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UNUSUAL SHAPE OP THE MOSSBAUER SCATTERING LINE
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The influence of the Rayleigh and Compton contiilng to a Mossbauer scattering line is studied. @ssbauer scattering
spectrum of absorption character is theoreticalgdicted and experimentally observed for iron inipes in beryllium.

1. Introduction fractionfyly recoilless—recoillessly and recoilless— non-
recoillessly scattered through nuclear resonance
Conventionally, the Mdossbauer scattering line is scattering, recoillessly and non-recoillessly ssatfd
associated with an increase in intensity of gamaya r by Rayleigh scattering and non-elastically scattere
scattered at the resonance energy of the scattere by Compton scattering as well as the intensitieghef
However, in some cases the opposite phenomenoifraction (1 - fg)lg scattered both by Rayleigh and
can also appear; that is, the intensity of scadtere Compton scattering procességandf, are the inten-
gamma rays can reach its minimum value at the reso sity and its recoilless fraction of Méssbauer gamma
nance energy. Such an unusual shape of a Mdssbaurays, respectively. At the resonance velocity af th
scattering line can be expected for Mdssbauer iso-scatterer the recoillcss-recoillcss and recoillems-
topes with large values of electron conversion ftoef recoilless nuclear resonance contributions have the
cients contained in samples which have small crossmaximum values and go to zero at velocities famfro
section values for photoeffect as compared to thoseresonance. The recoilless and non-recoilless Reybes
for Rayleigh and Compton scattering processes. Thewell as non-elastic Compton contributions refleat,
scattering line of absorption character is dueh® t course, the gamma ray intensity modulation in the
internal conversion electron process and can bd mosscatterer by the nuclear resonance absorption and
easily observed for a very thick sample composed ofhence have their minimum values at the resonance
very light elements with some impurities of resdnan velocity. The Rayleigh and Compton contributions
isotope. In such a case, at a velocity far fromo+res originating from the source intensity (¥g}l, are not
nance most of the gamma quanta incident on thevelocity dependent.
sample are scattered by Compton and Rayleigh sca:  Usually, the magnitude of the nuclear resonance
tering processes, whereas at the resonance velociicontributions is much higher than that of Rayleigh
some of the quanta are lost due to an internal elecplus Compton contributions. In this case the scatte
tron conversion process associated with the nucleaing line has its usual shape, that is, it is asdedi
resonance interactions of gamma rays with Mossbauewith an increase in gamma ray intensity at the -reso
nuclei. In this paper we report the results of e nance velocity. In some cases, however, the nuclear
merical analysis and the experimental investigation resonance contributions do not compensate, due to
of the unusual shape of the Méssbauer scatterieg li  compensate, due to the internal electron conversion
process, for the decrease in the value of Rayleigh
Compton contributions at the resonance velocity.
2. Nuclear resonance, Rayleigh and Compton The corresponding scattering line is observed then
contributionsto the scattering line have its unusual shape of the absorption character.
In order to evaluate the shape of the background-
In order to evaluate the shape of a Mésshauer scat- corrected scattering line we have to separate the
tering line we have to consider the intensitie shef velocity dependent part from the total scattered
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intensity and to correct it for electronic absoopti
This may be done by calculating the ratio

€(S) = [N(S) — N(=)]IN(=),

whereN(S)and N(°°} are the numbers of counts a1 ¢

the Doppler energy shiff and atS = °°, respectively.
Thus, the shape of the background-corrected seatt
ing line measured in the geometry of fig. 1 i
described by the formula [1]

€S)= arlx,(sJ + an!xn(s) —ag(l— Jx,(s)]
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Fig. 1. Scattering geometry.
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and T=ut(cosecp, + cosecf,). The energy of gamma
raysyand the isomer shif§, of the scatterer are
given in respect to the energy of the Mdssbauestra
tion in the sourcey, S and the Doppler energy shift
of the sourceS are expressed jir2 units. 8 is the
scattering angle whil@, and B, are the angles with
respect to the scatterer surface of incoming the ou
going gamma rays, respectively.,(@) is the angular
distribution function for the resonantly scattered
gamma raysy, is the maximal value of the nuclear
resonance absorption coefficient of the scatterer
while pr(0), uc(6) andp are its Rayleigh, Compton and
total electronic attenuation coefficients, resgeely,

t is the thickness of the scattefferandfz(0) are the
recoilless fractions of (the scatterer for the taac
resonance and Rayleigh scattering processes,
respectively, a is the total electron conversioafito
cient for the Mdssbauer transition.

The first two terms of eq. (1) originate from the
recoillcss-recoilless and recoilless—non-recoilless
clear resonance scattering, respectively. The third
term is due to the recoilless Rayleigh, while the
fourth one to non-recoilless Rayleigh plus noni&das
Compton scatterings.

