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IN STRU MEN TA TION AT CESLAB
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One of the beamlines for the pro posed CESLAB (Cen tral
Eu ro pean Syn chro tron LAB o ra tory) is an Op tics beamline
(OB). This beamline will rep re sent a unique fea ture of this
fa cil ity be cause sim i lar beamlines are miss ing in other Eu -
ro pean fa cil i ties ex cept of ESRF. The main fea ture of the
OB will be flex i bil ity. Its pur pose will be test ing X-ray op -
tics and in stru men ta tion, heat load stud ies and ex per i ments
whose spe cific and unique ar range ments limit their fea si -
bil ity at other spe cial ized beamlines. The need for such a
beamline is ob vi ous, be cause be side the BM05 at the
ESRF, there is no OB, which could al low the test ing and
de vel op ment of X-ray op tics and in stru men ta tion. With the 
de vel op ment of the next gen er a tion syn chro tron sources
(X-FELs) and the up grade pro gram of the ESRF we see
higher de mands on the qual ity and ac cu racy of X-ray op -
tics. 

The en ergy source of the OB will be ei ther a wig gler or
a super con duct ing bend ing mag net. These sources al low a
cover of a broad range of wave lengths, from the soft X-rays 
of about 4 keV to hard X-rays of about 30 keV. As a good
ex am ple, we can choose the super bend ing mag net at PSI
(X02DA – TOMCAT), with a crit i cal en ergy of 12 keV and 
a mag netic field of 3 T. Fig ure 1 shows the en ergy-flux plot 
of the X02DA.

The beamline will be equipped with two mono chro ma -

tors, one Si(111) with a res o lu tion of DE/E ~ 10-4 and a

pho ton flux of < 1´1014 and a multilayer mono chro ma tor

with a res o lu tion of DE/E ~ 10-2 and a pho ton flux of >

1´1014. To al low heat load stud ies, we need a white beam.
This may be reached with a tele scopic mono chro ma tor
mech a nism, which can be moved out of the beam. The

beam size at 20m from the source will be 40 mm (H) ´
4–7 mm (V). Fur ther fo cus ing de vices like mir rors are not
planned. The op tics hutch will be equipped with var i ous

types of fil ters (Al, Be, Cu) from tens to hun dreds of mm

thick and shut ters. To reach a small fo cus spot size the
length of the OB will be about 60 m. The high flex i bil ity
should be pro vided by four in de pend ent goniometer heads,
which are mounted on one reflectometer and one optical ta -
ble (Fig ure 2).

The re is a lar ge syn chro t ron user com mu ni ty in the
Czech Re pub lic and in the surroun ding coun tries. Wi thin
this com mu ni ty the re are po ten tial users of the OB. They
are not only in the aca de mic com mu ni ty; se ve ral groups are 
also in the industry.

Ac a dem ics
1) X-ray op tics group at the In sti tute of Phys ics at the 
    ASCR.
2) X-ray ho log ra phy group at the In sti tute of Phys ics at the 
    ASCR.
3) X-ray group at the MU.
4) X-ray op tics group and de tec tors at ÈVUT.
5) X-ray as tro nom i cal group at the ASCR.

Fig ure 1. En ergy-flux plot of the X02DA.

Fig ure 2.



In dus try
1) Polovodièe a.s., Prague.
2) Re flex s.r.o., Prague.
3) Vakuum Praha, Prague.
4) Delong In stru ments, Prague.
5) Crytur s.r.o., Turnov.

Slovakia, Hun gary and Po land (se lected as an ex am ple)
1) Crys tal op tics group at the Electrotechnical in sti tute at 
      the SAS in Pieš•any.

2) Multilayers for SR at the In sti tute of Phys ics of the SAS
      in Bratislava.
3) X-ray ho log ra phy at the In sti tute for Solid State 
      Phys ics in Bu da pest.
4) X-ray waveguides at the In sti tute of Phys ics at the PAS
      in Warsava.

