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Variational Monte Carlo calculations of 3He hypernucleus
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We perform a realistic study oiHe hypernucleus using variational Monte Carlo technique. The Hamil-
tonian for “He nuclear core of the hypernucleus is written using Argonpe NN potential and Urbana
model-IX NNN potential, whereN stands for nucleon. For the strange sector, we use phenomenolddjical
potential having central, spin, and exchange componentsA@hN potential which includes spin-dependent
dispersive force and two-pion exchange force. Using this Hamiltonian and a fully correlated variational wave
function, we reproduce the experimentalbinding energy. Without three-bodyNN potential in the Hamil-
tonian and its corresponding correlation in the wave function, the hypernucleus is overbound(By A&
which is about a quarter of the previous reported values of 2—3 MeV due to the use of central forces. We
present the detailed energy breakdown of the hypernucleus and also show the efféidtl @orrelation on it.

The one-body density profiles for nucleon andin the hypernucleus and in its nuclear core have been
critically examined. The nuclear core polarization due to presence isfprecisely determined.
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[. INTRODUCTION (ANN) potential may resolve the overbinding problem. Be-
sides, there were other attempts to resolve this problem by
The }He hypernucleus, a composite of four nucleonsBando and Shimoday®], and by Shinmurat al.[10], who
(N), and a distinguishable hyperaoh with strangeness de- had performed calculations under the frameworksahatrix
gree of freedom, has always been a focus of attraction fofSing Reid soft core and Hamada-Johnt potentials. At
those studying strangeness physics of hypernijdleiThe @ later stage, detailed Monte Carlo studies @ hyper-
A-separation energy in the ground state of this hypernucleuglucleus using cluster Monte CafGMC) [11] and 3 He hy-
because of the good experimental statistics, is the most relernucleus using variational Monte CaffMC) [12] were
able experimental information available to us in the hyper<carried out. In these two studies, the two-bddi and AN
nuclear laboratory. It has been, besides i scattering Potentials were used in conjunction with the three-body
experiments and the hypernuclear decay, widely studied t)NNandANN potentials. But thé\N potential was the,
bridge the gap in our fundamental understanding of baryonWhich represents the first six dominant terms of the Argonne
baryon and three-baryon forces. It has also been used to e%18 (AV18) potential [13].' In addition, all th_e correlatl_on_s
plore the structure of théHe. Although nucleons and hy- induced by_these pott_antlals were usgd to write the vgnanonal
. . ave function under independent triplet approximation. The
perons are quark composites, at low energies quark an

. ect of ANN force and its corresponding correlation on
gluon degrees of freedom do not manifest themselves, andéhergy breakdown, density profile, and nuclear core (NC)

;Jes_crlpl)tlonhof baryon-baryon forcr? ur?mg mesons worksfelﬁ- olarization was thoroughly investigated. However, for a de-
ectively. The question remains whether we can successfullyjieq realistic study, one must include the neglectéd

calculate physical properties of such many-body systems igvls_ve terms.
In this paper, we use the full AV18 potential. We also

terms of realistic two- and three-baryon interactions without
improve the wave function through the inclusionLofS and

including the underlying QCD.
In this direction, some simplified microscopic calculatlonsl_.s®(71.72) correlations and incorporate other consider-
ations for NC as by Pudlinest al.[14, 15 given in Sec. lII.

were performed fois-shell hypernucle[2,3], a few p-shell
hypernuclei[4], and A binding to nuclear mattel3,5]. But
these studies were limited to central nucleon-nuclegiN)

interactions, which are far from the realistic picture of the Il. THE HAMILTONIAN

hypernuclei. Also theA-nucleon (AN) potentials, param- We calculate the\ Separation energy

etrized to account for the various low energy scattering data

and the binding energies ofH, iH, and tHe, overbind (TnelHael Pre)  (PIH|P)

f’\He hypernucleus, which is known a&=5 anomaly AT (Vnel e B (v|w) @)

