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THE GROUND STATE PROPERTIESOF SPHERICAL NUCLEI CALCULATEDBY HARTREE�FOCK�BOGOLUBOV PROCEDUREWITH THE GOGNY D1S FORCE� ��Maªgorzata Kleban, Bo»ena Nerlo-PomorskaKrzysztof PomorskiInstitute of Physi
s, University of M. Curie-SkªodowskaM. Curie-Skªodowskiej 1, 20-031 Lublin, PolandJean Fran
oise Berger and Ja
que De
hargèCentre d'Etudes de Bruyères-le-Châtel91680 Bruyères-le-Châtel, Fran
e(Re
eived O
tober 29, 2001)The self
onsistent Hartree�Fo
k�Bogolubov (HFB) 
al
ulation with theGogny for
e D1S was performed for the spheri
al nu
lei: isotopes of Ca,Sr, Sn, Sm, Pb, Th, isotones with magi
 neutron numbers 50, 82, 126 and�-stable nu
lei. The shell e�e
ts were extra
ted by Strutinsky pro
edurefrom Hartree�Fo
k energy and obtained in this way ma
ros
opi
 part ofpotential energy was approximated by the liquid drop formula of Myers��Swi¡te
ki type. The nu
lear radii were 
al
ulated by HFB method withthe Gogny D1S for
e for the same group of nu
lei. They were approxi-mated by the isospin dependent 3 parameter formula, whi
h reprodu
edthe experimental data very well, what is shown.PACS numbers: 21.10.�k, 21.10.Dr, 21.10.P
, 21.30.Fe1. Introdu
tionThe self
onsistent Hartree�Fo
k�Bogolubov [1℄ method with the twobody e�e
tive nu
leon�nu
leon for
es is one of the best tool to investigatethe nu
lear properties. The binding energies, single parti
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ienti�
 Re-sear
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384 M. Kleban et al.ration energies, radii and �ssion lifetimes should be reprodu
ed in su
h a 
al-
ulation when phenomenologi
al parameters are well established.We have performed HFB 
al
ulation with the Gogny e�e
tive intera
tionD1S [2℄. This intera
tion is very su

essful in des
ription of spheri
al anddeformed nu
lei in the ground states, however, we have restri
ted our 
al
u-lation only to spheri
al nu
lei: isotopes of Ca, Sr, Sn, Sm, Pb, Th, isotoneswith magi
 neutron number 50, 82, 126 and �-stable spheri
al nu
lei.2. Basi
 formulae and results2.1. EnergyWe have 
hosen the representative group of spheri
al nu
lei to get thesystemati
s of their binding energies and radii. First we have performedthe Hartree�Fo
k (HF) 
al
ulation without pairing with the Gogny D1S [2℄for
e. Then, we have extra
ted the shell e�e
ts from the HF energies byStrutinsky [3℄ averaging method. We have taken the self
onsistent singleparti
le levels e� and smoothed them to ~e� by modi�ed gaussian fun
tionlooking 
arefully for the proper gaussian width 
 giving the plateau forStrutinsky shell 
orre
tionsEshell =X� e� �X� ~e� : (1)In Fig. 1 we 
an see the dependen
e of neutron, proton and total shell
orre
tions on proton number Z for nu
lei with magi
 neutron numbers.The magi
 numbers 50 and 82 are well reprodu
ed by the minimal protonshell 
orre
tions.In the next step we have subtra
ted the total shell 
orre
tion from theHF energy to obtain the pure ma
ros
opi
 oneEma
r = EHF �Epshell �Enshell : (2)This energy served us to get the parameters of the liquid drop model ofMyers��wi¡te
ki type [4℄E�t = �av(1� kvI2)A+ asurf(1� ksurfI2)A2=3 + a
1 Z2A1=3 � a
2Z2A ; (3)whi
h 
orrespond to the self
onsistent Gogny theory. After performing theleast square �t we have obtained the following set of parameters:av = 15:652 MeV; kv = 1:916 MeV;asurf = 18:919 MeV; ksurf = 2:104 MeV;a
1 = 0:727 MeV; a
2 = 1:987 MeV; (4)
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Fig. 1. Gogny shell 
orre
tions of protons, neutrons (dashed lines) and total (solidlines) for nu
lei with magi
 neutron numbers N = 50; 82; 126 in dependen
e on Z.In Fig. 2 we 
an see the di�eren
e between ma
ros
opi
 energy (2) and thisevaluated by formula (3) with the set (4) of parameters for nu
lei with magi
neutron numbers. The maximum dis
repan
y about 2.5 MeV rea
hes the0.5% error. We have obtained similar results for the other groups of nu
lei.
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e between ma
ros
opi
 and approximated by formula (3) withthe set (4) of parameters energy for nu
lei with magi
 neutron numbers 50, 82, 126.



386 M. Kleban et al.2.2. RadiiWe have also gathered the root mean square radii of proton, neutron,
harge and mass distribution of the spheri
al nu
lei in order to �nd theirisospin dependen
e like in Ref. [5℄.The theoreti
al Root Mean Square Radius (RMSR) was approximatedby the formula obtained with uniform density distributionphr2i =r35 r0A1=3 ; (5)with the radius 
onstants r0 for neutrons given by the equationrn0 = 1:17�1 + 0:12N � ZA + 3:29A � fm ; (6)for protons rp0 = 1:21�1� 0:14N � ZA + 1:83A � fm ; (7)for 
harge r
h0 = 1:22�1� 0:15N � ZA + 2:32A � fm ; (8)and for mass distributionrtot0 = 1:19�1 + 0:03N � ZA + 2:70A � fm : (9)It was shown in Ref. [5℄ that the ratio of neutron to proton radius is almostdeformation independent. So the 
orresponding result obtained within theHFB 
al
ulation with the Gogny for
e for the spheri
al nu
leis hr2iphr2in = rprn = 1:04�1� 0:27N � ZA � 1:12A � fm (10)
ould be also used for the deformed nu
lei.In Fig. 3 we 
ompare values of 
harge root mean square radii 
al
ulatedwith radius 
onstant (8) and the experimental ones [6℄ for �-stable nu
lei.The agreement is good.In Fig. 4 there are marked theoreti
al (formula (6)) and experimentalvalues of neutron RMSR [7℄. As we 
an see almost all theoreti
al results areshifted down in 
omparison with experimental data, but they are 
ontainedwithin error-bars.
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Fig. 3. The 
harge root mean square radii 
al
ulated by formula (8) (lines) and theexperimental ones (dots) in dependen
e on mass number A for �-stable nu
lei.
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Fig. 4. The neutron RMSR 
al
ulated with radius 
onstant (6) (triangles) and theexperimental data (dots) in dependen
e on mass number A.



388 M. Kleban et al.3. Con
lusionsThe following 
on
lusions 
an be drawn from our 
al
ulations:1. The D1S Gogny for
e gives the average binding energy of nu
lei 
loseto that obtained by the liquid drop model of Myers and �wi¡te
ki.2. The radii of neutron and 
harge distribution agree well with experi-mental data.3. The neutron radii 
an be estimated from the ratio of Gogny proton toneutron radii. REFERENCES[1℄ J. De
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