wave.ce1 The magnitude of the splitting of excited states
in the field of a wave of -lo4 v/cm turns out t o be of
the order of 10'-10~ sec'', and this can be recorded by
modern methods of laser spectroscopy (cf., for example,
Ref. 10).
Thus, the discussion given above indicates completely
realistic (particularly in the case of p--mesic atoms) experimental possibilities of observing the rotation and
relaxation of spin of 4 mesons due t o a quadrupole moment under very varied conditions, and this can be utilized for a further extension of the possibilities of the F meson method for investigation of matter. The mechanism for the formation of a quadrupole moment noted
above should also be taken into account in investigating
the quadrupole and nuclear y resonances in the case of
ions which have common electron-nucleus levels.
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Study of the temperature dependence of the probabilities of
emission and absorption of resonance 7 rays by 1 8 2 w
without loss of energy to recoil
D. K. Kaipov, U. M. Makhanov, A. V. Kuz'minov, Zh. I. Adymov, and
A. T. Aspandiyarov
Nuclear Physics Institute, Kazakh Academy of Sciences
(Submitted May 18, 1977)
Zh. Eksp. Teor. Fiz. 73, 2036-2040 (December 1977)
The current method of y-ray detection has been used to measure the Mijssbauer effect in the 100.1-keV
level of '"w in the absorber temperature range 109-255 K at a constant source temperature of 89 K and
in the range of source temperatures 93.5-160 K at a constant absorber temperature of 101 K. We have
determined the temperature dependence of the probability of absorption and emission of resonance y rays
by lS2wwithout loss of energy to recoil, and the Debye temperatures of metallic tungsten and tantalum.
PACS numbers: 76.80. +y, 75.40.-s

The further extension of the region of nuclei in which
i t is possible to observe and study the Massbauer effect
depends, on the one hand, on the possibility of selecting
sources and absorbers with a large ratio O / T , where E)
is the Debye temperature and T is the absolute temperat w e , and on the other hand-on an increase in the accuracy of the measurements, which is achieved by detection of a very large number of events in relatively short
time interval which depends on the stability of the apparatus. However, in the latter case experimenters encounter the problem of dead time in the measuring system.
As a result there has recently been a tendency t o use
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not the pulse method of y-ray detection, but the current
method.c"gl This method provides the possibility of investigating nuclei with small expected MGssbauer effect,
whose study by the usual pulse method of y-ray spectrometry is extremely difficult. In order to use the current method for MSssbauer spectroscopy, we have developed an apparatus based on an LP-4050 512-channel
analyzer and a scintillation detector.
The temperature dependence of the MSssbauer effect
in the 100.1-keV level of '*w in the temperature range
roughly from 20 to 160 K has been studied only once,c41
by detection of conversion electrons by a B spectrometer
of the Kofoed-Hansen type. However, in that work as a
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FIG. 1. Block diagram of current spectrometer: 1-NaI(T1)
crystal with FEU-13 photomultiplier, 2-integrator, 3-amplitude to digital converter (ADC), 4-time block of LP-4050
analyzer. 5-NGPK-3 generator, 6-vibrator, 7-source, 8absorber.

The Mijssbauer effect in the 100.1-keV level of '=w
was measured in the absorber temperature range from
109 to 255 K. Here the source temperature was maintained constant at 89 K.

In the present work we report a study of the temperature dependence of the probabilities of emission and absorption of resonance y rays of '"w over a wide range
of temperatures and an independent determination of the
Debye temperatures of the source and the absorber.
.
A block diagram of the current spectrometer working
in the constant-acceleration mode i s shown in Fig. 1.
Gamma rays which have passed through the moving resonance absorber are detected by a scintillator probe.
The current from the photomultiplier anode is fed to an
integrator, in which, during a certain length of time
determined by the width of the time channel, charge i s ,
accumulated in a capacitance and then converted to a
pulse. The train of pulses of the ADC, whose number
is proportional to the amplitude of the signal from the
integrator, i s fed to an arithmetic unit for summation.

FIG. 2. Cooling system for
source and absorber: 1-vibrator
rod, 2-foam plastic, 3-source,
4-source holder, 5-absorber,
6-vessel, 7-liquid nitrogen,
8-collimator, 9-detector .

.. ...

The y-ray source was metallic ' " ~ a in the form of a
disk 10 mm in diameter and 0.1 mm thick, which had
been bombarded in the thermal-neutron flux of the VVRK reactor. The source activity after an appropriate
delay for decay of ' @ ~ (TI/*
a
=5.2 days) was several
hundred millicuries. The absorber was m e W i c tungsten powder compressed into paraffin tablets 28 mm in
diameter.

result of the fact that changes in the temperatures of
both the source and the absorber were carried out simultaneously, an independent determination of their Debye
temperatures was impossible.

The system for cooling the source and absorber i s
shown schematically in Fig. 2. The y-ray source is
cooled as the result of the thermal conduction of the
holder, which is immersed in liquid nitrogen. The absorber, which moves inside a vessel surrounded by
liquid nitrogen, is cooled by nitrogen vapor. This cooling-system design was chosen in order to remove the effect of liquid-nitrogen boiling on the Massbauer velocity
spectrum. Change of the source and absorber temperature was accomplished by heating them. The sample
temperatures were measured by copper-constantan thermocouples.

v

out loss of energy torecoil
for an absorber of 47.5 mg/
cm2.

