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Influence of Gamma rays collimation
on Mossbauer lines
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Abstract. \Ve illw'sligate the <'frect or, gamma rays rollimation in
MossballN absorptioll sp{'ctra •.•..11('1\lhin absorLt'rs are used. A simple
motl(,l is propos('d to study shirt and broadclIillg or spectrallint.s. This
lllo(!<,l alollg with SUIlIí' approximatiolls, mak('s tht' calculations easil)'
<iOIlI'.'rhe rcsults an' ill good agn'('IlH'lIt •.•..ilh 11l0s(' ill tlll,-'lilcrature.

PACS, 33.45.+x

l,lntroduction

Lad.: or collilllalioll, as it has lH'en long kno\\'Il, affl'ds 1.h(' width alld posltloll of
I,OI"l'llt:t.ianliIH's in f\l()ssbau('r SPl'ctroscopy [I,2,:J,.1.;». E\"(,II \\'11('1"(,goo(1 ('ol1illlatioll
exisls, galllllla rays incic!ent upon 111('detector wiudow produ('e, al. fillit(, angles wilh
res¡H'c:l to the direct.ion or rclat.i\"(' 1II0tioll, the wcll.knowu eosille drecl [.1].

Corrections for lhis effecl han' 1H't'1IproposNI in tlll' pasl [-I)).6j in tll(' rorm of
angular dislri1>ulioll fUllctions of pholollS illeiding UPOll t.1ll' d('leclor wiudow. TIIL~e
approaches i11gt'neral illvolvc tediolls calclllal iOIlS, wil h llll' ('x('('pliolls of Uds. [a]
and [5) whidl yidd l"eslIlts for illlllll'dial(' l1se. 110\\,('\"('1",a short.collling of Ikf. [:1]
is sils failure 1.0 lIIellt.ioll broadcnillg, and of Ud. [5) is 1.111'f.lc! t.h,lt 11](' galllma
ray's distrihHliotl ftllldioll as sugg('Sit.d eallllol 1)(' lIs(,d 011 ils cOlllplde dOlllaill fol'
!l/d« 1, where n and d are th(' eollilllalor's radius <llld J¡'lIgth n':,pectin'ly.

Il is the aim of this paper to illlrodu('(' a simple Illo<iel fOI"caklllalillg Sllirt alld
broa(lenillg of the slH'ctral lilles produn'tl by 1l0n-colJilllatt'd galllma m)'s incid('nt
upon lhe dct('('tor, t.hat allo\\' ca1culalions lo be ('<lsily pl'l"forJIH'd and gi\"(' n'Slllls
tila.l are in good (,ollfol'l1lily with Ihosl' in Ihe literatlln' [5). For \\'orkillg pllrpos('S il
will he ass11I1led in lhis papel' t.llal t.1ll' ..Jislallcc hel\\,('('11 SOlllTe ¡llId d('\('('IOI" wilJdow
is ITlUcllgreater t.han somee alld ddc'cl.or radii.

2. Point source

A poinl sOllrn~ lo('atc'd 011Ihe peq)(,llciiclIlar axis (Ir il clell'f'lor willdo\\' ('Illils }!;illllllla
rays t.llill pass throllgh a t.hin Sillllpl¡' <lIJe!prodll<'l' <l1! a(¡sorplioll pC'ilk hil\"ing il
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FIGURE 1. Point sourcc locatcd 011 the pNpcndiclI1;n <Ixis of lhe delector .•••.indo .•••.of mdius IL

Lorentzian shapc

¡', 1
J(v) = - ¡',' ( )"11" -+v-t'o-

(1 )

where v = u ros O is the componenl oC sourcc.ahsorbf'r vclocily u along the gamma
ray propagation path (Fig. 1), Vo the velocit.y oC maximuITI absorption at lhe pcr.
pendicular incidenc-c, !:l the mid.\vidth at ha1f maXimllI11oC the peak, and !:lf 1r a
normalization constanl.

3. Extended source

'1'0 find the line shapc in the case of éU] extended SOllr(e, it is lIrl'it ncc('ssary to
ohtain a distrihlltion fundion whiciJ takes illto ac,ollllt t.JI(' galllma rays C'lIIittcd by
cach dcm(~nt of area of tlH' extended sOllrcc i\lld whidl itlCide 011 ('adl t'lt,ntelll of
area oC lhe detector •...•.indo •...•..A giwlI c1cmcnl of SOIltTCarca 10Gl.l('dal a disliUlCC
r CrotTIlhe sourn~.detector axis will illulllinatc, according to Fig. 2, l'aeh dClI\('nl
of delector arf'a wilh a dil'it.illct inlellsity. Tlle dirrerence is dile bot 11to t.lle ill\"('rM'
l'iquarc and lo the eosillc laws oC illuminatioll.

