
tained in a film of x-ray resist; the smallest line
width is 0.3 Mm. The high quality of the prints, which
is obtained by virtue of the high natural collimation of
synchrotron radiation, is evident.

'Yu. M. Aleksandrov et al., FIAN SSSR Preprint No. 237,
Moscow, 1978.

2 E. Spiller et al., DESY Preprint SR 76/11.
3R. Fedev etal-, DESY Preprint SR 77/06.

A. N. Artem'ev, V. A. Kabannik, Yu. N. Kazakov,
G. N. Kulipanoy, E. A. Meleshko, V. V. Sklyarevskii,
A. N. Skrlnskll, E. P. Stepanov, V. B. Khlestov, and
A. I. Chechin. An experiment in excitation of a Moss-
bauer level of 5TFe with synchrotron radiation. Pos-
sibilities for the use of synchrotron radiation (SR) for
Mossbauer studies and nuclear spectroscopy have been
discussed by several authors.1 '2 Our experiment rep-
resents an attempt to use SR to excite a collective nu-
clear state in a single crystal under the conditions of
Bragg diffraction and to study its temporal charac-
teristics. The work is being done by a group drawn
from the Institute of Nuclear Physics of the Siberian
Division of the Academy of Sciences (IYaF SO AN) and
the I. V. Kurchatov Institute of Atomic Energy (IAE).

The following basic problems must be solved in the
design of the experiment.

1) isolation of a narrow line with the desired energy
from the continuous SR spectrum;

2) ensuring long-term stability of the monochroma-
tor's passband when an SR beam of high power (up to
2 W/mm») is incident on its first crystal;

3) suppression of background scattering by electrons
in the specimen, which is necessary because the pass-
bands of even the best monochromators are many orders
wider than the excited level (AE/E =3· 10"").

We used a single crystal of hematite a-Fe2O, enriched
with the isotope 5 7 Fe. This choice was dictated by the
following circumstances:

—matching of the parameters of We excited level to
those of the SR beam (energy, lifetime, SR pulse repe-
tition frequency);

—thorough understanding of the stationary diffraction
of γ rays on hematite single crystals'·4 and the purely
nuclear reflections available in hematite;

—the availability of isotope-enriched hematite crys-
tals of sufficiently high quality and the necessary size.1 '

In the experiment, the SR beam leaving the electron
storage ring strikes a two-crystal monochromator, Is
deflected by It through an angle of ~30° downward from
the plane of the accelerator, and Is then reflected from
the working hematite crystal. The axis of rotation of
the hematite lies in the vertical plane and is perpen-
dicular to the SR beam.

The monochromator takes the form of two perfect

"The enriched hematite crystals were grown by J. Novak at
the Physics Institute of the Czechoslovak Academy of Sci-
ences (Prague).

germanium single crystals which are mounted on a
common base in a high-dispersion position. This
monochromator has a narrow passband whose energy
depends only on the angle between the crystals. It is
tuned with the aid of 14.4 keV y radiation from * 5TCo
source. Subsequent adjustments to the SR beam are
made by rotating It as a whole and finding the position
In which the intensity of the transmitted beam Is high-
est.

The hematite crystal Is mounted In the position cor-
responding to the purely nuclear (777) reflection.
Previous measurements4 had shown that in this reflec-
tion scattering by electrons Is suppressed by a factor
of at least 10* with respect to allowed reflections.
Further suppression of the nonresonant background Is
obtained through the polarization of the SR beam, the
proximity of the scattering angle to 90° (0Β = 41°), and
the appropriate orientation of the scattering plane.

The chosen reflections [(111) in the monochromator
and (777) on the hematite] also make it possible to
quench the harmonics with energies 2E0 and 3£ 0 . The
radiation with energy 4B0«57.S keV strikes the detec-
tor, but Its Intensity is low and It does not Interfere
with the measurements. This radiation can also be
used to set the hematite to the Bragg-reflection posi-
tion.

The gamma rays reflected from the hematite are
registered by a scintillation detector (an FEU-85
photomultiplier with an Nal(Tl) crystal 0.1 mm thick).
A resonant absorber of enriched polycrystalline hema-
tite coupled with a vibrator Is placed in the path of the
beam to detect the effect.

According to estimates, the SR beam contains 10s

photons/mrad» sec (at a current of 100 mA and Ee =2.2
GeV), and an effect of =7% can be expected In the pro-
posed scheme at a counting rate of -10 cts/sec.

