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Ab stract

This pa per de scribes shortly a pro ject of a beamline that fo -
cuses and monochromatises the syn chro tron ra di a tion from 
an undulator source at the pro posed Cen tral Eu ro pean Syn -
chro tron Lab o ra tory (CESLAB) in the range from 20 to
1000 eV with spec tral re solv ing power better than 4000. 

In tro duc tion

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 tune able across a 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 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. 

The re cent de vel op ment in low-emit tance stor age rings
and mag netic in ser tion de vices al lows their broad use in
many ex per i men tal and tech no log i cal meth ods. Be ing a re -
search tool of broad range and high power it en ables us ers
to be come world lead ers in many rap idly mov ing sci en tific
and tech no log i cal fields. The fun da men tal ba sis that the
eco nomic pros per ity of mod ern so ci ety orig i nates from is
the de vel op ment and ex ploi ta tion of new ma te ri als. In for -
ma tion tech nol ogy has been made pos si ble by the avail abil -
ity of suit able elec tronic ma te ri als for de vice fab ri ca tion
and mag netic ma te ri als for data stor age. High Tc su per con -
duc tors are sup posed to pro vide im proved per for mance
and cost sav ings in a range of ap pli ca tions from chips to
power trans mis sion in the com ing de cades. Ce ram ics are
ap plied in a rap idly ex pand ing mar ket of struc tural ma te ri -
als and sen sors. All these ma te ri als, as well as oth ers like
catalysers and poly mers, need to be char ac ter ized in or der
to be un der stood. SR in com bi na tion with va ri ety of spec -
tro scopic tech niques is the most so phis ti cated tool for the
phys i cal and chem i cal ex am i na tion of materials. 

A new stor age ring in Brno will be the first ded i cated
SR source in Mid dle and East ern Eu rope op ti mised to gen -
er ate VUV and XUV ra di a tion us ing mag netic in ser tion
de vices and low emit tance bend ing mag nets. Al though the
pro ject is a Czech one, its im por tance is in ter na tional and
the par tic i pa tion of sci en tists from other coun tries is in -
tended and ac tively pro moted. This pol icy opens ac tiv i ties
for the whole sci en tific com mu nity and it also en ables
trans fer of know-how into the in dus try. 

The Photoemission beamline pro posed for
CESLAB

The tech ni cal spec i fi ca tions of the Photoemission
beamline (PB) have re sulted from the ex per i ments that we
have car ried out at the Ma te ri als Sci ence Beamline, the
Czech beamline at syn chro tron ELETTRA in Trieste, It aly. 

The pho ton en ergy range is 20–2000 eV and will be
cov ered with four grat ings. The spec tral res o lu tion shall
reach 105 for the small and 104 high en er gies. Higher har -
monic con tent should be less than 20 % for any har monic.
The beamline should be easy to align, op er ate and main -
tain, thus to be user friendly. There will be pro vi sions for
in-situ cal i bra tion of pho ton beam pa ram e ters such as en -
ergy, res o lu tion, spot size and polar is ation. 

The choice of the mono chro ma tor is the most crit i -
cal step. In ad di tion an op er a tion with a large tun ing range
from UV to soft X-rays us ing only one or two grat ings and
keep ing the exit slit po si tion fixed is re quired in a ma te ri als
char ac teri sa tion (struc ture, elec tronic struc ture, chem i cal
state) with meth ods such as photoemission, ESCA,
EXAFS, NEXAFS or photoelectron diffraction. 

The cur rent de vel op ment in soft X-ray beamlines
shows that the plane grat ing mono chro ma tors work ing
with the collimated syn chro tron ra di a tion beam are the
most ver sa tile in stru ments that cover most of the needs of
us ers. 

The proper choice of the source for the beamline is es -
sen tial as well. The undulator source prop er ties must be
matched to the beamline de sign. An El lip ti cally po lar ized
undulator (EPU) of the Ap ple II type seems to be the ap pro -
pri ate source for PB.

Ex per i men tal sta tion

Since the aim of this beamline is to pro vide max i mum ver -
sa til ity and flex i bil ity, the mea sure ment sta tion should be
de signed ac cord ingly. It will be com bined from two sub -
stan tial parts. The first will be a set of tech no log i cal cham -
bers with at tached growth con trol de vices and the sec ond
will be an an a lyz ing cham ber equipped with the
photoemission fa cil ity op er at ing in dif fer ent modes as a
main ex per i men tal tool. These two parts will be con nected
with a prep a ra tion cham ber de signed for the sam ple treat -
ment and char ac teri sa tion us ing stan dard sur face phys ics
meth ods. 

