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CEN TRAL EU RO PEAN SYN CHRO TRON  LAB O RA TORY

Ma jor pro ject pre pared by  the Acad emy of Sci ences of the Czech Re pub lic 

Pro ject pro posed as Cen ter of Ex cel lence to the Op er a tional Programme of Re search and
De vel op ment for In no va tions

CESLAB: pro ject objectives

The Acad emy of Sci ences of the Czech Re pub lic (ASCR)
pro poses the elec tron syn chro tron fa cil ity as one of the pro -
jects re al ized from the Struc tural Funds of the EU.

The main ob jec tive of the pro ject is to es tab lish the
Cen tral Eu ro pean Syn chro tron Lab o ra tory (CESLAB)
based on a mod ern third-gen er a tion ac cel er a tor of elec -
trons, and to cre ate beamlines, which are to make CESLAB 
excellent in Europe.

As parts of the beamlines, sci en tific or in dus trial lab o -
ra to ries will be con structed, be ing dis trib uted along the
per im e ter of the ac cel er a tor. In the lab o ra to ries, re search
and in dus trial ac tiv i ties will be con ducted. The pro posal of
CESLAB, a syn chro tron with en ergy of 3 GeVserving the
Cen tral Eu rope from year 2015, en ables 33 such
laboratories to be es tab lished.

Cur rently, 10 beamlines are be ing pre pared, which are
fo cused on struc tural bi ol ogy, im ag ing tech niques, bio -
medicine, struc tural chem is try, ma te rial sci ences, nano -
technologies, and the en vi ron ment research. 

CESLAB is to be con structed based on the Span ish syn -
chro tron ALBA in Bar ce lona, in terms of co op er a tion be -
tween the ASCR and the CELLS con sor tium (The
Mem o ran dum of Un der stand ing has been signed by Prof.
V. Paèes, Pres i dent of the ASCR, and Prof. J. Bordas, Di -
rec tor of CELLS). The pe riod from the pro posal to the re al -
iza tion of the pro ject is to be short ened from 20 to 7 years,
thanks to the doc u men ta tion and ex pe ri ence pro vided by
the CELLS con sor tium. Com pared to the Span ish pro ject,
CESLAB re al iza tion plan is shifted by 4 years.

Con tri bu ti on to re search and de ve lo p ment of
technologies

An elec tron syn chro tron is an ac cel er a tor that serves as the
most uni ver sally us able type light source. It is used for ad -
vanced ex per i ments con duc tion, thanks to which unique
in for ma tion is pos si ble to gain on be hav iour of mat ter on
mo lec u lar and atomic lev els. Data pro vided by
synchrotrons are im por tant for the com pet i tive ness of the
fu ture in dus try in the EU. They are to be em ployed, for ex -
am ple, at the de vel op ment of new pharmaceuticals, ad -
vanced ma te ri als and nano techno logies and in the
ad vanced en vi ron men tal anal y ses.

The re search on synchrotrons is highly pro duc tive. A
num ber of No bel Prizes has been awarded for works on
synchrotrons. More over, tech niques used on synchrotrons
are un der con tin u ous de vel op ment, and new un ex pected
pos si bil i ties have emerged. In CESLAB, new tech niques
are to be in tro duced (e.g. co her ent im ag ing meth ods),
which have ap peared re cently, and which al low cut -
ting-edge re search. CESLAB con struc tion and uti li za tion
will re sult in high-tech in dus try ad vance ment (e.g. elec -

tron ics, and vac uum, mea sur ing and di ag nos tic tech -
niques). In fu ture, CESLAB is to con trib ute to the in dus try
de vel op ment based on very ad vanced tech nol o gies and
prod ucts. CESLAB is also to im prove sig nif i cantly the re -
la tions be tween the ac a demic sphere and the pri vate sec tor.
It will help to raise the at trac tive ness of the Czech Re pub -
lic, the level of the society education, and the public
awareness of the importance of knowledge. 

Syn chro tron ra di a tion (SR) rep re sents a con ve nient
tool for re search in a broad range of sci en tific fields: ma te -
rial sci ences, life sci ences, and even in some as pects of hu -
man i ties.

a) In ma te rial sci ences, struc tural stud ies show ing
nonhomogenities, dy nam ics of struc ture for ma tion, and a
highly sen si tive anal y sis of chem i cal com po si tion of ma te -
ri als are im por tant pa ram e ters in ves ti gated. Both macro-
and mi cro scopic ap proaches can be ap plied. In ad di tion,
some tech niques al low stud ies of ma te rial sur faces of a
very high res o lu tion, their struc ture and dy nam ics of for -
ma tion. SR also al lows stud ies of elec tric and mag netic
prop er ties of materials, using, for example, light po lar i za -
tion.

