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The syn chro tron beamlines are com plex de vices that rep re -
sent the state of the art in many in stru men ta tion branches,
namely in op tics, op ti cal tech nol ogy, mecha tro nics, pre ci -
sion me chan ics, vac uum phys ics as well as sur vey ing tech -
niques. Al though the de vel op ment of this in stru men ta tion
is very fast and suc cess ful, there are still prob lems to be
solved.

The beamline is a sci en tific in stru ment that trans fers,
col li mates, monochromatizes and fo cuses a beam of el e -
men tary par ti cles, in our case pho tons, into an ex per i men tal 
sta tion. The beam in the ex per i men tal sta tion ex cites (usu -
ally) a sec ond ary ra di a tion that is then col lected and an a -
lyzed.

The syn chro tron ra di a tion beamlines be long now a days
to stan dard sci en tific in stru ments even though each
beamline is unique. A big va ri ety of beamline de signs have
been de vel oped within about half a cen tury. How ever,
there are com mon is sues that must be ad dressed in any
case: op tics to gether with the source choice, vac uum,
mechatronics and ther mal prob lems. 

The source of light can be char ac ter ized with source

size sx, sy, source di ver gence sx’, sy’, pho ton en ergy E
dis tri bu tion and pho ton flux F. One uses the de rived pa -
ram e ters as emit tance (or éténdue), bril liance and bright -
ness. The emit tance should not in crease dur ing the pas sage
in the op ti cal sys tem, bril liance and bright ness should not
de crease in the beamline [1].

The most com mon source of syn chro tron ra di a tion is a
bend ing mag net. The bend ing mag net is an in her ent com -
po nent of a syn chro tron stor age ring. It emits ra di a tion with 
a con tin u ous spec trum from in fra red to hard X–rays. The
bend ing mag net ra di a tion is lin early po lar ized in the or bit
plane and el lip ti cally above and be low it. The bend ing
mag net has its vir tues and us age for litho graphic, in fra red
and broad band photoemission beamlines.

An other type of the source is a wig gler. The wig gler is
an in ser tion mag netic de vice that in flu ences the elec tron
tra jec tory in a straight sec tion of the syn chro tron stor age
“ring”. A pe ri od i cal ar ray of mag nets de flects lat er ally de -
flect the elec tron beam tra jec tory pro duc ing broad band
pho ton spec trum with higher in ten sity than a bend ing mag -
net.

An undulator is an in ser tion de vice that dif fers from the
wig gler in a num ber of mag netic poles and their mag netic
field, namely with a big ger num ber of pe ri ods (in the range
of 100) and smaller mag netic field than a wig gler. The
qual i ta tive change in the ra di a tion is caused by in ter fer ence 
of light; the elec tron beam, that “gen er ates” ra di a tion, is
slower than the pho ton beam that trav els with the speed of
light.

The cur rent de vel op ment of undulators goes in the di -
rec tion of undulators pro duc ing vari ably po lar ized light.
One of the most com mon ex am ples is the el lip ti cally po lar -
iz ing undulator Ap ple II [2].

Al most all the op tics used for broad band ra di a tion is
re flec tive. Thanks to rapid tech nol ogy de vel op ment, one
can use aspherical shapes be sides plane and spher i cal ones. 
The fig ure of merit of the op ti cal sur faces for the syn chro -
tron ra di a tion is the pa ram e ter slope er ror. The small est at -
tain able slope er rors are about 0.1 microradians for plane
and spher i cal el e ments, and about 5 microradians for the
aspherical ones. 

Sur face rough ness of the op ti cal sur face is an other im -
por tant fac tor that in flu ences its spec u lar re flec tivity. Sur -
face rough ness down to 0.5 nm (rms) is now stan dard
achiev able.

The most com mon ma te ri als for the syn chro tron ra di a -
tion op tics are sil i con, GlidCop, Zerodur (glass) and fused
sil ica.

The spec u lar re flec tivity of the op ti cal el e ments for
pho ton en er gies higher than 5 eV is poor and de pends on
in ci dence an gle as well as on the sur face layer ma te rial [3].
Usu ally, a so–called “graz ing” in ci dence an gle (from 89°
to 80° to the nor mal) is of ten used.