 
Dur ing and af ter the re al iza tion of the syn chro tron source,
for ma tion of many new groups is ex pected.
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We were wit nesses of a huge in crease of knowl edge about
life sci ences in the last three de cades. We al ready un der -
stand many pro cesses tak ing place in or gan isms on a mo -
lec u lar level. We un der stand many intermolecular
in ter ac tions gov ern ing the im mune re ac tions of or gan ism
against dis eases or par a sites and are be gin ning to un der -
stand dif fer ences be tween pro teins from dif fer ent or gan -
isms and there fore we have tools to de sign new gen er a tion
drugs highly ef fi cient against bac te ria and vi ruses, with out
caus ing any harm to hu man or an i mal health. We un der -
stand better the pro cesses of ag ing, the de ceases causations
and new pos i tive hab its are grad u ally in tro duced into the
daily life of peo ple. The life ex pec tancy in creased by
10–15 years dur ing this pe riod of un der stand ing the prin ci -
ples of life on the mo lec u lar level.

Dif frac tion anal y sis of the struc ture of bi o log i cal
macromolecules uti liz ing syn chro tron ra di a tion is be hind
these changes pos i tively in flu enc ing the qual ity and length
of our lives. The struc ture and func tion of most of bi o log i -
cal mo lec u lar sys tems known to day was elu ci dated us ing
this par tic u lar method. Struc tures de ter mined by pro tein
crys tal log ra phy com prise more than 90 % of all struc tures
de pos ited in the Pro tein Struc ture Da ta base and al most
6 000 new re cords ac cu mu lates each year, most of them
orig i nat ing from syn chro tron ra di a tion sources.

Struc ture bi ol ogy and dif frac tion meth ods

The ne ces sity of syn chro tron ra di a tion for the de vel op ment 
of our knowl edge on the life na ture (from bi ol ogy, ag ri cul -
ture up to med i cine and health care) fol lows namely from
the fact that there is no other method al low ing an ef fi cient
di rect ob ser va tion of such a large mo lec u lar com plexes
with suf fi cient ac cu racy. Thanks to syn chro tron ra di a tion
we can ob serve the spa tial struc ture of mo lec u lar sys tems
com posed of mil lions of at oms and ob serve the in ter play
and co op er a tion of many tenths of macromolecules. This
knowl edge is prin ci pal for un der stand ing a func tion of liv -
ing or gan isms (e.g. elu ci da tion of struc ture and func tion of
ri bo somes). More over, us ing the syn chro tron ra di a tion one 
can achieve such high ac cu racy of mea sure ment that a

trans fer of a sin gle elec tron can be de tected even in large
pro teins ex plain ing thus an im mense in crease of cat a lytic
ef fi ciency seen in en zymes, etc.

Spe cial ex per i ments also al low an im ag ing of the struc -
ture changes tak ing place dur ing the bio chem i cal re ac tion
with a speed higher than it is nec es sary for di rect ob ser va -
tion of most of the bio chem i cal re ac tions (~ 100 ps). In ad -
di tion to quick, re li able and ac cu rate im ag ing of the
struc ture, a spe cial con fig u ra tion of beamline al lows ob ser -
va tion of the dy nam ics of the mo lec u lar sys tems.

The sci en tific use of syn chro tron ra di a tion and ap pli ca -
tions re sult ing from pro tein struc ture anal y sis in in dus try,
med i cine and health care were the rea sons why 17 sources
of syn chro tron ra di a tion have been build in the west ern re -
gion of the Eu ro pean Un ion, thus pro vid ing more than 40
dif frac tion beamlines for ad vanced mea sure ments in this
part of Eu rope.

Con trary to the rap idly grow ing num ber of
synchrotrons in the west ern part of EU, the east ern re gion
of Eu rope (Czech Re pub lic, Po land, Slovakia, Slovenia,
Hun gary, Aus tria, Bul garia, Ro ma nia, Lat via, Es to nia,
Lith u a nia) have no ex per i men tal ar range ment of this type
to date.

Dif frac tion beamlines at the syn chro tron sources
around the world

There are more than 70 sources of syn chro tron ra di a tion
build in 23 coun tries all over the world, most of them in Ja -
pan, EU and USA (see Ta ble 1). 

Synchrotrons have usu ally sev eral beamlines ded i cated 
to the macromolecular crys tal log ra phy (Ta ble 2). A pri or -
ity has the Ad vanced Pho ton Source (APS) in Chi cago with 
18 beamlines spe cial ized on pro tein crys tal log ra phy. The
num ber of ded i cated beamlines is roughly pro por tional to
the num ber of newly pro duced struc tures of
macromolecular com plexes per year. For ex am ple, 45
beamlines in the EU cor re spond to 1700 solved struc tures
and 75 macromolecular beamllines in United States cor re -
spond roughly to 2800 pro tein struc tures solved in the USA 
in 2007. 
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