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The possibility of using an extremely sensitive neutron interferometry technique to carry out precise measurements of the
parity non-conservative effects in neutron spin rotation is discussed. An accuracy of about 10~ rad could be achieved in the
determination of spin direction dependent phase shifts. The method, free from some systematic effects limiting present
polarization techniques, can be used as another way for the study of parity non-conservation effects in weak interactions.
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The parity non-conservation in weak interaction
provides a possibility to investigate the nature of the weak
force in the presence of the much stronger electromagnetic
and strong interactions, and is the subject of permanent
interest during decades. In this work it is attractive to
study the transmission of cold neutron beams through the
matter, in which case coulomb scattering is absent and the
strong interaction manifestes itself as the neutron-nucleus
forward scattering.

Weak currents result in small parity-nonconservation
(PNC) effects under the propagation of neutrons through
the ordinary matter. The most sensitive linear PNC effect
has first been considered by Michel.” This effect appears
in forward elastic scattering as the optical rotation of the
transverse component of the neutron spin around the
propagation direction. Stodolsky> proposed to look for an
electron contribution to this effect, that can be comparable
to the nuclear one. Later, Forte® has proposed that PNC
effects can be enhanced in the vicinity of a neutron
resonance even at thermal neutron energies.

The scattering amplitude in this case can be written as
the sum of parity conservative and non-conservative terms:

f(@) = ch(‘g) + fPNC(‘g)

For polarized neutron beam transmission through a non-
polarized target the weak term in neutron - nucleus
interaction results in an average interaction, that depends

on the neutron spin & and the momentum of the beam .

fPNc(O) = C<5' : ﬁ)

where the complex coefficient C is expected to be
proportional to G, the weak interaction coupling constant.
The real part of the coefficient C, which is constant at low
energy, results in a helicity dependence of ¢PNC . It was

(1)

(2)

shown® that for a neutron beam with polarization vector

-

P, the rotation angle of this vector around p is

= —4z - N -1-Re(C)

¢PN (54
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where the positive sign of @, corresponds to a right

hand rotation of & around p.

The experimental approach used in a number of
experiments, where such effects were observed,” © is
neutron polarimetry, that is the measurement of the angular
rotation of the neutron beam polarization vector @py . A

major problem in these experiments was the separation of a
small PNC effect from the neutron precession in the
residual magnetic field. In order to extract a net PNC
signal from this background, a spin flip coil was inserted in
the centre of a low field region. Measurements were
carried out with the sample alternately placed before or
behind the spin flip coil: the sign of @,,,. was changed for

these two sample’s positions, whereas the angle of the
neutron precession in the residual magnetic field did not
change sign; it allowed the compensation of the large
systematical effect.

A new wave of interest to such kind of experiments
appeared last years, when Heckel” reported a non-zero
result for natural lead. Such effect can be explained by the
valent model,¥ so that experiments with lead are looked
upon as tests of two different models of weak interaction.
It was proposed that the isotope *°’Pb could be ‘responsible’
for this effect. A set of careful experiments has been
carried out at Hahn-Meitner Institute, Berlin by a Berlin -
Moscow - Seatle collaboration.” These experiments also
showed that the problem of stray magnetic fields is not yet
solved. Because of small-angle neutron scattering in the
sample and the divergence of the neutron beam, the target
makes trajectories of neutrons different for the two target
positions (before and behind the spin flip coil). The angles
of the neutron spin precession in stray magnetic fields
before and behind of this coil are generally different. Thus,
because the change of sample positions induces an
uncompensated systematical error, it limits the accuracy of
experiments.

Here a new method for studying the PNC effects on
neutron spin rotation is proposed. It is based on methods
of neutron interferometry and principally does not require
the change of the sample position in order to identify a
small PNC effect above the neutron precession in magnetic
field, so that it is free from the systematical error discussed
above.
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Fig. 1. Layout of the experiment. 1 - neutron interferometer,
2 - flipper, 3 - sample, 4 - shifter

As it was already mentioned above, the neutron-nucleus
weak interaction results in the helicity dependence of the
coherent forward scattering amplitude f(0). It can also

be described by the neutron refraction index n

i = [1 + AN f(O)}

V4

where A is the neutron wavelength and N the atomic
density. If £ *(0) and f ~(0) are the amplitudes for

helicity +1 and -1, respectively, then one can write, using
Eq. (1):

. ANy .. N . .
no=1+ [ch(O) # fPNC(O)] = Hpe + Npye
2

/?;7]:_[ [f};c(o) + fP_NC(O)] = Npe + Npye

n 1+

so that the neutron refraction index consists of a parity
conservative part 7,. and a comparatively small parity

nonconservative part /2, .

Let us consider a neutron interferometry experiment,
where a sample is placed in one of the interferometer arms
and the spin state of the polarized incident beam is
controlled by a flipper, installed in front of the
interferometer (Fig. 1). Total phase shifts, acquired by the
transmission through the sample, of neutron waves with
opposite spin states |+ ) and |} ), parallel and antiparallel to
the neutron momentum, are

O ' =p-t-n (3a)

QO =p-t-n (3b)

so that the phase difference between beams I and II (see Fig.
1), which is actually measured by the interferometer, can be
written as

o =pt-(n=D=p-tong.+p-tong. =

+ +
=®pc T PPNC (4a)

Qo =pt-(n=D=p-t-np.+p-t-np=
= ¢pc +PpNC (4b)

Here, parity nonconservative parts of the phase shift are

Pone = P ”;Nc 1l (3)

where ¢ is the sample thickness.
Two different ways determining ¢?,,. in a neutron

interferometry experiment are the use of the transversally
or longitudinally polarized incident neutron beams.

