Proceedings of the International Symposium on Nuclear Physics (2009)

Effective AN and AA Interactions with the
Skyrme-Hartree-Fock Theory

Shashi K. Dhiman'?,* Neelam Guleria!, and R. Shyam3
! Department of Physics, H. P. University, Shimla 171005, INDIA
2 University Institute of information Technology,
H. P. University, Shimla 171005, INDIA and
3Saha Institute of Nuclear Physics, Bidhan Nagar, Kolkata 700064, INDIA

The upcoming experimental facilities at KEK,
JLAB, J-PARC, and other sites will soon pro-
vide precise measurements on the many-body
hadronic systems of Hypernuclear Physics uti-
lizing the strangeness degrees of freedom. The
investigation of Hypernuclear physics mainly
focused on the single and double A hypernu-
clei at this stage [1]. Recently, this subject
has generated theoretical interest and, apart
from the exploration of hypernuclear mat-
ter at supranuclear densities, serval attempts
have been made to study the structure prop-
erties of hypernuclei in many body mean field
theories and lattice QCD calculations.

In this paper we have used an extended
Skyrme-Hartree-Fock theory to calculate the
interaction strength parameters of AN effec-
tive interaction, ANN three body interaction,
AA effective interaction, and AAN three-body
interaction. The parameters sets are obtained
so as to reproduce the A single particle ener-
gies of single A hypernuclei and, the binding
energies of double A hypernuclei spanning a
wide range in the periodic table. The total
energy density functional (EDF) of A hyper-
nucleus with in the extended density depen-
dent Skyrme Hartree Fock theory is expressed
as

7

glfllx = gNN(pnapvamTzn In, Jp)
+ EAN(Pn; Pps PAS TA)
+ E"P““’(vp’v") + EQ(Pn,Pp,pA)-

(1)

Where, Enn is the original Skyrme Hartree-
Fock nuclear Hamiltonian density based upon
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the nucleon-nucleon interactions. We employ
SLy4 [2] Skyrme parameterization to calcula-
tion the energy density functional of core nu-
cleus ,‘?_IZ of hypernucleus. The p;, (i = n,p,
and A) one body density, 7; kinetic density,
Jy/p the spin orbit current operator, and v, /,
are the occupation probabilities of nucleons in
the core nucleus. The contribution to the total
energy density functional of hypernucleus due
to the presence of A hyperon may be written,

EaAN = /d37“HAN<7”), (2)

Epuair (Up, vy,) is the pairing density functional,
and EX(pn, pp, pa) is contribution from rear-
rangement energy functional. The total en-
ergy density functional for AA hypernuclei
ﬁle is written as,

Esp = &N +Ean +ERMpn o) (3)

The double A energy density may written as,

Exn = / BrHp(r), (1)

the Hamiltonian density Hpp is written by us-
ing two-body and three body Skyrme interac-
tion forces.

In Table (I), we present the different sets
of parameterizations obtained by the methods
of successive approximation for x? minimiza-
tion. In case of AN effective interaction pa-
rameters, our calculated data set is fit to ex-
perimental data set consists of A single par-
ticle energies of hypernuclei, iHe,%LL }XOBe,
18, A Ca, 3'Ca, 1V, ¥Fe, Y, °"La, and
208Ph, We get values of AN potential, Vay
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TABLE I: A new parameterizations for A-N Skyrme potential derived self-consistently by fitting a large
set of experimental data of A single particle energies for two different values of 3.

2

SET ﬂ Uo ui u2 us Yo NES X
(MeV fm®) (MeV fm®) (MeV fm®) (MeV fm®+3%)
HPO0608 1/3 -484.5329 123.8707  -2.6439 1302.5353  -0.2293 -0.3081 1.0627
HP1008 1/3 -550.0497  49.7609  -10.0550 1595.3743  -0.2999 -0.2339 1.4365
HP1808 1/3 -482.4832  87.1493 12.0396 1528.2587  -0.1177 -0.3484 1.1803
HP1908 1/3 -585.1839 134.4793  -25.4242 1011.7046  -0.4874 0.3515 1.1176
HP1308 1 -325.1456  37.9769 -15.1072 1801.6298  -0.2556 -0.0454 1.2592
HP2908 1 -524.0549  13.9880 91.8494 1708.3227  -0.7561 0.5501 1.3269
HP0909 1 -404.3997  38.2069 69.5367 1663.7979  -0.4815 0.1651 1.0747
HP1009 1 -550.5586  72.4039 67.9916 1883.1381  -0.7984 0.2417 1.2787
Aep = efzp b — eTheor single particle energies
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FIG. 1: The difference in the experimental and
theoretical calculated single particle energies, Aea

plotted as a function of baryon numbers, A in hy-
pernuclei 3 = 1/3.
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= 28.00£0.58 MeV at nuclear matter density
p= 0.16+0.01fm ! for the data of hypernuclei
employed in the x? minimization. The ug and
yo, are the parameters of zero range term, u;
and up are representing the effective and finite
range term, and us and y3 are the parame-
ters of density dependent term of the Hamil-
tonian density Hp n(7) of hypernucleus. In the
Figs. (1 and 2), we present the comparison of

in hypernuclei for 1s, 1p, and 1d orbitals for
B = 1/3 and 1.0, respectively as a function of
total baryon numbers. The relative errors in
€A is always less than 0.1 for all the hypernu-
clei data employed in fit. The experimental
data for binding energies Bya and AA inter-
action energy ABja from KEK E176 Collab-
oration [3] on light AA hypernuclei have been
employed to search the parameterizations of
effective AA interactions. In this case we get
double A potential, Va, = 5.00£0.5 MeV at
p = 0.16fm~1.

In this work we have generated Skyrme inter-
action strength parameters for single A nucle-
ons interaction, and double A nucleons effec-
tive interactions within Hartree Fock theory
by using the method of successive approxima-
tions algorithm of x? minimization. For the
first time large set of data have been used in
the fit. The parameterizations can be further
employed to study the structure properties of
all the available hypernuclei, to investigate
bulk nuclear matter made up with hyperons
at supranuclear density, to construct equation
of state at zero and finite temperature of com-
pact objects of astrophysical interest.
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