test ing (SOSMT), in Bratislava, Slo vak Re pub lic. It
will have two cy clo trons – a large, heavy and light ion cy -
clo tron DC-72, which was con structed in the Lab o ra tory of 
Nu clear Re ac tions in JINR, Dubna, Rus sian Fed er a tion,
and a small, com mer cial light ion cy clo tron IBA 18/9.

Mod i fi ca tion of ma te rial by low and me dium en ergy of
ion im plan ta tion, ion beam anal y sis, pro duc tion of ra dio -
iso topes and radiopharmaceuticals and had ron ther apy are
the main ap pli ca tion pro grams of ion sources of the CC SR. 
Ion beam pro duced by the 72 MeV cy clo tron DC-72 will be 
used for clin i cal treat ment of dif fer ent oncological dis eases 
and for re search in the field of radiobiology.

There is a big pro gram to use the CC SR for ed u ca tion
on all lev els. Ac tiv i ties of the CC SR will be re garded to
cre ate in Slovakia a mod ern sci en tific-re search ba sis for
train ing of ex perts from the fields of atomic phys ics, nu -
clear phys ics and tech niques, solid state phys ics,
radiochemistry, radiobiology, radiopharmacy and nu clear
med i cine with the pri ori aim – to bring new ac cel er a tor
tech nol o gies into practice.

The main pur pose of the Cy clo tron Cen ter of the Slo -
vak Re pub lic is to catch the pres ent ap proach and trends in
the area of im prov ing of in hab it ants life and health qual ity
us ing the pro gres sive tech nol ogy, which is in tro duced by
bring ing into prac tice the phys i cal equip ment – ac cel er a -
tors, pro duc ing beams of high en ergy par ti cles.
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THE EUROPEAN SYNCHROTRON RADIATION FACILITY, 20 YEARS OF
EXPERIENCE

Elleaume, P.

Eu ro pean Syn chro tron Ra di a tion, BP220, F38043 Grenoble Cedex France

The Eu ro pean Syn chro tron Ra di a tion Fa cil ity has been
cre ated in 1988. Its op er a tion is now fi nanced by 18 Eu ro -
pean coun tries. A pre sen ta tion of the fa cil ity will be pro -
vided with an in tro duc tion to the ac cel er a tor in fra struc ture.
The fa cil ity has been op ti mized to pro vide the most bril -
liant X-ray beam in the 1 -100 keV pho ton en ergy. It in -
cludes a 844 m per im e ter stor age ring cir cu lat ing a 6 GeV
elec tron beam of low emit tance with a full en ergy in jec tor
as well as 43 beamlines range.

The ap pli ca tions of the beamlines cover a large do main
in clud ing phys ics, chem is try, bi ol ogy, nanotechnogy,
med i cal ap pli ca tions, en vi ron men tal sci ence, cul tural her i -
tage. The sci en tific pro duc tion has steadily in creased and
now re sults in more than 1500 ref er eed pub li ca tions ev ery
year. The pre sen ta tion will also fo cus on the Fi nan cial,
Tech ni cal and Ac a demic "Fall-out" from the ESRF of
which the Grenoble and the lo cal re gion have largely bene -
fited. 

SCIENCE WITH SYNCHROTRON RADIATION AT FORSCHUNGSZENTRUM
KARLSRUHE

Baumbach, T.

ANKA / In sti tute for Syn chro tron Ra di a tion, Forschungszentrum Karlsruhe GmbH, P.O. Box 36 40, D-76021
Karlsruhe, Ger many

The 2.5 GeV syn chro tron light source ANKA of
Forschungszentrum Karlsruhe en ters its fifth year of op er a -
tion and ranks as a na tional Ger man user fa cil ity. 

Em bed ded in the rich sci en tific in fra struc ture of
Forschungszentrum Karlsruhe, ANKA mainly fo cuses on
the use of syn chro tron ra di a tion in the sci ence ar eas of

• Con densed Mat ter
• Nano- and Microtechnologies
• Ac ti nide Re search and En vi ron men tal Re search
• Syn chro tron Tech nol ogy
In these fields the ANKA user ser vice will in creas ingly

be com ple mented by ver sa tile tech niques of fab ri ca tion,
pro cess ing and char ac ter iza tion pro vided by in sti tutes of
Forschungszentrum Karlsruhe. 

ANKA´s sci en tific im pact is en hanced by links with ex -
cel lent uni ver si ties, in sti tutes of the Max Planck So ci ety
and the Fraun hofer So ci ety, Joint Re search Cen tres of the
Eu ro pean Com mis sion such as the In sti tute for Trans -
uranium El e ments (ITU), and Eu ro pean in sti tu tions such as 
the Eu ro pean Syn chro tron Ra di a tion Fa cil ity ESRF in
Grenoble, as well as through col lab o ra tion with in dus trial
part ners. 

Apart from approx. 3500 hours of beamtime for pub lic
use, about 300 hours of ac cel er a tor op er a tion at lower elec -
tron en ergy were de liv ered for spe cial ap pli ca tions in clud -
ing the so-called low-al pha mode, al low ing the gen er a tion
of ex tremely com pressed bunches down to a length of 150
µm at 1.3 GeV. The short bunches are the ba sis for the de -
liv ery of co her ent syn chro tron edge ra di a tion (CSER) in
the so called THz gap. In this mode the super con duct ing
undulators also pro vide short, 500 femto seconds X-ray
pulses with a high rep e ti tion rate of 500 MHz. At a to tal
cur rent up to 30 mA these are the short est X-ray pulses
pres ently avail able at a stor age ring source. 

ANKA - undulator pro gram
Fi nanced by an EU Joint Re search Ac tiv ity and by ad di -
tional fund ing of the Helmholtz As so ci a tion, and strength -
ened by con trac tual col lab o ra tion with in dus try, the
super con duct ing in ser tion de vices pro gram is en ter ing the
phase of pro to type de vel op ment for third gen er a tion low
emit tance stor age rings. De tailed in ves ti ga tion at ANKA is
pres ently fo cus ing on heat ing mech a nisms of the cooled
vac uum cham ber in side the undulator, on the shim ming
tech nol ogy and on the con struc tion of qual ity-con trol
set-ups, e.g. for mag netic field mea sure ments.

ANKA will equip all its long straight sec tions with
super con duct ing in ser tion de vices, one of them with elec -
tri cally switch able pe riod length and one with elec tri cally
switch able po lar iza tion.

Up grade ANKA beamlines
Af ter years of high sci en tific suc cess of the in fra red
beamline IR1, con struc tion of the sec ond in fra red beamline 
IR2 will al low to fur ther aug ment the num ber of ex per i -
ments in this en ergy range at ANKA. IR2 will be ded i cated
to IR-microspectroscopy and near field mi cros copy,
whereas IR1 will fo cus on ellipsometry, high pres sure and
low tem per a ture ex per i ments. At both IR beamlines co her -
ent THz ra di a tion is avail able for ex per i ments. 

Two in ser tion de vice based beamlines are in the de sign
and or der ing phases, re spec tively. Their mea sur ing sta tions 
funded by the state of Baden-Württemberg will profit from
super con duct ing undulators: NANO for high res o lu tion
and in ter face sen si tive scat ter ing meth ods and IMAGE for
X-ray im ag ing meth ods based on ab sorp tion, phase and
dif frac tion con trast. We thank the in ter na tional com mu nity 
of us ers and ex perts for hav ing sup ported the for mu la tion
of the sci en tific case and the beamline de sign within two
in ter na tional work shops. 
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New Col lab o ra tive Re search Pro jects at ANKA
In 2007 the uni ver si ties of Karlsruhe, Bochum, Erlangen
and Freiburg started pro jects of in stru men tal and meth od -
olog i cal de vel op ment at ANKA in the fields of near field
in fra red mi cros copy, in-situ X-ray scat ter ing, X-ray pixel
ar ray de tec tors and super con duct ing undulators within a
col lab o ra tive re search programme of the Fed eral Min is try
of Ed u ca tion and Re search. 

At Eu ro pean level, two new con sor tia of re search in sti -
tutes, uni ver si ties and in dus try have taken up their work at
ANKA: ANKA is co-ordinator of the ScinTax col lab o ra -
tion, which de vel ops X-ray ar ray de tec tors with novel ce -
ramic thin film based scin til la tors for high res o lu tion
im ag ing. The SIDAM pro ject de vel ops X-ray meth ods for
cal i bra tion of in-line X-ray in spec tion meth ods op ti mized
for mi cro elec tronic fab ri ca tion.  

SYNCHROTRON LIGHT SOURCE FACILITIES: IMPORTANCE AND SPECIFICITY OF
COMMUNICATION 

Freund, A. K.

Bor deaux, for merly ESRF, Grenoble, France
 

This talk fo cuses on the as pects of com mu ni ca tion in the
area of syn chro tron based sci ence and tech nol ogy. Three
sub jects are dealt with: 1. /Ex ter nal com mu ni ca tion./ This
in cludes all in for ma tion tar geted at the pub lic that is not fa -
mil iar with syn chro tron light sci ence at dif fer ent back -
ground lev els, from the non-sci en tist (gen eral) pub lic
(lo cal, non-lo cal pub lic, pol i ti cians, stu dents, teach ers,
jour nal ists from the var i ous me dia) to the non-spe cial ised
sci en tists (phys i cists, en gi neers, chem ists, bi ol o gists, ge ol -
o gists, palaeantologists, etc.). Mes sages (=> aims) are: i)
syn chro tron light sources are ex tremely use ful tools to
study prob lems im por tant to our so ci ety and to in no vate =>
at tract/en sure fund ing: a SLS is an ex cel lent in vest ment in
the pres ent and the fu ture; ii) syn chro tron light sources ad -
dress a huge range of re search and de vel op ment ac tiv i ties
and of fer out stand ing ex per i men tal op por tu ni ties => at tract 
us ers, also from in dus try; iii) syn chro tron light sources are
su perb places for sci en tists to work => at tract ex cel lent sci -
en tific col lab o ra tors; iv) syn chro tron light sources cover a
great va ri ety of sci ence and tech nol ogy and lend them -
selves to sci ence ed u ca tion prac tices => at tract the youn ger 
cit i zens to en roll in sci en tific ca reers; All these /out reach
and ed u ca tion /ac tiv i ties aim to in crease the level of sci en -
tific un der stand ing and pro mote sci ence in gen eral. They
rep re sent the re turn in /knowl edge/ of the in vest ment in

/cap i tal/. 2. /In ter nal com mu ni ca tion: the user com mu nity/.
Pres ent and fu ture us ers are reg u larly in formed about the
pres ent state of both the in di vid ual fa cil ity and all fa cil i ties
world wide, about ex per i men tal op por tu ni ties, sci en tific
programmes, staff, im por tant vis its, work shops and con fer -
ences, col lab o ra tive pro jects and agree ments, sem i nars, ex -
per i men tal re sults for mu lated as press re leases, etc. This
in cludes also /inter-fa cil ity com mu ni ca tion/ is sues such as
com mon de vel op ments, pro jects, ex change programmes,
etc. 3. /In ter nal com mu ni ca tion: the in-house staff/. In a
larger scale sci en tific in sti tu tion it is im por tant to cre ate so -
cial co her ence and thus to en hance mo ti va tion by in form -
ing staff mem bers about the mis sion of the fa cil ity, in
par tic u lar on what is be hind the words used by sci en tists,
typed by sec re tar ies and ap pear ing in pub li ca tions. In ad di -
tion to the in for ma tion about so cial events, sal ary in creases
and safety rules, a good in-house cul ture sup ported by
/intra-fa cil ity com mu ni ca tion /must nec es sar ily in clude a
good gen eral knowl edge on the im por tance and use ful ness
of the sci ence pro duced by the in sti tute. An over view of the 
dif fer ent com mu ni ca tion tools such as press re leases, vis -
its, au dio-vi sual doc u ments such as vid eos, sem i nars, bro -
chures, internet ac tiv i ties, e.g. the por tal /lightsources.org/
and var i ous events is given too. 

GIVEN THE SCIENTIFIC QUALITY, WHAT ELSE IS NEEDED TO MAKE A REGIONAL
RESEARCH FACILITY A SUCCESS STORY?

Rizzuto, C.

ESFRI and Sincrotrone Trieste, It aly

When po lit i cal de ci sions are taken to build an In fra struc -
ture, the gen eral ten dency (i.e. by Re gional and Na tional
Fi nan cial Au thor i ties) is to think to fi nan cially self-sus tain -
ing in fra struc tures, i.e. those (like an High way or a
Manifacturing Plant, etc.) which, af ter con struc tion, gen er -
ate an in come ca pa ble to cover the op er a tion and the main -
te nance costs, and pos si bly also are able ei ther to re fund the 
in ves tors or to com pen sate the de crease of value (am or ti za -
tion or up grades). This self sustainability is never reached
by a Re search In fra struc ture, and this nor mally co mes as a
sur prise to the funders, gen er at ing a very dif fi cult po lit i cal

at mo sphere within few months af ter the be gin ning of the
op er a tion phase. This is in part due to the con fu sion be -
tween Re search, De vel op ment and In no va tion, which af -
fects sev eral lev els of Pol icy Mak ing and In dus try.