Integration of eq. (1) over the energy can be per-
formed explicitly both for thin and very thick sam-
ples. In the thick sample limit approximation the
scattering line is described by two Lorentzian dine
with different amplitudesA, and A, and different
widthsy, andy:

e§1=A J.xr(S) + A4 ,‘L_VH(S) .
Jou
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(1 —fR(6)] ur(F) + nc(6) have selected a beryllium scatterer with some imon
- 4 purities as a good sample for studying the infl@enc
of Rayleigh and Compton scatterings on the shape of
(x+17 . the Méssbauer scattering line.

(5 -SSP+ e+ 1)

u

Ly(S3=

=+ 1 and =x.+1. . .
¥ PR e 3. Theresults of numerical calculations

In this approximation the scattering line has the a
plitude A = A + A,,, while its widthy fulfills the rela-
tion < y< v

Eqg. (1) was used to numerically calculate the
shape of a scattering line for various scatterearpe-

The signs ofA, andA, depend on the values af ters. Beryllium and carbon scatterers with iron imp
n ur() and pe(0), p is the sum of total photoab- fities up to 1 at.% were considered in the caleurat
sorption, Rayleigh and Compton attenuation coeffi- For simplicity it was assumed that the scatterers
cients Thus, the character of the scattering line Possess a single Méssbauer line at room temperature
strongly depends on the value of the electron aenve Some scattering spectra for the hypothetical beryll
sion coefficient and the values of attenuation fioef UM scatterer are shown in figs. 2—5. The Mossbauer
cients for photoabsorption and both Rayleigh and line can be transformed from its typical scattering
Compton scattering processes. A scattering line ofshape to the absorption shape by verying the sample
absorption character can be observed in samplés wit thickness (fig. 2), electronic and nuclear resoranc
small values of cross sections for photoefect,cas-c ~ @bsorption coefficients (figs. 3 and 4, respeciyel
pared to those for Rayleigh and Compton processes The influence of the Rayleigh and Compton scatter-

which contain isotopes with Méssbauer transitiohs o ings on the shape of the Méssbauer scattering line
|arge values of electron conversion coefficiente W increases with the increase in scatterer thickaads
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Fig. 2. Scattering lines calculated for hypothétimryllium scatterers with 0.1 at.% of non-enridheon impurities. Scatterers
of various thicknessdsvere considered in the calculations.
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Fig. 3. Scattering lines calculated for hypothdtleryllium scatterers with 0.1 at.% of non-enridhieon impunities. 0.1 cm, 0.6
cm. and 10.0 cm thick scattcrers of various atcaienuation coefficients were considered in the calculations.

the value of the nuclear resonance absorption icoeff 4. The experimental results
cienty, and with the decrease in the value of the elec-

tronic absorption coefficient. In order to obselive A 4cmx4cmx4cm beryllium scatterer with
inversion for the infinitely thick hypothetical bii- some non-enriched iron impurities of a natural iarig
um and carbon scatters the iron concentration ghoul was used in our preliminary experiments [2]. The
not exceed 0.5 at.% and 0.8 at.%. respectively §jig influence of the sample thickness on the shapbeof t
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Fig. 4. Scattering lines calculated for hypothdtlweryllium scatterers with 0.1 at.% of iron imptigs. 0.1 cm thick scatterers
with m= 1.0 cmt" and various nuclear resonance absorption coeffisje were considered in the calculations.
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Fig. 5. Scattering lines and their nuclear resorgh, Rayleigh (R) and Compton (C) contributiodcalated for 0.1 at.% of

non-enriched iron impurities in 0.03 cm, 0.3 cm &M@ cm t
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Fig. 6 The amplitude#\ of M&ssbauer scattering lines of infi-
nitely thick hypothetical beryllium and carbon gteatrs as
function of iron concentration. The calculationsrevger-
formed for 2.14'%,. 10% and 100%e abundances.
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Fig. 7. The Mdssbauer absorption spectra measuor&enms-
mission geometry for iron impurities in the 4 cndxm x
4 cm beryllium cube (A) and the set Il of berylliyshates
(B). The set | of beryllium plates possesses a Késsr
absorption spectrum quite similar to that of theybaim
cub
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scattering line was investigated for two sets (4 Bn The Mossbauer spectra measured for our samples in
of thin beryllium plates. The atomic attenuation scattering geometries are shown in figs. 8-11. The
coefficient of beryllium for the 14.4 keV gamma say scattered 14.4 keV gamma rays and the 6.47 keV
is very small and originates mostly from Comptod an conversion X-rays were detected in the same geom-
Rayleigh scattering processes. The experiments werietry and by the same counter, and two corresponding
performed at room temperature using®'€o(Cr) Mdéssbauer spectra (A and B) were simultaneously
source and a constant acceleration Mdssbaucr specstored. The conversion X-ray doublets (A) have
trometer of the Polon type. A proportional counter always a typical scattering shape. However, some of
filled to 90% with kryptonium and 10% with methane the corresponding spectra (B) obtained by regiggeri
under a pressure of 650 mm Hg was used as a detectiscattered gamma radiation possess an unusual shape.
for both 14.4 keV gamma rays and 6.47 keV X-rays. With the increase in the scatterer thickness thd 14
An ordinary 14.4 keV gamma ray Mossbauer absorp-keV scattering spectra are transformed from their
tion spectrum (measured in the transmission geome scattering shape to the absorption shape. Therapect
try) of iron impurities in beryllium is of the forraf have their usual scattering shape only for thin-sam
the very well known asymmetric doublet (fig. 7 It ples. The line inversion was observed in spectra of
origin was explained earlier by other investigators thick samples [figs. 8, 9 and 10 B It appears
[3—6]. The ratio of line amplitudes of the doublet .earlier for MGssbauer lines corresponding to large