[2,6—8. It was suggestefl,3] that the A-nucleon-nucleon
whereW (V) andH(Hyc) are used to refer to the ground
state wave function and Hamiltonian of hypernucléis®-
*Email address: anisul@bharatmail.com latedA—1 bound nucleons
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The nonrelativistic Hamiltonian of ai-baryon hyper-
nucleus containind\—1 nucleons and & baryon is

H:HNC+HA1 (2)
whereHc is the nuclear core Hamiltonian,
A-1 pz A-1 A-1
I
Hye= > ﬁJﬁZ Uij+_2 Viik » ©)
i 1<j i<j<k
and
A-1 A-1
Ha=Txt _21 vait ; Vaij (4)
1= 1<j

is the part of the energy due to presence/aof In these
expressionsy;; and Vj;, are NN and NNN potentials. For

NN potential we use AV18, which is written as a sum of 18 are,

terms,
vi= 2 velli)Of 5
where the first 14 terms are charge independent,
Oﬂ=l’l4=[1,0'i'0'j .S ,L~S,L2,L20'i-a-j ,(L-S)Z]
®[Lm- 7], (6)
and the rest,
OF}:lS'lB:[la‘Ti'Ujysﬂj]@’Tijy(Tzi+sz), (7)

are charge independence breaking terms. FOINNEN po-

tential, we use Urbana-IXUIX) model of the Urbana series .

potentials[16]. This has a long range two-pion exchang

component and a short range phenomenological compone

written as
(8

We use these in conjunction with theN and ANN poten-
tials, which are represented My; andV,;; in Eq. (4).

_\2 R
Vijk=Vijk + Vijk -

A. The AN potential

PHYSICAL REVIEW C 68, 024001 (2003

vo=vc(r)—vT2(r), (10

We

:1+exp(r—R)/a' (D

Uc

HereT(r) is the OPE tensor potential

3
(ur)?

exp(—ur)
ur

3
1+ —+

T,=
ur

[1—exp—cr?)]?,
(12

with £=0.7 fm %, and the cutoff parametar=2.0 fm 2.

P, is the space-exchange operator and the corresponding

exchange parameter. The=(vs+3v)/4 andv,=vi—vg
respectively, the spin-average and spin-dependent
strengths, wheres and v, denote singlet- and triplet-state
depths, respectively. The spin dependence in(8qgs found

to be negligibly smal[11,17 in 3He and}’O. Theuv(r) is

a short range Woods-Saxon repulsive potential. The various
parameters are

v=6.33 MeV, v,=6.1 MeV, &=0.3,

W,=2137 MeV, R=0.5 fm, a=0.2 fm.

These parameters are consistent with the low energy
scattering data that essentially determine the spin-average
potentialv. The parametes for the space-exchange strength

is fairly well determined from the\ single-particle scatter-
ing data[18,19. One may also add a charge symmetry

rItf}reaking term in Eq(9), which may give significant result at

arge values ofA with a substantial neutron excess3,20.

B. The ANN potential

The AN force as obtained by fitting thd p scattering
does not provide a good account of the experimental binding
energies. The other considerations such as many-body effects
and the suppression of the tensor force by the medium are
small[18,21], in order to reproduce the experimental binding

Unlike the NN interaction, single-pion exchange is for- energies. However, we note herein that a fully realistic de-

bidden inAN interaction. The two-pion exchang&PE) is a

scription of NC narrows the gap between theory and experi-

dominant part of the\N potential that is determined by the ment significantly. But we still require a three-body TPE

strong tensor one-pion-exchang®PE component acting
twice. The tensor part of th& N interaction is very weak

because the short rangleandK* exchanges that are respon-

ANN force to resolve the overbinding. Unlike theN po-
tential, the ANN potential may be strongly suppressed be-
cause of the modifications of the propagation of intermediate

sible for this are of opposite sign and nearly cancel eacHiyperonic state. The intermediate hyperonic state canXde a

