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Measurement of the circular polarization of the ¥y quanta in the reactionn + p +4 + v
makes it possible to determine directly the isoscalar part of the amplitude of the weak
nucleon-nucleon interaction [1]. The absence of any appreciable amplification in this case
causes the magnitude of the effect to be of the order of the ratio of the weak interaction to
the strong one. Measurement of so smgll a polarization is a rather difficult task, but can
be accomplished by using the procedure of integral y-quantum detection [2]. The most important
in this case is to obtain as powerful a source of gamma quanta of this reaction.

We describe here the organization of an experiment and preliminary results of the
measurement of the circuler polarization of gamma quanta in radiative capture of thermal
neutrons in hydrogen. The experimental setup is shown in the figure.

The gamma source was a light-water neutron trap in the active zone of the VVR-M reactor
of the A. F. Ioffe Physico-technical Institute. The trap was protected against gamma radiation

from the zone by a screen of lead and bismuth. The effective source activity was about 1016

14

gamma~-kV/sec at a volume trap of about 3 liters and a neutron flux ~3 x 10 'neut/cmzsec at

its center.
The gamma quanta from the trap were fed to the polarimeter through a h-meter collimator

channel. A "flow-through" collimator was used with an effective magnetized-absorber thickness
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60 mm, previously used in {3]. The effective counting rate of the gamma quanta in the mea-
suring detector was about 5 x 1010 sec;l. A monitoring detector was placed in front of the
magnetized absorber. The use of the monitor was necessitated by the fact that the relative
fluctuations of the reactor neutron flux, i.e., the fluctuations of the gamms-flux intensity,
amount to about (1 - 2) x lO_'3 at frequencies 1 - 20 Hz. This exceeds by almost two orders

of magnitude the level of the statistical fluctuations of the measuring-detector current. To
compensate for the intensity fluctuations, the signals of the monitoring and measuring detec-
tors were fed, after suitable amplification, to a differential amplifier whose difference
signal contained only the statistical fluctuations of the currents of both detectors and the
measured signal.

The polarimeter magnetization switching frequency was 0.5 Hz at a stability N10_7. The
periodic signal was separated from the difference signal with a pendulum filter.

To prevent deterioration of the compensation by the relative drift of the channels,

a correlator was used to determine the magnitude and sign of the correlation of the difference
signal and the monitor signal, and thus change the gain of the monitor channel until the
correlation decreased to zero.

At the compensation level attained in the experiment, the difference-signal fluctuations
still exceeded the expected value by 1.5 - 2 times,

The screening of the water volume against the radiation of the reactor active zone is due
to the large background of circularly polarized bremsstrahlung gammas from the beta decay of
the fission fragment. The effective circular polarization of the gammas in the active zone, as
verified by direct measurements, is (1 - 2) x 1073, The bremsstrahlung gamma quanta fall into
the collimater channels after being scattered by the target material in the trap. The external-
radiation background was determined by placing in the trap targets having scattering charac-
teristics close to those of water and gamma quanta known to be unpolarized. Beryllium and
graphite were used as such targets. Several experiments were performed with different targets
in the water volume, at different shield thicknesses, making it possible to choose the required
screen thickness. The results of such experiments are summarized in Table I. In calculating
the effect due to the bremsstrahlung gamme quanta, account was taken of only the internal
bremsstrahlung and of the effective beta spectrum of uranium fission fragment, measured in [4].

The control null experiment to check on the absence of false effects due to the polari-
meter entailed a number of difficulties, due to the absence of a source of polarized gamma
quenta of the (n, v) reaction with approximate energy 2 MeV, Some of the experiments were
therefore performed with 2uNa sources, which emit gamms quanta of 2,7 MeV energy and multipo-
larity E2, The limited activity of the ZhNa source (V10 000 Ci) did not make it possible to
attain gooud sccuracy, yielding § = (0.3 * 0.4) x 1077,

Another part of the control experiments was performed with a titanium target in the trap.
The gamma quanta emitted in the reaction uSTi(n, Y)u9Ti reaction, with energy 6 - T MeV and
multipolarity El, can be regarded as practically unpolarized.

These experiments have shown that the relatively harder gemma quanta of titanium can,

under certain conditions, produce a number of false effects, so that this control experiment
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Table I

Results of experiments with different targets in
the trap and calculated effect of bremsstrahlung
for a water target

~__Thickness of trap|
N lead screeg 5 - 106

Target 0 1 em dem fcm
H,0 — calculated -5.9 -7 - 0,17 -0.01
H,0 — experimental - 5,6 -1.2 - -

+ 0,5 +0,3
-2480

Be — experimental - + 0.4 - -
Graphite - exp. - _ - 0.0 +0.025 ¥
(from Table II) R

§ = AU#U, where U is the y~quantum intensity in the measuring
detector and AU is the change of intensity upon remagnetization
of the polarimeter.

