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INTERIM REPORT

Title:

INVESTIGATIONS COF SUBSTANCES OF 12%m-Te AND REPETITICN OF
ALPATOV-DAVIDOV'S EXPERIMENTS.

Author: P. S. Kamenov

SHORT DESCRIPTION OF THE PRINCIPAL WORKS FOR THIS PROPOSAL.,

In 1988 Kamenov and Bonchav (1) suggested that. stimulated
emission of gamma-rays Ls possible if the following conditions are
fulfilled: CiJ thera edxdsts a gamma-ray transition in a nucleus
between twe excited states m Chighd and n Clowd) and the lifetime
of the upper level is much greater than the lifetime of the lower
level, 7,277 . 'rn<10'°s. C{t) gamma-ray energy is less than 150
keV. These conditions make pessible the population inversion of
the lavels Nm./Nn - T T and the cress section for stimulated
emission an, Lo be sufficiently large. The authors il proposed
for this experiments the isomer 1M re.

In saveral works a Russian group reported the obgervatien of pairs
of gamma-rays, 1i.e. stipulated emission with the above isotope
{2,31. These experimants vere mtsintarpret.ad bacatise the
cross-section for the stimulated emission d?’?‘ has been calculated
with great error which uwas tdentified by us [6,8]1. The
experimental cross-section is wvery big Caﬂp:ﬁ. 4n10"’°cm'> and Lt
is In drastie contradiction with the predicted in (4] Cthe
discrapancy ig more than 16" timesd.

Kamenov [B-7] calculated the correct cross-—sections fer
interaction and showed that the calculated value coincides with
the experimental values abtained by the Soviet researchers [2.3].

Kamenov and Petrakiev [8] showed that the amplification M of
the stimulated radtaticon aleng the axis of a cylinder with length
L and diameter d ¢l >» d<0.1 cmY can be tens of orders of
magnitude, and the power of the gamma-racdliation along the axis -
kxW. Kamenov and Petrakiev 81 showed that the width of the
amplified line is less than the natural one Cof the corresponding
transitiond, and that effect can be measured in experiment. They
alsc calculated that the eritical concentration for 42%9Mre Cfor
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gamma-ray generation) ix Ko 2 n/h°=0.0307. here n 1s the number of
excited nuclel and N, is the number of all nuclei Cexcited, ground
state, impuritiesd. Again in [8] the authors shew that 1f ***Te (s
irradiated with thermal neutrens in a reactor with a neutron flux
£ 2c1.2 - 2,.10" asen’s for a period sufficient for reaching the
maximum activity, then the concentration of the excited nucled
will be approximately the critical one and the generation of the
gamma-radiation is expected to increase expanentially with 1
CFig.4.2071. If the thermal neutron flux is smaller,enrichment of
the exited nuclei will be necessary CKo > O, 03072.

IN SPITE OF THIS NEW RESULTS AND DEVELOPMENTS some scientists (rfor
Instance Baldwin and Solem (1013 centinue to think that the
crass—section for stimulated emission 0?‘? ig very small and the
experimental results of Alpatev-Davidov's group [2.31] are
fallacious. Kamenov showed [11] that the work of Baldwin and Solam
1101 is not correct and that the cross-section for stimulated
emlssion (o_n) is comparable with the cross-section for Moassbauer

ef'fect.

The conclusion from the aexperiments and the calculatiens in the
cited papers is that the construction of a gamma-ray laser {s a
technical and comparatively inexpensive task. The ensrgy starage
in the active element of ‘™ ToBe i more than 10°J/g. The
applications of such a device with monochromatic and concentrated
in one dirsction radiation are cbvious and we do not discuss them
in the present report (some applications are mentioned in [(181].

SOME, NECESSARY ANALYSES AND EXPLANATIONS.

We have no doubts about Russian experiments f2.31 and about our
calculations of the cross-sect.:tari for stimulated emission [B-7].
but we understand very well that it is necessary to repeat these
experiments. The repeti.tions can be done with other s=suitable
isomers such as 119m-Sn, i23n-Te and so <n.

We think that the crucial point in this experiment must be
gearching the substances which have a great concentration of the
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excited nuclel and a great MNoessbauer recoilless factor. Only
recoilless gamma-quanta can produce stimulated emission while the
intensity of the double energy peak dependg of the concentration.
The following considerations must be t.aken inteo account:

1. 128m-Te Cand 116m-Snhd have transitions €33 keV) Cand 24 keVWD
which are Moessbauer ones and the effect of Nosssbauer was
obgserved {n different substances, 1his is very important for us
because by studylng the recotlless factor fw for the effect of
Moessbauer one can calculate the recoillexs factor for stimulated
amission fa.

2. The cross-zaction for excitation of 116m-Sn Cwith thermal
neutrons) is hundred times smaller than for 128m-Te and the
necassary concentration is diffieult to reach. Therefore, 110m-Sn
must ba studied only with the effact of Moessbauer and after
reaching the necessary parameters enrichment of the excited nuclel
will be obligalory.

3, Alpatov-Davidaov's group has not reported such Masssbauer
exper iments [2,3].

4. For the substance BaTe the axpected value of Debye temperature
Ta ix Tda > 400 K and the recoilless factor for the effect of
McasEbatuer must be fm = 0.75 - 0.8 at the temperature of liquid
He.

B, If Td and fm have these values, the reaecoilless factor for
stimulated emission must be fsx 0.1, which is the value used by
Alpatov-Davidov's graoup [2,31.

6. In the stimulated emission exparinents Cwhere double energy
peak C2x110 keVD is observed (2,310, only the quantity wrrf') can
be found. So, it is necesmsary to know fe which c¢an be determined
from the effect of Moessbauer fm.

7. All Moessbauar experiments can be done with natural Te. For
stimulated emission experimpents snriched C~08 % 124-Te is
inevitable.

As it is seen, these exper iments are extansive and
interdisciplinary cones and can be parformed by a big team of
diffarent specialists. We have Dbegun such a work with French
geientists from CEA, CENTRE D'ETUDE BRUYERES LE CHATEL, FRANCE.
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SHORT PLAN OF WORKS

Natural Te:

i. Preparation of the substance BaTe: ad with heating of the mixed
1:1 Be and Te Clike the Russian expariment [2,310; b) with
mechanic-chemical synthesis in a mill; Cbhoth from natural Ted.

2. Preparation of sources and abserbers for Masssbauer effect..

3. Preparation of Moesshauer vibrater for measuring at zere
velocity Craesonant absorpticnd and high velocity ¢not resonant
abzarptiond,

4. Preparation of a cryostat for liquid nitrogen.

8. A Cryostat for temperaturae of liquid helium.

8. A planar detector with aefficiency € & Q.8.

7. Spectrometric equipmant.

8. Irradiatien of the scurces with thermal neutrons.

9. Neasurements with natural sources: ad) with vibratien and
without  vibration; B> with self-absorption at different
teamperatures.

10. Determinaticn of fm and calculations of fs.

Enriched (% 68 X0 124-Te:
If the result=s of measurements are positive, the above aqui pment.
and works will be necessary.

EXECUTION OF THE PLAN.

For Phase I we have completed the following items: 1.b), & - 4,
e, 7.

The work continues.

Suppl ement:
A list of references,
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Prof. P. Kamenov, Faculty of Physics. Sofia Uni veraity,
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tel.COD-380-2062-78-82, fax: CO03SE2DE06 a8 278

e-mail pakam@phys.uni-sofia.bg
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