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THE PAULI OPERATOR CORRECTION IN THE
EFFECTIVE AN INTERACTION
Jaleh Owliaei, M.A.

Western Michigan University, 1985

Hypernuclear structure calculations performed .for gLi, ZLi,
and 120 have reproduced the 1, =1 levels inferred from the recent (k
,n-) reac tions. However the 1A =0, groundstate of 1&0 is over-
bound by 6 MeV in these calculations, indicating a density dependence
in the effective AN interaction in the interior of the h§avier
system., In this work corrections to the lgO effective interaction are
introduced in terms of a Brneckner-Gol&_stone G-matrix with a modified
Pauli operator. The G~matrix of 1?0 derived from that of iLi with the
corrected Pauli operator ‘rebsults in an improvement of .about omne-half
MeV for the groundstate of 19\_. This makes the imclusion of the
repulsive three~body forces, which has ﬁeen neglected in the present
calculations, more urgent. Since the number of ANN interactions in
12'0 are ten times more than those._ in gLi, these three-ﬁody

interactions would improve the overbimding in 120 with little effect

on iLi.
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CHAPTER I
INTRODUCTION

The central problem of nuclear physics is to understand and
desoribe the structure of nuclei in terms of the 'partic‘les forming
them and the vinteractions' among these particles, Imn this study some
aspects of 120 nucleus are examined. Thus it is gssumed that the
constituent baryons are ﬁrotons, neutrons and # A-byperon. An
effective interaction among these particles is formulated in terms

of the Brueckner—-Goldstone theory of nuclear matter.
Hypernuclei - Why Study Them?

Nuclear force with its ‘short range attraction (r=2 £m). hard
core repulsion (r=.5 fm),_ non central, spin dependent nature and
ofher peculiarities apﬁears to be more complex than other known
fundamental forces. Complicated forces in one well investigated
éase, that of chemical forces between atoms, is well understood in
terms of interpal structure of atoms. This idea éngsests that the
complexity of nuclear force might be a manifestation of internal
structure and fundamental forces acting within nuqleons. Internal
i_mclear motions can give rise to the excited naucleons (Gottfried& "
Weisskopf, 1984)

One uses the term ’''baryon’’ for fermionsbthat interact .via the
strong interaction. The existence of baryons other than nucleons
was first inferred from the analysis of high energy cosmic rays.

1
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They are short-lived particles and carry different charges, btut all
are an integer multiple of the chargg of electrpn. Among ﬁhese
i:aryons was.. found a neutral massive particle which decays into
proton and pionm, but rather slowly. This particle was identified as
lambda particle. Its lifetime is 2.6 x 10710 sec. This is much
longer than 10-23 sec, typical of strong interaction} it is rather
close to 1078 sec, the o‘rdver of weak interaction lifetime, G'ell-
‘mann and Nishijima speculated that A has a property that proton
‘and neutron do not have, and the decay A—> pin violates conservafion
of this property, which is called "strangeness"; S. Strangeness
is conserved in strong interaction but could be changed by 1 in weak
interaction.b_ Alds defixi_ed as having S = -1 (Dalitz, 1981 Soga,
1983).

Later eight of these particles were grouped into a baryon
octet, based on their 3—quark structure. Particles with no s-quarks
"in their wave function have S = 0, and these are proton and nent.ron.
The other particles in baryon octet have one or‘ two s—quarks in
their structure and have s different from zero. Particles with S =
-1, whic'h aré A and‘ib'aryons are called Y-particles. The S #0
‘particles are collectively called '"hyperons’' or ''strange
particles’'’.

The charge equation is modified as:

Q=Iz3+3Y, Y=B+S+C

T

where inclusion of S and C now gives correct results for neutral

A-particle as well as the rest of baryons. BHere B is the
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"'baryon’’ number which is 1 for all baryons, Q is the modified
charge, I3 is the ''isospin projection', S is strangeness, C is
"'charm" and.Y is calléd "hypercharge’’. This general charge
equation which now encompasses all the states, introduces a new vsei:
of quantum numbers. These numbers, far from being an artifice (to
save the charge equation), each has its own significance.v in
sﬁbnuclear physics. Some properties of the bsryonm octef are"
summarized in the following diagrams: (Gottfried & Weisskopf, 1984,

Soga, 1983, 1984).