b) A stan dard tech nol ogy ap plied in life sci ences is a
biomolecular struc ture de ter mi na tion, where ap prox i -
mately 80 % of known pro tein struc tures have been de ter -
mined, us ing dif frac tion ex per i ments on synchrotrons.
Cur rently, these stud ies are be ing au to mated, be com ing
more and more com plex. Struc tures of whole com plexes of
sev eral macromolecules are be ing in ves ti gated, in volv ing
in ves ti ga tions into the for ma tion of these struc tures in time.  
A very im por tant di rec tion is rep re sented by im ag ing of
cells or tis sues. Dif fer ent types of mi cro scopes are con -
structed, us ing a broad spec trum of light wave lengths from
in fra red to soft X-rays in co her ent im ag ing. X-ray mi cros -
copy en ables a high res o lu tion typ i cal of elec tron mi cros -
copy with the pos si bil ity to in ves ti gate whole cells, which
is typ i cal of con fo cal mi cros copy. 3D struc ture and dy nam -
ics of liv ing cells can be, in prin ci ple, in ves ti gated with a
high res o lu tion (<30 nm), which can not be per formed us -
ing stan dard tech niques. 

c) En vi ron men tal dis ci plines rep re sents an other im por -
tant field of sci ence where synchrotrons en able a very sen -
si tive de ter mi na tion of en vi ron men tal pol lut ants, and
sub se quently de ter mi na tion of pol lut ants in liv ing or gan -
isms. Again, the re sults ob tained by SR can not be achieved
by other lab o ra tory means. Hence, synchrotrons have con -
trib uted sig nif i cantly to the es tab lish ment of molecular
environmental science. 

d) In med i cine, a num ber of di ag nos tic tech niques us -
ing SR are be ing de vel oped. For ex am ple, dif frac tion en -
hanced im ag ing is used for mam mog ra phy with much a
better res o lu tion, as com pared with stan dard ap proaches,
pro vid ing a sig nif i cant ad van tage in di ag nos tics of the
breast can cer. The K-edge sub trac tion method is used in
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angiography again with much better re sults as com pared
with stan dard angiography. In can cer ther apy, pharmaco -
dynamic ther apy is in ves ti gated, in which cytostatic mol e -
cules (e.g. plat i num com pounds) are ac ti vated in the
tu mour re gion by ir ra di a tion with pre cisely de fined wave -
length.

e) Syn chro tron light can be used in ar che ol ogy, e.g. for
in ves ti ga tions into the or i gin of find ings ac cord ing to their
struc ture or com po si tion.  

Long-term per specti ve

Synchrotrons are usu ally used in a catch ment area of up to
300 km. Within the EU, there are 18 such fa cil i ties; how -
ever, in the Cen tral and East ern part of the EU, there are
none. There fore, the CESLAB es tab lish ment will be in ac -
cor dance with the pol icy of co he sion and con ver gence, i.e.
mit i ga tion of dif fer ences be tween par tic u lar re gions of the
EU. In the EU, there are approx. 10,000 cur rent and
100,000 po ten tial us ers of synchrotrons (cited from of fi cial 
doc u ments of the Eu ro pean Com mis sion). The high-stan -
dard and mod ern fa cil ity con struc tion is to have a pos i tive
im pact on all par tic i pants (S&T in sti tu tions, uni ver si ties,
build ing com pa nies, in dus try, man age ment etc.). In nu mer -
ous fields, such as biotechnologies, nanotechnologies, and
mi cro elec tron ics, CESLAB is to rank the Czech Re pub lic
among the most de vel oped coun tries. Com pared to com -
mer cially avail able re search fa cil i ties, with the usual uti li -
za tion pe riod of 6 years, ac cel er a tors are be ing im proved
in ces santly, and are uti lized much lon ger (30–50 years).
Fol low ing the CESLAB con struc tion, other ad vanced fa -
cil i ties, such as free-elec tron la sers, are con sid ered to be es -
tab lished.

Con tri bu ti on to Eu ro pean re search and 
de ve lo p ment 

The CESLAB pro ject is to in crease sub stan tially the com -
pet i tive ness of Eu ro pean sci ence in a global scale. Cur -
rently, synchrotrons are be ing con sid ered the most
uni ver sal re search tool bring ing about nu mer ous fun da -
men tal dis cov er ies not only in sci en tific dis ci plines but also 
within in dus trial tech nol o gies. The ca pac ity of ex ist ing Eu -
ro pean fa cil i ties ca pac ity fails to meet the in creas ing de -
mand. Hence, CESLAB is jus ti fi ably sup posed to have a
suf fi cient num ber of us ers. In Eu rope, those who are not
granted out num ber sev eral times the sat is fied ap pli cants
for con duct ing re search on these fa cil i ties. 

CESLAB is to of fer an op por tu nity for ex cel lent re -
search to sci en tists from those re gions which be long to the
less de vel oped ones within the EU. This is a cru cial cir cum -
stance since there has been no syn chro tron fa cil ity es tab -
lished in Cen tral and East ern Eu rope so far. Hence, the
pro ject seems to con trib ute sig nif i cantly to ful fil ment of the 
con ver gence aim within the EU. Be sides, the CESLAB re -
al iza tion is con sid ered to be an ac tual ful fil ment of the Eu -
ro pean Re search Area ideas, not only be cause it is an
ex cel lent re search in fra struc ture but also be cause it is fo -
cused on supraregional col lab o ra tion. This kind of co op er -
a tion plays also a key role in the phase of the pro ject
prep a ra tion. The main part of the pro ject, the booster and
stor age ring, is be ing pre pared in col lab o ra tion be tween

sci en tists from South Moravian in sti tutes of the Acad emy
of Sci ences of the Czech Re pub lic and sci en tists from the
Span ish CELLS con sor tium, which man ages the syn chro -
tron facility in Bar ce lona. Beamlines are being prepared by
groups of experts consisting of scientists from the EU. 

