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The distributions of the p- and d-« relative energy of the {Li— p+d+a+a~ decay
products are calculated with the use of the &(d—=z—A) cluster wave function of fLi. For
ALi = *He+*He+n decay the distributions of the 3He— “He relative energy and angular
distribution of the 3He are calculated with the use of the &(d—a—A4) and P(CHe—t—A)
cluster wave functions for the description of the fLi. It is shown that the mentioned angular
distribution strongly depends on the structure of the f{Li. The energy distributions for both
models of the {Li decay agree with the experimental data.

1. Introduction

The aim of this paper is to calculate the energy and angular distributions of the
aLi - p+d+a+n-and jLi ~» *He +3He +7~ decay products. The experimental data on
these modes of the decay of the ;Li hypernucleus has been given in [1]. The analysis of
the energy and angular distributions of hypernuclear decay products can be used to de-
duce the structure of hypernuclei, the interactions in final states and in some cases to de-
termine spins of hypernuclei. In our work we shall estimate the influence of a hypernuclear
wave function on the discussed distributions in the decay of the JLi hypernucleus. The
results can serve to test the wave function and the model used for the description of the
7Li hypernucleus. To describe the ]Li hypernucleus we use two functions: one correspond-
ing to the d—oa—A cluster structure and another-to the *He—¢— A structure. We hope
that the latter mode of clustering of nucleons in the JLi hypernucleus can play an
important role in the ;Li — “He 4+ 3He +7~ decay. The angular distribution of the TLi -
“He+°He +n~ decay products strongly depends on the model which is assumed for the
JLi hypernucleus. In the JLi —» p+d+«+n— decay we calculate the p—a and d—o rela-
tive energy distributions. The general shape of the theoretical curves agrees with the exper-
imental data.
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2. iLi » p+d +a+n— decay mode

In [2] the JLi hypernucleus has been studied with a three-body model consisting of
an a-particle, a deuteron and a A-particle. The reasons for such a model are that a two-
-body «~d model gives a good description of the ground state of the ;Li nucleus and be-
cause of the weak binding energy of the A-particle in the ,Li hypernucleus. The wave
function corresponding to the d—a— A model can be written in the form:

Yur = 82d(720)824(r2a) 8aa(Ta4)s e))

where 1,4, 7,4 and ry, denote the a—d, a—A and d— A separations, respectively. In [2]
the more general form of the }Li wave function has been considered:

Yuy = 8ans Ta)8aa(Fan)s 2
where
g(raA’ rad) = [1 - (p + me—craA)rad] (e-ﬂx"«d + Se_uzrad) (3)
and
Qaalras) = e a4, )]

The parameters of these functions have been fitted to the binding energy of the ;Li hyper-
nucleus [2]. In the form (2) the exclusion principle are included by the term containing
the factor [p-+mexp (—cr )] 7o

We use the form (2) for the description of the ;Li hypernucleus in the calculations of
energy distributions of the jLi — p+d+a+n~ decay products. The martix element for
this decay in the absence of final state interactions and neglecting the parity nonconserving
term in the weak interaction Hamiltonian is:

<WI(H1 [ wa> ~ _[ ei(p,.rn +pd’d+pzr“+pnrn)(pgr(d)<pgr(a) X
X 5(rA - rn)a(rn - rn)wHif(rh ¥, r3)drndradr1:drAdrd’ (5)

where H, is the Hamiltonian of the weak interaction, v, is a final state wave function
which is a product of plane waves of emitted particles, yg, denotes the initial function of
the ;Li hypernucleus. By p,, p;, p. and p, we denote momenta of the proton, deuteron,
a-particle and pion, respectively; r,, #;,-#,, ¥, and r, are the respective proton, deuteron,
a-particle, pion and A-particle coordinates.

The final state of the jLi - p4+d+a+7a~ decay is a 4-body state and in the hyper-
nucleus centre-of-mass system we may introduce the following systems of variables:

1. The p-a relative momentum, p,, the d-a relative momentum, g¢;, and the total
momentum of the proton and the a-particle, P;, which is equal to the total momentum of
the deuteron and the pion with the oposite sign.