Re search is, by def i ni tion, un able to self sus tain, and
the ex pe ri ence shows that a Re search In fra struc ture will be
able to cover only a frac tion of its op er a tion costs of less
than 10% (most of ten less than 5%) dif fer ently from De vel -
op ment or In no va tion ac tiv i ties which can gen er ate in -
comes com pa ra ble to the costs. Un less a Re search
In fra struc ture is funded by re search money (con tri bu tions
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with out re turn by a Gov ern ment, Acad emy or other not for
profit In sti tu tion) a fully com pre hen sive anal y sis of the
“in di rect” so cio eco nomic re turns is nec es sary to de tail
what is the ad van tage to in vest in it.

The def i ni tion of the so cio eco nomic re turns re quires
that, both the In fra struc ture it self and the sur round ing re -

gion, are con sid ered in a com pre hen sive pro ject where the
con di tions for the gen er a tion of val ues, dif fer ent and com -
ple men tary to those of Re search, are ac counted for. We
will pres ent some as pects of this approach.

THE ACCELERATOR COMPLEX FOR THE ALBA PROJECT

Einfeld, D.

ALBA, Bar ce lona, Spain

The ac cel er a tor com plex of ALBA ex ist as in other third
gen er a tion light sources of a pre ac cel er a tor, booster syn -
chro tron, stor age ring, the trans fer lines, the cor re spond ing
trans fer lines, the front ends, and the in ser tion de vices. The
pre ac cel er a tor is a 135 MeV turn key linac op ti mized for a
small en ergy spread and min i mum elec tron losses. For the
booster syn chro tron we took over the con cept from the
Swiss Light Source and hav ing it to gether with the stor age
ring in the same tun nel. The lat tice for the booster syn chro -
tron is how ever dif fer ent (TME struc ture) in or der to get
smaller damp ing times and emit tance, which could be re -
duced by a fac tor 2. It is a full en ergy in jec tor ca pa ble for
top up in jec tion. The stor age ring with an en ergy of 3 GeV

has a cir cum fer ence of roughly 270 m, the lat tice de sign
was de ter mined by the con di tion 1.) to have small cross
sec tion of the beam and 2.) to have a lot of straight sec tions. 
The lat tice of the stor age ring is a DBA struc ture with com -
bined func tion bend ing mag nets (gra di ent = 5.8 T/m) in or -
der to get a com pact mag netic struc ture. The emit tance of
the stor age is 4.3 nmrad with over all 24 straight sec tions: 4
long (8 m long), 12 me dium (4.3 m long), and 8 short (2.3
m long). Over all 38 % of the cir cum fer ence is de voted to
straight sec tions. The me dium straights have so called
“mini beta sec tion” to re duce the size of the stored beam.
The ra dio fre quency sys tem with nor mal con duct ing cav i -
ties is de signed to store a beam of 400 mA.

ADVANCED DETECTORS FOR NSLS-II

Siddons, D. P.

Brookhaven Na tional Lab o ra tory, Upton, New York 11973, U.S.A.

NSLS-II will be the bright est stor age ring light source in
the world when it be gins op er a tion in 2014.

The pa ram e ters of this ma chine will be briefly dis -
cussed. Then, cur rent and pro posed re search into ad vanced

de tec tor sys tems will be de scribed. These sys tems will al -
low more ef fi cient use of the pho tons gen er ated and will al -
low new sci ence to be per formed.

SOLEIL, A NEW MEDIUM ENERGY THIRD GENERATION FACILITY FOR THE
EUROPEAN SCIENTIFIC AND INDUSTRIAL COMMUNITIES

Raoux, D.

SOLEIL, France

SOLEIL is now in op er a tion with 11 Phase I beam-lines
start ing to ac com mo date their first us ers and al ready open
to the Eu ro pean sci en tific com mu nity. The other 16 Phase
II beam-lines are at var i ous stages of their con struc tion and
in stal la tion; all of them will be in op er a tion by mid 2010.
Af ter a year of com mis sion ing of the stor age ring, most of
its char ac ter is tics are better than spec i fied and the elec tron
beam sta bil ity is al ready in the mi cron range. I will present
a brief sta tus of the char ac ter is tics and per for mances of the
stor age ring and of the Phase I beam-lines, as well as a few
ex am ples of in no va tions de vel oped at SOLEIL that might
be of in ter est for the 3 GeV Czech pro ject.

SOLEIL is a me dium en ergy fa cil ity (2.75 GeV) which
in tends to be com ple men tary of the high en ergy ones avail -
able in Eu rope, the ESRF and soon PETRA III. It has been
de signed to be the bright est in the soft and ten der X-ray
ranges, though it is still an ex cel lent light source up to 20

keV on the high pho ton en ergy side and down to 5 eV on
the low en ergy one. The choice to cover such a broad en -
ergy range re sults from the sci en tific needs ex pressed by
the com mu nity of the us ers through more than forty work -
shops. They re quired that about half of the beam-lines be
de voted to the in ves ti ga tion of the elec tronic prop er ties of
mat ter us ing mainly IR, VUV and soft X-rays, the other
half be ing hard

X-ray beamlines mostly ded i cated to struc tural stud ies.
This bal anced pro gram is one of the specificities of
SOLEIL in com par i son with other new third gen er a tion
syn chro tron fa cil i ties.

An other of its char ac ter is tics is the large num ber of
beam-lines (11) ded i cated to im ag ing and mi cro- and
nanospectroscopies us ing all the en ergy ranges. It is partly
due to the strong de mand of these tech niques for so ci etal
and in dus trial ap pli ca tions, like en vi ron ment, med i cine,
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phar ma ceu tics, food sci ence and in dus try, nano-tech nol o -
gies. The use of SOLEIL for cul tural her i tage will be par -
tic u larly im por tant with the in stal la tion on its site of a new
in sti tute ded i cated to the field, IPANEMA, open to the Eu -
ro pean us ers by 2009-2010. The im ple men ta tion of an other 
new in sti tute fo cus sing on struc tural and cel lu lar bi ol ogy,
with a strong in ter face with phar ma ceu tics, has also been
de cided by the Paris Sud Uni ver sity to boost the life sci -
ences at SOLEIL.

Since sim i lar needs may be ex pressed by the sci en tific
and in dus trial com mu ni ties in Cen tral and East ern Eu rope,

I will briefly re view the main char ac ter is tics of the SOLEIL 
sci en tific pro gram as well as those of the fore seen ap pli ca -
tions. Some in for ma tion will also be given on the con struc -
tion and op er a tion costs, the man power, the strong
col lab o ra tion with the lo cal au thor i ties, as well as some
per sonal views on man age ment is sues de rived from a 6
years ex pe ri encewith the de sign, con struc tion and in stal la -
tion of SOLEIL.

NANOSCIENCE@MEGAFACILITIES.EUV REPORT FROM THE GENNESYS STUDY

Dosch, H.

Max Planck In sti tute for Met als Re search, Stuttgart, Ger many, EU

Lit tle hap pens in in dus trial ised coun tries with out the use of 
high-tech ma te ri als which are the build ing blocks of all
mod ern tech nol o gies rang ing from in for ma tion, com mu ni -
ca tion, health, en ergy to en vi ron ment and trans port.
Through our mi cro scopic in sight into the atomistic struc -
ture of con densed mat ter, the de vel op ment of novel ma te ri -
als has pro gressed at a breath tak ing pace dur ing the last
de cades.

Break throughs in the fu ture de vel op ment of ad vanced
ma te ri als and novel tech nol o gies are fac ing key bar ri ers in
the de struc tion-free insitu anal y sis of nanomaterials and
nanomaterial sys tems un der in dus tri ally and en vi ron men -
tally rel e vant con di tions. These bar ri ers pose crit i cal chal -

lenges onto mod ern Eu ro pean Syn chro tron ra di a tion
fa cil i ties which have de vel oped an im pres sive an a lyt i cal
po ten tial and which are ready to of fer and ad just their an a -
lyt i cal tech nol ogy to the ad vance ment of nanoscience and
nanotechnology. 

In this lec ture, I re view the con clu sions and rec om men -
da tions of the GENNESYS fore sight study [1] on the fu ture 
de vel op ment of nanoscience and nanotechnology ex ploit -
ing mod ern Eu ro pean Syn chro tron ra di a tion and neu tron
fa cil i ties.

1.  GENNESYS Grand Eu ro pean Ini tia tive on Nanoscience
and Nanotechnology us ing Neu tron and Syn chro tron Ra di -
a tion Sources (ap pears 2007). 

SYNCHROTRON RADIATION IN PROTEIN CRYSTALLOGRAPHY. OPPORTUNITIES
FOR PROTEIN CRYSTALLOGRAPHY AT CESLAB

Hašek, J.

In sti tute of Macromolecular Chem is try, AS CR, v.v.i., Heyrovského nám.2, 162 06 Prague 6, Czech Re pub lic

The sci en tific use of syn chro tron ra di a tion and ap pli ca tions 
of re sults of the pro tein struc ture anal y sis in econ omy,
med i cine and health care were the cause that 17 sources of
syn chro tron ra di a tion were build in the west ern part of the
Eu ro pean Un ion, pro vid ing thus more than 30 dif frac tion
beamlines for ad vanced mea sure ments in this part of Eu -
rope. Op po site to the rap idly grow ing num ber of synchro -
trons in the west ern part of EU, the east ern part of Eu rope
(Czech Re pub lic, Po land, Slovakia, Slovenia, Hun gary,
Aus tria, Bul garia, Ru ma nia, Lat via, Es to nia, Lith u a nia)
have no ex per i men tal equip ment of this type by now.

Med i cal and bi o log i cal sci ences in the Czech Re pub lic
are on high level and also struc ture bi ol ogy re sults are
prom is ing - al most 10 % of all com plexes of HIV pro te ase
de pos ited in the PDB were pub lished by Czech groups; the
struc ture of pro tein with the low est R fac tor was re fined by
Ondráèek et al, 2007 [1]; struc ture de ter mi na tion of large
macromolecular com plexes (Skálová et al, 2006) [2], etc. 

How ever, the crit i cal lack of ex per i men tal time at
sources of syn chro tron of ra di a tion has been se ri ous ob sta -
cle in de vel op ment of mod ern sci ence. Two planned dif -
frac tion beamlines in Brno are op ti mized for struc ture

de ter mi na tion of biomacromolecules. One beamline is
op ti mized for quick, re li able and ac cu rate struc ture de ter -
mi na tion of large mo lec u lar com plexes. The sec ond
beamline has tun able wave length and is spe cial ized to
MAD, SAD struc ture de ter mi na tion, re li able lo ca tion of
ions in struc ture, and other spe cial ized tasks. 

Macromolecular Struc ture Beamline - 1 (MSB-1) op er -
ates with an undulator op ti mized for the use at the fixed
wave length ~ 1 C . The X-ray op tics of fers di am e ter of pri -

mary beam 10 to 200 mm with op ti mum for ~ 50 mm. The
pre cise microdiffractometer with more cir cles will al low
100 % com plete ness of the col lected ex per i men tal data.
Au to mated sam ple changer, cryocooling, in-line mi cro -
scope and high speed CCD de tec tor (read-out time in parts
of sec ond) with large de tec tion area op tion ally al lows a
con tin u ous data col lec tion with out use of the shut ter. 

Macromolecular Struc ture Beamline - 2 (MSB-2) op er -
ates with an undulator tun able in a range of wave lengths
0.6 – 2.0 C. The pre cise microdiffractometer with the au to -
mated sam ple changer, cryocooling, in-line mi cro scope,
and flu o res cence de tec tors. The X-ray op tics have op ti -

mum char ac ter is tics for di am e ter ~ 50 mm. High speed
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CCD de tec tor with large de tec tion area op tion ally al lows a
con tin u ous data col lec tion. 

The us ers of the macromolecular beamlines need also
well equipped lab o ra to ries: phys i cal and chem i cal lab o ra -
tory (mi cro scopes, la sers), bio chem i cal lab o ra tory
(crystallizer, in cu ba tors, stor age boxes, freezer, mi cro -
scopes), cold room (mi cro scope, stor age boxes) and com -
put ing room (terabyte data stor age and high-speed
trans mis sion of data).  

In spite of the fact that the de sign of the macro -
molecular beamlines in Brno is eco nomic, it will pro vide

more ser vices than it is usual at the stand ing syn chro tron
fa cil i ties. It will also en sure new ad vanced tech nol o gies
nec es sary for struc ture de ter mi na tion of large mo lec u lar
com plexes, and for iden ti fi ca tion of lig ands or ions in
biopolymers.  

1. J. Ondráèek et al, un pub lished re sults.

2. T. Skálová, J. Dohnálek, E. Vondráèková, H. Petroková, V. 
Spiwok, P. Lipovová, H. Strnad, B. Králová, J. Hašek, 
J. Mol. Biol. 353 (2005) 282-294.