It is sup posed, that some re search fa cil i ties in CESLAB
could be rare even in the EU. For in stance, a beamline for
co her ent diffraction im ag ing is planned for CESLAB. The
ex pected res o lu tion is about 20–30 nm for cells and even
lower for ma te ri als. This beamline fa cil ity will be im por -
tant for mo lec u lar and cel lu lar bi ol ogy as well as for ma te -
rial sci ences. Ex pe ri ence with elec tron mi cros copy
de vel op ment in our re gion will be used for con struc tion of
a cut ting-edge equip ment for photoemission mi cros copy at
syn chro tron light source. This is to be of high sig nif i cance
for the ad vanced stud ies of sur faces of ma te rial and their
for ma tion dy nam ics as well as for nanotechnology.

As men tioned above, the top level of re search on
synchrotrons is dem on strated by a num ber of No bel Prizes
awarded for re search con ducted on these fa cil i ties. Johann
Diesenhofer, for ex am ple, shared a No bel Prize with
Hartmut Michel in 1988 for the three-di men sional struc ture 
de ter mi na tion of a photosynthetic re ac tion cen tre;
Roderick MacKinnon was awarded a No bel Prize in 2003
for his struc tural and mech a nis tic stud ies on ion chan nels;
Roger Kornberg won a No bel Prize in 2006 for his re search 
of the mo lec u lar ba sis of eukaryotic tran scrip tion. In all
these cases, the fun da men tal ba sis of the con tri bu tions was
done on synchrotrons. 

Re gi o nal sig ni fi can ce of CESLAB

In a re gion where an elec tron synchrotron has been es tab -
lished, there is a rapid growth of cut ting-edge R&D in nu -
mer ous fields of sci ence. Sci en tists come to this re gion not
only from the wide sur round ings (200–300 km) but also
from more re mote places, de pend ing on what unique pa -
ram e ters the par tic u lar fa cil ity pro vides. The re gion be -
comes a junc tion where ex pe ri ence and the most up-to-date 
find ings on re search and new tech nol ogy re sults are ex -
changed. These find ings are ab sorbed by the re search com -
mu nity con cen trated around a syn chro tron. The pro cess
it self of de sign ing an ac cel er a tor and par tic u lar ex per i men -
tal fa cil i ties is an in her ently in ter na tional ac tiv ity – oth er -
wise, it is im pos si ble for the pro ject pro posal to be formed.
In ad di tion, the sig nif i cant in crease in the R&D level, the
elec tron synchrotron cre ates an out stand ing per spec tive for 

Fig ure 1. Geo graphic lo ca tion of Brno with re spect to the Eu ro -
pean cap i tals.
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in dus trial tech nol o gies. Elec tron synchrotrons are con sid -
ered to be a de ci sive power driv ing the fu ture de vel op ment
of mod ern tech nol o gies, such as bio techno logies, nano -
technologies, etc.

The es tab lish ment of en elec tron synchrotron is in ac -
cor dance with the pol icy of con ver gence, i.e. mit i ga tion of
the dif fer ences be tween par tic u lar re gions of the EU.
Whereas in old EU mem ber coun tries there are 18 elec tron
synchrotrons, none has been es tab lished in new EU mem -
ber states so far.

The fa ci li ty lo cati on

Brno City Mu nic i pal ity has pro vided a land for the syn -
chro tron facility. The de ci sion was achieved as a re sult of
negotiations be tween Prof. Václav Paèes, Pres i dent of the
Acad emy of Sci ences of the Czech Re pub lic, and Mr. Ro -
man Onderka, Mayor of the City of Brno. The land of an
area of 17.6 hectar plot is a part of the in dus trial park
Èernovická terrace. A tech ni cal fea si bil ity study is be ing
elab o rated for this lo ca tion and, which is to serve as a po -
ten tial de vel op ment area of the ASCR.

Im pact on the en vi ron ment

Synchrotrons do not have a neg a tive im pact on the en vi ron -
ment. The dan ger of en vi ron men tal pol lu tion is neg li gi ble,
even in case of an ac ci dent or ter ror ist at tack. On the con -
trary, CESLAB is to con trib ute sig nif i cantly to the en vi ron -
ment re search. Ex per i ments us ing syn chro tron light can
de tect even a small num ber of pol lut ants and mea sure their
con cen tra tion. More over, syn chro tron light can help to ob -
serve the flow of pol lut ants in the en vi ron ment and also in
or gan isms. Syn chro tron microbeams are uti liz able in anal -
y sis of small par ti cles within liv ing or gan isms or cells. Mi -
cro scopic meth ods can mon i tor the spa tial dis tri bu tion of
pol lu tion.

