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Explicit expression for the deuteron overlap integral occurring in the reactions
with deuterons has been obtained. Harmonic oscillator wave functions have been
used for nucleons whereas (*5) +® D)) - state wave function obtained as a solution
of the Schrédinger equation with tensor forces was employed for the deuteron. A
good agreement with experimental data is obtained.

1. Introduction

The majority of the reduced widths for various channels of light nuclei has been
calculated and compared with experimental data [1-2]. In the paper [2], its theoretical
expressions have been obtained using simplifying hypotheses concerning the structure
of the emitted particles.

The effect of the structure of the emitted particles on the reduced widths using for

the intrinsic wave functions of the emitted particles only 35| - state functions has

been
analysed [1].

In the present paper, we have studied the effect of other states than the 35 - state

on the reduces widths. We have, for instance, considered configuration 35, 4-3 D; for
the intrinsic deuteron wave functions.

A good agreement with experimental data is obtained.

Explicit Expression for the Deuteron Overlap Integral

Explicit expression {or the aniplitude of the reduced widths occurring in the reactions
with deuteron has been obtained in Ref. [1].
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In the relation (A), p is the reduced mass of the neutron-proton system and R, the
channel radius of the nuclear reaction with deuterons. va is the multiplier resulting
from the antisymmetrization of the functions implicated in the reactions with deuterons.
The notation C.CE:ESCE.&.SV represents the coefficient of vector addition, while the

quantity

(1 j2(r2)ada(aa)dlinds (jra)jzjaljaa)i) =
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is proportional to the 9-j symbol. The Racah coefficients W are defined by the relation

(G1ja(Gr2)isilirdada(ies)i) =
(2712 + 1)(2523 + D)W (j1j2iis, J12323)-

More details relating to the significance of the notations used in this work can be

found in Refs. /1-2/.
The deuteron overlap integral intervening in relation (A) has the following form

QuLyls = MU Ahm?ﬁ@hus_humﬁo.ﬁ:hav

mp,m

\AS:QN:s:_xSs:Siimav diz5dr, (1)

where XpLym., 18 the spatial part of the deuteron internal wave function, lvlm(R3))
Larmonic oscillator wave function taken in the deuteron centre of mass and

T‘:?:iwh@ﬁ:hev = MU A??a:ﬁm_:&wheq:ﬁe:31:3;v _ Zu;nlﬁ.mv‘ va
For Ly = 0 the expression (1) has been calculated in /2/ and for Lz = 2 it is to be
calculated. Thus, by means of the transformation

Ry = (7 + )27 7=+, (3)
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we shall pass from the wave function (2), expressed in coordinates with respect to the
centre of the potential well, to a sum of the wave functions expressed in relative and
centre of mass coordinates of the nucleons

|nilinaly Lemy, ) = M M (nelrnpyln,lsll, Hnlinaly Ly) Inclonp, Lymz,)  (4)

nRrylry nele

with the selection rule resulting from the energy conservation law

9y 411 4 20 + 1o = 2, + 1, + 20p, + g, (4)

Inserting the expression (4) into the overlap integral (1) and integrating over the
angular variables, one obtains

oo

QurytLa=2 = (N = v, Ly = 2,vl, Lu|1, ::ESNMPVV\ RN_y,Ly=2(r)fp(r)rdr,  (5)
0

where Rni(r) is the radial part of the oscillator wave function and fp(r) can be expressed

as [3/
fp(r) = Npezp(=ér) [1 + 3(67)7 4+ 3(6r)7?] for r. =0 (6)
and

fo(r) = Ns T +6(8re)" + 12(67.)"2 + o.ﬁ?.ovlw_l\w
[1+3(6r)~" +3(8r)7*| exp(~dr) for rc#0 M

The explicit expression for the matrix element (|) can be found in Ref./2/.
For the zero radius of hard core (r. = 0), taking into account the expression of
Rai(r) and (6), the overlap integral (5) becomes

Quryn,=2 ={N —v,2,vl, L1, 1|nil;, naly, Ly)

N-v
N-—v+5/2 ) (=1
Exti\&_\m N-—v—k ook (8)
where F} is given by the integral
o alr? 22
Py = \ exp(— 22 ) (o, fp (r)rdr. (9)
0

Taking into account the connection between the parabolic cylinder functions and
the confluent hypergeometric function, (9) becomes

Np(2k + 3)!
me».:

Iy =m
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in which the significance of the function gk (z) is

The notation 1 Fi(a, 8, y) means the confluent hy
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pergeometric function. Substituting

(10) in (8), the overlap integral becomes
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For ro # 0 the function (7) should be inserted into (9) and in this case the overlap
integral gets the form .
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3. The Deuteron Reduced Width

The explicit expression of the amplitude of the reduced width is given by the relation
(A) with (12) and (14). . o ,
The expression of the reduced width 7% is obtained by taking into account the
internal wave function (6) /3/. Thus,

2

Y=Y e | (15):
R
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25 /2/ 35, +° D,

E Jr T Decay 1 rc=0 ] re =043 | 7. =0 | 7o = 0.43 | Exp. R.
(MeV) mode fm) Im) f2] (fm)
1669 | 3V 1| H+m? |o 0.7

0.63 0.76 0.24 0.71 7
1881 | 3t 1| HeB4H? |0 0.7

Table 1. The calculated deuteron reduced widths for the case of several simple nuclei.

in which the amplitude of the reduced widths vc;;, can be written in the form
Yelj, = COSWYelj, Ly=0 + SIN WYelj, Lo=2- (16)

In its expression, the parameter

m,m, w 143 ‘
B, = Altlv (17)

My +my h

appears, where w is the frequency of the oscillator. In the following calculation, we
supposed that the neutron and the proton masses are equal. Thus o, = /\I*wlm. in
which m is the nucleon mass. On the basis of expression (12), (14) and (15), we have
calculated the deuteron reduced widths for case of several simple nuclei (Table 1).

4. Discussion

The explicit expression of the deuteron internal wave function depends on the chosen
potential. Because it is not yet established which of the potential is the most adequate
one, for solving the deuteron problem there are several hypotheses. The functions (14)-
(15) have not a good behaviour at the origin [4] and at the same time the function
(15) cannot be normalized to unity [5]. If one uses the method (16)-(19) [3] for the
determination of the normalization coefficients, it follows that the reduced width is
approximately 2.5 times smaller than obtained for the S-state. However, using a hard
core potential with functions (20)-(21) [3], the result for the S + D mixture is quite
the same as that obtained experimentally. Hence, we can conclude that the effect of
the deuteron D-state on the reduced widths depends strongly on the behaviour of the S
and D states in the neighbourhood of the origin. For functions (14)-(15) [3] the results
with § 4+ D mixture functions are differing very much from the pure S-state wave
functions. On the contrary, by introducing a hard core potential we have eliminated
the part appearing in the overlap integral which seems to bring for the S + D mixture
the largest contribution. These results show that is possible for the considered effect to
Play a more important part than it seems at the first sight.
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