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The spectra of resonance absorption of 23.8-keV 7y rays in SnO, are investigated in the tem-
perature range from 78 to 645°K. Extrapolation of the observed line widths to zero absorber
thicknesses leads to values which are greater than the natural width and which grow with in-
creasing temperature. The experimental data show that the broadening is not the result of a
doublet structure and that the true broadened line has an approximate Lorentz shape. The
probabilities for absorption without recoil (f’) are measured in the investigated temperature
range. The values of f' vary weakly with the temperature. A linear dependence of the tem-
perature line shift due to a second-order Doppler effect was observed at T 2 300°K. Devia-

tions from linearity occur at T < 300°K.
INTRODUCTION

A.S is well known, the probability of recoilless
absorption (emission) of gamma quanta in crystals
(f'), calculated in the Debye approximation, de-
creases sharply with increasing temperature. It
has been already noted earlier that in many cases
of complicated lattices the value of f’ turns out to
depend little on the temperature. In resonance ab-
sorption spectra single lines broader than the natu-
ral width are frequently observed, the width being
found to exhibit a temperature dependence in the
case of white tin[1:2], A change in temperature
also influences the position of the resonance line
and leads to so-called temperature shifts, due to
the second-order Doppler effect. It is hoped that

a detailed investigation of the foregoing tempera-
ture effect can yield valuable information on the
dynamics of the crystal lattice.

In the present investigation we studied the reso-
nance absorption spectra of 23.8-keV gamma rays
from Sn''** with an absorber in the form of poly-
crystalline tin oxide powder (SnO,) at different
temperatures.

MEASUREMENTS AND RESULTS

A previously described (2] setup was used to
plot the absorption spectra for resonant filters
of different thickness. In the experiments, the
source, in the form of tin oxide 8 mg/ cm? thick,
was at the temperature of liquid nitrogen, while
the absorber temperature ranged between 78 and

645°K. The observed spectrum had the form of a
single unsplit line at all temperatures. The num-
ber of pulses counted at each observation point
reached ~ 10°,

Figure 1 shows the observed values of the line
half-width for absorbers of different thickness at
the four temperatures indicated on the plot. To
determine the half-width I'ghg we drew the ped-
estal of the line in such a way that the point of the
spectrum located at 3/2 T'opsg away from the center
of the line was at 10 per cent of the line height. It
is seen from Fig. 1 that, within the limits of the
experimental errors, the experimental points per-
taining to a specified temperature lie on a straight
line. The half-widths of the lines extrapolated to
zero absorber thickness I'extr are listed in col-
umn 2 of the table and exceed the natural line width,
the broadening increasing with increasing temper-
ature. (Within the limits of the measurement er-
rors, the values of I'extr are almost the same for
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FIG. 1. Half-width of the observed spectrum vs. absorber
thickness for different temperatures. Dashed line — calculated
for room temperature (under the assumption of Art. 1).
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78 [1.29 | 3.2 | 0.62]0.70 | 2.1
293 | 1.30 | 3.3 | 0.50 | 0.56 | 2.1
495 | 1,43 | 4.1 [0.42 [0.50 | 2.5
645 | 1.53 | 4.5 | 0.35]0.43 | 2.8
*T' — natural width of the 23.8-keV level

of Sni1%*,

78 and 293°K.) Earlier measurements of the line
width made out in our laboratory 3] for the ab-
sorber, yielded for the extrapolated value of I'extr
at room temperature a value close to the natural
line width. This deviation from our present data
is essentially due to the inaccuracy of the results
obtained in 3] for thin absorbers with weak
sources.

Figure 2 shows the values of the maximum ab-
sorption €y = [N(w) — N(0)]/N(»), measured
with absorbers of different thickness at room tem-
perature. The value of {f’ obtained from measure-
ments of this type is very sensitive to the struc-
ture of the emission and absorption lines. The ob-
served line shape differed little from Lorentzian,
but the possible presence of a doublet structure
in the emission and absorption lines cannot be ex-
cluded.

1. We consider first the case when the broaden-
ing is due to such a doublet structure of the emis-
sion and absorption lines, with distance Ag or Ap
between components. The values of Ag and AA
were calculated by integration using the values of
Textr taken from the table. The values of Ap for
different temperatures are listed in column 3. We
have also calculated curves showing the depend-
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FIG. 2. Plot of maximum absorption g, against absorber
thickness at room temperature. Calculated curves: I —lines
with doublet structure for Ap = Ag = 3.2, {"=0.50, af =0.42;
11 — single unbroadened lines for the same f’and af; dashed
line — for single broadened lines, in accordance with formula
(2) with f°=.0.56 and af = 0.47.

ence of € on the effective absorber thickness Cp
= noof’ for different values of Ap. In Fig. 2 the
calculated curve I for AA = 3.2 comes closest to
the experimental points for f’ = 0.50 and of = 0.42
(of is the fraction of the total counting rate due to
recoilless gamma quanta.) The values of f’ deter-
mined in this manner for various temperatures are
listed in column 4 of the table. The effect of split-
ting on €; can be seen by comparison with curve II
of Fig. 2, calculated for the case of single unbroad-
ened Lorentzian emission and absorption lines for
the same values of f’ and af. Using now the ob-
tained value of f’, we can calculate the dependence
of the observed line width I'gpg on the absorber
thickness. This dependence is shown for room
temperature in Fig. 1 by a dashed curve. We see
that this curve, calculated under the assumption

of doublet line splitting, is not in position to ex-
plain the rapid increase in the width of the ob-
served spectrum with absorber thickness.

