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PROPOSAL FOR A METHOD OF POLARIZING 1-Mev DEUTERONS

Lee G. Pondrom
Aeronautical Research Laboratory, Wright-Patterson Air Force Base, Ohio
(Received March 5, 1959)

The purpose of this note is to point out that
the elastic scattering of deuterons from He? can
yield a rather large deuteron polarization with
a high cross section. The differential cross sec-
tion in d-He* elastic scattering has been meas-
ured to 3% or better in the region of 1-Mev in-
cident deuteron energy.! The scattering in this
region is characterized by a resonance at 1.070
Mev which corresponds to the formation of the
first excited state of Li° to which is given the
assignment J=3%2 If one uses the phase-shift
analysis as calculated from these data assuming
a single resonance level with J=3, L =2,2 then
one can construct the tensor invariants of the
polarization for the scattered deuteron beam as
a function of energy.® This is done by writing
the scattered wave for incident spin projection
mg in the form

= ms s
Yms) —72'1;8' Ims' Xmg' > (1)
where Xm ,S is an eigenvector of Sz, and a,, s,ms

is a coefficient involving the phase shifts and
spherical harmonics. Here we choose the z axis
in the incident direction, and the y axis normal
to the scattering plane. Then the density matrix
for the scattered beam is

(mg’lplmg')=(2s+1)7 2 ams,m.s amsnmS*, (2)
ms
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normalized such that Tr{p}=do/d =I,. Follow-
ing reference 3, we express the density matrix
in terms of the unit matrix plus five independent
tensor invariants:

p=EJMAJMTJM’ (3)
where T ,,, transforms under rotation of the
quantization axis like the spherical harmonic

YMJ (6,¢). The expectation values (T JM> can be
calculated from the general rule

<TJM> =L, Tr{p Ty, M} ’ (4)

once the density matrix is known in terms of the
phase shifts.

Figure 1 shows the cross section, I,, and Figs.
2 and 3 give the tensor invariants for the scat-
tered wave, with the z axis as chosen above, as
a function of the incident deuteron energy in the
region of the resonance. Coulomb forces are
included in the calculation. The definitions of
the invariants as shown on the figures are the
same as in reference 3. The curves are reli-
able only in the region near the resonance en-
ergy, because the approximation tang,® =I"/[2(E,
-E)] was used for the resonant phase shift
Bz3. (T, of course, vanishes because of parity
conservation, and <Sx> vanishes because of the
choice of the y axis. Thus i (T,,)=(V3/2) (Sy >
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FIG. 1. Differential cross section in the center-of-

mass system for d-He? elastic scattering as a function
of incident deuteron energy in the lab system, calculated
from the phase-shift analysis of reference 2.

In the center-of-mass system this term has
angular dependence proportional to sinfcosé,
which is a maximum at 6 =45°. Due to interfer-
ence effects, (T,,)and I, do not peak at the same
energy. At 45°, (T,,)is 10 kev lower, and the
difference is not eliminated by varying 6 in the
region of 45°. Because of their behavior near
resonance and their small magnitude, both (T,,)
and (T,,) may be neglected.

In order to consider the effect of this polari-
zation on a second reaction, the axis of quantiza-
tion should be rotated so that the tensor com-
ponents are described in terms of the new inci-
dent direction as the z direction. Since the
orientation of the deuteron spin vector in its
own center -of-mass system is not affected by
adding an arbitrary velocity to the deuteron, the
desired angle of rotation places the quantization
axis parallel to the lab momentum vector after
the first scattering. For deuterons incident on
He*, 6¢c.m. =45° corresponds to 61ap =30°. The
transformation into the center-of-mass system
of the second reaction does not change the rela-
tive orientation of the z and quantization axes.
Thus Eq. (2.8) of reference 3 can be used
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FIG. 2. Tensor invariants of the deuteron polariza-
tion in d-He? elastic scattering as defined in reference
3, calculated from the phase-shift analysis of reference
‘2[ ./ Since N=Sy +2S,, in no reaction can 7 (Ty,) exceed

3/2.
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FIG. 3. Tensor invariants of the deuteron polariza-
tion in d-He! elastic scattering as defined in reference 3.
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directly, after the rotation is performed on
i(T,,) and (Ty).* The result is as follows:

I(e’¢) =Io(9) + % <T20>A(9)
+[3(2)V2(T,,) B(6) +i (T,,) C(6)]sinb cos¢
+% (6)Y2 (T,,) D(6) sin?f cos 29, (5)

where I is the unpolarized cross section; 4, B,
C, and D are polynomials in cosf, and are de-
pendent upon the reaction matrix elements. Be-
cause of the large magnitude of i (T,,) after the
initial scattering and the low energy, one would
expect the cos¢ term in the asymmetry to dom-
inate; the “right-up” type of asymmetry charac-
teristic of spin one would probably be much
smaller. Professor W. M. MacDonald has sug-

gested to the author that such deuterons may be
a useful tool in investigating (d,p) and (d,n) re-
actions. Dr. A. S. Langsdorf has pointed out that
polarized deuterons of higher energy may be
obtained by accelerating He* nuclei on a deuteri-
um target, rather than the inverse.
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For the rotation matrices see, for example, M. E.
Rose, Elementary Theory of Angular Momentum
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It is well known that the external brems-
strahlung (EB) produced by g-rays is circularly
polarized. The degree of circular polarization,
according to theoretical predictions, '™ is a func-
tion of the quantum energy and attains its maxi-
mum value when the quantum has the same en-
ergy as the radiating electron. The EB polar-
ization has been measured by some investiga-
tors*~7 whose results appear to agree reasonably
as far as concerns the energy dependence. A
lack of agreement seems to exist regarding the
dependence of the polarization on the atomic
number of the absorber. A strong Z dependence
has been reported by Cohen et al.® but it was not
confirmed by Galster and Schopper.® Recently
we® have found that the atomic number of the tar-
get affects the EB polarization to an extent which
seems to substantiate the calculations of Neam-
tan® on electron depolarization in matter.

With a view to obtaining further information on
the influence of matter on EB polarization, we
have investigated the circular polarization-en-
ergy relation for EB quanta, by using a magnet-
ized iron target as g absorber. The circular
polarization of y-rays was analyzed through
Compton scattering with polarized electrons
available in magnetized iron. The experimental
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apparatus and procedure were the same as pre-
viously described.””® The source of 3-rays (Y*)
was placed just behind the target (about 8 mm
thick) which was magnetized perpendicularly to
the polarimeter axis (B =16 000 gauss).

The measurements consisted of several 6-
minute counting runs, one for each opposite po-
larimeter field direction, made alternately with
magnetized and unmagnetized targets. Every run
showed that the asymmetry in the counting rate
for opposite polarimeter field direction was
lower when the target was magnetized. Taking
into account the correction factor of any instru-
mental effect, and the efficiency of the polarim-
eter, we obtain the polarization-energy relation
for EB quanta produced in the unmagnetized tar-
get. The relation for EB quanta produced in the
magnetized target is obtained from the preceding
relation by multiplying by the ratio of the meas-
ured asymmetries. This is right, in view of the
fact that the interesting spectral distributions
for the two magnetization states of the target
have identical shapes. The two relations are
shown in Fig. 1. For each curve a total of 6 x107
pulses were counted. The quoted errors are
only statistical.

It is noteworthy that at low energies (E<1.4