CARBOHYDRATE-BINDING PROTEINS: A WAY TO UNDERSTAND RECOGNITION
PHENOMENA IN LIVING SYSTEMS

Wimmerová, M.

Na tional Cen tre for Biomolecular Re search and De part ment of Bio chem is try, Fac ulty of Sci ences, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic, michaw@chemi.muni.cz

Biomolecular in ter ac tions play a cru cial role in liv ing sys -
tems where they are used not only for rec og ni tion but they
are in volved in in for ma tion trans fer and com mu ni ca tion in
liv ing sys tem in gen eral. Car bo hy drate-me di ated rec og ni -
tion is im por tant in many phys i o log i cal pro cesses in clud -
ing fer til iza tion, patho gen-cell ad he sion and rec og ni tion,
sig nal ing, in flam ma tory re sponse and others.

Pro tein-car bo hy drate in ter ac tions are usu ally char ac -
ter ised by a low af fin ity for monovalent lig ands that is bal -
anced by multivalency re sult ing in high avid ity for
sub strates with sev eral po ten tial lig ands avail able, such as

com plex glycans or cell sur faces. There fore, un der stand ing 
of these pro cesses re quires a de tailed struc tural in for ma tion 
about all the part ners in volved. 

Con tri bu tion will be fo cused on some ex am ples of
sugar-bind ing pro teins from patho genic or gan isms show -
ing how im por tant is a pos si bil ity to see the pro tein/ligand
com plexes on the atomic level. In sight into bind ing sites
and fur ther cor re la tion with ther mo dy nam ics of in ter ac -
tions gives a high po tency for fur ther phar ma ceu ti cal and
bio tech nol ogy ap pli ca tion.

SYNCHROTRON RADIATION FOR BIOMEDICAL IMAGING AND RADIATION
THERAPY

Bravin, A.

Eu ro pean Syn chro tron Ra di a tion Fa cil ity, Grenoble, France

Med i cal ap pli ca tion of syn chro tron ra di a tion (SR) is a
fast-grow ing field of re search. Since the ad vent of the
angiography stud ies at SSRL first and then at NSLS in the
U.S. in the 1990s, pre clin i cal and clin i cal re search pro to -
cols have been de vel oped at Hasylab (Ger many), Pho ton
Fac tory (Ja pan), ELETTRA (Italia) and at the ESRF
(France). De spite the fact that there are only a few ded i -
cated beamlines in the world (two new ones are un der con -
struc tion at the Aus tra lian and Ca na dian synchrotrons),
med i cal re search is car ried out in al most all syn chro tron fa -
cil i ties. Bio med i cal re search at SR fa cil i ties has many pur -
poses. Ba sic re search is car ried out for di ag nos tic and/or
cur ing pur poses us ing the ideal ex per i men tal con di tions of -
fered by a SR source (mono chro matic and collimated
beam, etc.). A sec ond ob jec tive is to de velop in no va tive
tech niques that can be di rectly ap plied in clin i cal tri als at
SR sources, and that in the fu ture can be used at new gen er -

a tion ta ble-top X-ray sources pres ently un der de vel op ment
world wide. In this frame, the ID17 ESRF Bio med i cal
Beamline was built in the 1990s with the aim of de vel op ing 
two spe cific pro grams: the Transvenous Cor o nary
Angiography and the Microbeam Ra di a tion Ther apy.
Thanks to the in crease of the us ers’ com mu nity, the
beamline ac tiv i ties are now also ex tended to and fo cused
on func tional (e.g. lung and brain) and an a tom i cal (e.g.
breast and car ti lage pa thol ogy) im ag ing, and ra dio ther apy
(in clud ing ba sic radiobiology). All im ag ing pro grams are
pres ently in the pre clin i cal de vel op ment, while ra di a tion
ther apy pro grams, namely the Microbeam Ra di a tion Ther -
apy (us ing spa tially frac tion ated white X-ray beams) and
the Stereotactic Syn chro tron Ra di a tion Ther apy are ap -
proach ing the clin i cal phase. A re view of the re search op -
por tu ni ties of fered by SR will be here pre sented and
dis cussed.  
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SYNCHROTRON RADIATION X-RAY FLUORESCENCE ANALYSIS: MEDICAL,
ENVIRONMENTAL AND INDUSTRIAL APPLICATIONS

Streli, C.

Atominstitut, TU Wien, Stadionallee 2, 1020 Vi enna, Aus tria, streli@ati.ac.at

En ergy dispersive X-ray flu o res cence anal y sis us ing syn -
chro tron ra di a tion as ex ci ta tion source of fers sev eral ad -
van tages in el e men tal anal y sis in com par i son to stan dard
X-ray tube ex ci ta tion: higher pho ton flux, wide spec tral
range for ef fi cient ex ci ta tion and lin ear po lar iza tion in the
or bital plane for back ground re duc tion. Us ing To tal Re -
flec tion ge om e try (SR-TXRF) ul tra trace anal y sis can be
ex tended to sam ples with only small sam ple amounts avail -
able (e.g. aero sol sam ples) or wa fer sur face con tam i na tion
con trol. Us ing graz ing in ci dence XRF (GIXRF) also de ter -
mi na tion of depth pro files and im plan ta tion dose de ter mi -
na tion is pos si ble non de struc tively (ul tra shal low
junc tions). Syn chro tron ra di a tion fo cused to a microbeam

of about 10 mm al lows also spa tial re solved 2 D im ag ing of
var i ous sam ples (e.g. trace el e ment dis tri bu tion in hu man

bones will be shown). Us ing the con fo cal setup with a sec -
ond fo cus ing el e ment in front of the de tec tor ex tends the
im ag ing to 3 D as the vol ume where the in for ma tion co mes
from can be pre cisely de ter mined and scanned. Sam ples of
hu man joint bones will be pre sented. Ex chang ing the stan -
dard multilayer mono chro ma tor with laregg band width by
a crys tal mono chro ma tor with high en ergy res o lu tion ab -
sorp tion spec tros copy mea sure ments (XANES or EXAFS) 
can be per formed in flu o res cence mode and com bine the
be fore men tioned fea tures of trace el e ment anal y sis with
in for ma tion about chem i cal speciation. Ex am ples of
speciation of Iron in aero sol sam ples, Ar senic in xy lem sap
of cu cum ber plants and Pb in hu man joint bones will be
pre sented.

CHEMISTRY IN THE GAS PHASE: FROM CHEMISTRY OF INTERSTELLAR SPACE
TO ORGANOMETALLIC CATALYSIS

Roithová, J.

Charles Uni ver sity in Prague, Fac ulty of Sci ence, De part ment of Or ganic Chem is try, Prague, Czech Re pub -
lic

In ves ti ga tion of the prop er ties and the re ac tiv i ties of ions in 
the gas phase has proved as an im por tant tool for the ba sic
chem i cal knowl edge. Mass spec trom e try – the lead ing
method for the ion gas-phase stud ies – is able to pro vide
valu able in for ma tion about struc tures, sta bil i ties, and
energetics of ions. Com bi na tion of tan dem mass spec trom -
e try with photoionization us ing syn chro tron ra di a tion
brings a unique pos si bil ity to con trol the in ter nal en ergy of
ions formed and rep re sents there fore a truly pow er ful tech -
nique. The VUV pho tons pro vided by the syn chro tron have 
well-de fined en ergy and are smoothly tun able, which al -
lows not only for ac cu rate de ter mi na tions of ion iza tion and
frag men ta tion thresh olds, but also so phis ti cated stud ies of
in ter nal en ergy ef fects and state-spe cific re ac tions. As a re -
sult, the syn ergy of photoionization meth ods us ing syn -
chro tron ra di a tion and mod ern mass spec trom e try pro vides 
ac cu rate and re li able benchmarks for or ganic re ac tion

mech a nisms, tran si tion-metal ca tal y sis, at mo spheric as
well as in ter stel lar chem is try, and - of course - also an a lyt i -
cal chem is try.

Rel e vant ex am ples from groups hav ing high in ter est in
the use of a Czech Syn chro tron are: 1) The de ter mi na tion
of bar rier for the keto-enol tau tom er ism of acetamide (D.
Schröder, IOCB, Prague). 2). Re ac tiv ity stud ies of mo lec u -
lar dications (Z. Herman, JHI, Prague / J. Roithová, CU,
Prague). 3) Thresh olds for photoionization and frag men ta -
tion of metallocenes (B. Sztaray, ELU, Bu da pest). 4) Re -
cent im prove ments of mod els of plan e tary at mo spheres of
Mars, Ve nus, Ti tan, and Earth (O. Dutuit, France,
EUROPLANET). Fi nally, it should be stressed that the
stud ies us ing syn chro tron ra di a tion pro vide valu able
benchmarks for thermochemical stud ies and the o ret i cal
cal cu la tions, which both is highly ap pre ci ated not only in
fun da men tal re search, but also in ap pli ca tions for in dus try.
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SYNCHROTRON RADIATION BASED STUDIES FOR ORGANIC ELECTRONIC
APPLICATIONS

Resel, R.

In sti tute of Solid State Phys ics, Graz Uni ver sity of Tech nol ogy, Aus tria

Dur ing the last de cade huge ef forts was per formed to real -
ise elec tronic de vices based on or ganic semi con duc tors. A
va ri ety of elec tronic and op to el ec tronic prototypical de -
vices was real ised and cur rently some of them are now a -
days used in prac ti cal ap pli ca tions. E.g. or ganic
elec tro lu mi nes cence is used in flat panel dis plays or thin
film tran sis tors are used as ac tive el e ments in large area
pro jec tion screens. How ever, the knowl edge about the un -
der ly ing phys i cal ef fects is still poor and a large sci en tific
com mu nity is work ing in this field to get de tailed un der -

stand ing of the phys i cal and chem i cal prop er ties in or ganic
semi con duc tor de vices.

The talk will pres ent the out stand ing elec tronic, op ti cal
and struc tural prop er ties of or ganic semi con duc tors and the 
dif fer ence to in or ganic semi con duc tors will be dis cussed.
Some open ques tions will be ad dressed and cur rent prog -
ress by us ing syn chro tron based ex per i ments will be
shown. The ex am ples will be taken from the now a days
most prom i nent or ganic semi con duc tors like pentacene,
sexithophene and sexiphenyl.

ULTRAFAST IMAGING OF MAGNETIC SWITCHING PROCESSES UTILISING THE
TIME STRUCTURE OF SR

Schönhense, G.

Johannes Gutenberg-Universität, Institut für Physik, D-55099 Mainz, Ger many, schoenhense@uni-mainz.de

Fast pro cesses on the sub-nano sec ond time scale and tran -
sient states in nanoscale elec tronic sys tems are at tract ing
high in ter est in ba sic and ap plied re search. The ex cel lent
time struc ture of Syn chro tron ra di a tion is an ideal tool to
study such pro cesses. Time res o lu tion in the range of a few
pi co sec onds can be achieved in stro bo scopic full-field
photoemission elec tron mi cros copy (PEEM) with high lat -
eral res o lu tion [1]. Re mag net isa tion pro cesses and tran -
sient do main states or mag netic high-fre quency
eigenmodes in con fined mag netic struc tures [2-4] are of in -
ter est due to chal leng ing ap pli ca tions, e.g. in spintronics.
Im ple men ta tion of a time-of-flight tech nique into the mi -
cro scope col umn pro vides a novel ap proach to spec tro -
scopic im ag ing and opens way for ab er ra tion cor rec tion
[1].

In this con tri bu tion the state-of-the-art of time re solved
PEEM for the ob ser va tion of tran sient mag netic do main
states and high-fre quency ex ci ta tions is dis cussed. Stro bo -
scopic im ag ing of pre ces sional mag netic switch ing uti lises
X-ray cir cu lar mag netic dichroism (XMCD) as con trast
(mag netic field pump / X-ray probe). At the stor age ring
BESSY (Berlin), a time res o lu tion of about 15 ps has been
ob tained [2]. Fast mag netic field pulses are gen er ated by
pass ing fast cur rent pulses through a coplanar wave guide
thus yield ing field am pli tudes of sev eral Oerstedt above the 
stripline. This set-up al lowed the ob ser va tion of spin
waves, both stand ing eigenmodes as well as prop a gat ing
modes, in con fined thin-film el e ments of permalloy
(Ni80Fe20). Mag netic thin-film struc tures are fab ri cated via

li thog ra phy on top of the wave guide. At graz ing in ci dence
we are most sen si tive to the in-plane mag ne ti za tion com po -
nent along the pho ton beam. The phase front of a spin wave 
prop a gates at 8100 m/s, be ing much faster than typ i cal do -
main wall ve loc i ties in permalloy.