CESLAB is to be in volved in su pra na tional pro jects,
such as pol lu tion de tec tion, stud ies of at mo spheric mech a -
nisms re lated to the ozone layer de struc tion and green -

house gases ef fects etc.; cur rently an ac tive co op er a tion
with for eign as so ci a tions is be ing planned

Syn chro t ron fa ci li ty descrip tion

A syn chro tron is a cir cu lar fa cil ity with the di am e ter of sev -
eral hun dreds of me ters, the back bone of which is a huge
ring of a highly evac u ated tube. In side the tube, elec trons
move at a high speed. The elec tron move ment along the
tube is curved by means of strong di pole mag nets, and an -
other set of mag nets which cor rects the path of elec trons
and keeps them in the mid dle of the tube. As their path
along the ring curves, the elec trons pro duce light which has 
high in ten sity (bril liance) and can have fur ther unique fea -
tures such as pre cisely set wave length in a broad range of
wave lengths and re quired po lar iza tion. The light can be
ob tained in the form of very short flashes with pre cisely set
tim ing or in the form of very nar row microbeams.
Synchrotrons are em ployed in many sci en tific fields (life
sci ences, ma te rial sci ences, the en vi ron ment re search, and
so cial sci ences), and in in dus try (mi cro elec tron ics,
nanotechnologies, mi cro-en gi neer ing, spec tros copy, phar -
macy etc.). 

The en tire fa cil ity con sists of a lin ear ac cel er a tor
(LINAC), with an elec tron source in the first sec tion, where 
the elec trons are ac cel er ated to a low en ergy (100 MeV at
the ALBA syn chro tron), and in jected into a main ac cel er a -
tor (BOOSTER). There the elec trons are ac cel er ated to the
fi nal en ergy (3 GeV in the case of ALBA). Af ter wards, the
elec trons move into a stor age ring, where they cir cu late,
emit ting light. 

There are a few ways how to ob tain elec trons. A fre -
quently used way – which is ap plied also at the ALBA syn -
chro tron – is thermoemission. Elec trons are ac quired in the
same way as the ones in a tele vi sion tube. Their source is a
heated cath ode which emits elec trons. Ap ply ing an elec tric
volt age be tween both elec trodes, the elec trons are ini ti ated
to move from the cath ode to wards the an ode. An other elec -
trode sys tem gen er ates an elec tric field, which pro duces a
thin beam of elec trons that passes through a small gap on
the an ode. At ALBA, the cath ode sur face is 0.5 cm2, the
cath ode-an ode dis tance is 3 cm, and the an ode-cath ode
volt age is 90 kV. 

Due to func tional dis con ti nu ities be tween some com -
po nents of a syn chro tron, it is nec es sary to cre ate bunches
of elec trons be fore the en tire ac cel er a tion starts. These

CESLAB
(Brno)

Fig ure 2. Lo ca tion of CESLAB within the port fo lio of Eu ro pean
synchrotrons.

Fig ure 3.  Ar chi tec tural ren der ing of the CESLAB, which can ac -
com mo date beamlines up to 100 m length.
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bunches are pro duced in a de vice called Buncher, where
the elec trodes are un der an AC field, which en ables the
elec trons to bunch. There are 3 bunchers at ALBA, pro duc -
ing bunches with a great yield. 

A lin ear ac cel er a tor (LINAC) is a de vice for ac cel er at -
ing charged par ti cles, in our case elec trons. It con sists of an
evac u ated tube con tain ing cy lin dri cal elec trodes. At
ALBA, the tube length is ap prox i mately 10 m. The elec -
trodes are un der a high-fre quency volt age that causes the
par ti cle ac cel er a tion. When the par ti cles are lo cated within
a cy lin dri cal elec trode, they are not in flu enced by any elec -
tric field. As they pass through the gap be tween cyl in ders,
ac cel er a tion arises, de pend ing on the elec tric volt age be -
tween the cyl in ders. A volt age fre quency is tuned in or der
to in crease ac cel er a tion dur ing each pass through the gap.
A wave car ry ing and ac cel er at ing elec trons arises in the
tube. The beam ra dius must be kept small, which is man -
aged by a few mag nets.      

At ALBA, the elec trons at the LINAC out put have en -
ergy of ap prox i mately 100 MeV, and need fur ther ac cel er a -
tion to the fi nal en ergy of 3 GeV. That is pro vided by a
Booster, con sist ing of quad rants in ter con nected by lin ear
sec tions. There are 10 ac cel er at ing elec trodes in each of the 
quad rants. A high-fre quency volt age (500 MHz) is de liv -
ered to each elec trode. The in ner per im e ter of the Booster is 
249.6 m, The Booster in jects elec trons into a stor age ring.
There is a se ries of mag nets along the per im e ter of the
Booster, keep ing the beam in the cen tre of the tube. 

3GeV elec trons come into the stor age ring where they
cir cu late and cu mu late un til the cur rent reaches 400 mA.
Their tra jec tory is curved by bend ing mag nets (32 at
ALBA); they are kept in the cen tre of the tube by so-called
quadrupoles (112 at ALBA). At light emis sion, elec trons
lose their en ergy (ap prox i mately 1 MeV per round). Hence

a small amount of en ergy is added at each round in a
so-called res o na tor (a fre quency of 500 MHz, an out put
power of 150 kW).     

ALBA is con structed as a third-gen er a tion syn chro tron, 
which means it al lows to in sert spe cial de vices de signed to
gen er ate light – so-called undulators and wig glers. For this
pur pose, there is a se ries of lin ear sec tions along the per im -
e ter, where the de vices can be in serted. At ALBA, there are 
4 lin ear sec tions of 8 m length, 12 sec tions of 4.4 m length,
and 8 sec tions of 2.6 m length, how ever some of them are
oc cu pied by di ag nos tic de vices, the res o na tor, etc. There -
fore, light is pro duced on the bend ing mag nets (the elec -
trons tra jec tory is curved), and si mul ta neously in the
in ser tion de vices (undulators and wig glers). 