The electronic section of the apparatus permits
analysis of the distribution in time of the 14.4 keV
radiation. The lifetime of the state with this energy
for an isolated 5 7 Fe nucleus is «100 nsec, but the col-
lective nuclear excitation In the crystal should be much
shorter-lived, and Its decay does not follow a simple
exponential law*5 A rough estimate gives 15-20 nsec
for the average lifetime, consistent with the observed
broadening of the resonance lines in the purelj? nuclear
reflection spectra.4

Measurements were made on th'&SR beam of the
IYaF SOAN VEPP-3 electron-positron storage ring at
Novosibirsk during the latter half of 1977. Unfortu-
nately, the storage ring was capable at that time1 of
operating only at reduced levels (energies below 2 GeV,
currents below 30 mA). It was Impossible to observe
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the effect under these conditions, and we were
obliged to confine the measurements to the levels
of the background and of its distribution in time.
The experiment indicated satisfactory agreement
between the calculated and measured intensity val-
ues. The halfwidth of the instantaneous-coincidence
background peak was 9 nsec, and the background level
between SR pulses was ~6 · 10"4 of the height of this
peak. The design used to mount the first monochromator
crystal (a thin germanium crystal on a thick copper
radiator base) ensured satisfactory constancy of mono-
chromator parameters throughout the entire range of
SR intensities. The preprint of Ref. 6 gives a more
detailed description of the experiment.

We believe that the experimental scheme that we
chose has substantial advantages over the proposals
of other groups,7'8 basically because we used a purely
nuclear reflection from a single crystal.

The work will be continued at the end of this year or

the beginning of next year after reconstruction of the
VEPP-3 storage ring has been completed.

'G. N. Kulipanov and A. N. Skrinskii, Usp. Fiz. Nauk 122, 369
(1977) [Sov. Phys. Usp. 20, 559 (1977)].

2Synchrotron Radiation Research, SSRP Rept. 76, 100, Stan-
ford (1976).

3A. N. Artem'ev et al., Zh. Eksp. Teor. Fiz. 64, 261 (1973)
[Sov. Phys. JETP 37, 136 (1973)].

4 E. P. Stepanov et al., Zh. Eksp. Teor. Fiz. 66, 1150 (1974)
(Sov. Phys. JETP 39, 562 (1974)].

5Yu. Kagan, A. M. Afanasev, and V. G. Kohn, Preprint IAE-
2991, I. V. Kurchatov Institute of Atomic Energy, Moscow,
1978.

6A. N. Artem'ev et al., IYaF SOAN SSSR Preprint 77-106,
Novosibirsk, 1978.

7R. L. Cohen, G. L. Miller, and K. W. West, Nuclear Reso-
nance Excited by Synchrotron Radiation, SSRP Rept. No. 77/
09, p. VI-43, Stanford (1977).

8S. L. Ruby, P. A. Flinn, and G. S. Brown, Monochromatic
X Ray Beam Project, SSRP Rept. No. 77/09, p. VI-112,
Stanford (1977).

A. A. Vazina. Investigation of the dynamics of
structural changes in biomolecular systems by meth-
ods of high-speed diffractometry with synchrotron
radiation. Work on the use of SR to investigate the
structure of biopolymers was started in our country
in 1971 at the inititative of G. Μ Frank by the Institute
of Biological Physics, which used the "ARUS" synchro-
tron of the Erevan Physics Institute. In 1973, these
studies were conducted systematically on the VEPP-3
storage ring in collaboration with the Institute of Nu-
clear Physics of the Siberian Division of the Academy
of Sciences of the USSR.

A technique for high-speed small-angle x-ray dif-
fractometry was developed using VEPP-3 SR, a focusing
collimation system, and highly sensitive detectors.
Small-angle diffractometry makes it possible to obtain
information on large periods of the structure, a fea-
ture that is especially important in the study of bio-
logical objects such as membranes, the motor ap-
paratus of protozoans, and muscles. The exposure

times, which are ordinarily measured in hours, were
shortened to tenths and hundreths of a second.1"'

The short exposure times made it possible to attempt
investigation of structural dynamics during the realiza-
tion of biological functions, e.g., muscle contractions
lasting tenths of a second. Working with the IYaF
(Institute of Nuclear Physics), we developed a diffrac-
tioncinematography technique for use in investigating
the change in muscle structure during a single con-
traction with high time resolution of the order of a few
milliseconds.4 The method made it possible to register
64 diffraction patterns (frames) separated by intervals
of 1-100 msec; the experiment was computer-controlled,
and a block diagram appears in Fig. 1.

Single contractions of frog sartorius muscle were in-
vestigated in an isometric regime. From 30 to 100
single-contraction cycles were summed to obtain good
diffraction-pattern statistics. The experiment followed
the variation of the meridional diffraction lines governed
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FIG. 1. Block diagram of diffraction-cinematography technique.
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