infensity maximum of the frequency spectrum excited by the beam lies in the
region of resonant absorption in the inhomogeneous magnetic field of the prob-
kotron. In this case, intense x-rays are observed, with energies greatly ex-
ceeding the beam energy (the average x-ray energy for the conditions of Fig., 2
is 30 keV). On deviating from optimal conditions, i.e., when the spectrum of
the maximally excited frequencies is shifted above or below the probkotron
cyclotron frequencies, the heating efficacy decreases sharply. The efficacy
increas=>s with increasing mirror ratio, as does the hardness of the plasma x-
rays [2], owing to the broadening of the resonance-absorption band. It is seen
from Fig. 2 that the oscillation intensity in the region of the growing field
of the second mirror is low. It can therefore be assumed that the most ef-
fective energy transfer from the high-frequency oscillations to the plasma
particles occurs in the decreasing-~field region of the first mirror, whereas
the second mirror serves to capture the particles into the trap. The parti-
cles that have acquired in the resonance-absorption region an energy sufficient
for reflection from the second mirror, are captured in the trap. They travel
many times through the region of resonance absorption, as a result of oscilla-
tions between the mirrors, and continuously gain in energy. Stochastic cyclo-
tron resonance 1is thus the plasma~heating mechanism.
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The diffraction of resonant gamma radiation by nuclei situated in intra-
crystalline fields has a number of distinguishing features [l - 6] due to the
dependence of the Mossbauer-scattering amplitude on the magnetic field direc-
tion and on the orientation of the electric field gradient (EFG) axes at the
location of the scattering nucleus.

We report here the results of diffraction experiments on the scattering

of the resonant gamma radiation from Te125m by a tellurium single crystal. It
was previously suggested [7] that pure nuclear Bragg quadrupole reflections can
appear in such a case. The kinematic theory of diffraction in nuclear y-
resonance scattering in crystals containing Mossbauer nuclei with an inhomo-
geneous electric field was developed earlier by Alvazyan and Belyakov [4], who
also analyzed the conditions for the occurrence of nuclear quadrupole reflec-
tions. No experimental studies of this unique feature of Mossbauerography were
made so far, however.

The tellurium crystal has trigonal syngony (space group P3:21). The prin-
cipal EFG axes at the tellurium nuclei make a constant angle to the C axis, but
are differently oriented in a helical chain of tellurium atoms [8], so that the
chemically equivalent tellurium atoms become non-equivalent scatterers in

277



224keV
N/t, counts/sec 1

20 H{
{
T i
+ Fig. 1, Emission ener
gy
} spectrum of source based
7 + on Tel25m, obtained by
! reflection from the (200)
plane of single-crystal
} y
ke LiF.
t }
as}- ’ t ;
, §
JEbkeV it ﬁ’ .
ot ¢ ¢
! Y +

ooty ¢ ' ¢ ¢
0 1000¢"". .?nu.00°“ A el e
A [7] 35 €0 I 10

9, deg’

Mossbauer diffraction. Taking into account the scattering of the resonant vy
radiation both by the electrons of the atoms and by the nuclei, we can write
for the structure amplitude from the (hk&) plane

F(hkl) = Fp(hkl) + Fy(hké), (1)
where FR(hkl) = Z?ijepoHi(;j'ﬁ) is the Rayleigh part of the structure ampli-

tude and FN(hkl) = Z?fNiexp2ﬂi(§i~ﬁ) the nuclear part; N is the number of atoms
per unit cell, and n the number of resonant nuclei; ij and fgi are the ampli-

tudes of the Rayleigh and resonant scattering, respectively; rj and ;i are the
radius vectors of the positions of the atoms j and i inside the unit cell.

The presence of the screw axis 31 in the tellurium structure in the pure
Rayleigh (nonresonant) scattering leaves the reflections {0002} with & = 2n
unsuppressed (n is the order of the reflection). In order that purely nuclear
reflections appear in Mossbauer diffraction it 1is necessary to satisfy in (1)
the condition FR(hkl) = 0, which is attainable for any reflection {0008%} with

2 # 3n. Thus, in our case the reflection (0003) with Bragg angle 6 = 5°4' cor-
responds to both contributions of FRj and FNi to the structure amplitudes,

while the reflection (0001) and (0002), for which the Bragg angles are 0 =

1°41' and 6 = 3°22', respectively, should contain only FNi and should not be
suppressed.