      Undulators and wig glers are de vices con sist ing of a
se ries of di pole mag nets. They are in serted into lin ear seg -
ments of a syn chro tron in or der to ini ti ate an elec tron
transversal pe ri odic move ment. In that way, very in tense
light is pro duced. Wig glers usu ally have a lower num ber of 
mag nets gen er at ing a high-in ten sity mag netic field than
undulators do. Wig glers pro duce light of a wide range of
wave lengths up to very short wave lengths (high en ergy
pho tons). They are used to ac quire a high-en ergy ra di a tion.
On the con trary, undulators pro duce light of a very par tic u -
lar wave length (which is tun able), and are used to pro duce
mono chro matic beams of a high intensity.

In dustrial uti li zati on of syn chro t rons

The first his tor i cally uti li za tion of a syn chro tron for in dus -
trial pur poses was prob a bly syn chro tron x-ray li thog ra phy. 
For this pur pose, the IBM Com pany es tab lished their own
com pact super con duct ing syn chro tron in New York. Since
then, the de vel op ment of mi cro elec tron ics and nano -
electronics has con tin ued very in ten sively.

Gen er ally speak ing, in dus trial tech nol o gies de vel op -
ment is be com ing more a more de pend ent on synchrotrons.
Such branches are con cerned as bio tech nol ogy, nano -
techno logy, mi cro elec tron ics and nanoelectronics, micro -
production, microengineering, spec tros copy analysis, etc.

Biotechnologies are most con cen trated on de vel op ment 
of new pharmaceuticals and im prove ment of the ex ist ing
ones. This re search is con ducted by sci en tists from or re -
lated to phar ma ceu ti cal com pa nies. Dur ing this re search,
crys tal lo graphic anal y sis is ap plied, dur ing which an ap -
pro pri ate small mol e cule is sought, which is to in ac ti vate a
pro tein or pro tein com plex im por tant for a par tic u lar dis -
ease orig i na tion. Cur rently, there is a range of com pa nies
en gaged in the de vel op ment of pharmaceuticals through
synchrotrons.

Nanotechnologies are de voted to the prep a ra tion of ob -
jects of a size of about 1–100 nm, ma nip u la tion with them,

Fig ure 6. Ar range ments of mag nets within a seg ment of the
 ac cel er a tor.

Fig ure 5. Ex trac tion of light from an in ser tion de vice.

Fig ure 4. Scheme of the ac cel er a tor com plex with the lin ear ac -
cel er a tor (green), booster (blue) and the stor age ring (red), all
housed in one annuloid build ing.
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and ex am i na tion of their fea tures. Synchrotrons en able im -
ag ing of these ob jects with a res o lu tion of nano metres, as
well as pre cise anal y sis of their com po si tion. Elec tronic
nanocomponents sug gest them selves as a typ i cal ex am ple.
The prin ci ples on which they are pro duced are sim i lar to
the prin ci ples on which ink print ers work, pro duc ing mi -
crom e ter ob jects; nano metre ob jects orig i nate as a re sult of
a self-or ga niz ing pro cess. These pro cesses can be ef fec -
tively checked and mod i fied on synchrotrons. So lar pan els
or LCD mon i tors rep re sent other ex am ples, in which or -
ganic sub stances with ap pro pri ate elec tric and op ti cal fea -
tures and sizes of nano metres are used. Po rous ma te ri als,
with a pore size of nano metres, are also ex am ined in ten -
sively for en ergy stor age pur poses, hence for high-ca pac ity 
bat ter ies pro duc tion. Syn chro tron ra di a tion en ables the de -
vel op ment of these materials. 

Ma te rial re search for in dus try is also of high im por -
tance. In car in dus try, for ex am ple, alu minium al loys are
in ves ti gated with a goal to op ti mize their fea tures. Be sides,
new-gen er a tion of high per for mance steels is de vel oped in
or der to make the com po nents much firmer than the ex ist -
ing ones are. In these branches, synchrotrons en able the mi -
cro scopic fea tures and com po si tion of the above
men tioned ma te ri als to be ex am ined, not only af ter the so -
lid i fi ca tion but also dur ing this pro cess, i.e. it is pos si ble to
take pic tures of the gen er at ing struc tures in time in ter vals
of mil li sec onds, and to search for op ti mal ways of in flu enc -
ing the men tioned pro cess. In con nec tion with this, it is in -
ter est ing to mention that some car companies build their
own synchrotrons. 

Microengineering, and more gen er ally micro -
production, i.e. small elec tro me chani cal com po nents pro -
duc tion, is pre dicted to face a great fu ture. On
synchro trons, for ex am ple, a toothed wheel of a size of mi -
crom e ter can be pro duced as well as an elec tric cir cuit of
the same size. Cur rently, microvalves and microsensors are 
be ing pro duced for med i cal pur poses. The size of elec tro -
me chani cal com po nents is to be re duced fur ther up to the
range of nano metres in fu ture, in which fea tures of the ob -
jects are very dif fer ent from mac ro scopic ones. So called
nanotubes, for ex am ple, which are made of car bon and a di -
am e ter of which is of nano metres, are so tense that they
have no par al lel in macroworld. 

