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We consider a model in which pair correlations are taken into account and discuss the photo-
disintegration of the He* nucleus. The available experimental data allow us to estimate the
range of the pair correlations r% (S: spin of the correlated pair). In triplet states r%{

~ (1.3 to 1.4) 10~ 13 cm. We obtain an upper limit for the correlation range in singlet states:

rk < rk/s.

].. One of the directions in which the theory of the
nucleus has been developed is via an account of
nucleon pair correlations. There are a number
of papers[!-3 devoted to this problem. On the
other hand, Levingerm has some time ago indi-
cated the importance of nucleon correlations for
the theory of photonuclear reactions in the high
energy region.

Gorbunov!® has obtained experimental data on
the reactions

(Aa)
(B)

He'(y, np) D,
Het (v, 2n) 2p,

and in particular the cross section for the reaction
A and the ratio of the number of cases in which re-
action B is observed to the number of cases of re-
action A (which is approximately equal to 1/8). We
shall show in the present paper that these experi-
mental data enable us to reach some conclusions
about the character of the nucleon correlations in
the He* nucleus. As the correlation is essentially
determined by nucleon-nucleon interactions at small
distances, these conclusions can apparently also be
applied to other nuclei. We can here note before-
hand that the small difference between the cross
sections for the reactions B and A indicates that
the correlations of nucleon pairs in singlet states
is appreciably weaker than in triplet states: our
calculations corroborate this assumption.

2. We write the He! nucleus wave function in
the form

V=N ” ” (I -+ Xf/ QS) Wrpm, (1)

S i
where ¥ip isﬁthe independent particle model
wave function, QS the projection operator into a
nucleon pair state with total spin S and vanishing

total relative orbital angular momentum; xisj are
correlators.

We shall assume that the correlators have the
following properties: 1) they are functions of
| vy - rj | only and xisj(o) = —1 corresponding to
a strong nucleon-nucleon repulsion at small dis-
tances while xiS~ — 0 as r — < ; the distance over
which the correlation differs appreciably from
zero is called the correlation range; 2) the corre-
lation range may depend on the spin of the corre-
lated nucleon pair; 3) the correlators are inde-
pendent of the third component of the isotopic spin
of the pair in virtue of the charge-independence of
the nuclear forces. We shall also assume that the
correlators are small, and shall neglect their
products with one another. The criterion that
they are small is expressed by the inequality

,
2 e <l
mn

where the cg}é’ are the expansion coefficients

G297 = 2 CH0e )

The <pi0‘ are here the single-particle functions
out of which ¥ip) is constructed; i and j are
particle numbers; a and B are their individual
quantum numbers.

The function ¥ must be normalized using the
condition | (¥ |¥1pM)|?=1. To evaluate the nor-
malizing factor N we write the two-particle func-
tion zp%(ij) =(1+ xiSjQS)(p?@? in the following form

Vo (i) = (235 + axi Q%) o],
zip =1+ <aio] | %5 Q%] ol

where the operator § makes the components of
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xiSjQSQD{J‘wJB which belong to ¥1pp vanish. When
writing it in this form the condition*

C?f |41 Q° | ¢lef> =0
is satisfied. '
Using the fact that the correlators are small
we have
N = {H S\ =21
Sap ‘
and

W =Yy 22 a1 QY rpue (3)
L

We note the resemblance of Eq. (3) with the expres-
sion for the wave function in the first order of usual
perturbation theory.

3. It is convenient to take as the wave function
¥() of the final state an eigenfunction of the Hamil-
tonian

4
Hp =2 Ti+ Vis + Vs,

=1
where to fix our ideas the numbers 1 and 2 indi-
cate respectively a proton and a neutron with mo-
menta hk; and hk,, while the numbers 3 and 4 in-
dicate the proton and the neutron which in reaction
A form a deuteron and in reaction B move with
some energy of the relative motion Ere] = h%2%/2u
(u=m/2 is the reduced mass). Such a choice of
Hf is connected with the fact that the interaction
V34 which leads to the formation of a deuteron
must be taken into account exactly. The remain-
ing part of the interaction

V' = Z Vij —Vie —Vas
>j
can be taken into account approximately but we
shall not do that as the correction will only be im-
portant near the threshold of the reaction.

We only evaluate the total cross section for the
reactions, and restrict ourselves therefore in the
operator for the electromagnetic transition Hg to
the electrical dipole term, i.e., we put

He~5 VLT,

where ¢ is the polarization vector of the y quan-
tum and 7} the third component of the isotopic
spin of the i-th nucleon.

