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Abstract: Jn (his paper results are reported for the binding energy Ba of a A-par-
ticle in nuclear matter, obtained by means of the differential equation for the Jas-
trow A-nucleon correlation function f, using eentral potentials and oalues for the
density of nuclear matter, which are smaller than the initially used (0.172 nucle-
ons(fm?} and kave been more reccntly determined. Resulls are also given by using
the integrodifferential equation for the determination of [ and various approxzimate
ezpressions for the A-nucleon distribution function Gna (r) and its functional
derivative.

1. INTRODUCTION

Considerable work has been done for the calculation of the bin-
ding energy of a A-particle in nuclear matter By = —E,. Both rea-
ction matrix and variational techniques have been emploved and use
of various potentials, mainly centrals, has been made?—7.

The possibility of obtaining the A-nucieon correlation function, in
the variational approach, as a solution of a differential equation, which
18 derived by applying the variational principle to the first-order-e-
nergy expression, £y has also been examined. Two ways of determi-
ning the parameter B, related to the Lagrange multiplier, which is
due to the healing condition have been considered® *. The results are
improved with the second choice of B, which corresponds to the «bet-
ter convergencen (BC choice) of the cluster expansion. There i3, how-
ever, still considerable overbinding and it appears interesting to inve-
gtigate possible other ways of obtaining reduced values of B,. In this
paper results are reported of calculations performed with smaller values
of the density of nuclear matter p. It should be noted that the ana-
lyses of experiments of elastic proton scattering from nuclei, made by
Greenless et al.’® led to values of p smaller than the wvalue of 0.172
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nucleons /fi?, which has been more commonly used. In addition, re-
gults obtained by means of the infegrodifferential equation for the
A-nucleon correlation function, are given. In the next section the
formalism is briefly described and in the final one the results are
given and discussed.

2. THE FORMALISM

If the functional variation is performed to the first order energy

functional B

A—-pff(r , I{r) dr (1)
with the healing condition

of T — 1y dr=1L <= (2)

the Euler equation for the A-nucleon correlation function is the fol-
lowing differential equations®

&, 2 dfe 2wy
e T 7 dr

Vo, O f -2 = -3, oxr <o (3)

This is solved numerically with boundary conditions
f {c) =0, flo)=1 (4)
A few additional remarks concerning this approach are in order.

Firstly, we observe that a relation holds between E, I, and the in-
tergal T,, defined by

L=p [ (F—1)dr (%)

This relation is the following :

E(I)

Y e+ L) (6)
‘AN

By using the above expression we may avoid the numerical interga-

tion of one of the integrals Eﬂ), 1, and I,

Ynoeiakn BiBAI0BAKN Ocd@paaTog - TuAua MewAoyiag. A.lNM.O.



15

Secondly, in the case of the exponential with hard core potential, in
which the derivation of an analytic solution is possible, we may find
the asymptotic form of the solution for large internucleon distances or
for large values of the parameter . This asymptotic form is the fol-
lowing:

o~ d i —p(r—c) 2“’1&1{ Va _ _mz_}-_i-_ —Br—c)
fr)~1 r{ce T Bg_m(c BZ_Hz)e

20,0 Ve 2 —pir—e)
— — 7
hz 62 e “2 (I‘ Bz _ P‘Z) e } ( )

Furthermore, in the case of very large values of B, the following

asymptotic expressions of Eil), I, and I, may be derived:

[y _ b i 2 . 2pax & 2p
BiaB) =fmp 5 |5 @B+ fa e WO 2u0+2) (8)
_ 4 , . Zmpc?
Il,as = ? TTRe -+ B (9)
and
4 Brpc?
Lias = —3 mpe? — "c_ﬁpc (10)

It is seen that Eﬂj);s is represented by a straight line while I,

and I, by hyperbolas.

When the functional variation is applied to the expression of E,:
@
EA:l_mpfdr.rz [T (r) W () 1 (r)] Gy (7) (11)

with the conditions

4'rrpfu(of——1)2 G Mrrdr=1, <= (12)
and
4"'59_[0&2 Gya (r) —1) r2dr = I, < « (13)
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a complicated integrodifferential equation for f is obtained (see equ.
3.6 of ref. 11). The expressions of W and the distribution function
Gya(r) are also given in ref. 11.