COlll'iiderillggamma rays (,lIIitted in a direetion parallel lo lhe axil'iuf tlw sy:;lelll,
fol' eXillllpl<."illong lille ti or an)' other line which is paralld. no dr('("{apIH'ars capahle
uf lllodiCying lhe line shape. lIowever in lhe case oC rays tra\'(.lling along lines d' ami
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FIGUItE 1. Elcmenl oC source aTca located al distance r frolll tite axis oC the system. This saJl\c

c1clIlt'nt can be assumcd, howevcr, lo be located 011 lhe perpendicular axis of the
dekctor windo ••••.which (as seen from lhe location of the c1ement oC sollrre area) appears
lo be rotaled by a.u angle CJ.

ti", where d' and d!' are symlllctrical with rcspccl lo direction L, we may assume
thal lhe detector has rolaled in such a way that its perpendicular L now forms i\n

angle 4J with tiJe axis of lhe systcm. TiJe componenl of thc sourcc specd along this
ne\\' axis is u cos <1>, which by thc cosinc la\\' of illumination projects onlo rays dI and
((' as

u (OS O (OS 4> (2)

and fOf each clernent oC source arca analogously. The expressions for cos O and cos 4>
ba.sed on Fig. 2 can be written

cosO = ~
d'

ami cos 4> = (3)

respectivcly. Thc product cos O cos 4> then bccomcs

d d
cos O cos 1> ;; - = -c=====

d' Jd' + " + p"
(4 )

which is cqual lo the ratio of distances for paralle! and non parallel ernissjons to thc
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syslcm axis. Tbe d(,llomillator in the last IIlCmber of Ec¡.("1), is based on Fig. 2, \Vhen
COIlStfllctillg tll<.' distriblltioll fllllction of gamma rays illCidf'lIt lIPOIl tlH' ddC'ctor,
the cOITedioll accolllltillg rol' the inW'fSCsC¡lIarclaw of illulIlillatioll which Illust be
takcll illlo cOllsi<!eratioll is therefoJ"{'

(5 )

Passing 011Ilf':\l lo llw radial a!'lwcts of llll~ distriiJlltioll fUIl('tioll, alld fOI"purposes
of silllpli{"ily. ("ollsid('r lhe physical fad tllal Ih0.gil.lllllla rays cllliu('d frolll (,IClll(,llts
of SOlllTf' ¡¡1"(';\10c;ll('d at largc vailll's of r. as wdl as lhose incidcnt 011tlH~detedor
at larg(' \';,)lII'S of (1 will ("(Jlllribu\(' lIlost in Ih(~sp<,dral lillf'S dislOl'tioll, TIlf'rcfore,
tll<' radiid parl of 1.111'dislrilllllioll fUlldioll should 1)(' writlt'll as

:>'r. (Idp:>'Tonl,.. (6 )

Fillidly. USItI~E'I!', (S) illld ((i) ti\(' dislrilllllioll fund.io]] llIil)' 1)('fonllulal.('d as

(7)

wll('I"(' 111" IICJllllillizi¡li(1l1 ("(llIsla1ll 1\' is foulld tbrOllgh pcrf(lrlllillg tJw illtf',l~ral

1,JI, 1,11
1"(,.. {')<I,.,II' = 1-

fl n

lwillg

[
/{~,+I(.!] ,

rr' I!.~/(' 1 - -,;rr-
(S)

wIW]"f' N,_" illld N art' IIr(, !'OlllH"S illld ,11'\('('101","r<tdii l'f's[lf'cli\"(,ly. '1'11('dislrill111ioll
flllld iOIl I htls L('("OIIl(,S

lpl' ("os:! O ("os"! Ó

U"~"/{! (1 - U~~t".!]
(!J)

11will 111'SI~'lI ill I illll' t 11;11dist riblll iOll un nml rilJllks to Sillll'lify illlq!;rilliollS
illld ;dronls 1"I'sl1llswhidl <tr(' in 1-;001\<t.t;I'('I'llll'lll.with t!lOS('o!Jt.lilH'd in Ikf. [ti]' in
whiell il Ilion' ("olllpli("i\1f'1\dislrilllll iOll flllldioll is gin'II. 1"01'tlH' (,olldilioll UI" %:: 1,
WIIl'H' /{ illld d ¡¡n' l'f'spc('li\"('ly IIJl' l"ilflillS <tlld I('llgtlt or tlll' ("ollilll;llor llSI'(i, tlw
di ...ll'i11ll1i'¡11pmposf'd ill Ud. F')] f'<1lI11011)(' ('xll'I1I1"d on'r its nm1pldc dOlllilill.
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4. Line ,h'pe