We have also stud ied ultrafast magnetodynamics in
micropatterned spin-valve struc tures fab ri cated in an in -
dus trial en vi ron ment (NAOMI Sensitec GmbH, Mainz)
[5]. The mag netic multilayer stack was ex cited with field
pulses of 250 ps width. The dy namic re sponse of the “free
layer” (the layer that switches) falls into two dis tinctly dif -
fer ent con tri bu tions: On the one hand, it ex hib its local ised
spin wave modes that strongly de pend on the shape of the
mi cro pat tern. On the other hand, the in te grated re sponseof
the free layer roughly fol lows a sin gle-macrospin model
with a damp ing con stant of = 0.025 (in de pend ent of the
shape) and re sem bles the re sponse of a crit i cally damped
forced os cil la tor. Such kind of in for ma tion is of ut most im -
por tance for tai lor ing the op ti mum switch ing be hav ior of,
e.g. mag netic mem ory el e ments (M-RAM).

1. G. Schönhense et al., in Ad vances in Im ag ing and Electr.
Phys., ed. by P. Hawkes, 142 (2006) 159.

2. A. Krasyuk et al., Phys. Rev. Lett. 95 (2005) 207201; 

3. S.-B.Choe et al., Sci ence 304 (2004) 420.

4. J. Raabe et al., Phys. Rev. Lett. 94 (2005) 217204; [5] F.
Wegelin, D. Valdaitsev, A. Krasyuk, S.A. Nepijko, G.
Schönhense, H.J. Elmers, I. Krug. and C. M. Schnei der,

Phys. Rev. B (2007) in print.
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OPPORTUNITIES FOR THE DEVELOPMENT OF STATE OF THE ART IMAGING
TECHNIQUES AT CESL

Mokso, R.1, Cloetens, P.1, Maire, E.2, Lam bert, J.3

1Eu ro pean Syn chro tron Ra di a tion Fa cil ity (ESRF), F-38043 Grenoble, France
2INSA de Lyon, F-69621 Villeurbanne, France

3G.M.C.M. Universite Rennes 1, F-35042 Rennes, France

High bril liance, tunability and large lat eral co her ence of
the X-ray beam emerg ing from 3rd gen er a tion syn chro tron
sources opens a venue for sci en tists to study the struc ture
and dy nam ics of a wide range of sam ples. Par tic u lar stud ies 
re quire high spa tial or tem po ral res o lu tion, or both. These
two as pects of syn chro tron im ag ing will be ad dressed here. 

As an ex am ple we show on Fig ure 1a that nanoscale
zoom-to mog ra phy with hard X-rays can re veal the struc -
ture of com pos ite ma te ri als and more over re con struct the
shape of mi crom e ter size fea tures with spa tial res o lu tion
better than 300 nm in the hard X-ray range. When per form -
ing such ex per i ments, the lim i ta tions of nanoscale
tomographic tech niques in terms of the fo cus ing op tics,
ther mal and me chan i cal sta bil ity have been rec og nized.
These are cru cial pa ram e ters to con sider when de sign ing
ex per i men tal sta tions such as the planned im ag ing
beamlines at CESL. 

 Driven by the de sire to study the dy nam ics of rap idly
evolv ing sys tems, sub stan tial ef fort has been put into the
re duc tion of scan ning time in to mog ra phy mode. Through
op ti mi za tion of the ac qui si tion sys tem the ef fi cient use of
the high bril liance of the syn chro tron beam al lowed to re -
duce scan ning time by a fac tor of roughly 10 over the past
3-4 years. Fig ure 1b de picts a subvolume of a liq uid foam
at a well de fined time. The evo lu tion of liq uid foams rep re -
sents an ex am ple of ex per i ment which could not have been
per formed with out this prog ress to wards faster im age ac -
qui si tion. 

All the ex per i ments pre sented here have been per -
formed at the ID19 beamline at ESRF. These ex am ples can
rep re sent the mo ti va tion to es tab lish cut ting-edge im ag ing
tech niques at the newly planned CESL. 

a)

Fig ure 1 (a) 3D phase map of an Al-Si al loy high light ing the Iron-rich in clu sion (dark/red) be tween the Si par ti cles (light/yel low). The
im age is ac quired in di ver gent beam setup, the re sult ing ef fec tive voxel size is 50 nm. (b) La beled in di vid ual bub bles of a rap idly evolv -

ing liq uid foam. The whole vol ume of 2048 ́  1024 pix els scanned in fast to mog ra phy mode with scan ning time of 25 s, on the fig ure we

show a re gion of 700 ´ 700 ´ 300 at pixel size 7.5 mi crons. 



Ó Krystalografická spoleènost

s64 CESLAB Ma te ri als Struc ture,  vol. 15,  no. 1a (2008)

SYNCHROTRON FOR X-RAY OPTICS & X-RAY OPTICS FOR SYNCHROTRON

Hudec, R. 1, Pína, L.2,3, Semencová, V.2,  Sveda, L.2,3, Inneman, A.2, Skulinová, M.1

1As tro nom i cal In sti tute - Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Ondrejov, Czech Re pub lic
2Re flex, Prague, Czech Re pub lic

3Czech Tech ni cal Uni ver sity, Fac ulty of Nu clear Sci ences, Prague, Czech Re pub lic

Im ag ing X-ray op tics is a key el e ment of nu mer ous sci en -
tific in stru ments such as large as tro nom i cal space X-ray
tele scopes, X-ray mi cro scopes, etc. The re cent trend of
achiev ing high in ten sity and su pe rior im ag ing qual ity in fu -
ture pro jects with X-ray op tics re quires re li able and eas ily
avail able test in stru ments with fo cus on tests us ing X-ray
beams. Here the syn chro tron X-ray beam lines play an im -

por tant and still in creas ing role. At the same time, some
spe cial X-ray op tics can have wide and im por tant ap pli ca -
tion in syn chro tron fa cil i ties, es pe cially as fine fo cus ing el -
e ments al low ing achiev ing small spot sizes and high
in ten sity. Re lated pro jects and ef forts in the col lab o ra tion
of sev eral Czech in sti tu tions in these di rec tions will be pre -
sented and dis cussed. 

RECENT ACTIVITIES AND STATUS OF THE SPECTROSCOPY BEAMLINES AT
SPRING-8

Kinoshita, T.

JASRI/SPring-8, Ja pan

Al though SPring-8 is a high en ergy ac cel er a tor whose en -
ergy is 8GeV, some spec tros copy beamlines cov er ing from 
in fra red to hard-X-ray en ergy range ex ist. The pub lic
beamlines are opened to world wide us ers. Two soft X-ray
beamlines (200~2000eV) are used for solid state spec tros -
copy and gas phase spec tros copy, re spec tively. An gle-re -
solved photoemission pro vides us bulk-sen si tive
in for ma tion of band struc tures and the Fermi sur face struc -
tures in de tail. Photoemission elec tron mi cro scope is
mainly used for mag netic do main im ag ing to gether with
the mi cro-XAFS mea sure ments.

Re cently, time-re solved mea sure ments com bin ing with 
the fs la ser pulse be comes pos si ble, which give us dy nam i -
cal in for ma tion of mat ters. Mag netic cir cu lar dichroism in
soft-X-ray ab sorp tion spec tra is widely used not only by
uni ver sity re search ers but also by in dus trial com pa nies.

We have started soft-X-ray emis sion spec tros copy, too.
The gas phase spec tros copy com mu nity us ing this
beamline is very ac tive. Co in ci dence mea sure ments with
photo elec trons and photo-ions, and time of flight mea sure -
ments for dissociative frag ment show us a de tailed mech a -
nism of the photoexcitation pro cess of at oms and
mol e cules. Some hard-X-ray beamlines (5~10keV) at
SPring-8 are ap plied for photoemission mea sure ments. Be -
cause the photo electrons ex cited by such high en ergy light
have large ki netic en ergy, in for ma tion ob tained by this
method is re ally bulk sen si tive. In some case we do not
need to pre pare clean sam ple sur faces.

The in fra red spec tros copy beamline is mainly used for
mi cro-spec tros copy. Re cently we have started the R&D of
near-field mi cros copy. The setup of beamlines, their
characteristics, and rep re sen ta tive ac tiv i ties are in tro duced.

SYNCHROTRON-RADIATION ACTIVITIES IN NANOSTRUCTURES AND
NANO-MATERIALS IN CZECH REPUBLIC AND NEIGHBOURING COUNTRIES:

OPPORTUNITIES FOR NANOTECHNOLOGIES AT CESLAB

Holý, V.

De part ment of Con densed Mat ter Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke
Karlovu 5, 121 16 Prague, Czech Re pub lic

holy@mag.mff.cuni.cz

For the in ves ti ga tion of struc ture of very small ob jects like
quan tum dots, crys tal line nanoclusters, and other types of
nanostructures, syn chro tron ra di a tion is a es sen tial tool
mak ing pos si ble to re veal po si tions of at oms in these types
of ob jects, as well as their chem i cal com po si tion, elas tic
strains and other struc tural pa ram e ters. The unique ness of
the syn chro tron ra di a tion con sists not only in this ex -
tremely high bril liance com pared to con ven tional lab o ra -
tory X-ray sources, but also in its en ergy tunability,
ex cel lent co her ence prop er ties, and its ideal po lar iza tion.
For the study of nanostructures, a va ri ety of syn chro -
tron-based ex per i men tal meth ods is used, rang ing from

“con ven tional” high-res o lu tion X-ray dif frac tion and re -
cip ro cal-space map ping to X-ray spec tros copy meth ods
like EXAFS, XANES and DAFS, X-ray stand ing-wave
method, X-ray flu o res cence and X-ray-in duced pho to elec -
tron spec tros copy. Re cently new types of nanostructures
have been de vel oped and new ex per i men tal meth ods
emerged, such as co her ent X-ray scat ter ing in clud ing
phase re trieval, and mi cro- and nano-beam scat ter ing. 

Par al lel to the de vel op ment of nanostructures and char -
ac ter iza tion meth ods, a sub stan tial prog ress has been
achieved in syn chro tron in stru men ta tion – not only in large 
fa cil i ties like free-elec tron la sers, but also in com mer cially
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avail able small in tense x-ray sources (“ta ble-top
synchrotrons”). 

In the talk, I will re view syn chro tron-based stud ies of
nanostructures in Czech Re pub lic and neigh bor ing coun -
tries, pre sent ing sev eral ex am ples of ex per i men tal re sults.
Based on an over view of these ac tiv i ties at sev eral syn chro -

tron sources avail able so far and on the ex pected de vel op -
ment in the syn chro tron in stru men ta tion in fu ture, I will
crit i cally dis cuss the ne ces sity of build ing a new syn chro -
tron in Cen tral Eu rope in gen eral and in Czech Re pub lic in
par tic u lar.  

COUPLING, ANISOTROPY AND DOMAIN STRUCTURE IN METALLIC MULTILAYERS

Nagy, D. L., Bottyán, L., Deák, L., Major, M., Szilágy, E., Tanczikó, F.

KFKI Re search In sti tute for Par ti cle and Nu clear Phys ics, Bu da pest, H-1525 P.O.B. 49 Hun gary

Antiferromagnetically (AF) cou pled me tal lic multilayers
(ML) have re ceived much at ten tion and ap pre ci a tion in re -
cent years, in clud ing the 2007 No bel Prize in phys ics, due
to their rel e vance in fun da men tal sci ence and mag netic re -
cord ing tech nol ogy alike. Both their plane-per pen dic u lar
and lat eral mag netic struc ture can be ef fi ciently stud ied by
two closely re lated nu clear scat ter ing tech niques, see syn -
chro tron Mössbauer reflectometry (SMR) and polar ised
neu tron reflectometry (PNR). Here we pres ent SMR stud -
ies of the mag netic-field-his tory-de pend ent for ma tion and
trans for ma tion of mag netic do mains in a strongly AF-cou -
pled epitaxial ML.

The ori en ta tion of the mag net is ation of the fer ro mag -
netic lay ers can be mea sured to a high ac cu racy by the
spec u lar in ten sity of the AF re flec tions. This fact has been
used to dem on strate the bulk-spin-flop tran si tion in a
strongly AF-cou pled Fe/Cr ML. The value and dis tri bu tion 
of the crit i cal field of this tran si tion re veal de tails of the
layer-layer cou pling, in-plane mag netic ani so tropy and do -
main-wall mo tion, all play ing de ci sive role in the per for -
mance of magnetoresistive de vices.

The off-spec u lar (dif fuse) re flec tivity probes the
in-plane com po nent qx of the scat ter ing vec tor and, con se -
quently, re veals the in-plane cor re la tion length of the scat -
ter ing am pli tude. Start ing with a strongly AF-cou pled ML
in mag netic sat u ra tion and then grad u ally de creas ing the
field, two kinds of AF patch do mains dif fer ing only in the
sense of ro ta tion of the mag net is ation in their odd and even
lay ers are spon ta ne ously formed. On fur ther de creas ing the 
field and, thereby, in creas ing the do main-wall an gle, the
size of the do mains is ex pected to spon ta ne ously in crease
in order to de crease the do main-wall en ergy per unit area of 

the ML. We ob served this do main rip en ing with SMR and
ev i denced a rel a tively sud den growth of the do main size
from 370 nm to 800 nm. The do main rip en ing was found to
be an ir re vers ible pro cess (up to sat u ra tion) and was also
fol lowed by an ap par ent change in the shape of the dif fuse
scat ter ing peak.