The calculation of the functional derivative of Gxa which appears
in the integrodifferential equation may be done by using the expres-
sion (3.3) of reference 11 and substituting subsequently an appro-
ximate expression for Gua, as for example

Gya (r) =214+ X (14}

or, according to Westhaus®

Gy = X® (15)

where
X(r) = p [y [f2ria) — 11 [8®( | T -7 |) —1] (16)
86 (|t 7 ()= P [T 7 )= (ol 1oy — 7)), 1) =200
(17)

An alternative procedure is to calculate the functional derivative
directly from expressions (14) or (15).

The following cases may therefore be considered in solving the
integrodifferential equation:

Ay Gya(r) = 1+X(r) (18)
3Gy () L@ (T Ty
Sty = a8 (= 1)=11 (19)

Ay Gya (r) = eX® (20)
3G A
Se ) s 2ot (ry) 0305 © (1 1)) 21)

B:: Gya(r) = 1+X(r) (22)

3Gya (r) TS

Catin,.) 2pt (Pm)[1+X(r1A)][1+X(T)][g(:) (Trua
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and

Bg: GNA_ (I") o~ ex(l‘) (24)
8Gya (r) O (T
ﬁ 2208 (v, ) €X0y,) eXO[g @ (T —])—1] (25)

Fram the examination of the integrodifferential equation at large dis-
tances it turns out that the Lagrange multiplier », may be taken equal
to zero. This value will be assumed in this paper.

3. RESULTS AND DISCUSSION

The results obtained with the differential equation for { are given
first.

The potentials H, E' and B’ of Herndon and Tang' ** were used
and two values for the density of nuclear matter: a) p=0.166 nucleons/
fm* (kp=1.35 fm~1) and b) p=0.121 nucleons/fm? (ky=1.2144 fm ).
For each value of the density the nucleon-nuecleon correlation funclion
was determined by using the potentials OMY-I (functions g and gi')
and OMY-IT" (functions gy and g, respectively) described in ref. 9.
The nucleon-nucleon correlation function has the form (44) of ref.
{9} and the parameters are the following®s.

For g, :

exy = 0.6 fm, a=2.3284 fm—1, b = 1.37282
For g}’

exy = 0.6 fm, a=2.3791 fm-*, b =1.3664
For g;

exxy = 0.4 fm, a=2.5621 fm~-1, b = 1.26792
and for gy

eny == 0.4 fm, a = 2.5964 frm—-1, b =1.24612

The parameter p was determined in two ways, as in ref. 9. The results
for the various cases are given on tables I-VIIL. It is seen that the
values of B, are closer to the empirical value compared to the cor-
responding ones of ref 9. In particular with the smaller value for the
density and the potential B” the results are very good and in agreement
with the empirical value.

The integrodifferential equation was solved numerically with the
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method of iteration. The correlation function f;, together with the cor-
responding f, which satisfies the differential equation is shown in fig.

2aN
it}

1 for the BC choice for B, (3:: ;) and potential B'. In fig. 2

the values of the healing integral are plotted as functions of § (or B,)

and in fig. 3 the B} EY and their sum E, are plotted as functions

of B,. It is seen from the latter figure that the minimum of E, cor-
responds now to B, —0. This is well-understood since the minimum
should appear when the integral constraint has the least possible ef-
fect.

The results obtained with the integrodifferential equation are shown
in tables IX-XII. It is seen that with potential B" do not differ much
from the results obtained with the differential equation, while with
potential E' there is more deviation from the empirical value of E,. Tt
is also seen that the results in cases B, and B, are very slightly better.
The results for E, with the smaller value for the density ¢ are closer
to the empirical value as in the case of the differential equation. It
should be finally noted that in the case of the integrodifferential
equation the inaccuracies are larger and this should be kept in mind
in the assessment of the results.

We would like {0 thank Mr. Panos for computational assistance
and the staff of the computting centre of the University of Thessalo-
niki, where the computations were performed.

TABLE L

Values of ES.&), Ef,f), Eﬂ) + Ekz), I, and I, for values of § which minimize EE,P+ Eg‘)
(ME choice). The g’y nucleon-nucleon correlation function and the value p=0.166
nucleens [fm® for the density of nuclear maiter were used.