(mapn - mnpa)a (63)

P m,+m,

(mdpu - mnpd): (6b)

7= my+m,

Pl = pn+p¢ = _(pd+pn)‘ (60)
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The total energy expressed in these variables is:

pi q1 P?
26D T 2 T 5, Q)

& =

where p{" is the p— « reduced mass, p\" is the d— = reduced mass and p'V is the (p +o)—
—(d+mn) reduced mass.

2. The d— o relative momentum, p,, the p—r relative momentum, ¢,, and the total
momentum of the deuteron and «-particle, P,, which is equal to the total momentum of
the proton and the pion with the oposite sign.

1
P = T (mapd mdpa)’ (83)
nld“l"’
1
q, = (rnnpn—"nnpn)b (8b)
mn+m7!
P, = py+p. = —(p.tpo) (8¢c)
The total energy is:
2 2 2
P2 dz P;
&= 2u® 7 2u® + 21 ©)

here ;1(2) is the d— o reduced mass, u(z’ is the p—n reduced mass and u‘® is the (d+o)—
—(p +n) reduced mass. By £, and E, we will denote the p—« and d— « relative energies,
respectively. The differential decay rate, for the ;Li — p+d+x+7n— decay in which E;
(i = 1, 2) is within the interval dE; is given by:

do p? g P}

\/E j\<wf|H |1I}Hf>|25( - m - EF - 2,11(‘)) dqthu (10)
where 4 is the energy of the |Li — p+d+a+n~ decay (4 = 30.69 MeV).

To calculate the matrix element (5) we use the variables r;, ¢; and R (i = 1, 2) which
are connected with the coordinates of the proton, the deuteron and the a-particle by the
formula:

vy = F,—Fy, (11a)
myr, + mgyr,
o = rp— ——— ! (11b)
m,+my,
myt,+ myr;+ m,r, )
R = nn AT Tale (11c)
m,+my+m,
and
¥y = ¥,—F, (12a)
myr,+ mr,
0, = Pye— — et (12b)

m,+m,
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In these varibles, the wave function (2) may be expanded into the series of Legendre polyno-
mials:

’PHf("i, 2) = Zl:fi(ria )P 1(; iéi): 13)
where
21 +
fl(rta Ql) V)Hf(rl’ 2; )Pz(";@ )d(rlgl) (14)

The plain wave in the formula (5) is expanded into the partial waves:

eipiri+iPmi = (4ﬂ) z Z ll+l]l(rlpl).]l(el l) Ylm(rl)Ylm(pt) Yl m' (Qt)Yl’m (Pl) (15)

Im U'm’

Substituting (13) and (15) into (5) and integrating over directions of the vectors r; and g;
we obtain:

{welHylyg> ~ z (- )l j Qz r; Jl(QiPi)jl(ripi)fl(ria 0i)Py(cos @;)dridg;, (16)
where

cos @; = ﬁi}\’i. (16a)

In numerical calculations partial waves with 1 > 0 were found to be unimportant. The cal-
culated spectra of the relative p—o and d —« energy are presented in Figures 1 and 2 to-
gether with the experimental curves. We see th 't the general shape of the theoretical

24

3
o
T

]
T

=]
T

Frequency (Arbitrary Units)
IS

A

1 1 i L [
o 1 2 3 4 5 § 7 8 9 n 1 122 B 4% 15 K 1V
: Ep-Het(MeV)
Fig. 1. Distribution of the p-@ relative energy in the {Li— p+d+a-+a- decay
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curves agrees with the experimental data. Obviously, final p—« and d—a interactions,
neglected here, should be important for the p—a and d— « relative energy distributions.
It seems that the experimental data are not yet sufficiently exact for the detailed analysis.
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Fig. 2. Distribution of the d—« relative energy in the (Li — p+d+a+a decay

3. JLi - *He+3He +n~ decay mode

In this case, for a description of the ZLi hypernucleus we use, beside the function (2),
a function which corresponds to the 3He —¢— A cluster structure of the ;Li hypernucleus
[3]. As it has been discussed in [4] the SLi nucleus displays pronouncedly both the d—a
and 3He—1 cluster structure. Thus, for the ;Li hypernucleus we ought also to consider
these two possibilities of the clustering of nucleons. It seems that the 3He—¢ structure
can play an important role in the ,Li —» *He +3He 47 decay. We calculate angular and

energy distributions for this decay using the function (2) and the function which has the
following form {3]:

wuy = P(PHe—1t) y(A—core), (17
where
P(CHe—1) = N, (CHe)p, (1) (1 —§ foR?)e™ 2P (18)
and
p(A—core) = e~ (g = 0.06 fm—2). (19)