His to ry of the CESLAB  Project

The CESLAB pro ject was pro posed by the In sti tute of Bio -
phys ics of the Acad emy of Sci ences of the Czech Re pub lic, 
v. v. i., and has been pre pared since 2005. At the be gin ning, 
a pur chase of an Au rora 2D syn chro tron (of a Jap a nese
com pany Sumitomo) was con sid ered. Nev er the less, af ter a
visit to the Hi ro shima Uni ver sity it was re al ized that the
Au rora 2D is of low en ergy and in suf fi cient po ten tial. Due
to these draw backs, the CESLAB pro pos ers con tacted the
CELLS con sor tium in Bar ce lona, where a mod ern
third-gen er a tion syn chro tron fa cil ity of ALBA is be ing
built. Mr. Joan Bordas, di rec tor of this fa cil ity es tab lish -
ment was in vited to the CR where an agree ment on fu ture
col lab o ra tion was dis cussed. It was con cluded that the col -
leagues from Bar ce lona were to help in all sub stan tial as -
pects of the whole con struc tion pro cess, in clud ing

su per vi sion of the con struc tion. Since 2007, the beamlines
are be ing pro posed by the in ter ested Czech user groups.

The CESLAB pro ject schedule

Pres ent state of the pro ject prep a ra tion
• a) The Czech Min is ter of Ed u ca tion, Youth and Sports

sent a let ter to the Span ish Min is ter of Ed u ca tion and
Sci ence, re quest ing a sup port for the con struc tion of the
syn chro tron in the Czech Re pub lic. The re sponse was
pos i tive and the CELLS con sor tium pro posed their sup -
port and prom ised all the help nec es sary, on the con di -
tion of neu tral costs for the CELLS.

• b) A time ta ble of the prep a ra tion and con struc tion (in -
clud ing an nual costs) of  CESLAB has been de vel oped. 

• c) Em ploy ees of the In sti tute of Sci en tific In stru ments of 
the AS CR, v.v.i have been sent to Bar ce lona to start
work ing on the Con cep tual De sign Study of the
CESLAB syn chro tron in co op er a tion with Span ish col -
leagues from CELLS.

• d) The prep a ra tion of the pro ject is be ing per formed by
the Ex ec u tive Com mit tee. The CESLAB es tab lish ment
is sup ported by Czech ex perts in the field of syn chro tron
sci ence. 

• e) There are reg u lar meet ings of the prep a ra tion team,
the beamline co or di na tors and other in ter ested par tic i -
pants.

• f) Long-term geo log i cal sta bil ity study of the pro vided
land has been started.

• g) Spring 2008 is sue of the jour nal “Ma te ri als Struc tures
in Chem is try, Bi ol ogy, Phys ics and Tech nol ogy” de -
voted to the CESLAB pro ject, has been pub lished. You
are just read ing it.

Near fu ture mile stones

• The Con cep tual De sign Study will be pub lished in
March 2008. This large re port will con tain both the
over view and tech no log i cal as pects of the ac cel er a -
tor com plex, beamlines, and their in fra struc ture.

• A group of re search ers will be sent to Bar ce lona on
1st May, 2008 to take part in the con struc tion of
ALBA. This pro ject is granted by the Acad emy of
Sci ences of the Czech Re pub lic. The researchers will 
later ap ply their skills and ex pe ri ence in the con struc -
tion of CESLAB.

• The first re sults of the geo log i cal stud ies on the
long-term sta bil ity of the con struc tion area are ex -
pected on Oc to ber 2008; sub se quent prep a ra tion of
the pro ject de sign will start.

• Col lo quium “Struktura 2008” de voted to syn chro -
tron meth ods will be or ga nized by the Czech and Slo -
vak Crys tal log ra phy As so ci a tion (CSCA) in June
2008, see its web page www.xray.cz/kolokvium.

Ma jor pro ject mile stones

• 1. 10. 2008 - 30. 9. 2010: Prep a ra tion of the pro ject de -
sign

• 1. 10. 2010 - 31. 3. 2011: CFT (call for ten ders) for the
main build ing and ac cel er a tors

• 1. 4. 2011 - 31. 3. 2013: Build ing con struc tion

• 1. 4. 2011 - 31. 3. 2013: Con struc tion of ac cel er a tors
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• 1. 10. 2010 - 30. 6. 2013: Beamline con struc tion

• 1. 1. 2013 - 31. 12. 2014:  In stal la tion of tech nol o gies
(ac cel er a tors)

• 1. 7. 2013 - 30. 6. 2015: In stal la tion of beamlines

• 30. 6. 2015: The end of in vest ment from SF, re port sent
to EC

• 1. 1. 2016: The first 10 beamlines will wel come the first
us ers for ex per i ments

Fi nan cial is sues of the pro ject

The con struc tion costs are ex pected to be 265 mil lion Eu -
ros (prices of the 2007 year), in clud ing con struc tion of the
ini tial port fo lio of beamlines. Fur ther an nual run ning costs
are ex pected at about 23 mil lion Euro/year. With this ra tio,
where the an nual costs are be low 10 % of the con struc tion
costs, the in vest ments are very cost ef fec tive, com pared to
other fa cil i ties and cen tres of ex cel lence pro posed for con -
struc tion from the Struc tural funds. Their to tal in vest ments
sum for the Czech Re pub lic reaches al most 70 mil liards
Kè. The syn chro tron, be ing a new na tional (non-lo cal) re -
search in sti tu tion tar get ing many ba sic and ap plied re -
search fields, will be a very ef fi cient and pro duc tive
in vest ment for our knowl edge so ci ety and the whole Cen -
tral Eu ro pean re gion.