At graz ing in ci dence, ef fects of the me rid i o nal (along
the beam on the op ti cal sur face in the plane of in ci dence)
and sagittal (per pen dic u lar to the beam on the op ti cal sur -
face) slope er ror can dif fer very much. It is de sir able to use
sagittal fo cus ing, since the im pact of the slope er ror is in
this case di min ished by a “for give ness fac tor”.

Grat ings rep re sent the most cru cial op ti cal el e ments for
mono chro ma tors. The de signer should op ti mize many pa -
ram e ters of the grat ing in or der to match the grat ing ef fi -
ciency to the re quested tun ing range of the mono chro-
mator. The prop er ties to be op ti mized are line den sity, pro -
file of the grooves and re flec tive coat ing.

The vac uum in beamlines is re quired in or der to pro tect
the syn chro tron stor age ring, the op ti cal el e ments of the
beamline against con tam i na tion and the en vi ron ment in the 
ex per i men tal sta tion. The stan dard at tain able vac uum is ul -
tra high vac uum (UHV) rang ing at 10-9 to 10-10 mbar. Ion
get ter pumps, ti ta nium sub li ma tion and non–evaporable
get ter and cryopumps are usu ally used for at beamlines.
Oil–free rough ing pumps are now a days stan dard. There is
still a prob lem with car bon that is pres ent in the stain less
steel vac uum ves sels. Car bon dif fuses into the UHV and
op ti cal el e ments un der the in tense syn chro tron ra di a tion
get con tam i nated with an un wanted ef fect of de creas ing re -
flec tivity in cer tain pho ton en ergy re gions. The alu mi num
vac uum ves sel tech nol ogy, which is car bon–free, is un for -
tu nately not yet ma ture enough to be used reg u larly.
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The me chan i cal de sign of the op ti cal el e ment ma nip u -
la tors and re spec tive vac uum ves sels must pro vide sta bil ity 
and pre ci sion that is better than the qual ity of the op ti cal el -
e ments ex pressed in the term of slope er rors that is in the
sub–microradian range. The an gu lar move ment of the op ti -
cal el e ments is for the beamline of the pri mary con cern;
there fore the re quire ments on an gu lar ac cu racy, re peat abil -
ity are much more strin gent than these for trans la tions. 

The de sign of the me chan i cal parts should push eigen–
 frequencies up us ing stiff and light parts in the in ter nal me -
chan ics. The girder and sup ports have to sup press un -
wanted sur round ing ex cit ing os cil la tions. For this func tion, 
a syn thetic gran ite block or hol low steel gird ers filled with
sand or foam are used.

There has been a big de vel op ment in ac tu a tor and en -
cod ing tech nol ogy. 5–phase step per mo tors can di vide one
rev o lu tion into 125000 (mi cro) steps [4], clos ing the gap
be tween a DC servo and a step per mo tor in terms of po si -
tion ing, but keep ing the ad van tages of the step pers. There
are now UHV com pat i ble an gu lar encoders that work in
sub–microradian range [5]. We think that the op ti mum me -
chan i cal con cept for a pre ci sion ma nip u la tor in UHV is a
suit able 5–phase step per that ac tu ates through a bel low the
me chan ics in UHV en coded with an UHV en coder. The en -
coder gives the “real” an gu lar po si tion of the op ti cal el e -
ment and thanks to the close–loop op er a tion; it is pos si ble
to reach sub–microradian re peat abil ity.

The third gen er a tion sources as undulators and wig -
glers emit high–in tense beams. Due to the small spec u lar
re flec tivity, a por tion of ra di a tion is al ways ab sorbed in the
il lu mi nated op ti cal el e ment. The ab sorbed en ergy causes
heat ing of the op ti cal sur face. Be cause of non–zero ther mal 
ex pan sion co ef fi cients of the most ma te ri als used for sub -
strates, de for ma tion of the op ti cal sur face oc curs. The heat
should be dis si pated through ac tive or pas sive cool ing. The 
most de mand ing ap pli ca tion use in ter nally cooled or cryo -
gen i cally cooled sil i con sub strates. The ther mal ex pan sion
co ef fi cient of sil i con at the tem per a ture of liq uid ni tro gen is 
very close to zero.

Fi nite el e ment anal y sis is of ten needed to op ti mize the
cool ing schemes and to es ti mate the mag ni tude of the ther -
mal in duced slope er ror.

The most com mon beamline el e ments are slits, beam
de fin ing ap er tures, mir ror units, mono chro ma tors and di -
ag nos tics units.