In the formula (18) N is a normalization factor, ¢, (*He) and ¢,(t) describe the internal
motion of the 3He and the triton. The parameter f, = 0.433 fm~2 corresponds to the size
of the a-particle [4]. The function ®(*He 1) describes the internal motion of the core
(°Li nucleus) of the ;Li hypernucleus. In [4] it has been shown that the 3He—1 relative
motion wave function of the °Li nucleus is close to the 2s shell model oscilator wave
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function, which is used in the formula (18). The Gaussian form of the function y(A-core)
in (19) is taken from Ref. [5] where the parameter a has been fitted to the binding energy
of the ;Li hypernucleus in the case of a simple °Li—A model.

The matrix element for the ;Li — “He 4+ 3He +n~ decay is calculated using the method
described in the previous chapter. With the plane waves in the final state we obtain the
following expression for the decay rate:

dO' 1
— ~[E(4—E)]"

Z(—) ! f erzjl(Pag)ft(P4r)ﬁ(r, g)é(r)P,(ﬁ3134)drdg . QO

Here E is the 3He—“He relative energy, 9 is the angle between the 3He—“He relative
momentum and the pion momentum in the centre-of-mass system of the jLi. The func-
tions f;(r, o) are the coefficients of the expansion of the jLi wave function into the series
of the Legendre polynomials.

In the case of the function @(*He —t—A) (formula (17)) the function &(r) describes
the relative motion of the proton with respect to the triton in the a-particle. It is the coeffic-
ient of the lowest term (corresponding to the ground state of the triton) of the expansion
of the a-internal wave function in terms of states of the triton. We use the function &(r)
given by Nadi and Riad [6] in the form of a curve which has been obtained from the
experimental data on the (p, d) pick-up on “He. If we use the function &(d—a—A) (for-
mula (2)) for the description the initial state then £(r) is the relative wave function of the
proton with respect to the deuteron in the He nucleus and it is the coefficient of the
Jlowest term of the expansion of the *He-internal wave function in terms of states of the
deuteron. In this case we take &(r) = exp (—br)/r (b = 0.6 fm~?) [6].

Other denotations in the formula (20) are

m,
pr=p- " p, (21a)
m, + Mye
m,
Ps = y 2% (21b)
1 .
P = (mapHe - anePa)» (210)
m,-+my,
if we use the function ¢(3He—r—A) and
my,
pP3 = p+ Prs (22a)
My, +my,
my
Ps = — P (22b)
Mye
1
p=—"" (mapHe_'nHepa), (22C)

My + My,
if we use the function &(d —a—A).
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In Fig. 3 the *He—“He energy distributions obtained with the use of the functions
®(PHe — 1 —A) and &(d— a— A) are presented. The general shape of both the curves agrees
with the experimental data [1]. Formula (20) when integrated over E gives the angular
distribution presented in the Fig. 4. We see that the angular distribution calculated
with the use of the @(*He — r — A) wave function displays a significant assymetry in the for-
ward direction, while the d— o — A model favours the oposite direction. This is a conse-
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Fig. 3. Distribution of the 3He — “He relative energy in the fLi— “He-+3He +7~ decay. The solid and broken
lines are obtained with the use the &(d—x—A) and P(PHe—t—A) functions, respectively
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Fig. 4. Angular distribution of the ALi — *He+ 3He +2- decay products, @ is the angle between the 3He— *He
relative momentum and the pion momentum in the centre-of-mass system of the {Li. The solid line cor-
responds to the function @(d—«—A1) and the broken one to the function @(*He—t—A)
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quence of the fact that in the d—a—A model the a-particle plays the role of the spec-
tator while in the 3He~¢—A “model” the triton is the spectator in the process of
the capture of a proton from the A-particle decay. Thus, the angular distribution
strongly depends on the kind of clusters contained in the 4Li hypernucleus and could
give informations about the structure of the ;Li and about the mechanism of the
7Li —» “He 4+ 3He +n decay. Experimental data would be very necessary for such informa-
tions. Unfortunately, no experimental angular distributions for the decay of the }Li
have been published so far.

1 wish to thank Professor J. Dabrowski and Dr W. Gajewski for their interest and
discussions.
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