Prep a ra tion cham ber 

Most of the pro posed ex per i ments re quire dif fer ent kinds
of sam ple treat ment un der UHV con di tions and also re lated 
sur face con trol meth ods. To in clude all these meth ods into
one mea sure ment cham ber, time for reali sa tion of an ex -
per i ment will in crease by a fac tor 2 and also will in crease
the haz ard of beamline con tam i na tion. There will also be
the pos si bil ity of dam age of some im por tant parts of a spec -
trom e ter by evap o ra tion, sput ter ing or by other ef fects re -
sult ing from sam ple treat ment. There fore the mea sure ment
sta tion will be equipped with a prep a ra tion cham ber which
will fit all mea sure ment cham bers. The cham ber will in -
clude LEED or RHEED and AES fa cil i ties, a sput ter ion
gun, cleav ing fa cil ity, an evap o ra tor, a thick ness mon i tor,
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heat ing and cool ing fa cil ity. A gas han dling sys tem and a
re sid ual gas an a lyzer will be avail able. Sap phire and/or
quartz win dows will be at tached to the cham ber al low ing
the la ser pro cess ing of the sam ples and the sub strates. A
turbomolecular pump in com bi na tion with a ti ta nium sub li -
ma tion pump will be used to keep the base pres sure
<1×10-10 mbar. The joint prep a ra tion and mea sure ment
cham bers will be fixed to a sup port which al lows an in de -
pend ent move ment in three per pen dic u lar di rec tions for the 
fi nal align ment. A fast en try lock will al low rapid sam ple
ex change and there will be a mech a nism to move the sam -
ple be tween prep a ra tion and mea sure ment cham ber. 

In the next stage, a scan ning tun nel ling mi cro scope
will con sti tute a valu able ad di tional tool for the sam ple in -
ves ti ga tion and char ac ter iza tion. 

Tech no log i cal cham bers 

This part of the mea sure ment sta tion will be equipped with
dif fer ent meth ods for sam ple growth and prep a ra tion. In
the fi nal stage, MBE, plasma, re mote plasma, hot wire and
la ser de po si tions will be avail able. The re quire ments and
the con di tions of the growth are so dif fer ent that at least
two work ing cham bers will be needed. All the above men -
tioned tech no log i cal meth ods will have to be han dled by
well ex pe ri enced and well trained op er a tors. A close co op -
er a tion with spe cial ized tech no log i cal lab o ra to ries and
spon sor ing in dus try is con sid ered. 

In the first stage, a sim ple glow dis charge re ac tor will
be built up. There should be win dows for the la ser beam
trans mis sion into the cham ber which could be used for
stim u la tion dur ing the growth pro cess.

In the sec ond stage, the la ser de po si tion cham bers
should be made ready for the con nec tion to the prep a ra tion
cham ber. A care ful de sign of the gas han dling sys tem has
to be re al ized be cause in flam ma ble and toxic spe cies are
of ten used in these tech no log i cal pro cesses. In ad di tion, a
sim u la tor of cor ro sion pro cesses in steam gen er a tors used
in con ven tional or nu clear power stations will be installed. 

A cham ber for cat a lytic stud ies will be de signed.
The main goal is to pre pare and char ac ter ize the nanosize
metal par ti cles to study their elec tron struc ture in re la tion
with cat a lytic prop er ties in dif fer ent gas mix tures and at el -
e vated tem per a tures. 

An a lyz ing cham ber

Our phi los o phy will be to pur chase a com mer cial spec -
trom e ter and then to up grade it to achieve the re quired per -
for mance. Pro vi sion will be made for an gle-in te grated and
an gle-re solved photoemission and par tial yield
photoabsorption spectroscopies. So phis ti cated soft ware
op er at ing the mono chro ma tor to gether with a spec trom e ter
will be de vel oped to en able other meth ods like pho to elec -
tron dif frac tion, CIS and CFS op er a tion modes EXAFS
and NEXAFS. The en ergy resolution 10 meV be low 50 eV
and re solv ing power of 4000 above this value would be
suf fi cient in most of the ex per i ments. In the an gle-in te -
grated mode, the ac cep tance of the an a lyzer should be
better than 30º full an gle. A hemi spher i cal an a lyzer with
ad vanced lens sys tem will be suit able for this pur pose.
There will be a sec ond an a lyzer mounted on a pre cise

two-axis goniometer for an gle-re solved mea sure ments.
The an gu lar res o lu tion of the an a lyzer should be ad just able
up to very high par al lel mo men tum res o lu tion of about 0.05 
in verse Ang stroms. 

In the an a lyz ing cham ber, a fa cil ity for in-situ cal i bra -
tion of the spec trom e ter must be at tached, for ex am ple by
means of a no ble gas dis charge lamp EELS mono chro ma -
tor. A gen eral method of cal i brat ing the en ergy res o lu tion
is the mea sure ment of the Fermi edge width. This works
best at lower pho ton en er gies where the photoionisation
cross-sec tion is rea son ably large. At suf fi ciently high flux,
it could be used for higher pho ton en er gies, too. This
method de ter mines the res o lu tion of the en tire
photoemission ex per i ment in clud ing the mono chro ma tor
res o lu tion. 