The slit open ing usu ally ranges from 0.001 to 1 mm.
The de sign of the slits has to as sure that the slit blades open
sym met ri cally and can not be de stroyed by clos ing to zero
open ing.

Mono chro ma tors rep re sent the heart of soft X–ray
beamlines. There are sev eral bound ary con di tions that in -
flu ence the de sign of the syn chro tron ra di a tion beamlines:

1. The po si tion of the light source as well as the ex per i -
men tal sta tion is fixed in the space, what con cerns the po si -
tion as well as the di rec tion.

2. The ver ti cal size of the source and open ing an gle of
the ra di a tion in the case of bend ing mag net and wig gler is
much smaller than in the hor i zon tal plane. It is there fore de -
sir able to keep the dis per sion plane vertical.

3. The re flec tivity of all op ti cal ma te ri als in the soft
X–ray range is poor. Graz ing in ci dence is re quired.

The his tor i cally first grat ing mono chro ma tor is
Rowland mono chro ma tor with a spher i cal grat ing. The
spher i cal grat ing dis perses and fo cuses the ra di a tion into
the exit slit. The grat ing cur va ture ra dius of the Rowland
mono chro ma tor is equal to the di am e ter of the cir cle where
the en trance and exit slit should be placed. This means that
the po si tions of the en trance and exit slits var ies with the
change of the pho ton en ergy. The Rowland mono chro ma -
tor, in its orig i nal form is not suit able for the synchrotron
radiation application.

This dis ad van tage of the Rowland mono chro ma tor is
re moved on the cost of add ing one more op ti cal el e ment. A
plane pre–mir ror is in serted in front of the spher i cal grat -
ing. The pre–mir ror can change the in cluded an gle of the
grat ing and thus keep the in put and out put arms of the
mono chro ma tor at con stant lengths dur ing scan ning of a
cer tain range of pho ton en ergy. To cover a big ger span of
pho ton en er gies, one usu ally has to ex change a grat ing in
the op er a tion. This type of mono chro ma tor is usu ally
called Vari able in cluded an gle spher i cal grat ing mono -
chro ma tor (VASGM) [6].

A plane grat ing mono chro ma tor (PGM) rep re sents a
de vel op ment in the di rec tion of big ger flex i bil ity of a
mono chro ma tor. One keeps the fea ture from VASGM, i.e.
the plane pre–mir ror, and uses the plane grat ing as a dis -
pers ing el e ment. The fo cus ing func tion of the mono chro -
ma tor is taken over by an other added op ti cal el e ment
(sphere, toroid, el lip soid, plane el lipse…) po si tioned af ter
the plane grat ing.

The plane grat ing of a PGM can be then used in a very
broad pho ton en ergy range (over sev eral oc taves). If the
beam im ping ing on the plane grat ing is not collimated,
there are cer tain func tions that de ter mine the in ci dence and
dif frac tion an gles over the pho ton en ergy range in or der to
get cor rect fo cus ing. How ever, these an gles are not nec es -
sar ily co in ci dent with the op ti mum an gles for the grat ing.

This draw back has been over come with Collimated
plane grat ing mono chro ma tors (CPGM) which now rep re -
sent the most usual mono chro ma tor type for undulators [7]. 
Thanks to the fact that the bril liance of the undulator, i.e.
size and di ver gence of the source, are small enough, one
can collimate the ra di a tion with the first mir ror, and di rect
it into a PGM. In this case, one has to ful fill only one con di -
tion, namely the grat ing dif frac tion equa tion, which has
two un knowns: in ci dence and dif frac tion an gle. The ad di -
tional needed con di tion stems from the grat ing ef fi ciency
map.

The bend ing mag net emits a broad spec trum of pho ton
en er gies. The in fra red beamlines use the in fra red (IR) por -
tion of the syn chro tron ra di a tion [8]. The bend ing mag net
emits the IR ra di a tion with a big di ver gence (tens of
miliradians). One has re cently dis cov ered that there is an -
other kind of ra di a tion that is cre ated be tween the edges of
the pre ce dent and the re spec tive bend ing mag net. This (IR)
ra di a tion is called edge ra di a tion and is much more in tense
than the “clas si cal” bend ing mag net IR ra di a tion.

