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GEOMETRIC EFFECTS IN MOSSBAUER TRANSMISSION EXPERIMENTS
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Reymonta 4, 30-059 Cracow, Poland

The influence of geometric effects on the shape, the width, the position and the
amplitude of o Masshouer absorption line is numerically analyzed and experimentally
studied, The geometric effects decrease the energy resolution of Mussbouer spec=
froscopy, Induce non-linearity in the velocify scale and reduce the amplitude of ¢

Mosshauer line,

. INTRODUCTION

Massbauer spectroscopy has become o powerful tool in various
fialds of investigation. [fs most frequently utilized properties
are the high energy resolution, the short observation time and
the lorge value of the nuclear resononce cross section, They
have a great influence on the shape of the Mdssbover spectrum
which is determined mainly by the hyperfine interactions of the
nuclei with their electronic shells, However, o Mossbauer spec~
trum is usually more or less deformed due to several reasons.
One of them, the geomeiric arrangement in o Massbouer frans-
mission experiment, is analyzed in this paper, The so-called
cosine smearing of the energy distribution of recoillessly emitted
gamma rays and the periodicol changes of the source~detector
solid angle ore the most serious geometric effects,

I, COSINE SMEARING OF THE ENERGY DISTRIBUTION

When the direction of a photon emitted by a point source forms
on angle 8 with the direction of the source velocity, the Dopp-
ler energy shift Is given by AE =Veos §, where V = vE /c,
£ is the mean value of the photon energy, whilev and c are
source and light velocities, respectively. This cos 8 term
changes the energy distribution of the gomma ray beom recoil~
lessly emitted within the solid angle 27 (1~cosx) about the
direction of the source velocity, The new energy distribution
is no longer af a Lorentzion type ond is given by formula (1)
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E and E, ore the energies of an emitted photon and the Mdssbauer
energy level, while T' is the width of the energy distribution for
§ = 0, Integrating Eq, (1) over the angles © ond B we have

UE, V, )= & aretg Z1E(E, #Veosa) ] - arctg X [E-(E_ V)1, (3)

The cosine effect symmetrically broadens the energy distribution
ond shiffs its maximum from E, + V towards E This is shown in
Figs, 1 and 2, where two sets of the energy d?smbuhons calcu~
loted from Eq. (3) for various angles & and various Doppler
energy shifts V are shown, respectively, The energy distribution
described by Eq, (3) reaches its maximum volue

U By Vi) = g oretg Y{Izcosd) )
of the energy
1 +coso
G =Rt ; (5)

It is shifted on the energy scole from E, +V towords E by the
valve

B V{1-cosar) " ©)

The width of the energy distribution at its half moximum is given
by the formula
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lts dependences of the ongle @ ond the Doppler energy shift V
ore illustrated in Figs. 3 and 4, respectively,

The cosine smearing of the energy distribution has a great in-
fl on the Mossh specirum,
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FIG. 2, Energy distributions cal-
culated from Eq. (3) for & =25° ond
Doppler energy shifts V =0, 10, 20,
30, 40 ond 55T, The arrows indicate
the positions of the distribution maxima
on the energy scale, Energy of gommao
rays is given with respect to £ ond is
expressed in T unifs.  All distributions
are normalized to the some area,
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FIG, 1. Energy distributions calcu~
loted from Eq, (3) for the Doppler
energy shift V=55T" and various ongles
o, The arrows indicate positions of the
distribution maxima on the energy scale,
The energy of gomma rays is given with
respect to E_ and is expressed in Tunits,
All dis!ribuﬁons are normalized to the
same area,
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FIG. 3, The widths of the energy distributions os a function FIG, 4, The widths of the energy distributions os functions
of the angle a calculated from Eq. (3) for various Doppler of the Doppler energy shift V calculated from Eq. (3) for
energy shifts V., various angles o,
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FIG, 5. Tronsmission geometry with spherical and flot L
Massbouer obsorbers, ===
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11l. COSINE SMEARING OF A MOSSBAUER ABSORPTION LINE

A flot absorber Is thicker for gamma rays emitted ot a given
angle than for those emitted ot 8 =0, Thus, in colculating the
shape of a Mosbaver line both the cosine smearing of the
energy distribution ond 6 ~dependent thickness effect have to
be token info account, In order to study the influence of o
pure cosine smearing of energy distribution on o Mossbouer ob~
sorption line, one hos to consider the spherical geometry shown
in Fig. 5. The point Mossbouer source, located in the geome-
wical center of the sphere, is moved with a constont occeler-
ation. The gomma roys emitted rodiclly within the solid angle
27( 1 -cosa) interoct with the spherical cbsorber of thickness t,
The amplitude of the source vibration is suppoted to be very
small in comparison to the radius of the sphers, The intensity
of gamma rays which have possed the absorber s registered
in the memory of the multichannel onclyzer as o function of
the source velocity,