.

We have shown as illustration in Fig. 3 one of the velocity spectra of y rays with energy 100.1 keV which
have passed through metallic tungsten of thickness 47.5
mg/cme and temperature 110 K. The magnitude of the
effect i s E (0) = (5.1 0.4) x
and the experimental
width of the spectrum i s r, =2.1*0.3 mm/sec, which
with inclusion of correction for the absorber thickness
gives a value of (3.2 i 0.4) x 10" eV for the width of the
100.1 -keV level of la8w.

*

'

For an absorber of thickness 115 mg/cm8 we recorded
the shapes of the absorption line in the temperature
range indicated above. The spectra obtained were analyzed in a BESM-4 computer by the method of least
squares, assuming that the spectrum shape is described
by a Lorentz curve.

-. To calculate the probability of absorption of 100.1-

keV y rays without'energy loss to recoil (f') from the
experimental value of the Miissbauer effect ~(01,we us* .
the well known relation of Miissbauer and wiedemanncsl
Here the unknown parameters-the relative contribution
of y rays with energy 100 keV to the photomultiplier current (a)and the probability of emission of resonance y
rays without energy loss to recoil (f)-were excluded
.by use of values of ~ ( 0 measured
)
for two absorber thicknesses at the same temperature. The calculated values
o f f ' are given in Fig. 4 (the middle curve).
Comparison of the variation off ' as a function of T
expected from the Debye solid-state modelc6]with its
experimental temperature dependence (see.Fig. 4) gives
the Debye temperature for metallic tungsten, which
turned out to be 0,=330 10 K.

*

Mahesh and ~ a ~ a l 'used
"
values of the Miissbauer effect &(O)measured for two thicknesses of tungsten at the
same temperature and found that

Kaipov eta/.

have given a comparison af the dependence of f ' on T
obtained in our work and the temperature dependence calculated by Raj and ~ u r i . ~As
~ 'can be seen from the figure, our data agree satisfactorily with the temperature
dependence of f ' calculated on the basis of the experimentally determined phonon spectrum.
The probability of emission of 100.1-keV
out loss of energy to recoil

FIG. 4. Temperature dependence off and f'. The crosses correspond to f and f ' values calculated from the experimental
data; the solid curves show the dependence off and f ' obtained
from the Debye solid-state model for Ow= 330 K and OT,= 283 K.
The dashed curve was drawn from the data of Ref. 9 and the
hollow points a r e our normalized data. The normalization point
i s the value corresponding to T = 158 K.

As noted above, as a result of the impossibility of simultaneous determination of the Debye temperatures of the
source and absorber,"] assuming the Debye temperature
of tungsten to be 384 K, on the basis of the elastic constants they determined the Debye temperature of tantalum as 8
,
. -280 i 10 K. Mahesh and ~ a ~ a l "give
] a plot
of the temperature dependence of the Debye temperature
of tungsten, determined from data on the specific heat
in the temperature range from 20 to 200 K. It can be
seen from this plot that for the region T >- 100 K the Debye temperature of tungsten lies in the range 305-330
K. Thus, the Debye temperature obtained by us for
metallic tungsten is in good agreement with the data of
Refs. 7 and 8. .
For a monatomic cubic lattice the probability of absorption of resonance y rays without loss of energy to
recoil is givencg1as:

Here 3N is a normalization factor, p(w) is the density
of phonon states, w is the phonon frequency, R =E: /
2Mc8 is the recoil energy of a nucleus with mass M received in absorption of a y ray with energy E , c is the
velocity of light, li=h/2n, where h is Planck's constant,
and k is Boltzmann's constant. In the present work, using the phonon spectrum determined from experiments on
inelastic scattering of slow neutrons, we have calculated
values of f ' for 100.1-keV y rays of law in the temperature range from 4 to 300 K. In Fig. 4 (upper curve) we
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rays with-

was determined by Sumbaev et al.'" only at a tempera-

ture 111 K. ~ankeleit'~'
gives a plot of the dependence
of the product ff' on T. It was therefore decided to measure the dependence of f on T. In our experiment the
minimum source temperature was 93.5 K and it was
varied up to 160 K. Here the absorber temperature remained constant at 101 K.
Here also we used the Mdssbauer-Wiedemann relationC5lfor calculation off from the experimental value
of E (0). From this relation, knowing the value of the
product of the exponential and Bessel functions corresponding to the value of f ' at a temperature 101 K obtained from our previous data by extrapolation, and the
value off from Ref. 7, we first determined the value of
or. Now the temperature dependence of f is easily determined from the measured ~ ( 0 ) . These values a r e
also given in Fig. 4 (the lower curve).
Comparison of the dependence obtained for f as a
function of T with that obtained from the Debye solidstate model'" gives a Debye temperature for metallic
tantalum equal to 283 i 8 K. The obtained value of 8
,
.
is in good agreement with the data of Refs. 4 and 7.
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