other. Moreover, there is the exchange interaction that pri-
marily contributes to thé\N exchange potential.
We use an Urbana type charge symmetric potefdidl7]

as well as any of thel &1,S=—1) X* resonances. The first
such resonance is &aA resonance:* (1385), analogous to
N*(1236) in thewrN system. In order for the diagrams given

with spin and space exchange components, and a TPE tail Fig. 1 to be operative, each nucleon must be localized

which is consistent with\ p scattering below th& thresh-
old,

van(D=vo(N(1—e+eP)+5v,To(r) oy oy, (9

within a fairly large distance of/m_c~1.4 fm from theA
particle. The other calculations show a repulsive contribution
suggested by the suppression mechanism dud KXo N
coupling[22,23. Corresponding to both the diagrams of Fig.
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A N N A N A-1 A-1
W)= H || 1L f8ap ) L1 fetripo
i<j<k
o I
s A-1
> ) x| T 16 [AlgA ), (19
_________ N <]
T T
Here, fﬁ-(rij) and fCA(rAJ-) are central correlations that are
A N N A N primarily generated by the repulsive core in the two-baryon

interactions ffj, andfj;, are the central three-body correla-
tion functions, and

1, one may write two Wigner types &fNN forces, namely, A-1y _
the dispersiveANN force and the TPEANN force. AP =AM D2APD3(PLal, 20

The repulsive “dispersive” force is written in phenom- where 4 is the antisymmetrization operator running over
enological form with an explicit spin depender({& as nucleons.

Uj; is a sum of spin, isospin, and tensor operators,

FIG. 1. Diagrams contributing t& NN potential.

VRN=WoT (M) T2 [ 1+ oy - (01 + 03],

13
where W, is the strength of the potential antd,(r,;) is p=26
given by Eq.(12). For the spin-zero core, the second term in
the square brackets is practically zero.

In principle, TPE arises from- ands-wave pion interac-
tions of the A with nucleons, but the latter is negligibly ULS= > up(rij)of, (22
small. Therefore, TPE may fairly be described ag-aave =78
A interaction[6,24], which is written as

H f|]k(r|k rjk)

A up(rij)Off, (21

and Uhs is the spin-orbit correlation operator,

with
C
VANN ( Gp)(’Tl"Tz){xAl,xAz}. (14) Op 18 [10-I 0-] Sij (L S)IJ]®[17| Tj] (23)
The functionsf(r;;) anduy(r;;) are the same as given in
Here Ref. [26]. The three-nucleon correlations induceddy are
discussed in Ref.14] and references therein. Their explicit
Xpi= 0y 07)Y 7V i)+ Spi T i), (19 mathematical expressions are
=1+
Y_(r)= exp( — ur )[1 exp(—cr?)] (16) Ijk ql(rlj Fik) (i - Fjic) (Pii - P ) €Xp( — a3 Riji). 24
mr
is the OPE Yukawa function, an@, is the strength of the f”k 1-qgf(1- |' jk)exq—qSRi]—k), (25

potential.
and Uj; is a complicated operatorial combination as dis-

cussed in Ref[25]. U is the three-nucleon correlation

induced by the three- nucleon interaction, which is written in
The variational wave functiof5] for nuclei may be gen- the form[14]

eralized to write the wave function fo?(He hypernucleus,

A-1 A-1 Uin'= &V (M Tk Tk, (26)

Ill. THE VARIATIONAL WAVE FUNCTION

R,A,C
|Py=|1+ >, Upjit > (Uijk+U;E|’2‘|)+2 Uhs [Py, .
<k i<j<k <] .
17) wherer is scaled through a parameteas
where the pair wave functio , is written as r=yr, (27)
A-1 A-1 and ¢,(x=A,C,R) is the strength parameter for the three
woy=| IT (x+up|[sIT (a+ Uij)b‘PJ)- (19  different terms of the\NN potential[27].
j=1 i<] ForU,;, we choose
HereU;;, Ui®, Uyj, Ui, Uf', andU j are the non- _
commuting two- and three- baryon correlation operatsris. Uai= pzzg H FRik(Taie i) \Up(ra)OR;, - (28)
a symmetrization operatdf¥’ ;) is the antisymmetric Jastrow
wave function, with
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OR;*=[1.04- 0,Pyl, (29)
whereP, is the exchange operator and
£l —f3
ut=2 2 (30)
f3