The obscrvcd line shapc produccd by an extended sourcc is obtained by avcraging
Eq. (1) with v = 1L COSO cos 4>and using (7) as a weighing function

t;. 'J.RSJ.R .1n..2cos20cos24>rdrpdpI(u) = -1" ,.
" o o t;.-+(ucosOcos.p-vo)-

(10)

The integratioll of (10) becolllcs st.raightforward when lhe pl'oduct cos O cos 4> is
expandcd iuto a series and terms aboye the second order in (,.2 + p2)/d2 for small
¡(!. Id"!. ami Ili.ld"!., discardcd.

J\laintaining lhe salllc degrec of approximalion. lhe result of lhe inlegralion is

where

t;. 1 [ ¡¡' + ¡¡~ JI']
I(u) = -; IJ' 1 + 2d' IJ" (11 )

(12)

The explicil fmm of (11) can he obtaincd by illtrodllcing into it lhe expres-
siolls (12)

:.\ 1
I(u) = ') ')" :.\-+ (u - 1'0)- [

¡¡'+¡¡~ u(u-<'o) ]
1 + ',., )' .2d- ",-+(u-<'o-

( 13)

For ha\'ing a corredion tcrm which dcpends tipon llw geollletry of the system
sOllrcc-dctector, !.!lis profile is no 10llger a Lorentzian olle. Tlw colTcction ter m is
proporlional 10 a fact.or that. dcpcnds IIPOIIt.hc linear dilllt'IISiolls of source detector
and tiJe distancc d. 1I lila)' be Iloted thal. whcn R and Rs l{'ud lo zero oc when d
t(,llds to infillily lllc c[cel disappears and a Lorclllzian ICrln rcmains. Prcdictably,
lhjs !le\\" lillt' lIlay lo:-wjI" Ilormalizatioll. Pcrfonning 111('inlC'gralion

1: I(ll)dll = 1,

l.l)(' foJlowing Ilorlllalizat.ioll cOllsl<\nt is fOlllld which, ilS cOllld he cxpcctcd. depends
l1pOlIthe g(,ollwtry of sourcC' <\11<1dd('ctor

(11 )

EXPill1dillg I,his expn'ssioll illto a series in whidt \('1'lI\S 1Ip lo lhe firsl order in
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(/{!, + U;.)/.ld':. are comwrwd, and inserting the rcsult in (11) the ne\\' line hffomes:

( )_ o 1 [/12 + /11 "(,,- "o) ] [ ¡¡' + ¡¡1]
I ti - .} )'l 1+ } 2 ( 2 1- ---2-

" 0- + (" - "o - 2á- o + ,,- "o) ,Id
( 1.5 )

It is to he lIoticed tIJat lhe spcctrallinc (15) has a IJeight reduction L'qual to thc
factor

(16)

This reductioll, a.<;lH'fore. is an ('ffeel atlributahle to the finite size of source
and d('Ü'ct.or and fillitl~ distallcc d.

Sill(,(~ t1](~Ill1itary area of tile line rcmain ...;unchange<i, not only can we ex¡H'ct a
broa<!enillg of t 1)(' lilw it.sdf hut also, in all probability, él.. shift in positioll such a.<;
will be tn'alt'd in t.lte lU'xt sectioll.

5. Shift and broadening of the spectral I¡ne

From Ec¡. (15), tile poi lit of lIlaximum absorption can be found by obtaining

dI(,,)
---¡¡;;- = O.

Sol\'ing it giH'S the third dcgrec cquation

whcre

112 + 11'_ S
" - 2d'

( 1 i)

(1 S)

1'0 find the solutioll of (17), iteration will be used in which by ohscr\'illg that
as n f<'IHls to Z('ro, U~IA).= VO. Now substituting the \'alue deriV('d in (17), t.ile next
approximat.ioll is ollt¡tilled

"o ( ")llMAX = {'o+ n"? = Vo 1 +? .- -
Substitution of (18) ill tl](' las!. IIlcmber of this expression yiclds

[
[1' + /11]

U~I,\X = VIl 1 + 4¿2 or
UMAX - Vo

"o
( 19)
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The above cquatioll indicates that tlH' line has been shift('d by the same frac-
tional <imount (16) by which its hcight has 1)('('11 dimillislwd.