A dra matic in crease of the do main size from 800 nm to

at least 5 mm, i.e., a coars en ing of the AF do mains was ob -
served in the same multilayer when it passed the BSF tran -
si tion pro vided that the ex ter nal mag netic field was
pre vi ously de creased from mag netic sat u ra tion to zero.
This shows the key role of the in-plane magnetocrystalline
ani so tropy in the do main-coars en ing pro cess. In con trast to 
rip en ing, a do main-wall-en ergy-driven and coercivity-lim -
ited pro cess, the ex plo sion-like coars en ing is driven by the
Zeeman and the ani so tropy en er gies and is not as so ci ated
with any long-range do main-wall move ment. Akin to rip -
en ing, also coars en ing was found to be ir re vers ible as long
as the ap plied field did not reach the sat u ra tion re gion.

The au thors grate fully thank D. Aernout, A. Chumakov, 
B. Croonenborghs, B. Degroote, J. Dekoster, Yu.N.
Khaidukov, O. Leupold, J. Meersschaut, D.G. Mer kel, R.
Rüffer, Sz. Sajti, H. Spiering, J. Swerts, K. Temst, V.
Vanhoof and A. Vantomme for their valu able con tri bu tion
as well as for many help ful dis cus sions. Pro vi sion of syn -
chro tron ra di a tion by the Eu ro pean Syn chro tron Ra di a -
tion Fa cil ity, Grenoble is highly ac knowl edged. This work
was par tially sup ported by pro ject No. T047094 of the
Hun gar ian Sci en tific Re search Fund (OTKA), by the Eu ro -
pean Com mu nity un der the STREP Con tract No.
NMP4-CT-2003-001516 (DYNASYNC) and by the Flem -
ish/Hun gar ian bi lat eral pro ject B 2/02.

SOFT X-RAYS: THE ELETTRA EXPERIENCE

Paolucci, G.

ELETTRA, Terst, It aly

Elettra is the first me dium en ergy third gen er a tion
synchrotron source built in Eu rope. It is op er a tional since
1995. It was de vel oped as a source com ple men tary to the
ESRF and its sci en tific case was pri mar ily in the VUV-soft
X-rays range. A num ber of beamlines in this en ergy range
have been de vel oped at Elettra dur ing the years aim ing at
the char ac ter iza tion of a num ber of ma te ri als, in clud ing

sur faces, in ter faces, thin films, nanostructures us ing pho to -
elec tron spec tros copy based method (time, space and/or
kresolved), im ag ing meth ods and photabsorbtion. Dur ing
the talk ex am ples of such ap pli ca tions will be given. Af ter
over 10 years of op er a tion the user com mu nity is still grow -
ing and new ap pli ca tions arebe ing de vel oped ex tend ing the 
meth ods to other dis ci plines, such as lifesciences.
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APPLICATION OF SYNCHROTRON RADIATION IN RESEARCH OF STRUCTURAL
MATERIALS: OPPORTUNITIES FOR MATERIAL SCIENCES AT CESL

Schneeweiss, O.

In sti tute of Phys ics of Ma te ri als, AS CR, v.v.i., Brno, Czech Re pub lic

The struc tural ma te ri als form the frame work of the hu man
so ci ety start ing from the build ing stones up to
nanoelements in elec tronic de vices. Ex per i men tal tech -
niques based on ap pli ca tion of syn chro tron have been be -
com ing im por tance in the ad vanced re search of struc tural
ma te rial namely from the point of view of mi cro and
nanostructure re search of dy namic pro cesses.

Start ing from the heavy in dus trial ap pli ca tion, in-situ
ob ser va tions of the dy namic evo lu tion of micro struc tures
during the weld ing of com mer cial al loys are now pos si ble
be cause of a novel syn chro tron ra di a tion-based X-ray dif -
frac tion tech nique. Syn chro tron ra di a tion, in the form of an 
in tense highly collimated X-ray beam, can be fo cused into
a sub-mil li me ter sized beam to probe atomic struc tures in
time scales of mil li sec onds rather than the hours re quired
by con ven tional sources [1].

New in for ma tion on early stages of sur face ox i da tion
(cor ro sion) was ob tained us ing pho to elec tron spec tros copy 
where the light source is syn chro tron ra di a tion (UPS). As
an ex am ple, de tailed in ves ti ga tion of the sur face layer on
electrotechnical steel sheets will be pre sented [2]. Pre cise
anal y sis of the Si-2p pho to elec tron peak pro file dis cov ered
pres ence of new iron-sil i con intermetallics in the up per
layer.

Re search on high den sity re cord ing me dia (terabytes
hard discs) is fo cused on Fe-Pt ma te ri als in form of
nanoobjects with re quested struc ture and mag netic prop er -
ties. To un der stand prin ci ples of their mag netic be hav ior
X-ray mag netic cir cu lar dichroism and EXAFS based on
ap pli ca tion of syn chro tron ra di a tion were ap plied [3]. This
study ex plained the cor re la tion be tween size and the el e -
ment-spe cific mag netic mo ments.

Car bon nanotubes at tract at ten tion for their ex traor di -
nary phys i cal prop er ties which can bring im por tant prog -
ress in nanoelectronics. Ac tual re search is fo cused namely
on their prep a ra tion in large scale with well de fined sizes
and prop er ties. In ves ti ga tion of the Si/SiO2/Fe sub strate us -
ing UPS showed new in for ma tion on be hav ior of the iron
thin layer dur ing tem per a ture in crease in the pro cess of car -
bon nanotubes growth [4].

The short over view of ap pli ca tions of syn chro tron ra di -
a tion in re search of var i ous struc tural ma te ri als show that
this mod ern ex per i men tal tool can bring new data which
help in de vel op ment of novel struc tural ma te ri als with im -
proved quality.

1. J. Wong, T. Ressler, J.W. Elmer: Dy nam ics of phase trans -
for ma tions and microstructure evo lu tion in car bon-man ga -
nese steel arc welds us ing time-re solved syn chro tron X-ray 
dif frac tion, J. Syn chro tron Rad. 10 (2003) 154-167.

2. M. Vondrácek, V. Dudr, N. Tsud, P. Lejcek, V. Cháb, K.C. 
Prince, V. Matolín, O. Schneeweiss: Sur face seg re ga tion in 
FeSi al loys, Sur face Sci.

3. C. Antoniak, J. Lindner, M. Spasova, D. Sudfeld, M. Acet,
M. Farle, K. Fauth, U. Wiedwald, H.-G. Boyen, P.
Ziemann, F. Wil helm, A. Rogalev, S.H. Sun: En hanced or -
bital mag ne tism in Fe50Pt50 nanoparticles, Phys. Rev. Lett
97 (2006) 117201.

4. O. Jašek, O. Schneeweiss, B. Da vid, L. Zajíèková, M.
Vondráèek: Study of nanocrystalline iron phases on
Si-SiO2/Fe MWCNT sam ples, Int. Conf. NANO’2007,

BUT, Brno, 2007.             

SYNCHROTRON RADIATION USERS COMMUNITY IN POLAND - ORGANIZATION,
SCIENTIFIC INTEREST, SCHOOLS AND CONFERENCES

£awniczak-Jablonska, K.

In sti tute of Phys ics, Pol ish Acad emy of Sci ences, Al. Lotników 32/46, War saw, Po land, Pol ish Syn chro tron
Ra di a tion So ci ety

The First Meet ing of the Pol ish Syn chro tron Ra di a tion Us -
ers took place on 11-12 Feb ru ary 1991 in Krakow. It gath -
ered 34 re search ers from sev eral sci en tific in sti tu tions in
Po land that ac tively ex ploited the syn chro tron ra di a tion in
their re search. The idea of cre at ing the Pol ish Syn chro tron
Ra di a tion So ci ety (PSRS) was born there. On 5th of May
1991 the PSRS was of fi cially reg is tered with Prof. Andrzej 
Kisiel as the first pres i dent. To day PSRS has 121 ac tive
mem bers and 20 for eign mem bers. The main goal of PSRS
ac tiv ity is to sup port a de vel op ment of the re search with the 
use of the syn chro tron ra di a tion (SR) and a pop u lar iza tion
of this kind of re search in Po land. The means used to
achieve these goals are first of all the or ga ni za tion of Na -
tional Meet ings of the Pol ish Syn chro tron Ra di a tion Us ers

(PSRU) in or der to in te grate the SR us ers com mu nity and
to have the over view of their sci en tific ac tiv ity. Next the or -
ga ni za tion of the In ter na tional Schools and Sym po sia on
Use of Syn chro tron Ra di a tion in Nat u ral Sci ence
(ISSRNS) in or der to teach the young sci en tists in the ad -
vanced use of SR based meth ods. Dur ing the 16 years of
the PSRS ac tiv ity eight ISSRNS and seven PSRU were or -
ga nized, and six other con fer ences de voted to the use of SR 
were co-or ga nized by PSRS in Po land. More over two
work shops de voted to the EXAFS tech nique took place in
IoP in War saw each gath er ing more then 60 young sci en -
tists from sci en tific in sti tu tions in Po land. Sev eral other
spe cial ized work shops are be ing planed in the near est fu -
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ture. Start ing from 2002 the Bul le tin of PSRS is pub lished.
Six vol umes of the Bul le tin were pub lished till now.

A re cently built da ta base con tain ing pa pers with ap pli -
ca tion of SR pub lished by sci en tists hav ing Pol ish af fil i a -
tion ex ceeds one thou sand one hun dred. One can no tice a
fast in crease of the num ber of pa pers and Ph.D. the ses with
stud ies in volv ing the SR. Dur ing the pe riod of 1998-2005
only at the Hasylab, Ham burg, 164 Pol ish pro jects were
per formed. This long last ing ac tiv ity of Pol ish sci en tific
com mu nity in the ap pli ca tion of SR fi nally found a sup port
from the Pol ish gov ern ment. Start ing from July 2004 Po -

land is of fi cially a mem ber of ESRF, and from July 2006 is
an as so ci ated mem ber with the share of 1%. Pol ish gov ern -
ment is sup port ing the ac cess of Po land to the Eu ro pean
Free Elec tron La ser in Ham burg. The pro ject of cre at ing
the Pol ish Na tional Syn chro tron Ra di a tion Cen ter is un der
prep a ra tion and has got a green light from the Pol ish gov -
ern ment. 

In the lec ture the ac tiv ity of the Pol ish sci en tific SR
com mu nity will be pre sented and the ex cep tional ex am ples 
of the re search per formed by Pol ish sci en tists with the use
of SR will be shown. 

SYNCHROTRON - VUV AND XUVRADIATION

Cháb, V.

In sti tute of Phys ics, AS CR, v.v.i., Na Slovance 2, Prague 8, Czech Re pub lic

Syn chro tron ra di a tion (SR) has be come a very im por -
tant tool in many branches of sci ence. Cur rent SR sources
gen er ate ra di a tion con tin u ously tun able across the wide re -
gion of the elec tro mag netic spec trum. The SR is also
highly po lar ized and collimated in a very nar row for ward
cone. With these fea tures, SR pro vides which is cur rently
ap plied in sur face phys ics, ma te ri als sci ence, chem i cal, bi -
o log i cal and med i cine re search. Ded i cated SR sources op -
ti mized to gen er ate VUV and XUV ra di a tion are mostly

ap plied in spec tros copy and mi cros copy. As main ex per i -
men tal tools in these field meth ods based on
photoemission, ab sorp tion of ra di a tion or im ag ing with
emit ted elec trons or X-rays of fers new pos si bil i ties and im -
prove sub stan tially tasks com monly used in con ven tional
lab o ra to ries. We will give a brief sur vey of meth ods mostly 
used in this spec tral re gion to study elec tronic struc ture,
chem i cal state and com po si tion, lo cal struc ture and mi cros -
copy with the chem i cal res o lu tion. 

UTILIZATION OF SYNCHROTRON RADIATION AT THE INSTITUTE OF PHYSICS SAS
AND SYNCHROTRON COMMUNITY IN SLOVAKIA

Jergel, M.

In sti tute of Phys ics, Slo vak Acad emy of Sci ences, Dúbravská cesta 9, 845 11 Bratislava, Slo vak Re pub lic
www.fu.sav.sk/ml/

Syn chro tron ra di a tion (SR) has be come an in dis pens -
able tool for sev eral re search lines con ducted at the In sti -
tute of Phys ics of the Slo vak Acad emy of Sci ences.
Quan ti ta tive high-res o lu tion struc ture anal y sis of short-
range or der ing and size dis tri bu tion de ter mi na tion of nano -
crystalline grains in amor phous metastable ma trix us ing
SR is of vi tal im por tance for de vel op ment of new
nanomaterials with unique prop er ties at the De part ment of
Metal Phys ics. De vel op ment of new spintronic nano -
structures based on gi ant or tun nel ing magneto resistance
(GMR, TMR) ef fect with cur rent-in duced mag ne ti za tion
switch ing (CIMS) at the De part ment of Multilayers and
Nanostructures [1] has brought qual i ta tively new de mands
for char ac ter iza tion of in ter faces in multilayers and hy brid
struc tures as well as self-as sem bling ef fects of mag netic
nanoparticles. SR of fers unique pos si bil i ties for prob ing
self-as sem bling ef fects and in ter faces in terms of mor phol -
ogy and in ter face mag ne tism.