I3
S|1Y | 1~ |-v2] 0 |[1/2] 1
0 {1 |12 N P
—-11] 0 0 A
-1 0 1 Z- ' ’:‘ zf
=2 =1 |12 = =°

Figure 1. 'Baryon octet

RACPCOUT) I Pg(uqugd,)

z' (i)
“ﬂ‘.(d 2 "A“Asl )

/\

2(ds s,‘). o S t(uys sa)

Figure 2. Quark structure of baryons
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A hypernucleus is a nucleus in which one or more nucleons are
replaced by hyperons. For example, A-hyperons are known to form
particle stable bound states with all the stable nuclei as wel.l as
w'ith some nuclei vhich are normally not particle stable. These

A—nucleus systems are called A-hypernuclei, indicated by ‘}z, in
which Z is the symbol fd; the nuclear charge and A is the mass
number,

Most of our knowledge about hyperon-nucleon interactions stems
from the hyperon-nucleon binding emergies. This is so because the
short life time of hyperons make the hyperon-nucleon scattering
experiments very difficult.

Since the path lengths traversed By hyperon
before decay is so short relative to the mean path
length for collision in liquid hydrogen, a direct
determination of the hyperon—-nucleon interaction from a
study of hyperon-protomn'collision is very difficult..

At the present the most informatiom bearing on hyperon-

nucleon interaction is that obtained from the binding

of A hyperon to nuclei (Dalitz, 1965. p. 1).

A-hypernuclei are studied in more detail than the other v
hypernuclei, since the lifetime of A —hyperon is longer than the
others, and also because it decays into two well measurable charged
particles. Another reaSoh is the absence of coulomb scattering
interference for A-p interactions (Alex-ander Karshon, 1967).

These considerations make the binding energy of A-particle‘s an

attractive topic of investigation,
The Baryon—Baryon Interaction

The large binding energies of A-hyperons show that the

strength of the A-nuclear interactions are comparable to NN
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iﬁteractions. The absence of AN bound state though, togethef with
the fact that the binding emergy of the lightest A-hypermuclei 3
is only slig‘hbtly larger fhan that of deuteron indicates that A -
binding energies althongh' strong, are still substantially weaker
than nucleon—nucleo; interacf.ions (Bodmer. 1967).

The most characteristic feature of hypernuclei stems from the
distinguishability of the hyperon from nucleons, and consequéntly
the absence of Pauli principle for hyperoms. Besides this, one big
difference bétween hyperon-nucleon and nucleon—nﬁcleon interaction
is the effective range of these forces. NN and YN forces are both
transmitted through the meson field. The range of NN force is
divided into three region#. The long ranges, r ~ 2 fm or more, are
dominated by the exchange of single nﬂnéson. This is the part .of NN
interaction which is best understood. Then thexe is the
intermediate range of r =1 fm, which i_s attr'ibut.:ed to the c-mesons
that simnlatés contributions arising from exchange of pairs of n-
mesons. The third region of r=~.5 fm and less, is referred to as
the '’ hard core'’ arising from 'h.eavy meson exchange (Barenger,
1969) .

AN forces on the other hand, do not have the one pion
exchange (OPE) tail, or the longer range of the NN forces. The N-N
forces of the longest range is about ._.7 fm, and corresponds to the .
intermediate, imperfectly understood part of the NN intexraction. As
mentioned above one explains this region either by using tv:vo pion
éxchange or one boson exchange (OBE) models (Bodmer, 1967). The two

pion exchange is made possible through the following decays:
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A4—->Z¥1‘t , 2 e A 4T

A —-;z_ +T‘ —P -1\.‘\"IT '\"“ )

Absorption of these pion‘s'by a neighbouring nucleon will give rise
to the .7 fm AN interaction. Some typical two pion erxchange (TPE)

processes ar¢ shown in the following giaphs (Dalitz, 1965, p. 62).

A N A N AL N
\\73' ! g 1(\
I ST = Y
7 ' %4 I'e
s - X __-
yy : y” ' -

Fignre 3. Some typical graphs contributing to the pionic
component of the A-N interaction.

Other YN interactions also arise £rom exchange of k,p,w and other

mesons a.nd resonant staté_s which may exist (Daliﬁz, 1965, p. _;76).

('fhe X-meson exchange involves the transfer of strangeness between

baryons and give rise to exchange potentials, having a range of = .4

fm) .

b N I N A N 3 N N
' H H H g
| A N B I N3 \ |

Al

N
Fignre 4. Typical YN graphs involving k, p, and v exchange.