The IR beamline should col lect as much as pos si ble of
the IR ra di a tion. This is re al ized by an ex trac tion mir ror
that sep a rates the IR and vis i ble light from VUV, soft X-ray 
and hard X–ray com po nents of the ra di a tion. The most
com mon way is to use a plane mir ror that de flects the beam
by 90° (usu ally up wards). The re flec tivity for X–rays at a
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45° mir ror is poor and there fore much of the ra di a tion is
then ab sorbed in the ex trac tion mir ror. The ab sorbed power 
is for a bend ing mag net of the third gen er a tion stor age ring
in the range of units of ki lo watts. One uses a slot ted mir ror
lets the hard X–ray ra di a tion fan go through or a Be ryl lium
mir ror that is partly trans par ent for the hard X–ray ra di a -
tion.

The IR beamlines are usu ally di vided into two parts, the 
first one, close to the stor age ring, with UHV en vi ron ment,
and then the sec ond one with HV or poor vac uum con di -
tions. The sep a ra tion win dows, which are trans par ent for
IR ra di a tion, are made from di a mond, z–cut quartz or Cal -
cium Flu o ride ac cord ing to the IR range needed. 

The in stru men ta tion of the IR and soft X–ray beamlines 
is de vel op ing rap idly with the push ing de mands from the
experimentalist sci en tific com mu nity and steadily in creas -
ing amount of synchrotrons over the world.
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Now a days ex per i ments with high en ergy X-rays of ten re -
quires probe beams with nar row en ergy band width. The se -
lec tion of the fi nite range of the wave lengths (en er gies)
around given value of wave length is called mono chro -
matization. Be cause avail able syn chro tron sources (bend -
ing mag nets, undulators, wig glers …) of the hard X-ray
ra di a tion pro vides poly chro matic beam (white beam) for
many ap pli ca tion there is a need to se lect only a small en -
ergy band. In the re gion of hard x-rays mainly ab sorp tion
fil ters, X-ray mir rors crys tal mono chro ma tors and
multilayer mono chro ma tors are used. Fil ters and mir rors
re move from the in com ing spec trum only long or short
wave lengths, and there fore are used as premono chro -
mators. High est en ergy res o lu tion is achieved by the crys -
tal mono chro ma tors. If there is no need for the very nar row
wave length band, multilayer mono chro ma tors are of ten
em ployed. Aim of this lec ture is to pro vide over view about
ba sic prin ci ples of the monochromatization of the hard
X-ray syn chro tron ra di a tion and op tics which is uti lized for 
this pur pose.

Crys tal Mo nochro ma tors

Crys tal mono chro ma tors play im por tant role in the
monochromatization of the hard X-ray ra di a tion. They usu -
ally con sist of one or more suc ces sively ar ranged
diffractors mainly in Bragg ge om e try.  Crys tal mono chro -
ma tors are pre pared from per fect crys tals such as Si, Ge
and for de scrip tion of their diffractive prop er ties the dy -
nam i cal the ory of the X-ray ra di a tion is used [1]. Spec tral

and an gu lar prop er ties of the one or more suc cess fully ar -
ranged mono chro ma tors can be vi su al ized with very use ful 
graphic tool called DuMond di a grams [2]. Us ing these di a -
grams one can es ti mate width of the spec tral range passed
by the mono chro ma tor as well as the in put an gu lar ac cep -
tance and the out put an gu lar di ver gence. Fig ure 1 is show -
ing the DuMond di a gram for a sin gle crys tal mono
- chro mator.

For monochromatization of hard X-rays mul ti ple crys -
tal ar range ments are uti lized rather than sin gle crys tal
mono chro ma tors (Fig ure 2). The ba sic mul ti ple crys tal ar -
range ments (Figure 3) con sists of the non-dispersive (+, -)
and the dispersive (+, +) con fig u ra tion which prop er ties are 
an a lyzed into de tails. The at ten tion is paid to the dou ble
crys tal mono chro ma tor (DCM) in non-dispersive (+, -) ar -
range ment, which be comes a stan dard for hard X-ray
monochromatization at synchrotrons. Pos si bil i ties how to
re ject har mon ics, to in crease the res o lu tion by de tun ing and 
more oth ers are ex plained. By uti liz ing asym me try an gles
one can in crease the ac cep tance or in crease the an gu lar res -
o lu tion or achieve the com pres sion or the ex pan sion [3, 4,
5] of the beam. 