The lec ture will ex em plify each of these three ap pli -
ca tions of SR pre sent ing some re cently ob tained re sults.
Firstly, ef fect of the de po si tion tech nique on the in ter face
mor phol ogy in terms of power spec tral den sity will be doc -

u mented by m-GISAXS mea sure ments (HASYLAB, BW4
beamline). Sec ondly, self-as sem bling ef fects in the evap o -
rat ing drop of a nanoparticle so lu tion will be traced by

static as well as time-re solved m-GISAXS com bined with
SAXS to an swer the ques tions where the nanoparticle or -

der ing takes place and what the fi nal nanoparticle ar ray
looks like [2] (HASYLAB, BW4 beamline). Thirdly, a
proof of the in duced mag netic mo ment in gold in Au/Co
multilayers de pos ited by two dif fer ent tech niques based on
XMCD and XMRS mea sure ments will be shown. Hav ing
5d band filled com pletely in the atomic form, gold can ac -
quire mag netic mo ment only via elec tron hy brid iza tion at
the in ter faces which pro duces spin-po lar ized 5d holes.
Con se quently, the in duced mag netic mo ment is ex tremely
small and dif fi cult to de tect in this par tic u lar case (ESRF,
ID12 beamline).

The lec ture will also in tro duce some pres ent and po -
ten tial us ers of SR in Slovakia with their re spec tive fields
of in ter est and will give a per sonal as sess ment of the au thor 
of Slo vak pos si bil i ties to par tic i pate at con struc tion of
CESL beamlines.

1. P. Šiffaloviè, L. Chitu, Y. Halahovets, M. Jergel, R.
Senderák, E. Majková, Š. Luby: Cor re la tion Be tween
X-ray Re cip ro cal Space Maps and Mag netic Prop er ties of
Cur rent In duced Mag ne ti za tion Switch ing Pseudo Spin
Valve Struc tures, J. Appl. Phys. 101 (2007). art.no.
033538.

2. P. Šiffaloviè, E. Majková, L. Chitu, M. Jergel, Š. Luby, 
A. Šatka, S.V. Roth: Self As sem bly of Iron Ox ide
Nanoparticles as Ob served by Time-Re solved Graz ing In -
ci dence Small An gle X-ray Scat ter ing, Phys. Rev. B, ac -
cepted. 



Ó Krystalografická spoleènost

s68 CESLAB Ma te ri als Struc ture,  vol. 15,  no. 1a (2008)

SYNCHROTRON RADIATION OPTICS AND INSTRUMENTATION IN THE REGION

Hrdý, J., Oberta, P.

In sti tute of Phys ics, AS CR, v.v.i., Na Slovance 2, 182 21 Prague 8, Czech Re pub lic

Lab o ra to ries and com pa nies in the Czech Re pub lic
(and par tially in neigh bor ing coun tries), de vel op ing meth -

ods and in stru men ta tion ap pli ca ble for syn chro tron ra di a -
tion are briefly de scribed. 

STRUCTURE AS A KEY TO FUNCTION: PROTEIN ENGINEERING AND MOLECULAR
MODELING OF LECTIN-SACCHARIDE INTERACTIONS

Adam, J.1, Pokorná, M.1, Sabin, Ch.2, Køíž, Z.1, 
Imberty, A2, Koèa, J.1, Wimmerová, M.1,3

1Na tional Cen tre for Biomolecular Re search and 3De part ment of Bio chem is try , Fac ulty of Sci ence, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, 

2CERMAV-CNRS, 601 rue de la Chimie, BP 53, 38041 Grenoble, France

Solv ing pro tein struc tures and ana lys ing the re la tion ships
be tween struc ture and func tion of a pro tein is a key stone of
biomolecular chem is try. The un der stand ing of the con nec -
tions be tween them is cru cial e.g. for the pro cess of pro tein
en gi neer ing – de sign ing pro teins with pre cisely de fined
and de sired prop er ties. Hav ing a pro tein struc ture solved
en ables also the ap pli ca tion of pow er ful com pu ta tional
chem is try and mo lec u lar mod el ling meth ods in or der to
model and pre dict the be hav ior of the biomacromolecules
in silico, po ten tially sav ing the ex per i men tal time by help -
ing to choos ing prom is ing di rec tions in ad vance. Syn chro -
tron ra di a tion of fers one of the most pre cise and ef fec tive
ways of solv ing crys tal struc tures of the pro teins. The study 
is fo cused on lectins, pro teins ca pa ble of bind ing
saccharide struc tures with both high af fin ity and spec i fic -
ity, de ci pher ing the sugar code in for ma tion. 

The lectin PA-IIL from Pseu do mo nas aeruginosa plays 
an im por tant role in the bac te ria’s vir u lence. It is able to
bind fucose with micromolar af fin ity, thanks to un usual

bind ing mode me di ated by a pair of cal cium ions. Sim i lar
struc tures have been found in other bac te ria, with dif fer ent
bind ing pref er ences de spite only slight se quence changes.
Mu ta tions of the PA-IIL were de signed ac cord ing to these
dif fer ences, per formed and in ves ti gated both in vi tro, and
in silico [1]. Thanks to the ESRF fa cil ity, it was pos si ble to
mea sure and solve the crys tal struc tures of the PA-IIL and
its mu tants [2,3], cor re late the struc tural data to the ther mo -
dy nam ics, and com pare them to the re sults of the com pu ta -
tional study. Over all, the study helped to re veal the cru cial
role of the amino-acid com po si tion of the bind ing site for
bind ing pref er ences, and the pos si bil ity of in silico pre dic -
tion of these in ter ac tions. The struc tural knowl edge paired
with com pu ta tional chem is try can there fore be of great
help in pro tein en gi neer ing and drug de sign.

1. Adam, J., et al., manu script in prep a ra tion.

2. Mitch ell, E. et al., Na ture Struct. Biol.  9 (2002) 918–921.

3. Adam, J., et al.,  BMC Struct. Biol.  v7  (2007) pp. 36.

INFRARED SPECTROSCOPY (ELLIPSOMETRY) WITH SYNCHROTRON RADIATION

Bernhard, C.1, Dubroka A.1,2, Železný, V.3, 
Humlíèek, J.2

1Phys ics De part ment, Uni ver sity of Fribourg and Fribourg Cen ter for Nanomaterials, Ch. du Musée 3, 1700
Fribourg, Swit zer land

2 In sti tute of Con densed Mat ter Phys ics, Masaryk Uni ver sity Brno, Kotláøská 2, 611 37 Brno, Czech Re pub lic
3 In sti tute of Phys ics of the AS CR, v.v.i., Na Slovance 2, 182 21 Prague 8, Czech Re pub lic

We re port on ellipsometric mea sure ments in far-in fra red
range us ing a syn chro tron ra di a tion. We dis cuss ad van -
tages of a syn chro tron ra di a tion with re spect to stan dard
sources. Re sults on high-tem per a ture su per con duc tors are

shown. Other in fra red spec tros copy tech niques (mi cros -
copy, high pres sure, high mag netic field) that take large ad -
van tage of syn chro tron ra di a tion are briefly dis cussed.
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ORDERED 2D SYSTEMS OF ORGANIC MOLECULES AND NANOPARTICLES IN
LANGMUIR MONOLAYERS AND LANGMUIR-BLODGETT FILMS

Cirák, J.,  Weis, M.

De part ment of Phys ics, Fac ulty of Elec tri cal En gi neer ing and In for ma tion Tech nol ogy, Slo vak Uni ver sity of
Tech nol ogy, Ilkovièova 3, 812 19 Bratislava, Slo vak Re pub lic

jul ius.cirak@stuba.sk

Or ganic ma te ri als are of great in ter est for elec tronic ap pli -
ca tions, as they have many ad van tages over their in or ganic
coun ter parts. They may of ten be so lu tion-pro cessed, al -
low ing the fab ri ca tion of de vices such as cir cuits, dis plays,
and biosensors. The most at trac tive pros pect is the in cor po -
ra tion of func tion al ity by de sign. Since the elec tronic and
op ti cal prop er ties of or ganic thin film ma te rial are in ti -
mately con nected to the pack ing mo tifs of the mol e cules in
the films, it is of par a mount im por tance to achieve con trol
of the as sem bly pro cess that take the mol e cules from a dis -
or dered state in so lu tion into the or dered con densed state
on a sub strate. An ideal tool for study ing the self-as sem bly
pro cess of mol e cules or nano-sized ob jects in two-di men -
sions is of fered by the Langmuir-Blodgett (LB) tech nique,
which al lows for ma tion of a monolayer on the wa ter sur -
face and a sub se quent trans fer onto the solid sub strate pre -
serv ing the mo lec u lar or der achieved in the monolayer. 

The air/wa ter in ter face pro vides some unique op por tu -
ni ties to study self-as sem bly pro cesses. First, the “sub -
strate” (wa ter) is ex tremely well de fined, be cause it is flat
and ho mo ge neous, sec ond, the ef fec tive dimensionality of
the as sem bly pro cess is re duced from 3 to 2 di men sions and 
the mol e cules are free to move only in the lat eral di rec tion,
and third, re cent de vel op ments of syn chro tron sources,
pro vid ing very in tense X-rays, have al lowed dif frac tion ex -

per i ments to be per formed di rectly on monomolecular
films float ing at the air/wa ter in ter face [1]. This type of ex -
per i ment al lows the in-plane struc ture of the monolayer
film to be elu ci dated. Once the films have been trans ferred
to solid sub strates, lo cal probe meth ods, such as AFM,
SEM, TEM may be used for study ing the in-plane struc ture
of the film sur face. In com bi na tion, these two types of
meth ods bring de tailed in for ma tion on to pog ra phy of 2D
sys tem, which is im por tant for de ter min ing its elec tronic or 
op ti cal prop er ties.    

This pre sen ta tion doc u ments some par tic u lar ex am ples
of re sults of X-rays dif frac tion and X-ray re flec tivity mea -
sure ments from LB lay ers formed of lipid mol e cules,
which are mod els of bi o log i cal mem branes, of nano -
particles, and of or ganic mol e cules (diacetylene, parylene), 
which be long to or ganic semi con duc tor and in su la tor
classes. In all cases, this ap proach proved it self as a pow er -
ful tool for ac quir ing di rect in-plane struc tural ev i dence.
The re sults are con fronted with mi cro scopic im ages. 

The work is sup ported by the Slo vak grant agen cies VEGA
(pro ject No. 1/30038/06) and APVV (pro ject No. 0173-06,
pro ject No. 0290-06).

1. N. Reitzel, D. R. Greve, K. Kjaer et al., J. Am. Chem. Soc.
122 (2000) 5788. 

GALLIUM STRUCTURE ON SILICON SURFACES STUDIED BY SYNCHROTRON
RADIATION PHOTOELECTRON SPECTROSCOPY

Èechal, J., Mach, J., Kolíbal, M., Kostelník, P., Potoèek, M., Voborný, S., Bábor, P., 
Spousta, J., Šikola, T.

In sti tute of Phys i cal En gi neer ing, Fac ulty of Me chan i cal En gi neer ing, Brno Uni ver sity of Tech nol ogy,
Technická 2896/2, 616 69 Brno, Czech Re pub lic cechal@fme.vutbr.cz

The in flu ence of tem per a ture, ad sorbed wa ter and hy dro -
gen on the struc ture and be hav iour of gal lium at oms on sil i -
con sur faces stud ied at Ma te ri als Sci ence Beamline of
Elettra Syn chro tron Light Lab o ra tory in Trieste is pre -
sented and sum ma rized [1–3]. The gal lium struc ture was
mon i tored by low-en ergy elec tron dif frac tion (LEED) and
syn chro tron ra di a tion pho to elec tron spec tros copy
(SR-PES). A de tailed anal y sis of pho to elec tron spec tra was 
car ried out and dif fer ent Ga 3d and Si 2p peak com po nents
were rec og nized and re lated to gal lium or sil i con at oms in
dif fer ent po si tions and/or bond ing ar range ment. 