Finally, the above decays will lead to another possibility, the

three body force , which is due to the ahsorptio‘n of pioms by two
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neighbouring nucieons (Dalitz, 1965, p. 35 Gal et al., 1970).

Figure 5. The piomic component of the ANN three body potential.

‘It will be seen in the present calcnivations that these threo'body
potentials should not be overlooked and they could have appreciable
contribution to the binding enmergies (de—~Shelit, 1967, p.5; Gal et

“al,, 1977).
The Overbinding‘ Problem

Interest in A—particle‘ studies is increased recently in
‘attempts to explaim and reproduce the important features of
strangeness exchange (k~, =) reactions on a number of targets
(Auerbach & Van Giai, 1979, Dalitz & Gal, 1978, Dalitz, 1981). In an
“article by D; Haldex son .(1984). Qomc problens p.‘crtaining to the
hypernucleur structure calculations are memntioned and a solution is
offered. Namely, the fact that the hyperon wavefunction is
_ different from that of nucleon, and also elimination of spurious
center of mass excitations for hyperon orbitals other than 081/2vare
taken into comsideration (Dalitz & Gsl, 1981: Halderson, 1984),
Then calculations are made for gLi. ZLi, and 1&0.

In these calemlations an interaction of the form:
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VAN s=v(r)(l-g+e Py) (1+aEN.3)

is employed in which l" is the space exchange operator and e and «q
' ére parameters chosen to f£it data (Auerbach et al., 1983). The

radial dependence v(r) for the present calculstion is:
v(r) = 4000 y(r/r;)-1358.05y(z/x,)

vhere y(x) =0¢"%/x, and ry = 0.25 fm, and ry = 0.4 fm. These
vilues provide self ocomsistency in the A-single particle emergy.
A small symmetric spin-orbit odd interaction is added in the form

(Halderson, 1984):
vf\ﬂ" [-715.5 y(z/rq) - 31-9 yl(ziry) 1 1s

The 18 = 1 levels inferred from (k,n) are well reproduced, but
the 1 5, =0, the ground state of 130 is overbound by 6 MeV, indicating
a density dépendence i.ﬁ_ the effective AN intéraction in the
interior of the heavier system.

In this thesis an effort is made to improve the overbinding
éroblem of 1ﬁo ground s.tate. Corrections to the 1&0 effective
interaction are introduced by a proper Pauli operator. The role vof
Pauli operator in effective interaction is discussed in the next

section,
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- CHAPTER II
GOLDSTONE~BRUECKNER THEORY
Effective Interactions

To solve | the many-body problem of particles inside the nucleus,
one may start by solving a non-relativistic Schrodinger equation for
particles interacting thrd_ugh a two-body potentiﬁl; Together k_with
the explicit assumption of non-relativistic limit for the problen,
it is also assumed that three-body and four-body potentials are

negligible (Day. 1967). The mesonic degrees of freedom are included
only as a resu'.lvvting AN potential.

A criterion for a realistic two-body potential is the ability
tb‘ reproduce the shell model properties of the nuclei. 1In éhell
inodel, the many-body problem of nncléoné inside nuclei is solved by
replacing the interaction of one particle with the rest, with the
potential of single particle in an effective average central field
due to the rest of the nucleons (de—Shalit &Talmi)} Here though, we
have to start with a realistic two—body force and hope to calculate
the shell model vave functions and the effective poteatial.

Th;re are some difficulties ip nucleon—nucieon interaction
however, mainly the hard core, which makes a self—consistent
gpproach diflf,icult. This interaction is aiso too .strong. to use
ordinary perturbation techniques directly. However, the presence

of many nscleons permits one to introduce an effective nacleon-

9
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nacleon interaction which is well behaved and finite.. One important
ef fective interaction is the G-matrix, or reaction matrix central to
Brueckner—Goldstone theory of nuclear matter (Ring & Schunck, ‘1980,

chap, 4).
Goldstomne Theoren

Goldstone theorem gives the perturbation expansion of the exact
ground state function and the exact ground state energy of a many-
fe:mion system (Baranger.b 1969; Day 1967). The Hamiltonian is the
saum of kinetic energies of all the pafticles plus the sum of tvo-
body interactions between them:

| A A

H= 2 T, + Z 7L
in whkich Vij is the rea.listic two—body force. H is divided into a

pexrturbed and an unperturbed part:

H= Ho + Hl'

> vy -5
vhere H, = - (T,+Uy) and Hy =;j Vij -Zi.Ui .
: i :
Inclusion of the single particle potential U, in the unperturbed

Hamiltonian permits ome to make the perturbation Hy very small.
Si; ill, the total Hamil tonian does not involve U and final result
will not depend on U, but the energy which is an expansion in powers
of Hy will converge more rapidly for certain choices of U. This

paxticnlar choice will be discussed in calculation section.