The bockground corrected Mossbauer line

£V) = [N(=)=-N(V)]/N(=)
measured for a spherical absorber is described by formula

¢ =1, |
0

‘N (V) and Ni=) are the numbers of counts ot a given Doppler
energy shift V ond at V ==, respectively, f, is the source
Debye-Waller foctor, while u_ (E,E ) is the nucleor resonance
absorption coefficient for the rber used In the axperiment,
The resonance energy of the chsorber is denoted by E, .

For o flot absorber the shope of the background corrected
absorption line Is described by formula
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FIG. 6, Mossbauer obsorption lines cal=
culated for flat (solid lines) ond spherical
(dashed lines) absorbers of vorious thicknesses
t ond various nuclear resonance coefficients
4. Coleulations were performed for various
ongles @, Arrows indicate resononce velo=
cities for a=0",

dif d@sinBU(E, V, ) exp(-utsech) l-oxp(-u,(E,)'ncﬂ)l}
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Formula (10) con be tronsformed to its simplified form (9) by
substituting t for tseca, which is the actual case, not on
opproximation for o spherical absorber,

Eas, (9) ond (10) were used in numerical calculotions of the
shape of the Mossbouer lines for vorious angles, nuclear reso~
nance absorption coefficients 4, and absorber thicknesses t,
The cosine affect broodens the Mosb line, shifts it to=
wards higher velocities ond diminishes the mognitude of the
Mossbover effect, This is shown in Fig, & for flot ond
spherical obsorbers, The d in the intensity of g
rays tronsmitted through the flat obsorber ot large 8 ongles
diminishes the influence of the outermost part of the obsorber
on the shape of o Mossbauer line. This con be clearly no=
ticed for lorge ongles @, The width of a Massbaver line, it
position and the mognitude of the Mossbouer effect are sen-
sitive functions of the angle & ond the resonance energy.
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” (10)

These dependences (Figs, 7=14) wers calculoted from Eas,
{9) and (10) for a 2.2+ 10"3cm thick non-enriched absorber
ITke a hypothethical metailic iron foil with zero hyperfine
splittings at room tempercture, The energy of the
hypothethical cbsorber is given with respect to the source and
and Is expressed in Tunits, It was located ot various positions
on the energy scole in studying the influence of a Doppler
energy shift on line porometers, The broadening of the Moss~
bover line due o the cosd effect (Figs, 7 and 8) decreases
the snergy resolution of Mussbouer speciroscopy, The shift of
the Mossbouer line (Figs, 9 ond 10) towards higher velocities
induces nonlinecrity (Fig, 11) in the velocity scale of Moss~
baver spectra, The decrsase in magnitude of the Mussbouer
effect (Figs, 12~ 14) is associoted with line broadening, For
large ongles & the magnitude of the Mosshaver sffect saturates
more slowly (Fig, 14) with on increcse in absorber thickness
thon for a =0,
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FIG. 7, The widths of Massbauer lines for Flat (solid lines)
ond spherical (dashed lines) obsorbers os functions of the angle
& coleulated for verious resonance snergies 5,). S, s given
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The widths of Mossbouer lines for flat (solid lines)

ond spherical (dashed lines) absorbers os functions of resonance
energy (5,) calculated for various angles &, S, Is given with re-

spect to the

158

source ond is expressed in T unity,



LINE SHIFT IN I UNITS

-

T T T T T T T T ) e v ' x =4S,
0° 10°  20° 30° 40° 'g |
ANGLE « e I @ =0*
FIG, 9. The shifts of the line pesition for flat z l
(solid lines) and spherical (dashed Jines) obsorbers b’
as functions of the ongle & calculated for verious 6 100
resononce energles 5), S, is given with respect —-
to the source ond is exoressed in I' units, a
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> > ’ FIG. 11, The line positions for o flot cbsarber as fun
- 2 resonance energy (S,) calculoted for @ = 0" ond 457, Both the
- 2k 250 - line positions and the resonance energies are given with respect
= P2 to the source ond are expressed in T units,
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FIG, 10, The shifts of the line position for flat (solid lines)
and spherical (doshed lines) cbsorbers as functions of resononce

energy (S.) caleulated for vorious angles @, 5, is given with
respect fo the source and is expressed in T units,
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FIG, 12, The magnitudes of the Mossbouer effect for flat
(solid lines) and spherical (dashed’ lines) absorbers as functions
of the ongle & colculoted for vorious resonance energies (5 ),
Srhgimhmrbhmwhowh T units,
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FIG, 14, The mognitudes of the Mossbauer affect for flat
(solid Ilnes) ond spherical (dashed lines) obsorbers as functions
of absorber thickness calculated for resonance energy 5. = 55T
ond vorious'angles &, S, is given with respect to the source.

