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V. S. Letokhov. Use of Lasers in Nuclear Spectro-
scopy

The paper considers the possible use of coherent
laser light for: 1) production of narrow frequency-
tunable emission and absorption resonances in nuclear
y emission, 2) highly accurate measurement of nuclear
recoil energies on emission or absorption of y quanta,
3) highly accurate measurement of the energy of meta-
stable (isomeric) states of nuclei, 4) rapid separation
of excited and unexcited nuclei, i.e., sorting of nuclei
by states.

Two obvious physical facts underlie all of these
effects:

a) the state of the nucleus (spin, excitation energy,
mass) is seen in its atomic and molecular spectra;

b) motion of the atom or molecule simultaneously
causes a Doppler frequency shift for both optical and
nuclear transitions, together with one less obvious fact:

c) buildup of molecular oscillations causes frequency
modulation of the nuclear transition.

The production of narrow nuclear y-emission reso-
nances, unlike that of Mossbauer resonances'1], is based
on the action of a coherent light wave on an infrared
vibrational transition of a molecule in a gas at com-
paratively low pressure (10~2 —10"1 Torr). A coherent
wave of frequency ci> builds up the vibrations of mole-
cules having a certain projection of their velocity v onto
the direction of the wave vector k0 (kQv - u — uo = SI,
w0 is the center frequency of the Doppler absorption
line)'2-1. The mean oscillator displacement a of the
nucleus on excitation of molecular vibration is of the
same order as or even larger than the wavelength Xy
of y quanta with energies from 10 keV to 1 MeV. The
vibration of a nuclear radiator with amplitude a ~ Xy
should cause considerable frequency modulation of the
nuclear emission. The result is distortion of the
Doppler-broadened line of the nuclear transition as ob-
served collinearly with the light wave[3'9] (see the
figure). A resonance dip appears at the frequency

and resonance peaks at the frequencies

of molecules with a desired velocity projection kov/ko
can be built up by changing the frequency deviation of
the light wave with respect to w0, thus effecting fre-
quency retuning of the narrow resonances within the
limits of the Doppler contour of the nuclear transition.
Schemes for observing narrow y resonances in emis-
sion and absorption have been examined.

A narrow y-radiation resonance can be obtained in
a nuclear Doppler line by the action of a light wave on
an atomic electron transition (double y and optical
resonance[4]). Excitation of the atom's electron shell
has no influence whatever on the nuclear transitions.
The situation changes materially if "runoff" of atoms
that have been selectively excited by the light wave is
provided (atoms with kov = w - w0) are excited. This
can be done by photoionization, of excited,atoms only,
by additional laser radiation, with subsequent extraction
of the ions by a small electric field. Because of the re -
sulting shortage of nuclei with the resonance velocity,
a narrow dip appears in the Doppler line of the nuclear
transition and can be observed as an absorption mini-
mum of the y radiation from the Mossbauer source at
(a)y/wo)kov = -Ay, This permits measurement of the
recoil energy with a relative error of 10~5.

Excitation of an atomic nucleus in a molecule should
result in a change in the vibrational frequencies of the
molecule, since the excitation energy AE is equivalent
to an increase in nuclear mass by an amountt5^ Am
= c~2AE. The resulting isomeric shift in the vibrational-
rotational spectrum is smaller than or of the same
order as the Doppler broadening. It can therefore be
observed only by modern methods of laser spectro-
scopy within the Doppler width. This method can be
used to resolve nuclear levels separated by ~1 keV
and to determine the energy of the nucleus accurate to
~10 eV.

The isomeric shift due to excitation of the nucleus
also appears in the atomic spectra as a result of the
weak electron-neutron interaction. The magnitude of
isomeric shifts in the atomic spectrum may greatly
exceed the Doppler width, and this opens the way to
selective laser excitation only of atoms with excited
nuclei. Again, physical separation of the isomers can
be accomplished by photoionization of the excited atoms
with additional laser radiation and collection of the
ions[aJ. We note that selective two-stage photoionization
of atoms of a given species by laser radiation was first
demonstrated in t7]. This method can be used for fast
separation of isomers with lifetimes down to 10~4—10"e

sec, i.e., faster by a factor of 107—109 than is possible
by existing methods of nuclear chemistry. It can be
used to create inversions on nuclear transitions with
short excited-state lifetimes1-^.

y ± Wy is the center frequency of the Doppler line
with consideration of the recoil energy A y). Vibrations
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Scientific Session of the Division of General Physics and Astronomy,
USSR Academy of Sciences (17-18 January 1973)

Usp. Fiz. Nauk 110, 452-469 (July 1973)

A scientific session of the Division of General
Physics and Astronomy was held on January 17 and 18
at the conference hall of the P. N. Lebedev Physics
Institute. The following papers were delivered:

1. K. I. Gringauz, The Formation of the Plasma-
pause and Its Influence on the Physics of the Earth's
Ionosphere.

2. I. A. Zhulin, Dynamics and Physical Nature of
Particles According to Coordinated Studies in the
Magnetically Conjugate Regions.