Suc ces sive dif frac tions, dispersive and non-dispersive,
are pos si ble to achieve also in the one sin gle crys tal. This
mono chro ma tors are mono lithic [6, 7, 8] and have sev eral
ad van tages and also some dis ad van tages in com par i son
with polylithic de vices. For ex am ple the dispersive mono -
lithic con fig u ra tion is well known as   a chan nel-cut mono -
chro ma tor. This mono chro ma tor has nat u rally ad justed
diffractors and the out put beam is par al lel with the in put
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beam. But by us ing the chan nel-cut mono chro ma tor we are
los ing some ben e fits of the polylithic non-dispersive ar range -
ment. By com bin ing two chan nel-cut mono chro ma tors in the
dispersive con fig u ra tion one can ob tain the Bartels mono -
chro ma tor [9]. This mono chro ma tor com bines prop er ties of
dispersive and non-dispersive crys tal con fig u ra tions. Bartels
mono chro ma tor be comes a stan dard for lab o ra tory X-ray
sources.         

For ap pli ca tions where very nar row en ergy band of the
in com ing ra di a tion is re quired in the range of meV and sub
meV, it is nec es sary to ac com mo date mono chro ma tors with
higher re flec tion. There are sev eral pos si bil i ties how to
achieve sub meV res o lu tion. One of them is to use crys tal in
so-called back scat ter ing ge om e try where Bragg an gles are

close to p/2 [10]. An other way is to use dispersive or nested
[11] con fig u ra tions, with higher re flec tion, where Bragg an -

gles do not need to be nec es sar ily close to p/2.
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Fig ure 3.  Ba sic coplanar dou ble crys tal mono chro ma tors ar range ments, a) non-dispersive (+n, -n) ar range ment, b)

dispersive (+n, +n) ar range ment. 

Fig ure 2.  Sin gle crys tal mono chro ma tor in Bragg con fig u ra -
tion.Fig ure 1. DuMond di a gram. Point 1) rep re sents the pla nar elec -

tro mag netic wave, ver ti cal line 2) rep re sents the poly chro matic
par al lel ra di a tion and ver ti cal line rep re sents the di ver gent mono -
chro matic ra di a tion. The crystal func tion in this space is
represented as a stripe 4).
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Jaderný rezonanèní rozptyl (nu clear res o nance scat ter ing,
NRS) je proces, kdy jádro s rozdílem energií E0  základního 
a excitovaného stavu interaguje s elektromagnetickým
záøení o energií E0 nebo jen o málo se lišící. Tato interakce
mùže probíhat buï za úèasti nebo neúèasti fononù.  Podle
toho, zda se jádro pøed rozptylem nachází ve stejném stavu
jako po nìm a zda rozptýlené záøení je koherentní èi
nikoliv, mùžeme rezonanèní rozptyl rozdìlit na koherentní
elastický, nekoherentní elastický, koherentní neelastický a
nekoherentní neelastický rozptyl. Zde se budeme podrob -
nìji zabývat dvìma v experimentech nejèastìji využíva -
nými procesy a to elastickým koherentním rozptylem a
neko herentním neelastickým rozptylem. 

Synchrotronová Mössbauerova spektroskopie (SMS)

Využití synchrotronového záøení jako zdroje pro
Mössbauerovu spektroskopii se datuje od roku 1984, kdy
E. Gerdau studoval difrakci synchrotronového záøení na
jádrech 57Fe v yttrito železitém granátu [1]. Již od prvních
experimentù bylo zøejmé, že s využitím synchrotonového
záøení bude nutné pøejít od „klasické“ spektroskopie v
ener getické doménì k mìøení v èasové doménì. 

Koherentní elastický rozptyl je proces, kdy je
jádrem bezodrazovì absorbován foton, který je následnì s
urèitým zpoždìním opìt bezodrazovì vyzáøen. Pro soubor
jader, bylo ukázáno, že rozptylu jednoho fotonu se
neúèastní pouze jedno jádro, ale soubor jader jako celek
(napø. jádra v krystalu). Mluvíme o takzvané deloka lizo -
vané excitaci jader. Díky tomu, že jsou jádra excitována
jako celek, mùžeme pro popis jaderného elastického kohe -
rentního rozptylu použít formalismus založený na popisu
šíøení elektromagnetického záøení v optickém prostøedí
[2], [3].   