For the unperturbed paxt one can write:

(ry + 0 @ e =B @ ()
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where @p are single partiocle wave functions and form a coﬁplete
orthonormal set. The unpertarbed ground state is the normalized %

represented bj a Slater determimant:
® =N a(@(x))... B(ry))
where ¢ is antisymmetrizing operator. Then,

H04>o =8, 8=,

(-4 °

The exict ground sta.te satisfies: HY =6¥., The expansion for g

through'third oxder in H; is:

tatr (B, [ia] 854 B e ot,) PHI| B
-|-< §>° |4 (¢~ Hosirm( E, -Ho)-irml &,>
8 [mal @B ma (6= BT P B,y

where P = 1~ |§o)(%| is the ﬁrojection operator vhich restricts the
summation over intermedihf,e suta.tes so that it coﬁtains only states
above Fermi sea (Day, 1967). The matrix elements of H1 would
involve texms such as < §1 @1 Ivij"?a@q >. As it stands the matrix

elements c an get very large because of the hard core.
Brueckier Reaction Matrix

The same 'kind of problem which arises in thp .nucleon—nucleon
intetaotion‘due to t.ﬂe short range repulsion in the nuclei also
arises in mnucleon-nucleon scattering in frée spac e, Namély, in
Go.vldstone expans ion the  hard ocore makes the matrix elements

involving a potential infinite, and in tvhe scattering problem, by

-
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using the Born approximation in which one calculates the scattering
amplitude to first order in v, one obtains inaccurately large
values.

The treatment. is also similar for the two cases. In scatfering
problém. one calculates the scattering amplitucle to all orders in v,
which amounts to solving the Lippmann¥Schwinger eguation, including
multiple scattering (Joachain, 1975; Mexzbacher, 1970; Soga, 1984).
Then one gets correct results. In Goldstone expansion, instead of
bare interaction, one introdnces Brueckner's effective potential
which is itself a sum of infinite fscattering processes of two
nucleons in nuclear matter, the bare interaction being just the Born
term of this series (Ring &Schunck, 1980, Chap. 4). So it suffices
to do a comﬁle'te sunmation of all o;v.-ders of th.e interaction for
every pair of interacting particles.

Since the interaction is strong only at short ranges,

this should be sufficient to ensure convergence and it

should not be necessary to sum completely by all"

interactions between -three nucleons interacting at close

range, four nucleons etc...( Baranger, 1969, p. 542).

This effective interaction is called G—matrix, or reaction matrix,
It is for tfyo nocleons in nnclea._r matter, '_but analogous to

scattering T-matrix for two nucleon in free space. It is defined in

a similar manner, too. So in operator form G is defined as (Day,

1967):
Glw) = v + v (Q/e) v + v (Q/e)v(Q/e)v + ...
Glw) = v + v (Q/e) [v>+ v(Q/e)v +...]1:
=v +v (Q/e)G(w)

G(w)
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and this equation is called the Bethe—Goldstone equation. Q ind e

~

are two particle opirators defined as:

o lpa) if p>A and A
Qalpg =

0 Otherwise

leq) = (o -._Ep - Eq)'. lpq> stands forép(rl)i'(rz)
The Pauli operator mmnihilates two particle states below Fermi sea.
It is for two nucleons and is‘ to be modified lfor A—hype‘rcm
Operator e gives the stafting energy ® minus the energy of the two
'pvarticle state. Itis important to notethat G is a function of w,
and v must be specified to avoid ambiguity im G

The purpose of this kind of many-body teohni‘qﬁe is two fold:

£irst, by résumming the series, ome gets rid of the hard core

pxroblem; second, 1ty elimination of the potential in favor of

reaction matrix, omt imcludes more of the many-bod‘y effects than if

one had taken just the bare interaction.
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CHAPTER III
CALCULATIONS
Choice of the Single Particle Potential

