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THE NEUTRON AND PROTON DENSITYDISTRIBUTIONS WITHIN THE HFB CALCULATIONWITH THE GOGNY FORCE� ��B. Nerlo-Pomorska, K. PomorskiInstitute of Physi
s, Maria Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Polandand J.F. BergerCommissariat á L'Energie Atomique, Servi
e de Physique Nu
léaire,B.P. 12, 91680 Bruyères-le-Châtel, Fran
e(Re
eived November 2, 2000)The size and shape of the neutron and proton density distributions ob-tained in the Hartree�Fo
k�Bogoliubov (HFB) 
al
ulations with the Gognyfor
e D1S are investigated. The radial density distributions at distan
es farfrom nu
lear surfa
e are analyzed. Signi�
ant di�eren
es in the multipoledeformations of neutron and proton densities along the �ssion paths arefound. The e�e
t of an additional 
onstraint imposing the same size anddeformation of neutrons and protons distributions on barrier heights isstudied.PACS numbers: 21.24.Dr, 21.30.Fe, 21.60.JzFor many years one has assumed that protons and neutrons are al-most equally distributed in a nu
leus. Using the ma
ros
opi
�mi
ros
opi
method [1℄ to 
al
ulate the potential energy of nu
lei the same equilibriumdeformations were used not only to the liquid drop part but also for pro-ton and neutron mi
ros
opi
 terms. Already in [2℄ it was noti
ed that inorder to obtain the same multipole moments for the ma
ros
opi
 and themi
ros
opi
 densities, di�erent deformations of the mass distribution andthe single-parti
le potential should be used.� 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�
 Re-sear
h (KBN) No. 2P 03B 115 19. (925)



926 B. Nerlo-Pomorska, K. Pomorski, J.F. BergerSelf-
onsistent 
al
ulations (see e.g. [3�6℄ have shown that in heaviernu
lei, espe
ially those far from � stability, the neutron and proton den-sity distributions have di�erent sizes and deformations. In some nu
lei athi
k neutron skin [6℄ or neutron halo e�e
ts [7, 8℄ were predi
ted. Thetheoreti
ally foreseen e�e
ts were di�
ult to prove unless the experimen-tal neutron radii and densities appeared. While the 
harge distributions innu
lei were broadly measured by the mean square radii shifts and ele
tri
quadrupole moments [9,10℄ the neutron peripheral distributions have beenonly lately dedu
ed from the antiproton annihilation on the outer orbits ofa nu
leus [11℄.The Hartree�Fo
k�Bogoliubov self-
onsistent method with the �niterange e�e
tive nu
leon�nu
leon for
e of Gogny [12℄ is very su

essful in re-produ
ing many properties of nu
lei. Our aim was to examine the protonand neutron densities distribution obtained in this model. The neutron haloe�e
t was studied for several nu
lei in [8℄ by the HFB method with the D1SGogny for
e within the spheri
al approximation. Now we would like to ex-amine the e�e
t of the ground state deformation on the neutron halo fa
tors.In the left-hand side of Fig. 1 is plotted the logarithm of the ratio of theneutron to proton densities of 232Th as a fun
tion of the distan
e from the
enter of nu
leus. Curve a is obtained for the spheri
al shape of nu
leus (asin Ref. [8℄) while b and 
 are at the equilibrium deformation. The distribu-tion in the equatorial plane b is very 
lose to the spheri
al one, while thedensities evaluated along the symmetry axis 
 di�er signi�
antly from thespheri
al 
ase. The antiproton 
aught on a Bohr orbit polarises the system
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Fig. 1. The radial dependen
e of the logarithm of the neutron to proton densitiesratios for the spheri
al 
ase a and in the equatorial plane b and along the symmetryaxis 
 of the deformed nu
leus 232Th (l.h.s). The 
ontribution of the single orbitalsto the total density are presented in the r.h.s. part of the �gure.
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lassi
ally speaking, the symmetry axis of nu
leus be
omes perpendi
-ular to the plane of the antiproton orbit, whi
h 
orresponds to the energyminimum. This result means that the deformation e�e
t on the neutron halofa
tor, determined mainly by the ratio �n=�p in the vi
inity of the antipro-ton orbital, should be rather small. One has to remind that the peripheraldensity distribution in nu
lei is mainly determined by a single orbital. This
an be seen in the right-hand side part of Fig. 1, where the ratio of thesingle-parti
le densities (��) to the total density (�) is plotted. The solidlines represent the neutron densities while the dashed ones are those forprotons.The di�eren
e between the neutron and proton distributions along the�ssion path was studied in Ref. [13℄ in the HFB approa
h with the D1SGogny for
e. We dis
uss the e�e
t of an additional 
ondition ensuring thesame shape and size for proton and neutron distributions, as assumed in thema
ros
opi
-mi
ros
opi
 Strutinsky method, on the �ssion barrier height. InFig. 2 we 
an see that for 232Th the Strutinsky method 
ould lead to an ar-
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q20 [b]Fig. 2. Total density deformations (�k) and their di�eren
es for neutron and protondistributions (�nk��pk) are drawn in the upper �gures as fun
tions of the quadrupoledeformation q20. The HFB and Strutinsky energy as well as the e�e
t of di�erentsizes and shapes of neutron and proton distributions on the HFB energy (ÆEden)along the �ssion path of 232Th are shown in the lower part of the �gure.
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ial in
rease of the �ssion barrier by about 1 MeV. This result means thatthe e�e
t of di�erent �p and �n has to be taken into a

ount in ma
ros
opi
-mi
ros
opi
 methods.The potential energy of nu
leus should therefore be evaluated using thefollowing formula:EHFB � EStrut = Ema
r(��p; ��n) + ÆEmi
rp (�p) + ÆEmi
rn (�n) ; (1)where �� is the average density put into the ma
ros
opi
 
ontribution (one ofthe available liquid drop like formulas or the new one developed espe
iallyfor this method). The mi
ros
opi
 shell and pairing 
orre
tions for protonsÆEmi
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