In the first case, the experiment is just neutron
interferometry analogue of PNC experiments described
above and principally is the measurement of the rotation
angle of the spin of transversally polarized incident neutron
beam, that is the rotation of the polarization vector. The
phase shift @, can be defined by the angle of the PNC

spin rotation, as

Prve = Pone 1 2

In the second case, the neutron spin is parallel or
antiparallel to the momentum, so it does not lead to any
rotation of the polarization vector. However, opposite
helicities +1 and -1 will result in parity nonconservative
phase shift (Eq. (4)).

In both cases the parity conservation part @,. (Egs.
(4a) and (4b)) consists of nuclear and magnetic phase shifts

¢PC = ¢nucl + A¢m
Here
¢nucl:(l_nnucl)'p't:N'/l'bc't

(b.. is the coherent scattering length of the sample under
the study) and A¢,_ ~is the difference of the neutron spin

precession angles in the residual magnetic field, which can
have a rather small value of about 0.5 mG (defined by a
proper magnetic shielding), but which principally can be
different for each of interferometers’ arms.

Reversing the spin states of the incident beam changes
only the signs of the PNC effect and the magnetic phase
shift, so that one can write (¢, is an initial phase shift)

@lﬂ = (00 + ¢nud + A¢m £o (UPNC (6a)
goii“ =& + Poict — A¢m — Ppene (6b)
/

Thus, in this case one avoids the use of the spin flip coil in
the low field region to change sign of the PNC effect, and
problems connected with it. The effect caused by residual
magnetic field slightly violates the symmetry of the
experiment, but it can be corrected for measurements
without sample (Eq. (6)), and therefore one can easily
evaluate such asymmetry.
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The crux of the matter is that the change of trajectories of
neutrons because of the scattering in the sample will result
in very much reduced systematical error.  Indeed, the
scattering violates extremely rigid interference conditions,
so that scattered neutrons will not contribute to the
interference pattern, but only to the background, and
slightly reduce the interference pattern visibility.  Only
neutrons scattered within a small angular acceptance A6 ~
1 sec of arc will still contribute to the interference pattern,
but the artefact they can cause is proportional to (A8)* and
is negligible.

Thus, only one of the considered effects mimics the PNC
spin rotation. However, in the proposed method the
measuring process is confined to the size of the
interferometer, so that the length of the magnetic field-free
space is about 6 cm, in contrast to the conventional
polarimetry technique, where it amounts up to 30 cm. This
fact reduces significantly the problem of residual magnetic
field in the neutron interferometry method.

Moreover, in our case the change of the spin state of the
neutron beam is realized by a flipper which is placed not
inside , but outside of the apparatus. Thus, recording two
interference patterns (Eqs. (6a, b)), which correspond to
the spin-up and spin-down states of the incident beam,
one can determine A@,,.. Certainly, the accuracy of

determination of A@,,. is defined by the accuracy of

phase measurements in neutron interferometry experiment
and the latter depends on the visibility of interference
pattern and count rate. Simulations show that for a 30 day
experiment on the neutron interferometer installed at the
reactor of HMI (P = 10 MW),'? the neutron optical activity
at the level of 5-107° can be determined. Certainly, the use
of more intensive neutron sources will allow improvement
of this value. For the high-flux reactor of ILL this level can
be down to 10 for the same time of data collection. This
is comparable with the sensitivities reached in
experiments,””® which was about 5-10°

Acknowledgements.

The author is thankful to F. Mezei (HMI, Berlin),
PKrupchitsky (ITEP, Moscow) and S. Lamoreaux
(University of Washington, USA) for fruitful discussions.

F.C. Michel, Phys.Rev. 133B, (1964).329.

L. Stodolsky, Phys.Lett. 50B, (1974) 352.

M. Forte, Inst. Phys Conf. Ser. 42 (1977) 86.

M. Forte, Nuovo Cim. A4 (1973) 276.

: M. Forte, B. R. Heckel, N. F. Ramsey, Phys. Rev. Lett. 45
1980) 39.

S. Saha, Ph.D. Thesis, University of Washington, 1989.
B.R. Heckel, Phys. Lett. B119 (1982) 298.

D. Zaretsky, V. Sirotkin, Sov. J. Nucl. Phys. 42 (1985) 561;
45 (1987) 808; 57 (1994) 39.

9. P. Krupchitsky, V. Bolotsky, O. Ermakov, I. Karpikhin, S.
Lamoraeux, R. Golub, Berlin Neutron Scatterig Centre
Experimental Reports - 1994, p. 364; S. Lamoraeux, R. Golub,
1bid., p. 365.

10. T. Baranova, G. Drabkin, A. Ioffe, S. Kirsanov, F. Mezei,
M. Vrana, V. Zabiyakin, PhysicaB, 213&214 (1995) 839.

00 39 (O3 ) (O i 00 KD e