The perturbation Hl.' in the Goldstone expansion was divided

into two parts: ‘ A
Hy = 2 vij ~ PRA
i !

je.. a two-body and a one~-body part'. | The two—bovdy potontia‘l was
replaced by the G-matrix in order to get rid of the hard core
problem. Now one is to choose the single particlé_ potential U,

| Wo recall that th§ final result is independent of U, and
inclusion of U in the unperturbed Hamiltonian Hy is intended to
ensure a rai)_id convergence, and to eise the numerical calculatioas.
A convenient choice is harmonic oscillator potential. This fulfills
the requirement of the Goldstone theorem, that the particle
wave functions should form a complete orthonormal set. The main
reason for this particnlaf choice is, however, the fact that thig Ho
nicely splits into a center of mass and a relative part (Baranger,

11969) .

G-Matrix for 1'{0

As mentioned earlier, the effective AN interaction for 1%0
should be modified. Since the interaction used for SLi gives
reasonable results, the G-matrix for oxygen is calculated in terms

14
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of that for gLi (Halderson, 1984). Both of these matrices should
satisfy the Bethe—Goldstome equation: Glu) = v .+ v(Q/e)G(w).
Let Ga aﬁd Gb be mai;rices satisfying ‘the above equation, and

let a and b be arbitrary operators.

G, = v + vaG,

a v +vav + vavav +..

Gb =y + vbi=v + vbv + vbvbv + ...

=v+v [a+ (b-a)lv +via + (b-a) Ivia + (b-a) v+ ...

So Gb can be expanded completely to include a large number of terms.

These terms are now regrouped according to the number of (b-a)'s

that ocouzr:
’i_‘he Othorder: v + vav + vavav+ ... = G

The 1st order: (v + vav + vavav+ ...)(b-a)(v + vav + vavav+...)

= Ga(b—a)(}a

The 2nd order: (v + vav + vavav+..)(b=a)(v + vav + vavav+,..)*

(b—a)(v + vay + vavav+...) = G, (b-2)G, (b--a)(}a
Gy =Gy *+ G, (b=a) G, + G, (b-a) G, (b-a) Gy+...
wvhich is the iterative solution of the equation
Gb = Ga + Ga (b"a) Gbo

This equation may now be used with Gb as the corrected oxygen G-
matrix, G, the ELi G-matrix; and a and b as the corresponding Q/e

operators (Baranger, 1969).
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Treatment of the Pauli Operator and Energy Denominstox

The form of operatof Q which annihilates a two particle state
‘below Fermi Sea, is governed by different Fermi levels fora
‘particle and nucleons. The Fermi Sea, being the lowest filled

states, of course differs for various nuclei. It is shown for 6Li

and 160 in the following diagrams:

) - Fermi Sea -
Py e P e o Y Py2
——————— Fermi Sea [ SV . P33
Si2 — PO ‘ — Ot S/
S ‘ , 16,

Figure 6. Fermi levels in 6Li and 160

Due to its distinguishability from nucleoms, A-particle would
not obey the Pamli principle and it resides in the 081/2 orbit. The
Fermi levels for lambda and nucleons in ,G\Li and 120 are shown in the

following diagrams:

N A N A

"'el'mi Sea - eun v e

1/]  —

Pl  cmsm——

espmon fmmmwe Fermi Sea Sif o= =wav Ferml Sca
Sin

6 ‘ 16
ALI ) Ao

 Figure 7. Fermi levels in gLi aﬁd 120
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Thus the projection operator Q, for iLi is defined as:

{ 1 if 2m,+ 1, >0 and 2ny+1 >0

0 otherwise

For 120, however, the projectioxi operator should annihilate A from
0S4/7» which is the same as Q,, and also should annihilate nucleons

from 0P1/2, OPs/z and OSl/'z. Consequently @ for 120 will be:

. { 1if2ny+ 101 and 20, +1,50

0 otherwise

The other quantity which has to be specified is the energy

denominator. G is now written as:
Glw) = v+ v [a/(w - E)] Glu)