Potential ~ E{P ED E,=EP+ED I, I,
(MeV) (MeV) (MeV)
u -86.1 13.0 -73.1 0,259 1.164
E -71.0 8.5 -62.5 0.140 1.209
B -49.4 b4 =45.0 0.061 0590.
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Values of Eg), Eff), E‘(Ai)—)— Eﬁf), I and I, for values of § which minimize Eﬂ) - EEE)

(ME choice). The gy’ nucleon-nucleon correlation function and the value p=0.166

nueleons (fm? for the denstty of nuclear matter were used.

Potential EY

{(MeV)
H -88.8
E -72.8
B’ -50.4

B (ﬁ) EA:E(}\} +E(12\)
(MeV}) (MaV)
12.2 -76.6

8.4 -64.4
5.0 -45.4
TABLE III.

L

0.286
0.160
0.072

I,

1.760
1.784
1.274

Falues of Ef\”, ESE), E‘(\U 4 E(f), I, and I, for values of § which mintmize ‘Eﬁf) Ef\”[
{(BC choice). The gy’ nueleon-nucleon correlation function and the value ¢=0.166

nucleons [fm® for the density of nuclear matter were used.

Potential B

(MeV)
H -76.0
E -61.9
B -38.8

E® E,=EYW4E®
(MeV) {MeV)
7.8 -68.2
&2 -57.7
0.6 -38.2
TABLE IV,

I,

0.215
0.101
0.030

I,

0.092
0.102
0.013

Values afEf.}), Efe), EJ(\i) -} EE,E), Iy and I, for values of § which minimize i‘Eff) “Eg)i
(BC choice). The g, nucleon-nucleon correlation function and the value g=0.166
nucleons {fm® for the density of nuclear matier were used.

x {1}
Potential EY

(MeV)
H -75.4
o -61.8
B’ -40.1

E(i) EA:E(}\) +E(3'\)
{(MeV}) (MeV)
5.2 -70.2
3.2 -58.6
0.9 -39.2
TABLE V.

I,

0.214
0.101
0.030

I,

0.075
0.096
0.022

Values of Eﬂ ) Ef,e), Ef{) +- Eg), I, and I, for values of f which minimize EE\D—)—E‘(\Z)
{ME choice). The g, nucleon-nucléon correlation function and the value p=0.121
nucleons (fm® for the density of nuelear matter were uscd.

: i
Potential B

(MeV)
o “64.7
E -53.1
B -37.4

2
B
(MeV)
9.0

6.1
3.7

E,\=ED+5@
(MeV)
-55.7
-47.0
-33.4

I,

0.208
0.117
0.058

L

1.298
1.301
1.092
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TABLE VI
Valwes of EH), Eff), ES{) +E§\2), I and I, for values of § which minimize E§)+Ef)

(ME chotee). The gy nucleon-nucleon correlation function and the value p=0.121

nucleons/fm? for the density of nuclear matter were used.

Potential £} @ E,=R+ED L I,
(MeV) (MeV] MeV)
H -66.5 8.8 ~57.7 0.233 1.829
B -54.4 6.3 -48.1 0.138 1.840
B -37.6 3.9 -33.7 0.066 301
TABLE VII.

Values of Ef\“, ED, Eg)ﬁ-E(z), I, and I, for values of f which minimize J Ef\‘z) ,’Ef\”.
(BC choice). The g’ nuclzon-nucleon correlation function and the value 9=0.121

nucleons fin* for the density of nuclear matter were used.

Potential B E? E,=ELED I, 1,
(MeV) (MeV) (MeV)
H -55.0 4.0 -51.0 0.156  0.054
E -44.7 2.2 -42.5 0.073  0.063
B -26.0 0.3 -27.7 0.022  0.008

TABLE VHI

Values of Ef.&), Ef,f), E%)—{-E‘S&), I, and I, for values of § which minimize ) Ef),fEf.&)I
{BC choice). The g'" nucleon-rnucleon correlation function and the value p=0.127
nucleons. fm® for the density of nuelear matter were used

Potential ~ B'Y E® E,=EYE? L L
(MeV) (MeV) {MeV)
H -56.3 2.6 -51.7 0.155 0.032
B -44.3 1.6 ~42.7 0.072 0.053
B -28.9 0.5 -28.4 0.022 0.014
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Fig 2. The «healing integraly I} as a function of § (or f1). (Nucleon-nucleon correla-
tion function g, potential B', ¢=0,172 nucleons/fm?). The solid line corresponds
to the I, obtained by using the differential equation and the dashed line to the I

dGNA

obtained by using the integrodifferential one. The choice B, forGua and

Y

was made.
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Fig. 3. The first and second order energies and their sum as functions of fy. (Nucle-
en-nucleon correlaiion function g, potential B’ and p=0.172 nucleons /fm®). The

dGNA
chotece B, for Gua and T was made.
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TABLE IX.

