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SHELL CORRECTIONS OF SPHERICAL NUCLEICALCULATED BY HARTREE�FOCK PROCEDUREWITH THE GOGNY FORCE� ��M. Klebany, B. Nerlo-Pomorska, K. PomorskiInstitut of Physi
s, The Maria Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, PolandJ.F. Berger and J. De
hargéCommisariat a L'Energie Atomique, Servi
e de Physique Nu
léaireB.P. 12, 91680 Bruyères-le-Châtel, Fran
e(Re
eived November 2, 2000)The self
onsistent Hartree�Fo
k 
al
ulation with the Gogny e�e
tive in-tera
tion D1S was performed for the spheri
al nu
lei Ca, Sr, Sn, Sm. Theshell e�e
ts were extra
ted by Strutinsky pro
edure and then the ma
ro-s
opi
 energy evaluated by the liquid drop formula. Its parameters andisospin dependent formulae for radii were found.PACS numbers: 21.24.Dr, 21.30.Fe, 21.60.Jz1. Introdu
tionThe self
onsistent Hartree�Fo
k�Bogolubov (HFB) [1℄ method with thetwo body e�e
tive nu
leon�nu
leon for
es is up to now the best tool toinvestigate the nu
lear properties. The masses, separation energies, radiiand �ssion lifetimes should be reprodu
ed in su
h a 
al
ulation when phe-nomenologi
al parameters are well established. The D1S [2℄ Gogny for
eis very e�e
tive in des
ribing of the spheri
al and deformed nu
lei in theground states.As the results of HFB+Gogny method reprodu
e the properties of nu
leiit is interesting to investigate how they 
orrespond to the simpler models likeformulas of liquid drop energy or nu
lear radii. It was our aim to obtain their� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.�� The work was partially sponsored by the Polish State Committee for S
ienti�
Resear
h (KBN) No. 2P 03B 115 19.y e-mail: m.kleban�tytan.um
s.lublin.pl(1119)



1120 M. Kleban et al.parameters from HFB+Gogny results and 
ompare them with the parame-ters evaluated within the relativisti
 mean �eld theory [2℄ and experimentaldata [3,4℄. 2. TheoryWe have 
hosen the representative spheri
al nu
lei Ca�Sm to get thesystemati
s of their potential energies E and radii. 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 [5℄ averaging method. We have taken the self
onsistent singleparti
le levels e� and smoothed them (~e�) by Gaussian fun
tion looking
arefully for the proper Gaussian width 
 giving the plateau for Strutinskishell 
orre
tions Eshell =X� e� �X� ~e� : (1)Then we extra
ted the shell 
orre
tions from the total energies getting thepure ma
ros
opi
 energy Ema
r = EHF �Eshell : (2)This energy served us to get the �Gogny� parameters of the liquid drop modelof an nu
leus with Z protons, N neutrons and mass number AEma
r = avolA� asurfA2=3 � asym (N � Z)22A � a
oulA�1=3 Z2 (3)as avol = 15:91MeV; asurf = 18:04MeV; asym = 49:82MeV; a
oul = 0:73MeV:In Fig. 1 the shell 
orre
tions Eshell (1) of Ca, Sr, Sn, Sm isotopes independen
e on neutron number N are drawn. The dashed lines denoteneutron and proton shell 
orre
tions, solid lines � total shell 
orre
tion.The removing ma
ros
opi
 energy (2) is �tted by formula (3).We have also gathered the root mean square radii (rmsr) of proton,neutron, 
harge and mass distributions of the spheri
al nu
lei in order toapproximate them by the isospin formula like for relativisti
 mean �eldtheory in [3℄.The new formulae for radius 
onstants r0, wherephr2i =r35r0 A1=3 (4)are for neutrons rn0 = 1:17�1 + 0:12N � ZA + 3:46A �fm ; (5)
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Fig. 1. Gogny shell 
orre
tions of protons, neutrons (dashed lines) and total (solidlines) for Ca, Sr, Sn and Sm isotopes in dependen
e on N .for protons rp0 = 1:21�1� 0:19N � ZA + 2:15A �fm ; (6)for 
harge distributionr
h0 = 1:23�1� 0:21N � ZA + 2:40A �fm ; (7)for total radius 
onstantrtot0 = 1:19�1 + 0:01N � ZA + 2:91A �fm : (8)We have also �tted the ratio of neutron to proton radius to get rid of thepossible deformation in�uen
e on the radiis hr2iphr2in = rp0rn0 = 1:03�1� 0:29N � ZA � 1:06A �fm : (9)This formula allows to estimate the neutron distribution radii from the
harge ones rn = (hr2i
h � 0:64)1=21:03�1� 0:29N�ZA � 1:06A � fm ; (10)similarly to the relativisti
 mean �eld theory (RMFT) estimation [2℄.
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Fig. 2. Isospin dependen
e of the proton to neutron Gogny radii ratios for Ca, Sr,Sn and Sm isotopes (solid lines) �tted by formula 9 (dashed line).In Fig. 2 the isospin dependen
e of protons to neutrons rmsr ratio shiftedup by 1:09=A in 
omparison with the formula 9 (dashed line) is shown.3. Con
lusionsThe following 
on
lusions 
an be drawn from our 
al
ulations.1. The Gogny D1S for
e gives the proper ma
ros
opi
 energy in agree-ment with the liquid drop formula.2. The isospin dependen
e of proton and neutron distributions radii 
on-stants is linear for heavier nu
lei, the lighter ones demand �=A fa
tor.3. The ratio of theoreti
al rp=rn radii 
an be used to foresee the neutronradii of all the nu
lei, whi
h have experimentally known 
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