Excitujeme-li soubor jader ve vzorku krátkým
pulzem elektromagnetického záøení takové energie, aby
došlo k jeho absorpci jaderným systémem, mùžeme
detektorem umístìným za vzorkem  pozorovat vùèi exci -
taè nímu pulzu zpoždìné záøení vznikající postupnou
deexcitací jaderného systému. Toto zpoždìní je  dáno
neurèitostí energie excitovaného stavu. Intenzita záøení v
závislosti na zpoždìní za pulzem je Mössbauerovské
spektrum v èasové doménì. Jádry emitované záøení se
koherentnì  skládá a jsou-li jaderné hladiny vlivem hyper -
jemné interakce  štìpeny, jsou v emitovaném záøení obsa -
ženy komponenty o rùzných frekvencích. Interferencí
tìchto komponent pak dochází ke vzniku charak teris -
tického prùbìhu intenzity emitovaného záøení na èase. V
èasovém záznamu intenzity vzorkem emitovaného záøení
se objeví  periodické kmity, tzv. „kvantové záznìje“ (quan -
tum beats). V tìchto záznìjích je právì obsažena informace 

o charakteru a velikosti hyperjemné interakce.  Zde se s
využívá pulzního charakteru synchrotronového záøení, kdy 
záøení je koncentrováno v krátkých (< 100 ps) pulzech od
sebe vzdálených øádovì stovky nanosekund. Za každým z
tìchto pulzù je detekován èasový prùbìh intenzity záøení a
tyto jednotlivé záznamy jsou pro zvýšení pomìru signálu k
šumu sèítány  do výsledného spektra. 

Jak již bylo uvedeno, v záznìjích èasového spektra
je obsažena informace o hyperjemné interakci. Abychom
získali její parametry, je nutné provést analýzu expe -
rimentálních dat, která se zpravidla provádí pøímo v èasové 
doménì. Nejdøíve se provede teoretický výpoèet spektra,
které se pozdìji fituje na experimentální data. Pro analýzu
spekter se využívá speciálních poèítaèových programù,
které umožòují jak teoretické výpoèty, tak fity experi -
mentálních dat. Pøíklady takových softwarových nástrojù
jsou programy CONUSS [4] nebo MOTIF [5] [6]. 

Analýza je komplikovanìjší u vzorkù o vìtší
tlouš•ce, kdy se uplatní mnohonásobný rozptyl a ve
spektrech se kromì kvantových záznìjù objeví takzvané
dynamické záznìje (dy nam i cal beats). Abychom získali
skuteèné parametry hyperjemné interakce, musí být bìhem
analýzy spekter tyto dva jevy od sebe odlišeny.

 Jev elastického rezonanèního rozptylu je možné
pozo rovat ve smìru dopadajícího záøení to znamená
v transmisi (nu clear for ward scat ter ing, NFS) a díky po -
mìr nì velké intenzitì dopadajícího záøení  také v difrakci, 
kdy polohy maxim difraktovaného svazku jsou urèeny
podmínkami Braggovy difrakce (nu clear Bragg scat ter ing,
NBS).

Elastický koherentní rozptyl stejnì jako
Mössbauerova spektroskopie je metodou pro studium
hyper jemné interakce v látkách, jsou zde však jisté rozdíly.
Jedním z nich je napøíklad urèování isomerního posuvu,
kdy u „klasické“ Möessbauerovy spektroskopie urèujeme
velikost isomerního posuvu relativnì vùèi isomernímu
posu vu konvenèního zdroje, který zde hraje roli jistého
standardu. U SMS takovýto „pøirozený“ standart nemáme
(nepøidáme-li ho do zkoumaného vzorku umìle), a proto
mùžeme pouze u spekter s více komponentami s rùzným
isomerním posuvem urèit jejich vzájemný rozdíl iso -
merních posuvù. Jeden z nejdùležitìjších aspektù SMS je
ten, že díky vysoké intenzitì synchrotronového záøení je
doba nábìru spektra  velice krátká, a proto je tato metoda
využívána pro studium velice rychlých procesù,
chemických reakcí a difúze [7].  