The ther mal width of the Fermi edge is about 4kT, i.e.
100 meV at room tem per a ture. To mea sure the res o lu tion
of 10 meV, it is nec es sary to achieve the tem per a ture ~20 K 
at which the Fermi edge is about the same width. Thus, the
an a lyz ing cham ber should have a fa cil ity for at tach ing of a
liq uid He cryostat.

Spec i fi ca tions of beamline Source

The Ap ple II type el lip ti cally po lar ized he li cal undulator
has a pure per ma nent mag net struc ture com posed of four
ar rays. The ar range ment of blocks is such that there are
four blocks per pe riod. By mov ing two op pos ing mag net
ar rays with re spect to the other two lon gi tu di nally (a phase
shift), the strengths of the ver ti cal and hor i zon tal mag netic
field com po nents can be var ied, and hence dif fer ent po lar -
iza tions (lin ear hor i zon tal, ver ti cal and cir cu lar) of the ra di -
a tion are pro duced.

Beamline op tics

The PB op tics will be based on a con cept of collimated
plane grat ing mono chro ma tor (cPGM). All the re flect ing
op ti cal el e ments of PG, ex cept for the plane mir ror and
plane grat ing, will be hor i zon tally de flect ing.

The first mir ror will have a to roid al or paraboloidal fig -
ure and will collimate the ra di a tion com ing from the
undulator. The collimated beam is ver ti cally de flected by
the plane pre–mir ror to one of the four plane grat ings. The
dis persed ra di a tion is sagitally fo cused to the exit slit with a 
to roid al or paraboloidal mir ror. The exit slit se lects the cho -
sen wave length. The se lected ra di a tion is re fo cused with a
sagitally fo cus ing toroid to the sam ple in the ex per i men tal
cham ber.

The plane grat ing mono chro ma tor con tains two in de -
pend ent ro ta tional axes on which the plane mir ror and the
plane grat ing ro tate. Us ing a cer tain com bi na tion of the an -
gles, one can tune the mono chro ma tor for cer tain en ergy.
Due to the fact that the in ci dence and the dif frac tion an gles
are not iden ti cal, the plane grat ing pro duces an op ti cal
mag ni fi ca tion on the beam. The mag ni fi ca tion of the plane
grat ing is in flu enced by the value of Cff, his tor i cally used to 
be called a fixed fo cus con stant.

Since the cPGM works with a collimated beam, one can 
choose vari able Cff for dif fer ent pur poses in a cer tain
range. De crease of Cff at lower en er gies can lead to better
sup pres sion of higher or ders while the in crease can en -
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hance the re solv ing power. The Cff value usu ally ranges
from 1.2 to 6.

With all the pos si ble com bi na tions of dif fer ent plane
grat ings with dif fer ent groove pro files (blazed/lam i nar)
one can trade off be tween the flux and res o lu tion. The flux
on the sam ple shall be big ger than 5.1012 phot/(s 0.1%BW)
@400 eV and 500 mA of the ring cur rent. The fo cus spot at

the sam ple should be smaller than 50 mm2.

Sum mary

We have shown main fea tures of the pro posed PB for an el -
lip ti cally po lar ized undulator of the third gen er a tion ded i -
cated stor age ring. The great ad van tage of PB will be the
pos si bil ity to scan rap idly a great range of pho ton en er gies
with high res o lu tion. This is very suit able for many ex per i -
men tal tech niques such as EXAFS or NEXAFS.
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XVII. 
Re gional pow der dif frac tion con fer ence

Valtice, 18. 6. - 20. 6. 2008

16. - 19. 6. 2008
Valtice, Ho tel Hubertus a Národní vinaøské

centrum

The col lo quium is de voted to syn chro tron ra di a tion and
its ap pli ca tion in dif fer ent sci en tific fileds. Tu to ri als of
Czech sci en tists will pres ent phys i cal and tech no log i cal
prin ci ples of syn chro tron, or i gin and monochromatization
of ra di a tion in the range from in fra red to hard X-rays and
ap pli ca tions for dif frac tion, ab sorp tion, spec tro scopic and
im ag ing meth ods in ma te ri als sci ence, phys ics, chem is try
and bi ol ogy. The col lo quium is mo ti vated by the Czech par -
tic i pa tion at ex ist ing synchrotrons (mainly ESRF and
ELETTRA), prep a ra tion of the pro ject CESLAB (Cen tral
Eu ro pean Syn chro tron Lab o ra tory) for con struc tion of syn -
chro tron ra di a tion in the Czech Re pub lic, and by the ef fort
to spread the knowl edge on the syn chro tron and its ap pli ca -
tion in a broad sci en tific commmunity in a form of a short
school. The col lo quium is low-cost. In par tic u lar, the par -
tic i pa tion of stu dents is welcome. The main languages are
Czech and Slovak. English contributions are accepted as
well. 


