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3.55 The 2H(g,X)AHe reaction at low energy
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It is well known that for deuteron center of mass energies below E_ = 20 MeV the
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H(d, y) He reaction is domjnated by the E2 amplitude A =< Hel|E2| D_>, almost

entirely determined by the He S-state. The He D-state generates contrf%utions to
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the amplitudes B = < He|E2]| §,>, C= < He|E2| D, > and D = < Hel|E2| G2> . Recent

experimentall) and theoretical work has shown that the tepsor analyzing powers of
the reaction are very sensiE}ve to the D-state admixture in He and in particular to
the D/S state ratio p of He. We report here on improvements in the theoretical
description of the reaction and consider specifically a situation where the deuteron
energy is low E_<5 MeV.

The E2 operator is proportional to
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where ©, are the proton position vectors relative to the He center of mgss, T is the
displacement between the centers of mass of the deuteron clusters and tje =P Y2 is a
solid spherical harmonic. In ref. 2 it was assumed that

> Yhro viYhe (2)
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which is equivalent to a point deuteron approximation in the E2 operator. With this
approximation the E2 amplitudes depend on the internal structure of He only through
the Erojection of He into 2 deuterons <¢ ¢d|¢ > . The contributions from the T

2nd r 4 terms of the E2 operators were calculateg using a gaussian wave function for
He tﬁat reproduces its rms radius. We find that for E < 20 MeV such contributions to
the amplitudes B and C are typically of the order of 10 per cent of the amplitudes
for point 1like deuterons and negligible in A and D. Furthermore the amplitude
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< So|E2| S_> generated by the deuteron D-state was found to be very small compared

2
withlyhe dominant <1S |E2|5D > amplitude. The comparison.of tensor analysing power
data at E. = 4.85 Mé% with calculations for a complete E2 operator using separable
interactions to desgribe the scattering states does not change the range of p values
previously obtained ', namely -0.5 <p < -0.4.

As the deuteron energy decreases the amplitude D becomes negligible and A,C are
strongly reduced relative to B because of centrifugal effects. Since the initial
state in B has channel spin 2 this amplitude is mainly determined by the He D-state.
Therefore He D-state effects should increase appreciably for low energy. This
phenomenon is particularly noticeable in the tensor analyzing powers but may also be
seen in the cross section. The total cross sections for the radiactive capture and
the inverse reaction are given by
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oT(dd — yoa) = 6.4398 x 10 & E?p TUWUD (3a)
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UT(YG —> dd) = 7.5226 x 10 EY pTHKHD (3b)
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where E_ (MeV) is the y ray energy, p(fm =) the relative wave number in the scatte-
ring stdte and

912



913

T = 7.5mN° [B1Z + (1a1® + IcI®)/5 + [D%/9]. (4)

In eq. (4) the amplitudes A,B,C,D, defined in ref.2, are assumed to be calculated
with the point deuteron form of the E2 operator ang with the S and D-state part
of < tpd ¢d|¢o‘)normalized to unit probability. N~ is the probability of the
2-deuteron configuration in He in a relative S-state. Calculations of G_(¥Yx>dd) for
E <20 MeV, shown in Fig.1l, were performed as in ref.2. Coulomb effects were estimated
using an energy dependent penetration factor and are found to decrease the cross

section by 30% and 5% at E. = 1 and 5 MeV, respectively. The best fit to experiment
over the energy .range 1 MeV<E <20 MeV is obtained for a 2-deuteron S-state
probability of N~ = 0.55. The D-state probability in the 2-deuteron configuration
depends on the value of p and is of the order of 15% of the S-state probability. As
shown in ref.2 the tensor analysing power A is particularly favourable for an
empirical determination of P. Fig.2 shows the r‘ggult of calculations of A at @ = 450

(where the cross section is larger) as a function of incident ener‘(é/y and for
different values ofp . We find that A is strongly sensitive to P down to energies
of the order of 2 MeV. At lower energ\@és the amplitude B is dominant and the tensor
analysing powers become igdependent of p. In particular as E >0, A (W/4)->1/4.

We conclude that the He D-state effects increase both in the l%% and high energy
limits. In the low energy because of the absence of centrifugal effects in B and at

10 ] high energy because of the D-state high
E momentum components.oThe measugement of
T P+a —d+d A close to O =45 and 135, within
B t%‘g low energy range 2<E <20 MeV,
B should be particularly useful for the
™ determination of P .
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Fig.l Total cross section for the Y ->dd Eig_@ Tsnsor analyzing poweg A of the
reaction. The data is from Ref.3). The H(d,¥) He reaction at@ =45 A culated
broken curve is obtained with A # 0 and as in Fig.,l1 including the amplitudes

B=C=D=0. The 3 full curves include the A,B,C,D, and for the same values of P .
effect of B,C,D, and correspond to P equal
to -0.5, -0.4 and -0.3.
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