The experiments consisted in the following. A tellurium single crystal
with natural Te'?® content, grown in such a way that one of the faces had the
index {0004}, was mounted in a Mossbauer diffractometer [9] with constant
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source velocity. The source was a Te125m
compound having a single emission line of
natural width and a Mossbauer-effect prob-
ability £ = 0.50. The source activity was
wio mCi. It is known that the half-life

of the Te?®® js0tope is relatively small,
Tij2 = 58 days, and the Mossbauer-transi-
tion probability is EY = 35.5 keV (AY =

0.348 ﬁ), i.e., much larger than for the

long-lived isotopes of Co®7 and Snllgm,
with- which the earlier experiments on dif-
fraction of y-resonance radiation were
performed. We therefore obtained first
the diffraction spectrum of a source with
an LiF crystal (Fig. 1), which showed that
the Mossbauer emission in the source spec-
trum amounts to only l/lg—th of the x-ray
spectrum with A = 0.452 A and one-third of
that with A = 0.398 &,

To shorten the duration of the ex-
periments, we investigated the diffrac-
tion spectra of only two reflections,
(0003) and (0001). The gamma quanta
emitted by the oscillating source passed
through a collimation system (12 X 1.0 mm
channel in a lead cylinder) and were inci-
dent on the tellurium single-crystal se-
cured in the holder of a low-temperature
chamber.

The scattered Y quanta were regis-
tered with an SRS-1 scintillation detec-
tor, discriminated in energy, and fed to
scalar circuits. The background in the

registered-energy window was 0.03 count/sec.

The experiments were performed at 90°K.

The spectra took 200 hours to obtain. Be-
fore the start of the Mossbauer-diffraction
experiments, patterns of the diffraction

of MoKa radiation by the single-crystal
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Fig. 2. Diffraction spectra of
nuclear y-resonance radiation
scattered by single-crystal Te:
a) in reflection from the
(0003) plane in the absence of
resonance, V = V_, b) in re-
flection from the (0001) plane
for the case when the nuclear
resonance scattering mechanism
is turned on, V = Vres = 1.9
mm/sec.

tellurium were obtained for the region of exlstence of the reflections (oo01),
(0002), and (0003). These patterns revealed the presence of only the (0003)

reflection.

Figure 2a shows the (0003) Bragg peak obtained by reflection of the Moss-
bauer Y radiation from the Te single crystal at V= V_, i.e., in the absence
of resonant scattering of the Y gquanta. Figure 2b shows the pure nuclear-
quadrupole maximum (0001), the angular width of which exceeds the width of the

(0003) maximum.

The nuclear gquadrupole maximum was obtained at a source

velocity V =V = 1.9 mm/sec, i.e., when the nuclear mechanism of scattering

res

is turned on. The dashed line in Fig. 2b corresponds to the counting rate in

the absence of resonance, V = V_

It should be noted that the very existence

of pure nuclear quadrupole maxima is direct evidence of only the presence of
different orientations of the EFG at the Mossbauer nuclei. A subsequent
analysis of the polarization and intensity of the hyperfine structure of the
Bragg maxima makes it possible to determine the orientation of the EFG axes

and the coordinates of the resonant nuclei [10].
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Experiments are continuing in this direction.
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The most thoroughly investigated interactlons between the neutron and the
atom are the nuclear and magnetic ones (in the former case, the neutron inter-
acts with the nucleus of the atom), and in the latter with the electron shell).
These interactions are characterlzed by an amplitude on the order of b ~v 1012
cm. There exist, however, weaker interactions having a different nature.

These include the relativistic neutron-electron (ne) interaction (cf., e.g.,
[11). The experimental determination of the amplitude a . of this process en-

tails great difficulties, since this effect 1s very small (the ne-interaction
amplltude is smaller by four orders of magnitude than that indicated above,
i.e., a__ ~v 10™'% cem),
ne
One of us proposed in [2] a method of determining a .- It is based on

measurements of the intensity of the diffraction reflectlons of monochromatlc
neutrons from a tungsten single crystal strongly enriched with w'®® In this
case the nuclear scattering is very small, owing to the interference between the
resonant and potential scattering of the neutrons, and the magnetic scattering,
if it exists at all, is not coherent. Preliminary results of these measure-
ments were given in [3].

We plotted the electron-density distribution by using the intensities of
neutron reflection from all planes of the [002] zone of a tungsten crystal en-
riched to 90.7% with the isotope W!'%®, Since ne scattering of neutrons by
atoms is characterized by the same angular dependence as x-ray scattering (the
geometric relations are assumed to be fully identical in both cases), the same
electron-distribution density should be obtained by both methods.

The reflection intensities were measured with a multicrystal setup in the
VVR-Ts reactor of a branch ofouwr Institute [4]. We used monochromatic neutrons
of wavelength A = 1.145 A. A spherical W!®® sample of 5.5 mm diameter had in
the range sin6/A < 0.85 approximately L4 reflections of which eight were
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