In the case of gal lium de po si tion on Si(111)-(7×7)
sur face [1] it was found that the de po si tion at room (or
lower) tem per a ture leads to a non-or dered growth up to a
crit i cal cov er age (around 1.5 ML), be yond which gal lium
forms small drop lets on the sil i con sur face. At higher tem -

per a tures ei ther only the is land bases were formed (over
490 °C) or these bases were cov ered with ex tra gal lium at -
oms in an ad di tional layer (300 °C) with me tal lic prop er -
ties. In ad di tion to the pre vi ously re ported struc tures, a new 

(3Ö3 × 3Ö3) R30° re con struc tion was ob served af ter high
tem per a ture de po si tion fol lowed by an neal ing to 530 °C.
This struc ture was sta ble in a nar row tem per a ture range and 

forms an in ter me di ate step be tween the (Ö3 ×Ö3) R30° re -

con struc tion and the is land struc ture.
The re sults on Ga de po si tion on a clean Si(100)-

(2×1) at a higher tem per a ture (490 °C) [2] are con sis tent
with a Ga ad-dimer model show ing the equiv a lent bond ar -
range ment of all Ga at oms for coverages up to 0.5 ML. The
gal lium de po si tion onto a sur face with ad sorbed wa ter at
room tem per a ture [2] led to a dis or dered growth – gal lium
at oms bind to sil i con dimers al ready bind ing frag ments of
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ad sorbed wa ter. A sub se quent an neal ing of these lay ers
leads to a sur face struc ture sim i lar to the Ga-(2×2), how -
ever, it is less or dered, prob a bly due to the pres ence of sil i -
con ox ides formed from wa ter frag ments. Fur ther, it was
found that gal lium de po si tion on Si(100)-(2×1)-H sur face
at el e vated tem per a ture [3] leads to hy dro gen desorption
and for ma tion of the same gal lium sur face phases as on
bare Si(100)-(2×1). 

1. J. Èechal, M. Kolíbal, P. Kostelník, T. Šikola: Gal lium
struc ture on the Si(111)–(7×7) sur face: in flu ence of Ga

cov er age and tem per a ture, J. Phys.: Condens. Mat ter, 19
(2007), art no. 016011(15pp).

2. J. Èechal, J. Mach, S. Voborný, P. Kostelník, P. Bábor, J.
Spousta, T. Šikola: A study of Ga lay ers on Si(100)-(2×1)
by SR–PES: in flu ence of ad sorbed wa ter, Surf. Sci., 601(9) 
(2007) 2047.

3. J. Èechal, J. Mach, M. Kolíbal, M. Potoèek, T. Šikola:
Atomic hy dro gen in duced gal lium nanocluster for ma tion
on Si(100) sur face, Surf. Sci., sub mit ted to pub li ca tion. 

ACTO-MYOSIN MOLECULAR MOTOR AS A ‘LIVING CRYSTAL’: AN INVESTIGATION
OF STRUCTURAL STATES BY TIME­RESOLVED SYNCHROTRON RADIATION

DIFFRACTION

Griffiths, P. J.1, Pelc, R.2*, Funari, S. S.3, Ashley. Ch. C.1

1Uni ver sity of Ox ford / Phys i ol ogy, Anat omy & Ge net ics, Ox ford OX1 3PT, UK
2Czech Acad emy of Sci ences / Mi cro bi ol ogy, CZ-14220 Prague 4-Krè, Czech Re pub lic

3DESY / Ham burg Syn chro tron Lab o ra tory, D-22603 Ham burg
radek.pelc@seh.oxon.org

Con trac tile cells can ex ert their main func tion, cell mo til -
ity, ow ing to the pres ence in them of fil a men tous pro teins,
mainly my o sin and actin, and the highly-or dered fash ion of 
the pro teins’ as sem bly. As such, they can be con sid ered
‘liv ing crys tals’ and in ves ti gated in much the same way as
other crys tal line spec i mens, e.g., by X-ray dif frac tion. 

The acto-my o sin mo lec u lar mo tor op er ates in a quick
cy cle con sist ing of four main states (‘strokes’). The struc -
ture as so ci ated with some of them was in ves ti gated in crys -
tal lised iso lated my o sin mo tor do mains/sub units
(subfragments 1 or S1) [1]. While these ex per i ments are
pre cise from a clas si cal crys tal log ra phy per spec tive, they
say noth ing about force gen er a tion as so ci ated with such
states, as en coun tered in the liv ing tis sue. The pres ent in -
ves ti ga tion aims to probe this ‘un cer tainty re la tion’, by
study ing the mo lec u lar mo tor di rectly in situ in a tis sue
prep a ra tion.

The prep a ra tions (ca 5 mm long and 0.5 mm in di am e -
ter) were dis sected ei ther from frog sar to rius or rab bit
psoas mus cle, and permeabilised with a mild de ter gent (1% 
Trixon X­100), to make their cytosol ac ces si ble for ex per i -
men tal ma nip u la tion [2]. The in di vid ual states of the mo -
lec u lar mo tor were ar rested (‘chem i cally frozen’) by
var i ous ATP an a logues (ALF4-, AMP.PNP, vanadate or
pyrophosphate). Upon ir ra di a tion with an X-ray beam (ca 4  

´ 0.5 mm in crossection, wave length 0.15 nm), the 3rd me -

rid i o nal X-ray dif frac tion sig nal was re corded (M3, 14.5
nm-1), as it sam ples the S1 sub unit’s ori en ta tion [3]. To
sim u late the work ing cy cle of the mo tor do main (S1), dy -
namic, time-re solved X-ray dif frac tion ex per i ments were
per formed in some states, by ap ply ing me chan i cal os cil la -
tions to the tis sue prep a ra tion (0.1 or 1.0 kHz).

In rigor state, the fi nal step of the mo lec u lar mo tor’s
work ing cy cle, the os cil la tions were also ap plied on top of
a step stretch which was meant to force the mo tor do main
out of its stan dard mean ori en ta tion. As a re sult of this ad di -
tional ex per i men tal per tur ba tion, the M3 time-course pat -
tern be came, in some prep a ra tions, com pa ra ble to that
ob served in in tact (non-permeabilised) prep a ra tions in a
dif fer ent func tional state, namely in the ac ti vated state. The 
pres ent data thus helped to re move one of sev eral vari ables
still pres ent in the com plex mo lec u lar mo tor equa tion set.

Sup ported by RII3-CT-2004/II-03-065 EC and CZ-
AV0Z50200510.

1. Houdusse A. & Swee ney H.L. (2001) Curr. Opin. Struct.
Biol. 11 (2001) 182-194.

2. Hoskins B. et al.,  J. Mol. Biol. 290 (1999) 77-97.

3. Griffiths P.J. et al., Am. J. Physiol. 289 (2005) 
C177-C186. 



STRUCTURAL BASIS OF SIX BLADED b-PROPELLER LECTINS AAL AND RSL

Kostlánová, N.1, Mitch ell, E.P.2, Imberty, A.3,  Wimmerová, M.1,4

1,4Na tional Cen tre for Biomolecular Re search and De part ment of Bio chem is try, Masaryk Uni ver sity,
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The life style of bac te rium and fungi like saprophytes,
symbiotes or patho gens re quire the spe cific rec og ni tion of
organics mat ter or host is sues for ad he sion and sub se quent
in va sion. A com mon strat egy adopted by bac te ria and
fungi in volves bind ing to host glycoconjugates us ing
sugar-bind ing pro teins, lectins [1].

This con tri bu tion de scribes two fucose bind ing lectins:
AAL (312 amino ac ids) - the fun gal lectin from Aleuria
aurentia and RSL (90 amino ac ids) – the bac te rial lectin
from Ralstonia solanacearum. The crys tal struc ture of
AAL - the first struc ture of fun gal lectin – was found to be a 
six bladed ß-pro pel ler with a small antiparallel
two-stranded ß-sheet that plays a role in dimerization. Five
fucose res i dues are lo cated in bind ing pock ets be tween the
ad ja cent pro pel ler blades [2]. 

The bac te rial lectin RSL dis plays strong se quence sim i -
lar ity to one-third of the se quence of the AAL lectin. The
RSL mono mer is com posed of two four-stranded ß-sheets
and as sem bles as a trimer, form ing six-bladed ß-pro pel ler
fold very sim i lar to that of AAL [3]. Al though the ß-pro pel -
ler fold has been ob served now in many pro tein fam i lies,

RSL is the only ex am ple in all pro tein space to date in
which the to rus is gen er ated by oligomerization and not by
pep tide re peats of the same con tin u ous pro tein chain.

Each RSL mono mer has two bind ing sites, one
intramonomer and one at the in ter face with the neigh bour -
ing mono mer, for a to tal of six sites per trimer. The
ligand-bind ing sites of AAL and RSL are very sim i lar, and
are char ac ter ized by nu mer ous hy dro gen bonds to the side
chains of po lar amino ac ids and by strong hy dro pho bic in -
ter ac tion be tween aromatics res i dues. The sim i lar ity at the
se quence, struc tural and bind ing site lev els be tween fun gal
lectin and bac te rial one could be due to the gene ex change
al lowed by close con tact of the two or gan isms in soil.

1. Imberty, A., Mitch ell, E.P., Wimmerová, M., Curr. Opin.
Struct. Biol., 15(5) (2005) 523-534.

2. Wimmerová, M., Mitch ell, E., Sanchez, J.-F., Gautier, C.,
Imberty, A.: J. Biol. Chem., 278 (2003) 27059-27067. 

3. Kostlánová N., Mitch ell E.P., Lortat-Ja cob H., Oscarson S., 
Lahmann M., Gilboa-Garber N., Chambat G., Wimmerová
M., Imberty A., J. Biol. Chem., 280  (2005) 27839 - 27849.

STANDING-WAVE EFFECTS IN GRAZING-INCIDENCE X-RAY DIFFRACTION FROM
POLYCRYSTALLINE MULTILAYERS

Krèmáø, J.1, Holý, V. 1,2, Horák, L.2, Metzger, T. H.3, Sobota, J.4
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The in ten sity of X-ray dif frac tion from a polycrystalline
multilayer in a graz ing-in ci dence scat ter ing ge om e try is
mod u lated by a stand ing wave cre ated by the in ter fer ence
of the ra di a tion trans mit ted through the multilayer stack
with the wave field specularly re flected from the super -
lattice in ter faces. Sim i larly, the ra di a tion be ing dif fracted
from the polycrystalline struc ture is re flected specularly
from the in ter faces and a stand ing-wave in ter fer ence pat -
tern re sults as well. The stand ing-wave ef fects in dif frac -
tion from polycrystals have been an a lyzed the o ret i cally in 
[1].

This ef fect is dem on strated by a se ries of dif frac tion
mea sure ments on Ni3N/C pe ri odic multilayers; the ex per i -
men tal data have been mod elled us ing the dis torted-wave

Born ap prox i ma tion and a very good cor re spon dence with
the ex per i ments was achieved. We have found that the
Ni3N lay ers are not polycrystalline in the whole vol ume
and the shape of the grains de pends on the layer thick ness.
We have also de ter mined the de pend ence of the grain sizes
on the depth of the Ni3N layer in the multilayer stack. 

The mea sure ments of the re flec tivity curves and pow -
der dif frac tion in clas si cal sym met ric ge om e try were per -
formed us ing a stan dard lab o ra tory setup; GID
mea sure ments were car ried out at the ID01 beamline at
ESRF, Grenoble.

1. P. F. Fewster, N. L. An drew, V. Holý, and K. Barmak,
Phys. Rev. B 72 (2005), 174105.
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We mea sured res o nant in elas tic X-ray scat ter ing spec tra at
the K-edges of sev eral tran si tion metal com pounds (Ti, V,
Mn, Fe, and Cu) with a high-res o lu tion in-vacuo Rowland-
cir cle spec trom e ter [1] that has been in stalled at the DORIS 
III stor age ring in HASYLAB. The spec trom e ter uti lizes
ei ther spher i cally or cy lin dri cally bent sil i con crys tals of
sev eral ori en ta tions to an a lyze the flu o res cence sig nal out -
go ing from the sam ple. The mea sure ments are pref er a bly
per formed in a dispersive set-up with a sam ple lo cated in -
side a Rowland cir cle and with po si tion sen si tive de tec tor
on the cir cum fer ence of the fo cus ing cir cle. The spec trom -
e ter works at fixed Bragg an gle, the en ergy trans fers are
ob tained by vary ing the in ci dent pho ton en ergy. The en -
ergy res o lu tion of the spec trom e ter is about 1 eV.

Res o nant in elas tic X-ray scat ter ing (RIXS) is a two
pho ton pro cess with an in ter me di ate state at the low un oc -
cu pied va lence elec tron states a pro vides sim i lar kind of in -
for ma tion as X-ray ab sorp tion spec tros copy. The
ad van tage of RIXS is that by tun ing the ex ci ta tion en ergy
through the ab sorp tion edge of the ob served el e ment the
high res o lu tion flu o res cence spec tra are ob tained. The flu -
o res cence spec tra ex cited close to thresh old show sig nif i -
cant dif fer ences, and al low to sep a rate tran si tions, which
can not be sep a rated with con ven tional X-ray ab sorp tion

spec tros copy. For site-se lec tive spec tros copy, Kb flu o res -

cence mea sure ments are gen er ally better suited than Kb
flu o res cence, be cause due to the non-neg li gi ble over lap of
3p-elec trons with the va lence elec trons, the en ergy and

line-shape of the Kb flu o res cence lines de pend on the ox i -
da tion state and on the ligand. On the other hand, in or der to 

sep a rate and iden tify the tran si tions into un oc cu pied states

in the near-edge re gion, the mea sure ments of Kb flu o res -
cence lines are pref er a ble.