depends on the heat treatment of the sample.
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Fig. 8. Mdssbauer X-ray(, A,) and gamma ray (B B.) spectra measured in the scattering geometrielicéited in the figure)
for iron impurities in a 4cm x 4cm x 4cm berylliuaube. The A (A2) and corresponding B(B,) spectra were recorded
simul-taneously in the same geometry and by theesaounter.
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Fig. 9. A quadrupole doublet measured fordtan x 4 cm x 4

cm beryllium cube with some irommpurities. The 14,4

keV gamma rays scttered forward were registeretien

experiment.

values of the nuclear resonance attenuation coeffi-
cients (right hand side lines of spectra in fig).11

. ) 1

J

These observations are in accordance with the s 4o -05 © ¢s5 T 0 65 B us D 15
results of the numerical calculations shown in.figs VELOCITY {mm/sec ]
2 and 4.

The shape of the 14.4 keV scattering spectra Fig- 10. Mossbauer X-ray (A Az As, As) and gamma ray
(B1, B2, Bs, By) scattering spectra measured at a scattering

measure_d for a_ bery_Illum cube depends on its angle of 130° for iron impurities in set | of beiym plates.
geometrical position with respect to the source and The A, A,, As, A and correspondings, Bz, Bs, Ba spectra
to the detec-tor. The X-ray scattering spectrum were recorded simultaneously in the same geometdy ey
recorded for a beryllium cube in the forward the same counter.
scattering geometry was of a bad quality and is not
presented. All spectra of set | and set Il of Henyl
plates (figs. 10 and 11) were recorded at a saater
angle of 130°. A pulse shape discriminator [7] was
used to reduce the back-ground and thus to increase
the quality of the 14.4 keV scattering spectra. The
A, (fig. 10) and A (fig. 11) X-ray scattering
spectra were also recorded with the application of
the pulse shape discriminator. The influence of the
sample thickness on the shape of the gamma ray
scattering spectra is clearly seen. It should hied
that only the right hand side lines of the speByto
Bs in fig. 11 are inverted. These lines correspond to
larger value of the nuclear resonance attenuation
coefficient than the one responsible for the left
hand lide lines. The set Il of beryllium plates was
specially selected to show such a case.

Usually the quality of a gamma ray Mossbauer
scattering spectrum is much higher than that of

conversion X-rays recorded simultaneously in the
same geometry by the same counter. This is not the
case when Rayleigh and Compton contributions com-
pensate the nuclear resonance contribution to the
gamma ray scattering line. For scatterers compo$ed
light elements the Mdssbauer spectrum of the
required quality is much more quickly recorded when
conversion X-ray instead of scattered 14.4 keV gam-
ma rays are detected.

The inversion of the scattering line was observed
earlier [8] at Bragg conditions in Mossbauer diffra
tion experiments but it was not discussed in detalil

The 14.4 keV scattering spectra of thick samples
(figs. 8—11) indicate that the internal conversalac-
tron process diminishes the intensity of gamma rays
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Fig. 11. Mdssbauer X-ray (A Az, Az, A4 As) and gamma
ray (Bi, Bz, Bs, B4, Bs) scattering spectra measured at a
scattering angle of 130° for iron impurities in feof berylli-

um plates. The, A,, As, A4, As and corresponding {8 By,

Bs, B4, Bs spectra were recorded simultaneously in the same
geometry and by the same counter.

J.J Bara, B.F. BogaczUnusual shape of scattering line

scattered at the resonance velocity. Due to thés th
gamma ray scattering doublets of the absorption
shape are observed for iron impurities in beryllium
This is not the case for the conversion X-ray scatt
ing spectra which always have a scattering characte

It should be emphasized that all contributions to
the total intensity of scattered gamma rays haveeto
taken into consideration in analysing the scatterin
spectra measured for samples composed of light ele-
ments. This is specially important in Mossbauer dif
fraction experiments.
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