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The photodisintegration of H? is analyzed with the help of the wave functions derived by

Kikuta, Morita, and Yamada. (27

- The dependence of the integral cross section o_y on the

radius of the hard core of the nucleon is given. The cross section for the reaction H?(y,d)n
calculated with the wave functions of KMY is close to the value obtained by Gunn and Irving (e
if the functions for the ground state of H?® yield similar mean square radii. The value of the
cross section in the vicinity of the maximum is not less than two thirds of the experimental

value.

SOME important characteristics of the photodis-
integration of He? have been measured by Varfolo-
meev and Gorbunov. !- These authors obtained
the cross section of the reaction He? (v, d)p and the
integral cross sections o = fo(E) dE and

o4 = fU(E) dE/E. Comparing the experimental
and theoretical results, they gave preference to

the H® (He®) wave functions with account of the hard

)
core of the nucleon.’

The influence of the hard core of the nucleon on
the three-body binding energy EB and the Coulomb
energy Ec for central spin dependent forces has
been investigated in detail in the paper of Kikuta,
Morita, and Yamada. (2] I contrast to previous
studies, [3:4] these authors showed that with a hard
core radius of d = 0.4 x 10713 ¢m one can obtain
for both Ep and Eg values close to the experimen-
tal ones.

The explicit form of the H® wave function,

']p = VN (e—P(Tr‘d) — e-V(Tl—d)) (e—P-(Tz-d) _._e—"(rz—d))

[2]

x(e'—}"(rr‘d) — e‘V(Ts—d)) (1)
has recently been used by a number of authors [’
for the calchulation of oy and o_y. However, the
value of of_:ieor = 2.72 mb discussed by Varfolo-
meev and Gorbunov ! was obtained in'5' using

very crude values for the parameters p and v:

p=04-108%cm?, v=4.5-10¥%cm™,

d=04-10"cm.

theor

For a careful comparison of oy with the ex-

DIn the following we shall neglect the difference in the
cross sections for the reactions H3(y,d)n and He’(y,d)p,
which is important mainly for small energies of the emitted
nucleon.

perimental value o_ef{p =(3 = 0.3) mb 17 it is im-
portant to investigate the dependence of o_; on the
radius of the hard core, taking for each value of d
the best values of the parameters p and v given
by Kikuta et al. 22

The values of the mean square radius T, the
binding energy ER, the Coulomb energy Ec, and
oﬁleor ~ 1% for H® are listed in the Table for two
values of the singlet effective radius rg (cf. 8).

It follows from the Table that the introduction of
the hard core leads to an increase in T as d changes
from 0 to 0.4 X 107!3 cm. No regular dependence

of T on d is observed in the region d ~ (0.4 to

0.6) x 1071 ¢cm. The calculated value of?eor is
increased by a factor two as d changes from 0 to
0.4 x 1073 cm. For d ~ 0.4 x 10" 3 cm it takes the
value 2.32 mb, which is close to the value observed
in experiment.

However, the values of o_; quoted in the Table
give rather poor information on the character of
the photodisintegration of H? (Hed). In particular,
it is not obvious beforehand to what degree the
hard core affects the partial cross sections of the
photodisintegration of H® (He?). Below we show
the curves for the cross section of the reaction
H? (y, d)n obtained with the help of the wave func-
tions (1) with three sets of parameters:

a) d =04-10"%cm p=04-10%cm™
v = 4,5-108 cm™

b) d =04-10%cm p = 0.5-10%cm™
v =45.-108cm™

¢)d=06-10%cm p =0.5-10%cm™
v =4.5.108 cm™

The parameters of sets a and b are close to the
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10-% ., cm™ “::.‘{’ 100+, cm | Ep, MeV | Eg, MeV| o_, mb
= o } 0.4787 o 1.11 10.26 | 0,986 | 1.19
d =0.4.10713
r— 24101 om }0,4811 4,23 1.45% 7.65 | 0.777 | 2.03
d=0.4.-10"18
g AT } 0.4415 | 4.1 1,55+ 6.49 | 0.729 | 2,3
d=0.6.10"13
S o em Los 4.5 1.48 6.4 | 0,75 | 2.12

ones given in the table. The mean square radii in
the cases a and b are ry = 1.68 X 10°'3 ¢cm and
rp, = 1.43 x 107% cm.