We may also generaliz, and ff, for ANN three-body
correlations f§;, andff;, as

C _ C C
A= LHZE( A T AR (A T (Fea - Ti) XP0—Z5RA ji) s

(31
ijk:1_22(1_?Aj'ij)exq_zgRA]’k)- (32
Thefi(‘) is the solution of the Schdinger equation
_ 72 5
VZ+ogn(ran) +O0an|f{7=0, (33

2 AN

with quenchedA N potentials in singlet and triplet states,
0N =0e(1) = (@m0 + § v ,) TA(N),

() =ve(r) = (@m0 — v ) TA(r). (34)

The spin-averaged correlation function is defined as

fS+3fY
A= (35

and following Ref.[3], the auxiliary potentiab,y may be
written as

o — h? o 2kan(an—D)  wan(van—D)

ANTD N KAN r r2

l1-exp
AN

+ VAN (36)

r-R '
1+exy{ AN)
aszn

which ensures the asymptotic behavior

X

T VAN KANP

(37

C
ANTTT

required by the Eq(33).

The U,y involved in Eq.(17) have the same structure as

their corresponding interaction,

UAjkzngz EQV)/(\jk(FAj ;ij,?kA), (39

with
T=y,r (39

and 5>/<\:D,27r! which stands for bottD (repulsive and 2
(attractivg components of theANN potential. In other
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TABLE I. Values of asymptotic parameters used to generate trial
wave function for the NC of{He. The *He parameters and nota-
tions are the same as Refd44,26. The parameters which remain
unchanged for, He are not listed here.

NC “He
Eoo (MeV) 14.0 17.0
Eo1 (MeV) 16.0 16.0
E1o (MeV) 21.5 23.5
E;1 (MeV) 12.0 16.5
Mo 0.36 0.35

words U, differs with V,;, through the rangee of the
cutoff functionsT .(r) andY .(r) as given below,

C=Cy’. (40)

IV. RESULTS AND DISCUSSION
A. Variational parameters

All calculations are carried out using the Hamiltonian
consisting ofAN, ANN, NN (AV18), andNNN (UIX) in-
teractions. The variational searches have been performed for
two cases{(i) with U,;, that implicitly involves ANN po-
tential strength¥V, andC,, through Eq(38) and(ii) without
UAjk andVAjk .

The best values of the parameters that describe*He
nucleus are due to Pudlinat al. [14] and Wiringa[26].
Using these parameters the ground state energy'Hs
nucleus is estimated to be27.73(2) MeV. The number in
parentheses is the error in the last digit. The wave function
describing the NC need not necessarily be the sanftHas
nucleus due to the presence af hyperon in the hyper-
nucleus. We do notice that some of these parameters need to
be changed for an optimal variational wave function. Values
of asymptotic parameters used to generate trial wave func-
tion for NC and “He are given in Table | and the three-
nucleon correlation parameters are listed in Table Il. The
noncentral NN correlations are obtained through the
quenched potential strengths. These quenching factors are

TABLE Il. Values of three-nucleon correlation parameters. The
“He parameters and notations are the same as Rief£6. The
parameters which remain unchanged idnle are not listed here.

NC “He
€r —0.00027 —0.00025
€c —0.0005 —0.0004
y 0.73 0.72
as (fm~9) 0.18 0.20
a5 (fm™1) 0.80 0.85
qis (fm~2) -0.10 -0.12
s (fm~2?) 0.11 0.12
ass (fm~2) 0.80 0.85
gz (fm) 1.25 1.20
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TABLE lIl. Noncentral potential quenching factors fisN cor- 3 | . . . .
relation functions.