3. A. P. Sytinskii, The Relation of the Earth's
Seismicity to Solar Activity.

4. N. P. Devyatkov, Influence of Millimeter-Band
Electromagnetic Radiation on Biological Objects.

5. E. B. Bazanova, A. K. Bryukhova, R. L. Vilen-
skaya, E. A. Gel'vich, M. B. Golant, N. S. Landau, V. M.
Mel'nikova, N. P. Mikaelyan, G. M. Okhokhonina, L. A.
Sevast'yanova, A. Z. Smolyanskaya, and N. A. Sycheva
(General Editor: N. P. Pevyatkov), Certain Methodolog-
ical Problems and Results of Experimental Investiga-
tion of the Effects of Microwaves on Microorganisms
and Animals.

6. L. A. Sevast'yanova and R. L. Vilenskaya, A
Study of the Effects of Millimeter-Band Microwaves on
the Bone Marrow of Mice.

7. A. Z. Smolyanskaya and R. L. Vilenskaya, Effects
of Millimeter-band Electromagnetic Radiation on the
Functional Activity of Certain Genetic Elements of
Bacterial Cells.

8. V. F. Konrat'eva, E. N. Chistyakova, I. R.
Shmakova, N. B. Ivanova, and A. A. Treskunov, Effects
of Millimeter-band Radio Waves on Certain Properties
of Bacteria.

9. S. E. Manoilov, E. N. Chistyakova, V. F. Kon-
drat'eva, and M. A. Strelkova, Effects of Millimeter-
band Electromagnetic Waves on Certain Aspects of
Protein Metabolism in Bacteria.

10. N. P. Zalyubovskaya, Reactions of Living Organ-
isms to Exposure to Millimeter-band Electromagnetic
Waves.

11. R. I. Kiselev and N. P. Zalyubovskaya, Effects of
Millimeter-band Electromagnetic Waves on the Cell and
Certain Structural Elements of the Cell.

12. V. I. Gaiduk, Yu. I. Khurgin, and V. A. Kudry-
ashova, Outlook for Study of the Mechanisms of the
Nonthermal Effects of Millimeter- and Submillimeter-
band Electromagnetic Radiation on Biologically Active
Compounds.

We publish below brief contents of some of the papers
and an outline of remarks offered in discussion by P. S
Chernavskii.

N. D. Devyatkov. Influence of Millimeter-band Elec-
tromagnetic Radiation on Biological Objects

The development of microwave electronics is at-
tended by steadily widening opportunities for use of its
achievements not only in the areas that are traditional
for it (transmission and reception of various types of
information), but also in new areas, such as biology and
medicine.

Study of the possible uses of coherent electromag-
netic oscillations in recently opened bands has now
acquired special importance. We refer here to the
millimeter and submillimeter wavelength bands and
shorter-wavelength regions of the electromagnetic
spectrum—those in which lasers are now operating.

The present scientific session of the Division of
General Physics and Astronomy, USSR Academy of
Sciences, to which specialists working in the fields of
biophysics, microbiology, biochemistry, and medicine
have been invited, is devoted basically to experimental
study of the effects of exposure of various biological
objects to millimeter-band electromagnetic fields, on
the molecular and cellular levels and at the level of
more complex living organisms.

Several years ago, organizations of the USSR
Ministry of the Electronics Industry and the Institute of
Radiophysics and Electronics of the Ukrainian Academy
of Sciences (Khar'kov) completed the development of
millimeter- and submillimeter-band generators of the
backward-wave-tube type, which make possible a broad
range of continuous frequency variation of the waves
generated. Special machines for biological studies were
built on the basis of the newly developed millimeter-
wave generators. Beginning around 1965, a number of
organizations in the USSR began systematic research on
the effects of millimeter waves on biological objects.

Experimental studies made in the millimeter band at
very low microwave energy flux densities (no more than
a few milliwatts per square centimeter) produced highly
interesting specific effects of irradiation. It was found
for almost all of the biological objects studied that:

a) the effect of irradiation depends strongly on the
frequency of the microwaves;

b) in certain microwave-power ranges, the effect of
exposure depends weakly on variation of the power
through several orders of magnitude;
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