H, is harmonic oscilla tor Haﬁniltonian and H = Ho' (N) + HO(A) with
hmA= 14.05 MeV for A—p_article and- ‘th = 11.83 MeV for nucleon.
bne to the pairing imteraction. the single particle emergy of
occupied orbits is lowered by an energy gap A (Cohen 1971; Soga,
1983). This gap is experimentaylly. ‘obsereved to be = 30 MeV,
therefore this amount is sﬁbtracted from H, in the demominator i.e.
o~(H, - A) or equivalently added to w: w +A =~ H,, This also
lowers: the single particip energy of .unoccupied orf)its by. an aﬁlonnt
comparable to that obsﬁr_- ved for the occupied orbits. w is the
starting emergy E (A) + E (N). In the pre sent calculat iéns‘ the.

following experimental values are used (Dalitz & Gal, 1978, Mc

Carthy&Davies, 1970):
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TABLE 1

Experimental values for E(N) E (A), and the energy gap A.

SHELL | E(N) | E(A)

S - -
A =30 Mev 1/2 |=26 Mev|—13 Mey

P 3 ‘14 Mevy

Pq/q |—8 Mey

Redefine w = 0+ A, to inclnde the enérgy gap. Thus, w=9,3, and-9

Mev corresponding to 0P1/2, 0P3/2. 081/2 orbits respectively.
G ; (w) = v +viQ,/(v - B;)] 6 ,;(w), the G-matrix using gLi
Pauli operator is formed first, then equation
Go = GLi + GLi [Q/ ((0 - HO) - Qo/(m - HO) Go
is employed to obtain the improved G matrix with the 120 Pauli

operator.

Binding Energy Calculations

Binding energy is the sum of potential and kinetic energies:

B = P.E. +K, E.,

i ) Kinetic energy:

From the total energy of the core nucleus and A-particle, the

center of mass kinetic emergy (T, ;) should be subtrac ted.

T = ; P;2/2m + P2/2m - Tc .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T, n=P2/24, M =hn +m

c A

where m and m , are the masses of nucleon and A-particle

A
respectively.
& 2
‘Tc.m = 1/2M [p, + 5; p;l
. \ , .
= 2
=124 [ 2 Pj-P; + 2 2 Pi2, * Dy ]

t 2 t
L3 : 2 . ]
(jpi p,‘ i Pi P' P

wM>

& 2
1/“‘[2,1’1 +2

-

A

2

A

' 2 2 _ s
T = 2 (1/2m - 1/20)p;% + (1/2m - 1/200p, 2 - 1/M 3> p,.p;
. A A v Tk J

- 1/4 iﬁ P;.P,
Now the totai_ Hamiltomian is written a.s:
H=WYN+tVwW T
Substitutiﬁg T in this .for;nula and rearranging terms:
\ .

Ho=Vgy + Yy + 2 (/20 - 1/20p;% + (1/2m,- 1/2000p 2

A A
- 1/M ?_ P;-Pj - 1/M Zl P;i-P,
a

A 5 A A o
=V * > P32/ - 1/28 2 p.2 - 1/M % Py (3-1)
i i i
+ VAN “1/(m A + Am) z P;-P, : (3-2)
i
+ (1/2m4- 1/2M) p,2 (3-3)
& & A |
§3-1) P Vwt 2 p;%/2m - 1/2m _}i:'.pi - 1/M 5 pyp;

i ij

. A A 2
= Vyy - 1/M 2 P;-py +Im, /( Mgore + mA)]Zi p;°/2m

Ciqg
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20

| » - N
= Viy - 1/H §, Pipy * [m,/(Mogee + m)1(3/4 Buy)

(3-2) : Vin = 1/(m, + Anm) Z P;-p, is the By term.
| , 1

G-3) :  (1/2m, - 1/20) p,?

Am) p2 / [ (m, + Am) 2m]

[ Moore /C Mogpe + m)] (3/4 B0y,

since the A is assumed to reside in a 081/2 state,

Terms contributing to the A KE in this Hamiltonian are :

+m,)1(3/4 th) + [M /] (M + mA)](3/4 hw )

KE= [0,/ (n core core

core

ii)  Potential emergy :

Potential energy is found to be [ See Appendix ]:

o J 131 J 2+ 2i, i, i
eV SV @ W

.Jml‘ sa |J] J ‘ i ]

h B

in bwl_xich the first term is due to‘the‘_ binding of A-particle to 169
core and the second term corresponds to that of A with the hole that

should be subtracted.
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CHAPTER LV
 RESULTS

KE = [mA/(mA + M )1(3/4 11(1)N) + [Mcote/(M + mA)] (3/4 ‘hmA)

core

with m; = 1115 MeV . M

core
core = (931 X 15) MeV , ‘th? 11.83 MeV and hou,
= 14.05 MeV.