Díky tomu, že synchrotronové záøení je emitováno
v oblasti od desítek eV až po nìkolik desítek keV, je možné 
pro NRS využít velkého množství jader (57Fe, 40K, 73Ge,
119Sn, 183W, 149Sm, ... ), což dává potenciální možnost
studovat hyperjemnou interakci v øadì materiálù, u nichž
ještì zkoumána nebyla. 
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Neelastický nekoherentní rozptyl 

Druhou významnou  metodou využívající  nukleárního
rezonanèního rozptylu je neelastický nekoherentní rozptyl
(nu clear res o nant in elas tic X-ray scat ter ing, NRIXS). 
Jestliže se energie dopadajícího fotonu jen o málo liší od
energie jaderného pøechodu, mùže dojít k absorpci fotonu
spojené s emisí nebo absorpcí fononu a následné emisi
fotonu nebo konverzního elektronu. V obou pøípadech je
emise vùèi absor bovanému fotonu zpoždìna,  kdy zpož dì -
ní je dáno dobou života excitovaného stavu. Ozaøujeme-li
vzorek krátkými pulzy synchrotronového záøení, mùžeme
snadno od sebe separovat pøíspìvek pocházející z rezo -
nanèního rozptylu na jádrech od pøíspìvku ostatních
rozptylových procesù  a to tak, že emitované záøení dete -
kujeme až nìkolik desítek ns za pulzem synchrotronového

záøení, napøíklad  v èasovém oknì 30-600 ns za pulzem.
Budeme-li postupnì mìnit energii dopadajícího záøení a
detekovat integrální intenzitu rezonanènì rozptýleného
záøení, získáme hustotu pravdìpodobnosti rezonanèního
rozptylu v závislosti na energii. V této závislosti je obsažen
pøíspìvek od elastického i neelastického rozptylu. Pravdì -
podobnost neelastického rezonanèního rozptylu je úmìrná
hustotì stavù fononù, a tedy odejmutím pøíspìvku elas -
tického rozptylu získáme hustotu stavù fononù (fono nové
spektrum). 

Podobnì jako u SMS se ani u této metody neo bej de -
me bez podrobného teoretického rozboru dìjù, ke kterým v 
látce dochází pøi neelastickém rozptylu . Tento popis
vypracoval V. G. Kohn  [8] a Singwi [9]. Pro odejmutí
pøíspìvku elastického rozptylu bylo vyvinuto nìkolik
softwarových nástrojù,napø. pro gram  PHOENIX [10].

Pro tuto metodu jsou klíèové parametry monochro -
mátoru, nebo• rozlišení této metody je dáno šíøkou pásma

monochromatizovahého záøení. V souèasné dobì již
existují monochromátory s energetickým rozlišením pod
1meV, což je dostateèná pøesnost pro experimenty NRIXS. 
Výhodou této metody pro studium fononù je pøedevším to,
že na rozdíl od mìøení pomocí pomalých neutronù, kde
hustotu stavù získáváme z mìøení disperzních relací, zde
získáváme hustotu stavù fononù pøímo.
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INVESTIGATION OF NANOSTRUCTURES BY SYNCHROTRON RADIATION

Václav Holý

De part ment of con densed Mat ter Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
Prague, Czech Re pub lic

Phys i cal prop er ties of nanostructures (quan tum wires and
dots, nano-rods, me tal lic nanostructures, among oth ers) are 
sub stan tially in flu enced by their mor phol ogy, lat tice struc -
ture and lat tice per fec tion. For the in ves ti ga tion of these
struc ture pa ram e ters, X-ray small-an gle scat ter ing and
X-ray dif frac tion are the meth ods of choice. Since the use -
ful scat tered sig nal is usu ally pro por tional to the vol ume or
square of the vol ume of the ob jects, in the case of
nanometer-sized ob jects the ap pli ca tion of syn chro tron ra -
di a tion is in ev i ta ble. 

In ad di tion to a very high flux and bril liance of a syn -
chro tron beam, which makes it pos si ble to per form “stan -
dard” X-ray ex per i ment on very small ob jects, other unique 

prop er ties of syn chro tron ra di a tion are used for the study of 
nano structures, such as a very high beam co her ence, ideal
po lar iza tion of the beam, and tun able pho ton en ergy. These 
prop er ties en able us to mea sure X-ray scat ter ing from a
sin gle nano-ob ject, to carry out ab sorp tion spec tros copy
stud ies in one nano-ob ject (meth ods EXAFS, XANES and
DAFS) and to de ter mine the phase of the scat tered ra di a -
tion.

The talk will sum ma rize ba sic ex per i men tal and the o -
ret i cal ap proaches for syn chro tron stud ies of nano -
structures and will pres ent sev eral ex per i men tal ex am ples,
con cern ing mainly semi con duc tor quan tum dots, quan tum
wires and nano-rods.
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