2. Let us consider the case when the emission
and absorption lines are broadened, but their shape
remains Lorentzian with widths I'g and T' A, re-
spectively (I's, 'A >T'). For this case calcula-
tion yields the following simple expressions for
the parameters of the observed spectrum.

The area of the absorption curve is

S= | ) dy = naiCac™ 1P 11, (Ca/280)

o
— 0

+ 11 (Ca /28a)) 1

The maximum absorption is

o HCAT CATEA I (C L1 28a) + 11 (Cal28)) @
° = Bax(C4/B4)+Bg® (Cs/Bs) *

The width of the observed spectrum is
Fobs = [Bax (Ca/Ba) + Bsx (Cs/Bs)] T, (3)

where BA and Bg are equal to I'p /T and I'g/T,
respectively,

Ae™ M2 (1o (M2) + Iy (M2))
1—e™ M2 [y (Af2)

w (M) = ,
with I, and I; Bessel functions of imaginary ar-
gument. The dashed curve of Fig. 2 is plotted in
accordance with expression (2) for af = 0.47 and
f' = 0.56.

The processing of the experimental data in ac-
cordance with formulas (2) and (3) leads to the re-
sults shown in columns 5 and 6 of the table. Under
the same assumption concerning the shape of the
emission and absorption spectra, we obtain good
agreement with the experimental data for the de-
pendence of I'ghg on the absorber thickness.
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The results of the measurements of the tem-
perature shift are presented in Fig. 3.

Control measurements with variation of the
temperature of the source (absorber 7.8 mg/ cm?

at 293°K) confirm the previously given results.

DISCUSSION OF RESULTS

It is known that the following formula holds for
the width of the second-order Doppler shift

AE, = — E,0*/2c?, (4)

where v? pertains to the emitting (absorbing) nu-
cleus. In averaging a quantity such as vZ over the
spectrum of the thermal vibrations we can use for
high temperatures the equipartition theorem. This
leads to the following relation for the shift AE,,
expressed in terms of the corresponding Doppler
velocity:

3 kT

—“i‘m == 3.50' 10_4 T,

(5)

AE, (mm/sec) =

from which follows a linear dependence of the shift
on the temperature. The experimental data (see
Fig. 3) actually confirm the linear dependence of
the shift for T 2 300°K and give a correct value

of the slope of the straight-line portion of the
curve (3.50 + 0.2) x 10 mm/sec-deg K. For

T < 300°K, as can be noted from Fig. 3, deviation
from linearity is observed, this being a manifes-
tation of the well known effect of the ‘‘quenching’’
of the degrees of freedom at low temperatures.
The experimental curve on Fig. 3 is in good agree-
ment with the theoretically calculated curve for the
Debye spectrum with end-point frequency ® = 300°K
(on the temperature scale). An account of the ex-
perimental errors yields for ® an interval of val-
ues from 200 to 350°K.

The data obtained on the basis of both assump-
tions concerning the line structure cannot be fitted
into the framework of the Debye model. In fact,
calculation in accordance with the data of column 4
of the table leads to a value ® = 216°K at T = 78°K
and ® = 367°K at T = 645°K. Such a situation shows
that the real phonon spectrum of the crystal SnO,
is not of the Debye type. It must be noted that ex-
act measurements of the temperature dependence
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of £’ and of the temperature shift for one and the
same crystal yield information concerning the real
phonon spectrum.

Our results, which pertain to the observed
absorption-line broadening, do not agree, as noted
above, with the assumed doublet structure of the
lines, which could arise, for example, as the re-
sult of quadrupole interaction. It is likewise im-
possible to reconcile the sign of the effect, namely
the increase in line width with temperature, with
such an assumption. In fact, the electric field act-
ing on the nucleus in the lattice can be represented
in the form of the sum of a static field, determined
by the mean positions of the atoms, and a dynamic
field, connected with the thermal motion. The
change in the average positions of the atoms and
of the amplitude of the thermal vibrations of the
lattice should lead, as in the case of radiospectro-
scopic experiments on quadrupole resonance [5’6],
to a reduction in the magnitude of the splitting
with increasing temperature. For some tin com-
pounds we have observed a decrease in width with
increasing temperature.

One of the possible explanations of the observed
line broadening is connected with the influence of
the perturbation produced by the dynamic field of
the lattice, which leads to natural broadening of
the true absorption spectrum and consequently to
a temperature dependence of the width of the ob-
served spectrum. A consistent examination of the
influence of the dynamic field with account of the
finite radiation width of the nuclear levels was
made by Bykov 7.

The authors are grateful to G. A. Bykov for a
discussion of the results.
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