FIG, 12, The mognitudes of the Mossbouer effect for flat

/ e y . (solid lines) and spherical (dashed |ines) absorbers as functions
0 20 40 80 80 of resonance energy (S ) coiculated for various angles. S, is
RESONANCE ENERGY SrIN M UNITS given with respect to the source and is expressed in T units,
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The influence of the cos6 effect on the shope of the Moss~
baver specirum was studied axperimentally for
2.2°107%em thick non-enriched metallic iron foil. Figs. 15
and 16 show absorption Z ;oem ed for a =5,
10°, 23.7 and for a=31,F, 38, respectively, The dashed
lines repeesent the Z spectra calculated for @ = 0°, The
solid lines represent the spectra with the cosf effect included
which were colculated for o flat absorber, The influence of
the cosB effect on Zeeman spectra is clearly seen for a>10°,
For the angles @< 10° the shope of the Zeeman spectro Ts wall
described both by Eq. (9) ond Eq. (10). Eq. (10) gives better
results for large angles @ os s indicated in Fig. 16 (thick solid
line). 'n order to get satisfactory ogreement for lorge ongles @
between the solid line and the experimental points one has to
include in the caiculations the source dimensions and 8 ~depen=
dent self absorption In the source, This was not done in our
calculations.

V. PARABOLIC LIKE GEOMETRIC EFFECT
The source vibrations induce the periodic changes of the

source~detector solid angle ond couse the count rate fo be, in
the first approximation, a parabolic like function of the source

-

100 = v r 0 s,

velocity, The magnitude of this geometric effect obsarved
without the Messbaver obsorber, G =[N (=)=N(O)]/N(=),
strongly decreases with the decrecse in the ratio of the source
vibration amplitude to the source~detector seporation, These
mognitudes G have opposite signs ond slightly different volues
for two spectra (left and right) token within one period of

the velocity sweep (Fig. 17). The influence of the parabolic
like geometric effect on the Mossbouer specira con not be Ig=
nored for geometries ly used in Mossb effect ex~
periments, It con be greatly reduced (Fig, 17) by folding

two Mossbouer spectre (laft and right) with respect to their
mirror image. Very often a simple parobolic correction is
included in o fitting procedure, In precise Mosb effect
meosurements the source dimensions ond both cos@ ond pare-
bolic like geometric effects should be token into cccount,
However, it Is not easy to do 0, especially for complex
Mossbouer spectra, The porobolic like geometric effect is
most distinctly pronounced for large source vibration amplitudes
and for very small magnitudes of the Mossbouer effect, Fig, 18
shows Z specira d for a very thin (5-107em) non~-
enriched mefallic fron foll, The solid lines represent the theo-
retical curves in which both cos8 ond parobolic |ike geometric
effects ore included,
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FIG, 15, Zeemon spectro mecsurad at the angles =5, 107 ond 23,7 fora 2.2"0-3un thick
non-enriched metallic iron foil . Solid ond dashed lines represent spectra calculoted frem Eq, (11)
for the angles & used in the experiment and for @ =07, respectively.
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FIG, 16, Zeemon spactra measured ot ongles

FIG, 17. The mognitude of the
porobolic like g tric affect a3
o function of the ratic of the source
vibration amplitude X to the source~
detector seporation R, Vorious
ratios of the detector diameter h to
the source~detector separation R

were idered In the colculations,
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a=31.3 ond 3 fora 2,210 cm thick non-enriched metallic iron foil
Thick solid ond dashed lines represent spectra of flat absorbers calculated for angles & used in the experiments and for a=0",
respectivaly, Thin solid line was calculoted for spherical absorber,
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FIG, 18, Zeeman spectrs measured for 5:1077cm thick non-enriched metallic iron foil, Solid lines represent theoretical
spectra with the cosf ond porabolic like geometric effects included.
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