Be a mli nes pro po sed for CESLAB

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, such as 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, or ar che ol -
ogy. Czech sci en tists have a long tra di tion in re search with
syn chro tron ra di a tion and they have a lot of ex pe ri ence at
run ning syn chro tron ex per i ments. In Eu rope, as ev ery -
where in the world, the de mand for mea sur ing time is larger 
than cur rently avail able. A new syn chro tron will help to re -
duce this pres sure even though it will nat u rally pro mote
new re search in ter ests. It will also al low our young re -
search ers eas ier come-back from their tem po rary po si tions
at Eu ro pean synchrotrons beamlines.

Let us briefly over view the beamlines cur rently pro -
posed for CESLAB. Macromolecular crys tal log ra phy is a
method for struc ture de ter mi na tion of mol e cules from dif -
frac tion pat terns. In tense X-ray ra di a tion of 1 C wave -
length is nec es sary for pre cise de ter mi na tion of
com pli cated struc tures of large mol e cules such as pro teins
or vi ruses. Syn chro tron set-ups are op ti mized for fast mea -
sure ment of many stan dard sam ples as well as for us ing
anomal dif frac tion for ab-in itio struc ture de ter mi na tion of
com pli cated mo lec u lar com plexes, to de ter mine atom po si -
tions pre cisely, or for time-re solved stud ies. Trans mis sion
mi cros copy meth ods with soft X-rays in the wa ter win dow
range are used for im ag ing of bi o log i cal sam ples or
low-con trast ma te ri als by the phase im ag ing. Within hard
X-rays the meth ods of microtomography and phase con -
trast are widely used for vi su al iza tion of the in ner struc ture
of de vices or ma te ri als with bulk char ac ter is tics. Pow der
dif frac tion is used for struc ture de ter mi na tion of pow der
ma te ri als (or ganic as well as anorganic), or micro -

crystallites and their struc tural changes in dif fer ent en vi -
ron ments. X-ray dif frac tion meth ods at small as well as
large an gles are widely used mainly be cause of the high in -
ten sity nec es sary for study of low-di men sional ob jects and
nanostructures, for en ergy tun ing and for beam size con di -
tion ing. LEEM and PEEM in ves ti gate both crys tal line and
elec tronic struc ture of sur faces as well as of pro cesses con -
nected with their dy namic phe nom ena by photoemission
spectromicroscopy and spin po lar ized mi cros copy with
slow elec trons. Spec tros copy can be used in a whole range
of meth ods, such as ab sorp tion or mag netic spec tros copy,
syn chro tron Mössbauer spec tros copy, or photoemission.
At synchrotrons, it can probe sam ples con tin u ously from
hard X-rays through VUV downto IR ra di a tion. In fra red
meth ods for mi cros copy, ellipsometry and spec tros copy
con ducted at synchrotrons dif fer from those at lab o ra tory
mainly be cause of the high in ten sity and the full range of
the IR spec trum. The meth ods al low to study con duc tive as
well as semi-con duc tive ma te ri als, organics, bi o log i cal tis -
sues or piezo- and ferro elec trics. Chem i cal re ac tions in gas 
phase al low to un der stand re ac tion mech a nisms and to
study clus ters, en zymes, etc., in (bio)organics and in an a -
lyt i cal chem is try. The method uti lizes pho tons from the
VUV spec trum and se quent mass spec tros copy. Fi nally, a
uni ver sal Optics beamline has been pro posed in or der to
test new de vices and in stru ments or for me trol ogy of op ti -
cal com po nents. Fur ther, this beamline can be used for a
wide range of atyp i cal or new ex per i ments, and also for ed -
u ca tion of stu dents or new us ers.

Fur ther in this jour nal, short sci en tific cases of each
pro posed beamline are pre sented by beamline co or di na -
tors.

The CESLAB pro ject con sor ti um

Main pro ject pro po sers

The Acad emy of Sci ences of the Czech Re pub lic (AS CR)
which is the main pro poser of CESLAB was es tab lished by
Act No. 283/1992 Coll. as the Czech suc ces sor of the for -
mer Czecho slo vak Acad emy of Sci ences. It is set up as a
com plex of 53 pub lic re search in sti tu tions. The pri mary
mis sion of the AS CR and its in sti tutes is to con duct ba sic
re search in a broad spec trum of the nat u ral, tech ni cal and
so cial sci ences and the hu man i ties.

The In sti tute of Bio phys ics of the Acad emy of Sci ences 
of the Czech Re pub lic, is one of the most suc cess ful ac a -
demic in sti tutes in the field of life sci ences in the Czech Re -
pub lic. The in sti tute is re spon si ble for re search on the
phys i cal and chem i cal prop er ties, struc ture and in ter ac -
tions of biomacromolecules, re search on the bio phys i cal
prop er ties of liv ing sys tems at the mo lec u lar, cel lu lar and
organismal lev els, in clud ing the ef fect of ex ter nal en vi ron -
men tal fac tors, and also theoretical research in these fields.

