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A new method to measure polarization of cold/thermal neutrons using P-even asymmetry in nuclear
reactions induced by polarized neutrons is proposed. A scheme profiting from a large correlation of the
neutron spin and the circular y-quantum polarization in the reaction (n, 7) of polarized neutrons with
nuclei is analyzed. This method could be used, for instance, to measure the neutron-beam polarization
in experiments with frequently varying configuration. We show that high accuracy and reliability of

measurements could be expected.

INTRODUCTION

Neutron polarization analysis is a powerful tool
in neutron scattering (see, for instance, [1]) and
an important component in precision measurements
in particle physics [2]. Numerous methods for the
neutron polarization analysis have been developed,
for instance, using polarizing supermirrors [3—5] or
polarized 3He [6—9]. We propose a new complemen-
tary method based on P-even asymmetry in reac-
tions of polarized neutrons with nuclei. In particular,
we analyze a measurement scheme profiting from
a large correlation of the neutron spin o, and the
circular y-quantum polarization in the reaction (n,
~) of polarized neutrons with nuclei. In contrast to
standard methods using measurements of neutron
fluxes, we use asymmetries in emission of products
of nuclear reactions induced by polarized neutrons.
Advantageous of this method include: short mea-
suring time, small size needed along the neutron
beam, and no need for time-consuming scans over
positions, angles, and wavelength. We propose to
use the integral current method to measure the
polarization of intense neutron beams instead of the
commonly used the method of counting single events;
no attenuation and/or collimation of neutron beam
is needed in our case. Potential applications in-
clude measurement/monitoring of the neutron beam
polarization in experiments with frequently varying
configuration, which are typical, for instance, for
neutron instruments devoted to fundamental particle

DJoint Institute for Nuclear Research, Dubna, Russia.
Dlnstitut Max von Laue — Paul Langevin, Grenoble, France.
3)Pe‘[ersburg Institute of Nuclear Physics, RAS, Gatchina.

physics [10]: to give examples: [11—26]; applicability
of this method to experiments demanding the highest
precision in the neutron polarization analysis, like to
precision studies of the neutron 3 decay [27] has to be
studied.

A METHOD TO MEASURE THE NEUTRON
POLARIZATION USING P-EVEN
ASYMMETRY IN THE NEUTRON—NUCLEAR
INTERACTION

Angular and polarization correlations involving
the neutron spin o, and momentum p,, the -
quantum momentum p~ and circular polarization A
in (n, 7y) reactions have been measured in many
experiments primarily for studies of the weak in-
teraction [28—30]. Possible correlations are studied
theoretically, for instance, in [31] containing an ex-
pression for the cross section of (n, ) reaction with
polarized neutrons; the expression includes 17 P-
even and P-odd correlations. As we are interested
only in correlations involving the v-quantum circular
polarization, we write this expression ignoring other
correlations:
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Expressions for these coefficients are rather bulky
in their general form; therefore the authors of [31]
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illustrate the ratios between values of the coefficients
considering the reaction 17Sn(n, v)'8Sn, for which
most complete experimental data are available. The
normalized values of the coefficients A; = a;/ag for
the considered dipole transitions are: As ~ 1, Ag ~
~1072, A7 ~1.5x 1072, Ag~4 x 1075 for ther-
mal neutrons with energy of ~0.01 eV (far from p
resonances). The largest correlation is asA(oy, - P-).
Thus if a polarized neutron is absorbed, then a fully
circularly polarized prompt v quantum is emitted
from a compound state (dipole transition), provided
the angles between the neutron spin and the ~-
quantum momentum are chosen properly. Reverse
of the neutron spin reverses the y-quantum circular
polarization. This observation allows us to measure
the neutron polarization P, by measuring the polar-
ization of emitted v quanta.

Usually the multipolarity of primary transitions
from compound states in (n, ) reactions is M1
(E1). If a polarized neutron hits a target consisting
of nuclei emitting « quanta via M1 (E1) transitions,
the neutron polarization will be fully transmitted to
the circularly polarized v quanta. Noncorrected ~
quantum polarization is equal to

Nj - N7

24— 2
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Here, Nj and NJ are the intensities of v quanta
passed through a polarimeter for opposite neutron
polarizations. The circular polarization of v quanta P,
corrected to the polarimeter efficiency € equals

PP, =, (3)

if the y-quantum momentum is parallel to the neutron
spin.