NC ‘He
ay 0.93 0.93
ag 0.92 0.92
ay, 0.92 0.92 Vi
as 0.82 0.86 (MeV)
ag 0.82 0.85
ag 0.80 0.80
ag 0.80 0.80

listed in Table Ill. The best asymptotic parameters used to

generate long rang&N correlation are given in Table IV.
Similarly, the AN correlation functions are also obtained

through the quenched potentials as in E2fl). These are

1 1 1 1 1 1 1

14
0.009 0.01 0.011 0.012 0.013 0.011 0.015 0.016 0.017

Wy (McV)
FIG. 2. Dependence dV?,) onW,.
al =0.935, & =0.70. (41) AN
) ) ) ) ] o andC, may reproduce the experimentatseparation energy
yan IS determined by matching the logarithmic derivative at3.12(2) MeV. However, as obvious from Eq38), any
a suitabler. In addition to these, the tuned parameters for thechange brought tt, and C,, will offset the optimal varia-
Unn correlation for the strengthd/y=0.012 MeV andC,  {ipnal wave function obtained fow,=0.012 MeV andC,

=0.75 MeV are =0.75 MeV. In order to retain the same wave function,
A -
ed=—0.00163, f[hereforfe, we must reset the valuesedf and €5, accord
ingly using
. (42)
€,,=—0.0016. A 0.0120.00163
eD: - —7
We also note that both the variational parametgrsandz?, Wo
in Egs. (31) and (32) are setting to zero, thereby giving a 0.750.0016 (45)
simple form for the operator independent three-body corre- & =——FT—"
lations as follows: Cp
fk=TfRjk="1. (43 B. Variational energies

The optimal value ofy, is found to be 0.81 fm®. These As mentioned before, the old variational Monte Carlo cal-
parameters give th& -separation energy which is very close culations of O [11] and 3 He[12] hypernuclei were carried

to the experiment. out using the truncatedg NN potential along with their
.We not.e a linear behavior fG(NRNN> with respect toW, gorrespondlng\l!\l corrglanonsL.SThe variational wave func-
(Fig. 2 with a slope tion too was written without);;>(L - ) ® (1,71 75) correla-
tions and with simplified triplet correlation. In the present
dVRNN study, the calculations have been improved by incorporating
aw ~164. (44)  the full Av18 potential and by writing a more general varia-
0

tional wave function that involves additional;%(L - S)
However, dependence GI,ZCKIN with respect toC, is qua- ® (1,7 TZ)Ttn\l,YO-bOdy gorrelati(_)ns along with full three-body
dratic, which is attributed to th&) ,yy correlation. These Yiik @ndUj correlations as in Eq17).

results confirm the old studigg1,17. As both(VY,,) and We compare our results obtained for the strengts

27 s . A =0.015 MeV andC,=0.6 MeV with the old resultgRef.
(Vi) are opposite in sign, different combinations W [12]) obtained for the same strengths which were fixed to

TABLE IV. Values of asymptotic parameters used to generater_eprOduce the experimentdl, value but withvg NN poten-

long rangeAN correlation function. tial and correlations induced byg. Herein, we underesti-
mate theA-separation energy by 1.08 MeV. This loss of
KAN 0.008 (fmi %) the B, value is attributed to the differences BN potential
VAN 0.62 and variational wave function between the two studies,
Can 3.5 (fm 1) which we analyze as followsti) the effect of U5%(L-9)
an 0.6 (fm) ® (1,7 7) correlations to theB, is found to be 0.1@)
Ryn 0.35(fm) MeV as its contributions irfHe and in3He are—0.41(1)

MeV and —0.251) MeV, respectivelyii) the contribution
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TABLE V. Variational results fol/Ry, Viln, andB, . All quantities are in units of MeV.