KE = 10.4144 MeV

For 160, 75 = 1and :

PE = 24085 083/, (0) IV 08y, 081 ,91/2
+ 2¢08y 5 0Sy;y (1) vl 08y,, 08y ,573/2
+ 240Pg /5 081,y (1) V] 0Py, 084 /5)3/2
+ 2403y 0Sy/y (@) IV] OBy, 08 5/2
+ 2¢0Py /5 0S;y (0) [V| OPy,, 084 /501/2

+ 240P; 4y 0Sy, (1) V] OP;;, 084 /503/2

s 172 12 ]
- <OP 08 (¥) Ivl op 0S,/9> [J]{ ' } (4-1)
3 1/2 %172 1/2 951/2 V12 v2 1

(4-1) is expanded as:

, - (w2 12 0y
COPy /5 083/5 (0 |Vl 0Py ;5 084,57 [o]{ /20 }

72 172 1

172 1/2 1}

. 172 172 1

A computer code is developed to calculate the above matrix

21
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elements. Relevant matrix elements are summarized in the following
table. To check the convergence, calculations are performed for two

different basis sizes _corréspon&ing to n{¢ and ng_l_s where

n =2n,+1,+ 2nN+1N
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23

0621231~ 0S222-1— 696LE-L— 6 g0 u?m.o IAl (D %/Ts0 “/Tg0)
0vLE0-1— ;o!.no.wl 06€90-1L— 6 (T30 TTq0 1a] (o) E/Ts0 TT40
gos9v-t— | 80s9v-1— | wvZSIS4— | € (g TEgq A} (1) Y Ts0 UEq0)
SpolL-z—| svorLz- | SPOLLT— | 6- (“/¥s0 g |a) (1) UTgo gy
60.50:€~ m:mo.n- 60.50:€- 6 - A«\ﬁme u:mo IA] (0) N:mo Qﬁmov.
XIL)IBN— 9 xjajspy — 9D XIS — H
o’ v v ™
91 0y, ¥l : SINIWIATT XIHLVIN
8=u Yy =u g=u *9g=n

SLNINWATY

¢ 314Vl

XIdLVIN dILVINIDIVI
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Binding energy of 120 gronﬁdst‘ate :
a— using -GLi—matrix
PE = -24,006535 HeV
KE = +10.414392 HeV

BE = -13.59093. HeV

b~ using Go-mntrix'
PE = -23.58493 MeV
KE = +10.414392 MeV

BE'V = -13.170538 MeV

A (BE) = 0.420455 MoV
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CHAPTER V

CONCLUSION

A modified AN interaction is considered for 160 in terms of a
Bi;ueckner—Goldstone G-matrix with Q corrected Pauli ope.,rator.
Calcnlations were not sensitive to increase of n from 6 to 8
indicating that convergence is alre_ady achieve«_i for n = 6. The
contribution of Pauli operator correction is found to be about one
half MeV. So, the overbinding problem of 1?0 is improved but not
corrected completely. This makes the inclusion of repulsive three-
body forces more urgent. Since the nﬁmber of ANN interactiox‘:sb in

120 are. ten times more than those in 2Li, these three~body

interactions would improve the overbinding in 1ﬁo without chaqging

the results of gLi drastically.
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- APPENDIX

The potential energy for 120 in which one nucleon is replaced

by a A-particle involves particle~hole matrix elements of the form:
- ol s 3™
V= <y dy IVl g 3’
iy iy T ig g7
DN G S Y Oy

mp ~mp Mp | my —my Mg
- T
<Gp my Gig ny,) vl ipmy Gy mh’)>(-)3h' Dy

C’'s are the Clebsh-Gordan coefficients ensuring that the total
angular momemtum Jp is a good quantun namber, (=)31™™h and (-)jh‘ -ml;
ensure correét rotational transformatiom characteristic of the hole
croation operators (Brink & Satchler,1968/1979). The above matrix

element can be written in its second quantized form:

. - _ A
<Jp m, (jh mh) vl 3y my (Jh' my )>

1/2 2

+ + ¢ +
aB18<°'°‘h 8y 8q 83 8, agay ahl|0> V¢pys

172 L t + .1 4 X
apyb vaBy&“"p 8, aB (Sh/— ah:ah)as 8, a5 o>

l/za%s(olap (a: a; 2y ag) a';'|0) 81,:, | (A-1)
-1/2 3 o t \

a7s Vapys ©Olay 2y 6f- ayap)