The In sti tute of Phys ics of Ma te ri als of the Acad emy of
Sci ences of the Czech Re pub lic, v.v.i., has been ac tive in
the in ter dis ci plin ary field of ma te ri als sci ence since its
foun da tion in the year 1955. The po si tion of the in sti tute in
this rather broad sci en tific field lies prevailingly in the re -
search of me tal lic ma te ri als. There are two main re search
ar eas: phys i cal na ture of pro cesses tak ing place in me tal lic
ma te ri als dur ing creep, fa tigue, creep/fa tigue and un der



other types of me chan i cal load ing; struc ture of ma te ri als
and se lected thermodynamic, diffusion and magnetic
properties.

The In sti tute of An a lyt i cal Chem is try of the ASCR, v.
v. i. is con cerned with re search and de vel op ment of new
meth ods and in stru ments ap plied in chem i cal anal y sis in
the fields of nanotechnologies, genomics, hu man health
and en vi ron men tal pro tec tion, state se cu rity and other sci -
en tific and in dus trial dis ci plines. Sep a ra tion meth ods and
spec trom e try, and their min ia tur iza tion are very important
objects of the institute research.

The In sti tute of Sci en tific In stru ments of the ASCR,
v.v.i. con ducts re search on meth od ol ogy of ex per i ments
and unique in stru men ta tion prin ci ples and com po nents in
the fields of phys ics and earth sci ences and life and chem i -
cal sci ences, es pe cially in elec tron mi cros copy, co her ence
light op tics, nu clear mag netic res o nance and bio -
informatics. The in sti tute is also en gaged in re search, de -
vel op ment and ap pli ca tion of spe cial tech nol o gies
in clud ing nanotechnologies. In its area of work, the in sti -
tute cov ers ac tiv i ties from ba sic the o ries to ap pli ca tion of
new meth ods in biomedicine and in stru men tal sci ences and 
in in dus trial praxis too (especially in the industry of
scientific materials).

Other pro ject par tic i pants

The CESLAB pro ject is sup ported by the Czech com mu -
nity of syn chro tron us ers, i.e. those sci en tists cur rently do -
ing ex per i ments on for eign fa cil i ties. There are
ap prox i mately 100 syn chro tron sci en tists in the Czech and
Slo vak Re pub lics, with many of them be ing world-wide
known ex perts with ex cel lent pub li ca tions. They work
mainly at the Acad emy of Sci ences and at uni ver si ties.
There are also sev eral Czech and Slo vak post-docs at Eu ro -
pean synchrotrons. We should also men tion par tic i pa tion
of the sci en tists in volved in run ning the Czech Ma te ri als
Sci ence beamline in syn chro tron ELETTRA in Trieste, It -
aly. All these peo ple are in ter ested in the new CESLAB fa -
cil ity, and help ing in the sci en tific case of the beamline
prep a ra tion. Fur ther more, the dis cus sion about the

CESLAB pro ject has al ready started new in ter ests in the
syn chro tron ra di a tion uti li za tion of groups which had
never done such ex per i ments be fore.

World-wide col lab o ra tion

In the pro ject prep a ra tion (in clud ing LINAC and other de -
vices), sci en tists from many coun tries are in volved. A  cru -
cial role is played by Span ish part ners from the CELLS
con sor tium that is build ing the ALBA syn chro tron fa cil ity
lo cal ized close to Bar ce lona. It is in tended to use the ex pe -
ri ence gained dur ing the con struc tion of ALBA in the
Czech pro ject re al iza tion pe riod. Span ish sup port has been
de clared by gov ern ment min is ters and is sealed by a mem o -
ran dum.

A num ber of sci en tists from all over the world have de -
clared their sup port for the CESLAB pro ject, with many of
them tak ing part in the con fer ence on "Syn chro tron Fa cil i -
ties in the De vel op ment of Sci ence and Tech nol ogy in Cen -
tral and East ern Eu rope". These sci en tists are to dis cuss the
pro ject as set. The world wide syn chro tron com mu nity is
re nown for the mu tual col lab o ra tion in or der to bring the
lat est syn chro tron phys ics achieve ments into the prac tice.

Po lit i cal sup port

First of all, CESLAB is sup ported by lead ers of the Acad -
emy of Sci ences. On the re gional level, it is sup ported by
the Mayor of the City of Brno, and many other pol i ti cians
and of fi cials. Brno City Mu nic i pal ity has pro vided a large
area as a place for the fa cil ity con struc tion. The pro ject in -
tent is also wel comed by the DG Re search of the Eu ro pean
Un ion – the above-men tioned con fer ence in Brno in No -
vem ber 2007 on the pro ject of the pro posed syn chro tron fa -
cil ity has been ini ti ated and per son ally ob served by its
di rec tor Mr. Rob ert Jan Smits. CESLAB is un der stood to
be the Czech con tri bu tion to the pool of big fa cil i ties in the
Eu ro pean Re search Area (ERA) and to the Eu ro pean Strat -
egy Fo rum on Re search In fra struc tures (ESFRI). 

S. Kozubek, P. Mikulík
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