Cp W VRN ViR Vann E(RHe) B
1.0 0.0168 2.8@) —3.25(3) —0.42(2) —30.84(2) 3.114)
0.0169 2.882) —3.25(3) —0.40(2) —30.82(2) 3.099)
0.0170 2.862) —3.25(3) —-0.38(2) —30.81(2) 3.08)
0.95 0.0156 2.6@) —3.10(3) —0.47(2) —30.89(2) 3.164)
0.0158 2.662) —3.08(3) —0.42(2) —30.86(2) 3.18%)
0.0160 2.7 —3.08(3) —0.38(2) —30.80(2) 3.089)
0.90 0.0146 2.42) —2.90(3) —0.44(2) —30.87(2) 3.149)
0.0148 2.5(2) —2.95(3) —0.44(2) —30.86(2) 3.1®)
0.0150 2.58) —2.93(3) —0.39(2) —30.81(2) 3.08)
0.85 0.0138 2.3®) —2.74(2) —0.43(2) —30.87(2) 3.144)
0.0139 2.302) —2.74(2) —0.41(2) —30.85(2) 3.1%4)
0.0140 2.302) —2.74(2) —0.40(2) —30.83(2) 3.109)
0.80 0.0129 2.1@) —2.61(2) —0.44(2) —30.88(2) 3.1%4)
0.0130 2.2(2) —2.61(2) —0.41(2) —30.86(2) 3.18)
0.0131 2.2») —2.60(2) —0.38(2) —30.82(2) 3.0%9)
0.75 0.0119 1.98) —2.42(2) —0.44(2) —30.85(2) 3.1%)
0.0120 1.901) —2.42(2) —0.42(2) —30.84(2) 3.114)
0.0121 2.071) —2.42(2) —0.40(2) —30.83(2) 3.100)
0.70 0.0109 1.88) —2.29(2) —0.43(2) —30.87(2) 3.14)
0.0110 1.861) —2.29(2) —0.42(1) —30.85(2) 3.124)
0.65 0.0100 1.68) —2.12(2) —0.43(1) —30.86(2) 3.18)
0.0101 1.691) —2.12(2) —0.42(1) —30.84(2) 3.114)
0.60 0.0092 1.5@) —1.97(2) —0.41(1) —30.81(2) 3.08%)

of v’ (the difference between AV18 ang NN potentia) to This loss in the separation energy may be compensated
theB, is found by about 0.(2) MeV as its expectation value through theA NN potential either by decreasing the repulsive
for “He is 0.4%2) MeV and for iHe is 1.1%6) MeV, and  strengthW, or by increasing the attractive strendffy. We

(iii ) the small residual contribution is attributed to the otherdo both. A summary oB, for different combinations 0¥V,

changes in the variational wave function.

and C, strengths is reported in Table V. ThevRyn)

TABLE VI. Energy breakdown foriHe hypernucleus. All quantities are in units of MeV.

With U yj; With no U ,;; andV,j;
A Kinetic energy Ta 7.983) 9.453)
vo(r)(1—€) —11.76(4) —13.91(5)
vo(r)ePy —4.39(2) -5.30(2)
Fv,T204- oy 0.05 0.06
AN Potential energy VAN —16.19(6) —19.27(7)
VRun (Wp=0.012 MeV) 1.991)
VAT (C,=0.75 MeV) —2.41(2)
ANN Potential energy Vann=Viunt Vit —0.44(1)
A Potential energy vanT Vann —16.63(6) —19.27(7)
Total A energy Er=Tx+vantVann —8.65(9) —9.82(7)
NC Kinetic energy Tne 114.3422) 117.5%22)
e —131.99(21) —134.49(21)
UNN —130.84(19) —133.38(20)
(VAT —5.68(2) —-5.75(2)
NC Potential energy Vne=vnnt Vnn —136.52(21) —139.13(20)
NC Energy Enc=Tnct Vae —22.18(6) —21.62(6)
2He Energy —30.84(2) —31.41(3)
A Separation energy B, 3.11(4) 3.685)
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TABLE VII. NC polarization. All quantities are in units of MeV.