For mixture of different transitions, sometimes
with the circular polarization of both signs, the re-
sulting value of the circular polarization might be
averaged. In the counting method one could select
a photo-peak, thus one can use an isotope emitting
many prompt v quanta. In contrast, in the integral
method we cannot select a single ~ transition; there-
fore the resulting value of the circular polarization
would range from 0 to some dyax-

In fact, the efficiency of realistic ferromagnetic
~ polarimeters (magnetized iron, permendur, etc.)
[32] is much smaller than unity. The probability of
scattering of v quanta in magnetized ferromagnetic
materials depends on their polarization and on the
ferromagnetic magnetization. For example, in iron: as
~ quanta could be scattered anisotropically only on 2
polarized free electrons in the conducting band, also
the total number of electrons is 28, the maximum po-
larimeter analyzing power cannot exceed 2/28 ~ 0.07
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Fig. 1. Analyzing power of various polarimeters as a func-
tion of the y-quantum energy: (/) a backward scattering
method; (2) a forward scattering method (for the optimum
scattering angle); (3) a transmission method (for the
optimum polarimeter length L); (4) the Bird—Rouse
method (for complete magnetization of a ferromagnetic
material).

[32]. The analyzing power depends on a ferromagnetic
material and its magnetization; therefore it has to be
measured.

Consider two main methods used to measure the
anisotropic scattering of v quanta:

1. In the transmission method, one measures the
intensity of the y-quantum flux transmitted through
a ferromagnetic material (containing polarized elec-
trons) as a function of the neutron or electron polar-
ization.

2. In the scattering method, one measures the
intensity of the v quanta scattered (forward or back-
ward) in a ferromagnetic material as a function of its
polarization.

Figure 1 is copied from [32]; it illustrates the
calculated optimum analyzing powers of various po-
larimeters as a function of the y-quantum energy.

One could see in Fig. | that the analyzing power
in the transmission method is lower than that in
the scattering method; also the intensity of a trans-
mitted beam is lower than the intensity of scat-
tered v quanta. The best signal/background ratio is
provided for the optimum sample thickness Loy =
= 2/(nT), where n is the number of iron atoms per
volume unit, and 7 = 79 + 7, + 7¢; here, T, 7, T,
are polarization-independent absorption coefficients
for Compton scattering, photo-effects, and pair pro-
duction, respectively. For totally magnetized iron,
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Fig. 2. A scheme to measure the neutron polarization: (/)—target; (2)—
photomultiplier. Arrows below indicate directions of magnetization of the polarimeters.

guide; (5)—

the optimum thickness equals Loy ~4—7 cm for v
quanta with the energy of 2—7 MeV.

In the transmission method, the energy of trans-
mitted v quanta is equal to the initial y-quantum en-
ergy, in contrast to the scattering method. Therefore
we could select a narrow + line, thus highly improving
the signal/background ratio. That is why we chose
the transmission method for further analysis. Keeping
in mind the energy dependence of the polarimeter
analyzing power in the transmission method, see 3 in
Fig. 1, one favors large y-quantum energy. In order
toincrease the correlation A(o, - py) (see Eq. (1)), we
have to set the neutron spin parallel to the y-quantum
momentum.

Evidently, in order to get the maximum correlation
Ao - py) we should set the angle between the
ferromagnetic polarization axis and the y-quantum
momentum equal to 0° (180°); the angle between the
neutron spin and the y-quantum momentum should
be equal to 0° (180°). The correlation for the angle 0°
is opposite in sign to that for the angles 180°. We do
not consider reverse of the polarimeter magnetization
axis, as it might strongly influence the ~ detectors.
We will reverse the neutron spin, using, for instance,
radio-frequency spin-flippers.

A corresponding scheme to measure the neu-
tron polarization is shown in Fig. 2. A magnet in
Fig. 2 is magnetized parallel or anti-parallel to the
~v-quantum momentum; change in the count rate
due to reverse of the neutron spin is proportional to
the v-quantum polarization. The v quanta could be
measured in germanium semiconductor detectors or
using Nal(TI), CsI(Tl) crystals with high v-quanta
efficiency in integral or counting modes. Light-guides
allow transporting light out of strong magnetic fields
of the polarimeters.