If we separate the motion of the center of mass
of the nucleon pairs 1-2 and 3-4 from their relative
motion, which is possible when we choose oscillator
wave functions,T we get the cross section for the

*One usually puts <q)?cp? %1 979> = 0. It is, however,
practically impossible to find a function Xij with arbitrary
parameters satisfying this condition.

tThe elimination of the center-of-mass motion was per-
formed by the method used by Lipkin.®
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He (y, np) D reaction in the following form:*
do4 ~ 3| G (K) gog1 (k) kP dK dk, g = S(Pa (Y) @rey (r) dr,
g5 () = @)\ P Qrer (M ar, S=0, 1,
G (K) = (2m)—": S e—¥R® (R) dR. (4)

Here ¢g is the deuteron wave function, ¢ye] the
wave function of the relative motion of the nucleon

pair, k = } (k;—k,), K=k, + ky,and & (R) is the wave

function of the center of mass of one pair of nucle-
ons in the He! nucleus with respect to the other
pair. In deriving Eq. (4) we have assumed the
phase shift in the p state to be equal to zero.

For a given energy EA of the incident 7y quan-
tum the magnitudes of the momenta hK and hk
are connected through the energy conservation
law. Integrating (4) over the angles of the vectors
K and k and over all values of k possible for a
given EA we obtain the cross section for the re-
action A as function of the energy EA. It is, fi-
nally, necessary to give the explicit form of the
correlators. The most convenient form for cal-
culations is

1 = — e (B o
and then the correlation range r% ~ Béi/ 2, A com-

parison of the calculated and the experimental cross
sections for the He*(y, np)D reaction (see Fig. 1)
enables us to choose B; ~ (0.5 to 0.6) x 1026 cm™2
corresponding to a correlation range in the triplet
state of rk ~ (1.4 to 1.3) x 107 cm. This result
corroborates the validity of the assumptions made
in Sec. 2 involving the smallness of the correlators.

60 em?

FIG. 1. Total cross sec-
tion for the He* (y, np)D reac-
tion. The points are Gorbunov’s
experimental data® and the
curves 1,2, and 3 the theoret-
ical total cross sections for
B, =0.7, 0.5, and 0.3 x 10*

cm ™2, respectively.
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*For the sake of simplicity we have omitted from Egs. (4)
and (6) the factor 4{z%}~*(e?*/hic) (27)*i*'m~?E;*, where E,,
is the energy of the y quantum.
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Indeed, f’or the above-mentioned values of 8 we
have 2, |cMB|2 & 0.048 and 0.040.
mn %A

4. We can obtain information about the triplet
correlation range only from the data on the
He! (v, np) D reaction. It turns out, that one can
determine an upper limit for r%{ by comparing
the cross sections of the reactions A and B (in
practice one compares the number of cases where
the reactions A and B are observed under iden-
tical circumstancesf®l).

We evaluate the cross section for the He4(y, 2n) 2p
reaction for the case where k; and k, are the
same as the corresponding momenta in the reac-
tion A and the nucleons 3 and 4 move with a rela-
tive momentum k. The energy necessary for this
case is EB = EA + eq + h%?/2u, where €4 is the
deuteron binding energy. We get

do® ~ (4m)7 3} %St G (K) gos (%) gs (k) k3
S
+G (K) gos (%) gs (%) #L 2 dK dk dx,

—_ s
< gs@ =) 2 (I gy . (®)
Here, 65 is the phase of the s wave in the corre-
sponding spin state.

Integrating (4) over the angles of the vector k
and multiplying it by the number of y quanta in
the beam with energy A (denoted by nA) we get
for the reaction A the number of reactions for a
given momentum hK. On the other hand, integrat-
ing (6) over the angles of the vectors k and «,
multiplying it then by nB and integrating over «
from zero to its maximum value determined by
the end-point energy of the v spectrum and the
energy EA we obtain the number of reactions B
with energies from EA + ¢g to EB. « (for the
same fixed values of K and k). We denote this
quantity by pB(EA, k). The ratio pB/pA can
then be expressed in the form
p°Ip* =C (E*, k)

= (g O NG {2 @) | ngls (o ax
S

+ k=g (k) S nB g% () wd du} ) (7)

We note that the momentum hK has disappeared
from this ratio.
The quantity

x = Sp*‘ (E, k) C(E*, k) dEdk /&p“‘(E, k) dE dk
(E=E")

in which we are interested can be evaluated for

different assumed values of the parameter g;,. The
results are given in Fig. 2.

FIG. 2. The results of the calcu-
lations of x. The shaded band corre-
sponds to the experimental value
x = Y, (see reference 5),
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If we take into consideration a certain lack of
precision both in the experimental data and in the
calculations, we can state that the correlation
range in the singlet state of a nucleon pair is not
larger than about 1/3 that of the triplet correlation
range. This result depends only little on the pre-
cise choice of the form of the correlators.

There are at the present no calculations which
enable us to find the form of the correlators of
the correlation range from a general theory and it
is thus difficult to interpret the result obtained
here. It is, apparently, connected with the large
difference between the nucleon-nucleon forces
in the %S and the IS states at small distances.

I consider it a pleasant duty to express my
deep gratitude to M. Ya. Amus’ya for valuable
discussions connected with this work.
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