NC ‘He Polarization
Tijiernal 111.9722) 107.3121) 4.6643)
VNN —130.84(21) —129.81(21) —1.03(42)
Vann —5.68(2) —5.23(3) —0.45(3)
VNC UNN+VNNN _148(42)
ENE M =TNE M+ Ve —24.55(6) ~27.73(2) 3.18)

=1.98(1) MeV is repulsive whiléV3iT,,)=—2.41(2) MeV  between these two values suggests that the effedt,gf to
is found to be attractive and significant. We also note a smalihe nuclear energy is weak.

(VAT =0.16(1) MeV for pure Jastrow wave function The realisticNN, NNN, and AN potentials along with
(U _ULS_U”k U”k Ua;=U,;=0). Thus, the non- their corresponding correlations give small overbinding by at

least a quarter of previous predictions of 2—3 MER9].
However, we do requireA\NN force to resolve this small
overbinding. This also warrants that if such a realistic study
is performed over a wide spectrum of hypernuclei to deter-

ine the ANN potential strengths, thenigma[1,30] of
overbinding of3He, on account of the use of central forces,
will not survive.

central correlations are responsible for the significant en-
hancement in théV47,,). This may be understood with the
consideration thaX;, as given in Eq(15) may be written as
generalized tensor operatds,, whose expectation value in
a Jastrow wave function for a closed shell nucleus is zero b
(S2,) is nonzero. We thus note that the val(g, yy) is cor-
relation dependent. Similar results were obtainedﬁdl hy-
pernucleug 11].

The complete energy breakdown &k =
Cp,=0.75 MeV is reported in Table VI. For any other com-  In order to calculate the polarization energy of the core
bination of strengths the energy breakdown except fonucleus due to presence af we calculate the internal en-
(VRn) and(VAT,,) will remain the same as we readjust the ergy EY/©™@! | of the (A— 1) subsystem in the hypernucleus.
ANN correlation parameters for an optimal wave function asTherefore, we duly take into account the center of mass
given in Eq.(45). In this case, we fin@,=3.11(4) MeV, (c.m) motion of the subsystem and write down the internal
which is very close to the experimental value. In the sameinetic energy of the core nucleus as given below,
table, we also report on the energy breakdownMigy=C, )
=0, which means that botANN potential and correlation 2
are turned off. In this case, the hypernucleus is found to be p; ( p,)
overbound by 0.5@) MeV, and the optimal value aﬁﬁw is
0.95 instead of 0.935 and of long rangé& asymptotic cor-
relation parametek ,y is 0.024 fm', which is quite large
compared to its previous value 0.008 Tinfor the full wave  whereT{Z represents the kinetic energy due to c.m. motion
function. of (A— 1) subsystem around the c.m. of hypernucleus

The nuclear energy oiHe is —22.18(6) MeV withU ,; and Ty is the nuclear kinetic energy oiHe as given in
and —21.62(6) MeV with noU,;; . The little disagreement Table VI.

" - 4
0.012 MeV and C. Densities and polarization of "He core

=1
Tmternal > > Z(A——l)m_TNC Tne, (46

0.2 T T

FIG. 3. One-body densities fot andA. The
solid circles represent the nucleon density in iso-
lated “He nucleus. The small filletbpen circles
represent nucleon density and diamorideoss
| points represent\ density in3He with (without)
U,nn correlation, respectively. Similarly, solid
(dotted line represents nucleon density and
squares(triangles representA density in NC
. (meaning that c.m. of M subsystem is treated as
the c.m. of hypernucledyswith (without) U \nn

fesuerinnag, . correlation, respectively.
@ﬁga@@@amg@g@ggﬁggg;'—
0 1 1 i b | & @
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0.0014 & T T T T T
B

0.0012 ,
e

0.001

0.0008

p (fm™?)
0.0006

FIG. 4. One-body densities fad and A at
peripheral region. The description of the plots are
the same as in Fig. 3.