Next, the broadcning of the line \vill be ('valuatcd by fillding lile points at which
tlle height of the profile is half that of its tlIaXillllllll. Frolll Ec¡. (15) thesc points are
found by soh'ing the fourtb dcgrcc e<¡uatioll

1+

1
(u-vo)'
6'

[
U(U-vo)]

1 + O: <) <)6. + (u - vo)-

wh('rc O: is defined in (18). Thc lattef equatioll lIla)' be writt('1l ¡LS

(- 2~6' - 26'"u(u - 1',,) = O.

wherc

~ = 6' + (u - v,,)2

(20)

(21 )

Elf. (20) can abo he ~ol\'cd by itcralioll. A first approximation lo the solutioll
is oblained for n = O in which case

(22)

011 the otlJer hancl, lile solutioIl of (20) is

(23)

By suhstituting (22) in (2:3), tite secoIld approximation is oblaincd

(21)

'1'0 find this solutioll, an cxpansioll in scries k('('ping tcrllls up to the first or<ler
in () fIltlst be made.

'('he half width of tite obscn'ed li!le is ohtaincd using tite definition

By substituling (18), (19) and (2.1), l.Iw resull

[
11' + ¡¡' ]¿',' =6 1+ S

.Id.!

(25)

(26)
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FIGURF: :J. Comparisoll of logf¡(.r) and logh(x) as functions of;r; R/d.

is ohtailled. '!'his expression renects that the ¡ine has bccn broadcned by the same
fradion hy whieh its hcight hil.'i Leen diminished and its position shifted basecl
011 (16) and (19) rc'Spcclivcly.

The geomctrical factor

(27)

derive<1under tlle approximations introdueN in this work, aeeounts for the modifi-
cation of the ~Iossbauer line when lack of collimation is prescnt.

6. Discussion

Calculatiolls result in a simple and symmclrical formula foc ev<l!uating tlH~fr.u:tioJl
by which tlle hcight, position and shape of a Mossbaucr line are rnodificd whcn
lack of eollilllatioll of gamma cays is prcscnt. To inerease lhe eOllnting rate UPOII

handling a weak source, the experimenter often reduces tlle distancc hctwccn sourcc
and detector; at that time tlle problem arises a.'i to how near tile detector can be
approximated lo lhe source and slill salisfy the condilions /lId <t: 1, /lsld « 1
before the ¡ine becomcs appreciably modified. As an example, E<I.(27) is applicd to
an experimental setup in which lhe parameters have thc followin~ valucs: Il.., = 0.4
cm, R = 1.27 cm and d = IOCIll. The resultant 0.44% is less than tite cxperimcntal
error ror usual mcasurcrnents.
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Ilcncc, to inCfca...<;ctite counting rale hy lorating lile sOllrce al a point IICélrCrthe
detector may givc a value ror Eq. (27) which Lecollll's comparable lo experimental
error, ami the ratios El/d, /ls/d are not louger mueh less titan unity. '1'0 illustrate,
expcrinwnts for ti == a, .1,5C1I1 were pcrrormcd ror stainless stcel as an absorber.
M()ssbauer spectra were obt.ained in which t.he modificatiolls in heigIJt, shift and
broadclling were about 20%. lIo\\'ev('r, this figure is Bot conclllsive because ror tltose
distallces tite modcl presclltl'd in this paper hreaks down.

Finally, \\'e observe from tIJe grolTIetrical factor (27) that for the particular c<1.SC

/ls = Il \\'e !laxe

1 2
¡¡(x) = :'ix , (28)

\\'hcre;T = U/d. This cxprcssioll can be compan'd with it.s homologous formula

(29)

in eqllatiolls (16) and (21) of Ud. Pl. in an intcrval sllch that both models are valid;
lhat is x2 « l. Fig.:J sllows the behaviour or lag ¡¡(x) and logh(x) \'erSllS x, in the
illterval of intcrest. On tlle otller hand, ir thc geolllctrical faelor (27) is ealculated
rol' /ls == o, tIJe reslllt coincides with that obtainet! fmlll E<¡. (6), Hef. [1] whcn an
('xpansioll fOI"x2 « 1 is lIla<ie.
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Resumen. Sc investiga el efccto de la colimación de rayos gamma
sobre los espectros de absorción Mosshauer cuando se usan absorbed ores
delgados. Se propone un modelo sencillo para estudiar corrimiento y
ensanchamiento de líneas espectrales. £1 uso de este modelo y de algunas
aproximaciones permite realizar cálculos fácilmente. Los resultados
muestran buena semejanza con los reportados en la literatura..