5 _ . 3y otros | |
* (8, - 35 aple, aglo> (A-2)

The contribution of term (A-1) is:

26
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1/2 % | + b
aBYs Vaﬂ,Ys(Olap (aa aﬂ* aY 88) apl‘rIO) 6h'
3 in J h
—Z[C P A BB] <olay v aFloy 57
P
"mh M 4 h

Ip
J 12 2 oy 2 b,
G, 3, bvdjip 3 4, »)8p 8n

jm mt
(N '

+Z (mepmt o mgm t, |V(|j'mzmtlj mg mt,)

Jcm mt re
- lig- i
» cge ‘ .
= . J - (=3 H =T p,sh
' smicint [71¢5 3 () mt'_mtllvﬂj' i>- | ]jzj‘»sp,shf
L, . Tl
% [—qup ie@IVAyy 32> - (IpHaT 15 7

The first terl;: contains interaction of the core with itself and does
not contribute to A binding energy. The second term is the
interaction of A-particle with the core , in which we neglect the
exchange term corresponding to the exchange ot"_ Ato N and vice

versa, Then contribution from equation (A~1) becomes:

m < (J’)IVI j )60

The contribution of term (A-2) is:

- 1’2(%75 Vapys <Olay agfs— ay dpef - ag eha, slio>

3 ”1’2,13275 Vapys <Ola, al o, at 10>8f, 83 (A-3)
+1/2a§‘:{8 Vapys <0la, (85, - ay “I’ag“v “11;'}"’”3 - (A-4)
* 1/2(:%8 vani; <0l a: a5 (8] ~ iy a-lfl.)“p' |0>6ﬂ' (A-5)
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- 1/2 + t |
oprs Vapys <0lay ag ag asl0>83, 8] | (A-6)

C(A-2) : (A-3) + (A-4) + (A—=5) + (A-6)

. -1/2 2
a

Y [ 1‘ra.h'ylt. - vh'a-yh - valilry ‘+ vl:{ah'( I

+ ) . ’ +
P _ p._ .t
(0'(_8a a, aP)(-S‘Y ag a7)|0)

- |
av [ Vaityn - ]<0|aa a, 10> sl’

a - <j mpjh'mh'IV[ijlmpfjhmh> - ljhmhjp' mp')]

4
IZ(jcmc dprmy VU ggmeigmy ~ 1ipmyiom, >1 88
The second term is the interaction of hole with the core, and again
will bo neglected since it does not contribute to the A binding
energy. The first tarm is the A hole interaction and should be
stbtracted from the A -core interactionm found im (A-1).

The contribution from (A~2) ‘is thus:

- <jpmpjho my’ |V[|jp: mp:jhmh> - ljhmh jpo m ! >1

o Jp in g Lip iy I iy ip I ,dp iy T
Z C P "h ! les—mh' Mp % C my m, | th L M

s (-)inptiy Dy’ .

Gy 3O IV 2@ == 304y Ty, 50> | (a=1)

Again in the matrix element, (A-7), the exchange term is dropped.

Thus (A-2) is :

- Z( A-17) Z [3g](T] (_)jh‘jp-!-j n ~dy +jp;jh: +j 7 *jh+jhfmh+j B oy’
J m's . .
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CENEECIAC D)
mp -mh —MB mp, -ml: "MB mh, mp -M7 mh mp' -M

where Clebsh—Gordan coeficients are written in terms éf 3~j symbols
(Messiah, 1966)
(A-2) :

| i\ L (3p dp 7
- gl ¥ e 31eiptintiy Hiy {P b B}

: Uel {i; 45y 7

Here the 3-j symbols are written in terms of Racah coeficients

(Me‘ssiah.1966). Therefore contribution from (A-2) becomes:

=ZlEp ety Hy 3P
ip dn J

B .
} iy dp@ V3,5

‘Thus contr ibution of (A-1) and (A-2) to the potential energy of A—

particle are :

a1l . A
. Z == i j. DIvlje i, > &y
jcmtcj [JP] . p e p e .

A

rd
- ) 1= dptntin iy {jp :

' Gyt dp @IV 45 23)>
. J
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