Here we pres ent 1s3p RIXS spec tra (Kß flu o res cence
lines) of ti ta nium di ox ide (TiO2), both rutile and ana tase,

and the 1s2p RIXS spec tra (Kb flu o res cence lines) of va na -
dium pentoxide (V2O5). The RIXS mea sure ments for TiO2

were per formed for ex ci ta tion en er gies from 4965 eV to
4980 eV (step 0.5 eV) and re veal the well sep a rated struc -
ture con sist ing of three pre-edge peaks. The pre-peaks are
broadly as signed as Ti 1s-4p di pole and 1s-3d quadrupole
tran si tions that are in flu enced by strong O 2p – Ti 3d hy -
brid iza tion. Sur pris ingly the po si tion of the first pre-peak
for both com pounds is shifted to lower en er gies, al though
the in ci dent en ergy has been tuned above the ex ci ta tion
thresh old yet. Sim i larly, we mea sured 1s2p RIXS of V2O5
for ex ci ta tion en er gies from 5460 eV to 5480 eV. We ob -
served a sharp res o nance in the flu o res cence spec tra at the
en ergy of 5467 eV. The res o nance can be as signed to the
dou blet struc ture, which can be seen in the con ven tional
XAS only as a weak fea ture in the de riv a tive ab sorp tion
spec trum. The struc ture was for the first time de scribed by
Wong et al. [2] and was in ter preted as ef fect from crys tal
field split ting.

1. E. Wel ter, P. Machek, G. Dräger, U. Brüggmann and M.
Fröba: J. Syn chro tron Rad. 12 (2005) 448-454.

2. J. Wong, F.W. Lytle, R.P. Messmer and D.H. Maylotte:
Phys. Rev. B 30 (1984) 5596-5610.
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Si and Ge al loys are be com ing more and more im por tant in
semi con duc tor in dus try due to their ap pli ca tion in elec -
tronic and op to el ec tronic de vices and due to prog ress in
Si/SiGe strain en gi neer ing [1]. In deed the pro duc tion, pro -
cess ing and op er a tion of de vice cre ate a large ther mal load,
which in duces ther mal in sta bil ity of the pro duced struc -
ture. The heat dis si pa tion in the cir cuits and de vices op er a -
tion at high tem per a tures re quires the knowl edge of the
dif fu sion pro cesses.  

A se ries of in ves ti ga tions of dif fu sion in SiGe have
been done, un for tu nately the interdiffusion pro cess in SiGe 
al loys is non-lin ear and strongly de pends on Ge con tent
[2,3]. De tailed pa ram e ters de scrib ing pre cisely SiGe in ter -
mix ing were mea sured in lit er a ture for low Ge con tent in
SiGe struc tures, but the data for Ge rich SiGe are miss ing
with suf fi cient pre ci sion.

The aim of our in ves ti ga tion is to ex tend the knowl edge 
about Si1-xGex interdiffusion pro cess for the range of Ge
con tent x from 50 % to 100% and to de ter mine new val ues
of dif fu sion co ef fi cients of SiGe for var i ous Ge con cen tra -
tions. In or der to ob tain both the ac ti va tion en ergy EA and
dif fu sion prefactor D0, se ries of iso ther mal an neal ing at
var i ous tem per a tures is nec es sary to per form. We have an -
nealed sim ple Si1-xGex multilayers (x = 70% and 90%)
grown by mo lec u lar beam ep i taxy on re laxed SiGe
pseudosubstrates with con stant com po si tion of Ge. The
multilayers con sist nom i nally of 10 pe ri ods of SiGe quan -
tum wells and bar ri ers, cov ered by an ad di tional SiGe cap
layer in or der to pre serve the strain symmetrization. 

We have in ves ti gated the dif fu sion prop er ties of SiGe
mul ti ple quan tum well struc tures us ing in-situ dif frac tion
tech niques at asym met ric coplanar ge om e try per formed at
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ESRF at beamline BM20. The struc tural pa ram e ters as lat -
tice con stants, strain and Ge con tent pro file were de ter -
mined from sim u la tions of 224 dif frac tion pat tern ob tained
at el e vated tem per a ture. The crit i cal tem per a ture, where
the interdiffusion starts to be ob serv able, is in the range
from 600 °C to 700 °C. Thus we have col lected se ries of re -
cip ro cal space maps at sev eral tem per a tures mostly around
650 °C. The tem po ral evo lu tion of dif frac tion pat tern will
al lows us to de ter mine the dif fu sion co ef fi cients for var i -
ous tem per a tures, from which we can ex tract the ac ti va tion
en ergy and strain sta tus of the ma te rial for given con cen tra -
tion of ger ma nium in SiGe. We have ob served that the rate
of interdiffusion in creases with in creas ing Ge con tent as
ex pected from pre vi ously pub lished re sults.

1. S. Tsujino, A. Bor ak, E. Müller, M. Scheinert, C.V. Falub,
H. Sigg, D. Grützmacher, M. Giovannini, J. Faist, Appl.
Phys. Lett., 86 (2006) 62113.

2. D.B. Aubertine & P.C. McIntyre, J.Appl. Phys., 97 (2005),
13531.

3. M. Meduòa, J. Novák, G. Bauer, V. Holý, C.V. Falub, S.
Tsujino & D. Grützmacher, Semicond.Sci.Techn., 22
(2007) 447.
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Dis or dered na ture of struc tural ar range ment in amor phous
and nanocrystalline al loys gives rise to ad van ta geous (from 
a prac ti cal ap pli ca tion point of view) mag netic prop er ties
[1]. Es pe cially nanocrystalline al loys at tract a lot of sci en -
tific in ter est be cause, con trary to their amor phous coun ter -
parts, their mag netic pa ram e ters do not sub stan tially
de te ri o rate at el e vated tem per a tures dur ing the pro cess of
their prac ti cal ex ploi ta tion. To ben e fit from their unique
mag netic prop er ties, the mech a nism of crys tal li za tion
should be known. Here, we pres ent the study of ki net ics of
crys tal li za tion in a NANOPERM-type al loy by the help of
dif frac tion of syn chro tron ra di a tion dur ing con tin u ous heat 
treat ment. Till now, only few stud ies were de voted to in
situ study of crys tal li za tion of me tal lic glasses [2]. Our in -
ves ti ga tion makes use of very fast ac qui si tion of dif frac tion 
pat terns which is es pe cially suit able for dy namic stud ies.

Al loys of the com po si tion Fe91-xMo8Cu1Bx with x = 12,
15, 17, 20 pre pared by rapid quench ing on a ro tat ing wheel
were an a lyzed in the as-cast state. Mono chro matic syn -

chro tron ra di a tion of 7 keV (l = 1.78 nm) pro vided at the
KMC-2 beamline at BESSY Berlin was used for in situ ex -
am i na tions of struc tural trans for ma tions dur ing con tin u ous 
heat treat ment. As-quenched sam ples were placed in side a
vac uum fur nace and ex posed to tem per a ture in crease with

a ramp of 10 K/min up to 800 °C. Dif frac tion pat terns from

a 2q re gion cov er ing the main (110) bcc Fe re flec tion were
re corded ev ery 10 sec onds us ing a 2D de tec tor.

Af ter suit able pro cess ing, the data were ana lysed and
plot ted as 2D im ages with the time of heat treat ment be ing
the sec ond pa ram e ter. As an ex am ple, the re sult ing im age
ob tained from the wheel side of the x = 12 rib bon. The on -
set of the first (Tx1) and the sec ond crys tal li za tion (Tx2) step 
is in di cated. The over laid line shows the evo lu tion of the
tem per a ture mea sured at the sam ple’s sur face with the time 
(right-hand scale) of ac qui si tion of the 2D dif frac tion pat -
tern.

Dif frac tion lines po si tioned at about 52.5o and 58o in -
di cate the pres ence of the Mo2FeB2 tiny nanocrystals al -
ready in the as-quenched state. The prin ci pal
crys tal li za tion phase, i.e. bcc Fe(Mo) ap pears at Tx1. Struc -
tural trans for ma tion from bcc into fcc ar range ment is iden -
ti fied at Tx2. Later on (at about 690 oC), the crys tal li za tion
is al ready well de vel oped.

Dif fer ences be tween both sur faces of the in spected rib -
bons are also dis cussed.

1. A. Hernando, J. Phys.: Condens. Mat ter 11 9455 (1999).

2. J. Bednarèík, R. Nicla, M. Stir and E. Rurkel, J. Magn.
Magn. Mat. 316 e823 (2007).
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We pres ent ba sis as well as re cent ad vances of two new im -
ag ing meth ods we have de vel oped over the last at about 7
years. The use of in tense mono chro matic syn chro tron ra di -
a tion (SR) beam and a good 2D de tec tor makes it pos si ble
to achieve spa tial res o lu tion of par al lel beam struc ture
downto a micrometre range. Rock ing curve im ag ing (also
called SR area diffractometry) maps lo cal lat tice
misorientations in crys tal line ma te ri als from re con struc tion 
of dif frac tion data, while SR com puted laminography
(SRCL) re con structs in te rior of flat ob jects from ab sorp -
tion data.

Syn chro tron ra di a tion dif frac tion rock ing curve im ag -
ing (RCI) tech nique com bines dig i tal X-ray to pog ra phy
(by means of a 2D de tec tor) and con ven tional Bragg-dif -
frac tion rock ing curve re cord ing. The method has been de -
vel oped for lo cal lat tice and struc ture qual ity con trol of
semi con duc tor wa fers and over grown struc tures with spa -
tial res o lu tion downto one mi crom e ter over an ex tended
sam ple area. Ap pli ca tion of this method has been pushed
from qual i ta tive wa fer struc ture char ac ter iza tion to wards
quan ti ta tive map ping of lo cal crys tal line misorientations
and dis lo ca tion den sity and to wards one-mi crom e ter spa -
tial res o lu tion to study crys tal line mor phol ogy of over -
grown pat terned struc tures. 

Growth of com pound ma te ri als in in gots, like SiC,
GaAs, GaN, InP, leads to in her ited im per fec tions. Re gions
of spe cific misoriented macrodefects and dis lo ca tion re -
gions in in gots can be qual i ta tively mapped by RCI and lo -
cal lat tice misorientation an gles can be re con structed.
Epitaxial lat eral over growth (ELO) is an in no va tive crys tal
growth tech nique ex pected to achieve a better crys tal qual -
ity. The over grown layer shows sig nif i cantly lower den sity
of thread ing dis lo ca tions than in the wet ting layer. With
mi crom e ter-re solved 2D de tec tor, the RCI al lows to mon i -
tor the lat tice qual ity and lat tice tilts in in di vid ual pe ri ods

of the struc ture. Sig nif i cant in for ma tion can be ob tained
from in di vid ual sam ple ar eas as small as 2 mi crom e ters in
all three spa tial di men sions, and to cor rect the find ings of
dou ble-crys tal dif frac tion rock ing curve mea sure ments.

Syn chro tron-ra di a tion com puted laminography
(SRCL) is de vel oped and im ple mented as a method for
three-di men sional (3D) im ag ing of flat and lat er ally ex -
tended de vices such as sen sors, flip-chip de vices and other
mi cro sys tems. It is based on the ac qui si tion of a se ries of
two-di men sional pro jec tions of the de vice un der ro ta tion
around an axis which is in clined with re spect to the in ci dent 

x-ray beam by a de fined an gle q £ 90°. SRCL can be con -
sid ered as a tech nique com ple men tary to com puted to mog -

ra phy (CT, q = 90°) pre serv ing the in teg rity of lat er ally
ex tended de vices since sam ples vol umes smaller than the
field of view have not to be ex tracted (e.g. by cut ting): for
pla nar sub strates which are aligned roughly per pen dic u lar
to the ro ta tion axis, the in te gral x-ray trans mis sion on the
2D de tec tor does not change sig nif i cantly dur ing de vice ro -
ta tion. In com par i son to CT, this al le vi ates the pres ence of
im ag ing artefacts due to miss ing in for ma tion in pro jec tions 
where the in te gral trans mis sion would tend to zero.

The po ten tial of SRCL for in spec tion of mi cro elec -
tronic de vices was il lus trated by study of sev eral mi cro -
elec tronic de vices such as bonded de vice or de tec tor chip.
For ex am ple, af ter a flip-chip bond ing of the de vice, the
flip-chip sol der joints are not ac ces si ble by vi sual in spec -
tion, while the laminography re con struc tion al lows to vi su -
al ize a 3D ren di tion of bump bonds. This al lows to de tect
voids in the in te rior of the bump bonds. Such voids af fect
the long-term re li abil ity of the de vice when it is ex posed to
heat ing/cool ing cy cles, e.g. due to de vice op er a tion. Some
solid-state elec tronic de vices such as de tec tors can be stud -
ied by both RCI and SRCL meth ods. 
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