Values of EJ(,\“, E5\2)> E%)—FE"(,\Z) and I, for valuwes of By which minimize E}P,’Ej&i)
(BC choice). The g, nucleon-nucleon correlation function, the poiential B' and the
value ¢=0.172 nucleons/fm® for the density of nuclear matter were used in sol-

ving the integrodifferential equation.

(Case E(Q B EQ+ED L
(MeV) (MeV) (MeV)
A -40.6 0.7 -39.9 0.031
A, -40.4 0.7 -30.7 0.031
B, ~40.2 0.7 -39.5 0.031
B, 40.2 0.7 -39.3 0.031
TABLE X.

Values of EE&), Ef), ESP—FE&Z) and I, for values of f, which mintmize E(i) fEf:)
(BC choice). The g, nueleon-nucleon correlation function, the potential E' and the
value o=0172 nucleons/fm® for the density of nuclear matter were used in sol-

ving the integrodifferential cquation.

Case DY ER B4 ED T,
MeV)  [MeV) (MeV)
A, 68.3 A7 -63.6 0.115
A, -67.8 5.4 62,7 0.114
B, -67.6 5.0 -62.6 0.113
B, -67.5 5.1 624 0.113
TABLE XI.

Values of Ef\”, Ef), Efx”{-E f) ard I} for values of B, whieh minimizelEﬁ)/Eg)l
{BC choice). The g)" nucleon-nucleon correlation function, the potential B and the
ealue p=0.166 nucleons/fn?® for the density of nuclear matter were used in sol-

ving the integrodifferential equation.

1y 2(2) 1)l |
Case £y EA By AR 1,
(MeV) (MeV) (MeV)
Ay -39.2 0.6 -58.6 0.030
A, -39.1 0.6 -38.5 0.030
B, -39.0 0.6 -38.4 0.030
B, -39.0 0.6 -38.4 0.030
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Values of E(Ah, Ef), EE)—I»ES) and I, for values of B, which, minimize

TABLE XII.

~(2) (1)
‘EA "’EA. |

(BC choice). The g, nucleon-nucleon correlation function, the potentinl B’ and the

value p=10.121 nucleons [fm® for the density of nuclear matter were wused in sol~

ging the integrodifferential equation.

[ SN I

ool =

14.

Case B E® EV+R (P I
(MeV) (MeV) (MeV)
A, ~28.6 0.4 -28.2 0.022
A, -28.6 0.4 -28.2 0.022
B, -28.5 0.4 -28.1 0.022
B, -28.5 0.4 -28.1 0.022
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IIEPIAHYH

TIIOAOTITEMOI EIII THE YIIEPOYPHNIKHE YAHZ

Trd
M. E. TPTITAIOY xai B. K. KAPTA

Zrovdaoripwoy Gewpnrueds oo Havemorgulon Oeooalovbeng

Eig mhyv &pyaatay adrhy dvaxowolvron dmoteréopara Suk Thy Evépyelay
cuvdéoews &vde cwpatfov A elg v muppvihy Gy By, Aneévra &t <f
Baoer tHe Swgopinic tbtodiceng Sk Thy ouvdptrow dhiricovoyetioewg Ja-
strow, f, 8w tHe xpNoewe xevToudy Suvapixdy xod TU@Y Sud T TuRveTyTH
vHe muprvixfic GAng, al dmolan elvor puxpdrepon &md thv dpyixds ypnotpo-
motnbeioey (0.172 nueleons [fm3) xal af dmolae xebwplobnowy peraryeveoré-
pug. Aidovrar &mlong dmorehéoparta S1& THe pNoEws THE GAoxhnpodiugoplric
Eodoswg St tov xalbopiopdy Tic o xalidg xed Swrpbpwy mposceyyioTivdy
Exppdozwv dud Thy owvdprrow xatavouds cwuatiov A~vouxisoviou Gra(r)
®oh TRV OUVEPTYCLURTY TRPAYWYOY TNHG.
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