Let us estimate the accuracy of such a measure-
ment. The whole setup should be rigidly assembled
together (including neutron and « shielding); in this
case precision of setting the ferromagnetic magne-
tization axis relative to the y-quantum momentum
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polarimeter; (3)—scintillation crystal; (4)—light

is not relevant. Mechanical precision of setting the
target relative to the neutron beam is not relevant as
well. Displacement of the setup by 1 cm perpendicular
to the neutron momentum changes the solid angle
by ~0.02; therefore it could produce a sizeable false
effect in one detector. However, as the measuring
scheme presented in Fig. 2 is complemented by a
symmetric (mirror) setup on the other side of the neu-
tron beam, the corresponding false effects in opposite
detectors would be of opposite sign and therefore they
could be subtracted. In order to avoid uncertainty
concerning the angle between the neutron spin and
the polarimeter magnetization axis, one has to find
experimentally the angle corresponding to the maxi-
mum ~y-count rate. To summarize: systematic uncer-
tainties caused by geometric effects are expected to
be at least smaller than 10~2. Statistical uncertainty
would be negligible.

Concerning eventual target in a neutron beam: For
the counting method, the choice of a target material
is not very constrained as one could select a photo-
peak, provided it corresponds to a prompt M1 (E'1)~
transition emitted from a state with the spin J > 1/2
(as values of all even correlations for J =1/2 are
equal to zero in first approximation). For the integral
method, assuming measurement of all v quanta, one
favors a (n, ) reaction with a single ~ transition. The
optimum target would be that consisting of natural
lead although it consists of several isotopes.

The circular polarization of v quanta in the re-
action 207Pb(n, v)2°8Pb has been measured in [29].
The compound state spin is J = 1; it transfers to
the ground state J = 0 via the dipole transition with
the energy E, = 7.37 MeV. The authors of [29] used
a transmition polarimeter made of permendur with
a thickness of 90 mm; the magnetic induction was
equal to 20.5 kG. The v detectors were crystals
Nal(Tl) with a diameter of 150 mm and a height of
100 mm, operated in the counting mode. The asym-
metry in the total absorption line was equal to |§] =
= (4.18 £0.04) x 1072 [29]; the neutron polarization
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was higher than 96%. The asymmetry in the same in-
stallation using the integral method and complete ~-
quantum spectrum was equal to |§] = (2.3 £0.1) x
x 1072 [30]. Thus for complete spectrum of v quanta
emitted from a target of natural lead, the asymmetry
decreases only twice compared to that measured
using the counting method. Therefore one could use
both the integral method and the counting method to
measure the circular polarization of v quanta emitted
from a target of natural lead.

As any absolute measurements including mea-
surements of the polarimeter material magnetization
are not quite precise, such a device should be “cali-
brated” in advance using standard precision methods,
for instance, with polarized 3He. Ultimate precision
and stability of such a polarimeter should be studied
in dedicated experiments.

CONCLUSIONS

We have described a new method to measure the
polarization of cold and thermal neutrons using P-
even asymmetry in the reactions of polarized neutrons
with nuclei. We analyze a scheme using large corre-
lation of the neutron spin and the circular y-quantum
polarization in the reaction (n, ) of neutrons with
nuclei; in particular, we consider targets of natural
lead. We show that high accuracy and reliability of
measurements is expected.
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METOJ UBMEPEHUS NOJIIPUBALMUA HEUTPOHOB C
MCIMOJIb30BAHUEM P-YETHOH ACUMMETPHU BbIJIETA v-KBAHTOB
B HEUTPOH-AAEPHOM BSAUMOJAENCTBUH

0. M. Imenenos, B. B. HecBuxesckuii, [1. B. Ceapiues, E. B. Lllynbruna, B. A. Becna

[pessiaraetcs HOBBIH MeTOJ H3MepeHHs MOJSIPU3ALHH XOJMO0AHBIX/Ter0BbIX HEATPOHOB, HCMOMBb3YIOLIMil
P-ueTHyI0 aCHMMETPHIO B sII€PHBIX peaKIUsiX, BbI3BAHHBIX T10JISIPH30BAaHHBIMU HEHTPOHAMH. AHa/M3nupyeTcs
CXeMa, OCHOBAaHHAas Ha OOJIBIIOH KOPPEeJssILMH MEeXKIy CIIHHOM HEHTpPOHAa W LUPKYJSPHOH MoJisipH3auyert
~Y-KBaHTa B (N, Y )-peakuyu NoJsipu30BaHHbIX HEUTPOHOB C fApaMH. DTOT METO MOKET ObITh HCTOJb30BaH,
HanpuMep, AJI H3MEPEHHsl TMOJISIPU3aLHMH HeHTPOHHOTO MyyKa B 3KCIEPUMEHTax C 4acTo MeHsmllercs
KoHpurypauued. [TokazaHo, 4To MOXKHO 0XKHJATh BBICOKYIO TOUHOCTb M HAJIEXKHOCTb H3MEPEHHUH.
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