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are the values of the quasi-vacuum, w and p tra
jectories at t = 0. The coefficients of the powers 
of E are functions of the residua of the corre
sponding poles. 

A correction for the screening of the neutron 
by the proton in the deuteron has been applied to 
the values for pn obtained from the difference 
a(pd)- a(pp).C5•6J 

To the best x 2 correspond the following values 
of the required parameters: 

q = 0.31 ±0.18, p = 0.66±0.15, w = 0,50 ±0.06, 

a= 22. 33±1.04, b = 17.88 ± 2.50, c = 1.96 ± 0. 72, 

e = 18.61 ± 0.84, f = 10. 71±2.79, g = 20.08 ± 13.58, 

h = 8.24 ± 12~37, k = 39.75 ± 2.38, l = 38. 89±5.94, 

n = 26.42 ± 3.37, r =- 0,69 ± 0.58 

(the dimensions of the parameters a, b, c, etc., 
which are not given, can be easily established 
from Eqs. (1) - (7). 

Using relations of the type C7 •8 J 

a( :rtf\) a(N N) = a(:rtN) a(KN), 

we obtain, for E - oo 

a (:rt:rt) = 12.5 ± 1.2mb; a (:rtf\) = 10.5 ± 0.9 mb; 

a (KK) = 8.7 ± 1.1mb. 

(8) 

The author expresses his gratitude to Yu. Wolf, 
G. Domokos, V. S. Kiselev, and I. N. Silin for 
discussion, and would like to thank Om San Ha for 
calculations. 
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GETTING information about the spin state of 
levels of the compound nucleus which are formed 
after neutron capture is a very important problem 
in the study of nuclear structure. The most gen
eral method for determining spins of levels is the 
use of beams of polarized neutrons and targets 
containing polarized nuclei. [1 J Many experiments 
with thermal [2, 3] and resonance [4, 5 J neutrons 
have been done by this method. A necessary part 
of the equipment is a neutron polarizer. 

The familiar methods for polarizing thermal 
and resonance neutrons are based on the use of 
interference between magnetic and nuclear scat
tering of the neutrons, which in principle cannot 
be pushed to neutron energies greater than 30-50 
eV, and in practice not above 10-12 eV because of 
the sharp drop in intensity. 

The present note discusses some possibilities 
for polarization and analysis of polarization of 
neutrons with resonance and higher energies, 
based on the spin dependence of the nuclear inter
action. These methods, which were known in prin
ciple long ago,C6J have become attainable because 
of the successful development of the dynamical 
method for polarization of protons [7- 10 ] and the 
method of polarizing He 3 nuclei by optical pump
ing.C11J 

Upon transmission of unpolarized neutrons 
through a target containing polarized nuclei with 
spin %. the transmitted beam has a polarization 
equal to 

(1)* 

where fN is the nuclear polarization, n is the 
number of nuclei per cc, d is the target thickness 
and <Ts and at are the neutron-nucleus interaction 
cross sections in the singlet and triplet states, 
respectively. 

For protons, the polarization cross section, 
% (as - at) is 

1 16,7(1-E/7000) 
4 ( 0•- Ot) = (1 + E/134) (f+E/4000) b ' 

where E is the neutron energy in ke V ( it is 
assumed that 1 eV < E < 3 MeV). 

(2) 
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Since the polarization cross section of the pro
tons is practically constant for neutron energies 
up to several tens of keV, the neutron polarizations 
will also be constant over this energy region. The 
degree of polarization of the neutrons which is at
tainable is sufficient for physics experiments. 
For example, we mention that using a crystal of 
La2Mg3 ( N03) 12 · 24H20 of thickness d = 2 em, for 
fN = 0.5 [S] the neutron polarization would be fn 
= 0.54; the intensity of the transmitted beam is 10% 
of the incident beam. 

Earlier [12 J it was shown that the He 3 ( n, p) 
reaction at low neutron energy goes preferentially 
through the spin 0 channel, and utlus = (2 ± 2%) 
as E - 0. Thus, for energies up to tens of keV, 
if one can neglect scattering, deviations from the 
1/v law, and p neutron capture, the polarization 
cross section of He3 is % (us - Ut) ~ 850 E-1/2 

barns, where E is the neutron energy in eV. 
Possibly it is most promising to use polarized 

He3 as an analyzer of neutron polarization. If N+ 
and N_ are the numbers of interactions induced by 
the neutron beam in a thin layer of spin V2 nuclei 
for the two directions of nuclear polarization, then 

(3) 

At low energies, for He3, ( N+ - N_) I ( N+ + N_) 
~ -fnfN. At energies E > 100 kev, when one can 
count proton recoils, for protons the ratio 
(us - ut) / (us+ 3ut) reaches 0. 72 at E = 100 kev 
and 0.32 for E = 1 Mev. 

The combination '' unpolarized incident beam
polarized target-polarization analyzer" is equiva
lent in principle to the combination of ''polarized 
beam -polarized target-polarization-insensitive 
detector'' used at present for determining spins of 
levels. An essentially new possibility is the use 
of a polarization analyzer to measure the depolari
zation on resonance scattering of neutrons in an 
unpolarized target. 

If the incident beam is polarized ( fn = fin. ) , 
the polarization of the scattered neutrons is 

f f = (1-2Q)fin• (4) 

where Q = 2uinc /3usc. is the probability for spin 
flip in a single scattering.C6J 

In the case of resonance scattering, the spin 
flip probability Q depends on the spin of the com
pound nucleus: 

2 I 1 
Q+ = 3 21 + 1 for J = I + 2' 

(5) 

where I is the spin of the target nucleus. The ex
pression (5) is valid for l = 0 ( s neutrons) if one 
can neglect potential scattering and the contribu
tion from nearby levels with other spin values. 
We give values of a± = ff /fin = ( 1 - 2 Q±) for 
different I: 

I t/2 I 

0,66 0,55 
0 0, II 

3/2 2 

0.5 0.47 
0.17 0.2 

s;2 
0.44 
0.22 

The strong dependence of the depolarization of 
the neutrons on the spin of the compound nucleus 
J permits one to determine J to sufficient accu
racy by measuring the polarization of the scattered 
neutrons. 

In conclusion the authors take this opportunity 
to thank V. N. Efimov for valuable discussions. 

*th =tanh. 
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