The cross section for the two-particle disinte-
gration of H® is calculated with the help of the
formula ™
eKE,
181

5 = V ey (1) oo (o, 7, 2) dpdr *aox (@2
(A =c =1), where K is the relative momentum of
the neutron and the deuteron, ¥g(rny — rp) is the
deuteron function, p = rpy = (rpp + rp)/2, and rpy,
Irny, rp are the radius vectors of the two neutrons
and the proton in the laboratory system. The
ground state function of H?, Y (p,r,x), depends
on p, r, and x = (rp)/rp. Only the S state of the
deuteron with the radial dependence of Hulthén (8-
is taken into account in the calculation.

The presence of the hard core of the nucleon
complicates greatly the integration over the varia-
bles p and r in the matrix element

M = 8 e~iKe g0, Yy dp dr. (3)

We divide the region of integration in (3) into three
parts so as to separate out the region r/2 — d

=p =r/2 +d:

1

S dz S dp dre Eepy p, Py

—1e>r/2+d

M =

+ dpdre &Py p; Pu
rlz—d<p<r/2t+d
1

+ S dz S dpdre e p, b
—1 p<r/e—d

=T, 4+ Ty + T (4)

The integration over x is due to taking account of
the S state of the deuteron. Since the dipole opera-
tor is proportional to p and the deuteron wave
function is localized in a small volume, one may
expect the main contribution to the matrix element
M to come from the integral J; (p > r/2). This
qualitative assumption is confirmed by numerical

evaluation of the integrals J; and J; and estima-
ting the integral J, on the Physics Institute elec-
tronic computer.

The figure shows the cross section for the re-
action H? (v, d)n for the cases a, b, and c¢. The
curve d represents the reaction cross section as
calculated with the use of the wave function
b ~expl-a(p? + 3r2/4)1/2] , which gives
04 = 1.32 mb. %

Comparison of the curves a, b, ¢, with the ex-
perimental datal!” indicated in the figure by the
step curve ? shows that using the function (1) one
obtains the correct position of the maximum but a
magnitude of the cross section which is two low by
a factor of about two thirds.

The calculation shows that the cross section for
the reaction H3( v,d)n is insensitive to the behavior
of the H? wave function at small inter-nucleon dis-
tances. The hard core of the nucleon affects the
cross section only via the change in the dimen-
sions of H3.

All calculations of the cross section of the re-
action H3 (v, d)n have so far been carried out only
in Born approximation. This is justified by the
smallness of the doublet _Phase shift in the p state
of the emitted nucleon. ®! From this point of view
the discrepancy between theory and experiment
must have its cause in the inadequacy of the wave
function of the H® ground state.

On the other hand, the figure shows for com-
parison the positions of the maxima of the cross
sections for the reaction H® (v, d)n obtained using
a Hulthén wave function for the deuteron and H?
wave functions of the form 7

exp {— (6 - 3r°/4)" (g* -+ Br2f4)h,
exp [— a (p? + 3r¥/4)],
which lead to the correct dimensions for H? (the
2The experimental data shown in the figure are more ac-

curate than in [*] and have been kindly communicated to the
author by A. N. Gorbunov on January 8, 1964.
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curves o and B correspondto T = 1.75 x 10713
cm). Comparing the cross sections a and «, S,
we can say that approximately the same values of
the cross section of the order of 0.7 mb are ob-
tained for a rather large class of wave functions
yielding a correct mean square radius for H?® (in
our case with nucleon hard cores, in the work of
Gunn and Irving, [ without). 17 Considering the
sensitiveness of the cross section to the extension
of H® (curves a, b, and ¢ and Fig. 1 of[”) it is
seen that it is hardly possible to raise the curves
for the cross section to about ¢ ~ 1.0 mb without
giving H? too large dimensions. This circumstance,
evidently, points out the necessity of a more exact
treatment of the wave functions of the nucleon and
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the deuteron in the final state.

The author is deeply grateful to A. M. Baldin
for numerous discussions during the course of this
work, to A. T. Varfolomeev and A. N. Gorbunov for
a discussion of the results, and to V. P. Fomina
for doing the computations on the Physics Institute
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