¥The value of U with water in the trap was used in the
calculation of § for the Be and graphite targets.
Table II

Results of last experiments. Trap shielded with
35 mm lead and 35 mm bismuth

Target H,0 Ti H,0 H,0 C Ti
5107 -0.8 " 0.5 -0.88] -1,5 0.0 0.6
+ 0.4 +0,5 + 0,35 + 0 R6 +025] 05

is not fully identical with the main experiments, although it is possibly more critical.

By way of a preliminary result, we present the latest measurement data, obtained under
identical conditions with different targets., These data are arranged in Table II in chrono-
logical order.

It is seen from the table that the weighted value of the effect obtained for three series
with water in the trap is 6 = -(1.0£0.23) x 10—7, corresponding to a polarization P. = -(1.8
t 0,4) x 107°. If only the errors of the control experiments listed in Table II areYtaken into
account, then the result can be written in the form PY = -(1.8 # 0.9) x ZI.O_6

However, taking into account the aforementioned shortcomings of control experiments with
hard gamms quanta, we must regard, at the present stage, the estimate 0 5_—PY < 3x 10-6 as a
more reliable estimate.

This estimate can apparently be useful for the analysis of various models of weak-inter-

action Hamiltonians, which predict an anomalously large amplitude for the week nucleon-nucleon
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interaction.

In conclusion, the authors are deeply grateful to the VVR-M reactor crew, headed by
K. A. Konoplev and R. G. Pikulik, for all-out help in performing the experiment, to A. N.
Nazarenko, V. M. Sokolov, and A. M. Stonikov for collaborating in the construction of the
apparatus, to V. E. Koval'tsov and G, P, Popova for help in developing a number of technolo-
gical procedures, to L. N. Kondurova for a number of calculations, to N. A, Lozovoi, G. D.
Chuklin, V. B, Belyakov, and V. P, Lapin for taking part in preparing the appratus and in the
measurements, and to many others who supported and collaborated in the described experiments.
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It is known that the condition of thermodynamic stability of the homogeneously magnet-
ized state, (@H/&B)T > 0, is violated periodically (with periodicity in H), owing to the
de Haas ~ van Alphen effect, at sufficiently low temperatures (x27 < 10, where O = eB/me is
the cyclotron frequency) [1]. In analogy sith the vapor-llquid system, it can be shown that
there exist eritical points T 1) and H(i), at which (1) Héi)) =0, (T(l) ﬁéi)) = 0,

(1) (1) 0 © aB( °c

and B 3(T 0 ) > 0. Depending on the boundary conditions, there occurs at T < TO either

a stratification into phases (a domaln structure) with different values of the induction B1 and
2 (ir H is parallel to n, where n is the normal to the surface), or else a jumpwise change of
the induction from B, to B, (if T l';) [1]. Such a singularity should affect the propagation
in the metal of electromegnetic waves at a frequency w such that the system has time to
"adJjust itself" to the thermodynamics, i.e., under the condition wt << 1 (1 - free path time).
Let us assume, for simpliecity, that the dispersion is isotropie, and that the depth
of penetration 8, the free path time 1, and the external magnetic field are such that § > 2 >
(R is the radius of the electron orbit), and T > TO' In this case the connection between the
current and the electric field is local (3 = oﬁ), and all that is left to solve the problem of
the penetration of the electromagnetic wave in the metal is to specify the connection between
the alternating components of the magnetic field K and the magnetic induction g. In the linear
approximation (the estimate is presented below) this connection is given by h = ( )T (if
HJ|%) and h = (1 - bnM/B)b (if B | H). We see therefore that near the critical pOlnt we have
=b/h = (BH/aB) e gr h!lﬁ and u has no singularities if h l_H In the case considered
by us, that of the normal skin effect, the penetration depth is 6 = c(2mown)” /2, and if Kl!ﬁ,
then § NV73§75§7;'+ 0. Thus, at sufficiently low temperatures, anomalous quentum oscillations
occur in the surface impedance Z &~ ué ~ Yi; these oscillations are essentially anisotropic
with respect to the mutual orientation of the vectors b and T.

Deferring the detailed calculations to a separate communication, we shall point out now
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