0.0004

0.0002

7 (fm)

We compare the energy breakdown fiife and NC of  scription of the various plots of this figure is the same as in
iHe in Table VII. A total polarization of 3.18) MeV is  Fig. 3. The nucleon density is found to vanish at 5.0 fm and
noticed, which is about 0.8 MeV per nucleon. This value is5.5 fm for “He and for3He, respectively. Howeven den-
significant. A similar effect was also observed f}\ﬁO, in  sity survives until 8.5 fm. This long-range behavior suggests
which case the polarization of 11 MeV was noticgld], a A halo around the NC of the hypernucleus.
which is about 0.7 MeV per nucleon. In this study and also in  The effect ofU ,yy is small. We also note thalﬁ is a
the study of *°0 [28] under CMC approach usings, the  very weak correlation to exhibit a significant effect on a
ground state energies are underestimated to about 20% of th@yysical observable. Therefore, we infer that the change in
experimental values. We believe that the NC polarization ighe nucleon density profile in the hypernucleus is due to the
also underestimated in the same proportion. A simple eXrepulsivef’ correlation.
trapolation gives a polarization of about 13—14 MeV, which
is about 0.8—0.9 MeV per nucleon. Thus our results are con-
sistent and are in good agreement with the findings of Ref.
[11]. We also observe that the polarization is mainly in the
kinetic energy of the NC, which is found to be 4(88) In this microscopic study, we observe that the realistic
MeV. In the potential energy, polarization is1.48(43) NN (AV18) andNNN (Urbana-IX potentials in conjunction
MeV. Recently, Nemura, Akaishi, and SuzyB0] have per- with AN and ANN potentials, give a good account of the
formed calculations of-shell hypernuclei by explicitly in- experimentaB, value. We also note that without inclusion
cluding % degree of freedom. They do report on a large NCof ANN potential, the hypernucleus is overbound by (456
polarization energy. Our value is in the range discussed iMeV, which is small compared to the earlier predictions of
their reported work. 2-3 MeV due to central forces. Still in such a realistic study

The density profiles for nucleon ardare plotted in Figs. we inevitably require the three-bodyNN force to resolve
3 and 4. The solid circles represent the nucleon density ihe overbinding problem. However, in order to determine the
isolated *He nucleus. The small filledopen circles repre-  two strengthdi, and C,, of this potential, one must study a
sent nucleon density and diamon@soss points represent  wide spectrum of hypernuclei in a similar way. The nuclear
A density in 3He with (without) U,y correlation, respec- core polarization is found to be sufficiently large which is
tively. Similarly, solid (dotted line represents nucleon den- about 0.8 MeV per nucleon. This result is found to be in line
sity and squareftriangles representA density in NC with  with the findings of Ref[11]. Also, theA hyperon density is
(without) U, correlation, respectively. We obtain this found to be maximum near the center from where it pushes
when we take the c.m. ofM subsystem as the c.m. of the the nucleons towards the low density regions both at the
hypernucleus. We also note tHat, \y leads to a depression periphery and at the center. A halo structure is also seen.
in densities at small for every case. This is because of the The change in nucleon density in NC compared to that of
repulsive piece of this correlation, which is due to repulsive*He is certainly because of trfeé‘ repulsive correlation.

VRN - For future studies, we suggest the inclusion of exchange

Most of the timeA hyperon is found in the interior region AN correlation in the variational wave function. Though
near the center, and it pushes away the nucleons towards loeegligibly small, thes-wave A interaction should also be
density regions both at the periphery and in the center of thécluded in theANN three-body force for the sake of com-
hypernucleus. As a result, the hole in the nucleon densitpleteness. One should also include lllinois realistic models of
distribution at the center in case &fle disappears. No den- three-nucleon interactioi81], which give overall better re-
sity hole is seen at the center fdr. In Fig. 4, we plot the sults in comparison with the Urbana-IX one, specially for
one-body density distributions at peripheral region. The denuclei with largeA andN+# Z.

V. CONCLUSIONS
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