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NUCLEON SEPARATION ENERGIESFOR HEAVIEST NUCLEI�O. Parkhomenko, I. Muntian, Z. Patyk and A. Sobi
zewskiA. Soªtan Institute for Nu
lear Studies, Ho»a 69, 00-681 Warsaw, Poland(Re
eived February 5, 2003)Neutron separation energy, 
al
ulated within a ma
ros
opi
-mi
ros
opi
approa
h, is presented for about 300 very heavy nu
lei with proton numberZ = 102�120. Systemati
s of this energy, treated as a fun
tion of neutronnumber N , is illustrated.PACS numbers: 21.90.+f; 27.90.+b1. Introdu
tionWe 
on
entrate in this paper on the neutron separation energy Sn of theheaviest nu
lei. This quantity is obtained from masses of nu
lei, 
al
ulatedwithin a ma
ros
opi
�mi
ros
opi
 approa
h des
ribed in Refs. [1, 2℄. In ourprevious dis
ussion of Sn [3℄, it was found that the 
al
ulated values des
ribequite well the experimental ones for heaviest nu
lei. The latter are obtainedfrom experimental values of masses of respe
tive nu
lei [4℄. The rms valueof the dis
repan
ies, obtained for 201 nu
lei (from Po to No, with neutronnumber N >126), for whi
h experimental values of nu
lear masses are wellestablished, is 257 keV, i.e. quite small. Basing on this, we extend in thispaper the 
al
ulations to heavier nu
lei, for whi
h Sn is not known experi-mentally, but it is mu
h needed for 
al
ulation of other important quantities,e.g. 
ross se
tions for synthesis of these nu
lei (
f. e.g. Refs. [5�7℄).2. ResultsAs most of the nu
lei, for whi
h we are going to present the 
al
ulatedSn, are well deformed, it is worth noti
ing that theoreti
al des
ription ofSn is better for su
h nu
lei than for spheri
al and transitional ones. Thisis illustrated in Table I, where rms of dis
repan
ies between 
al
ulated and� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2153)



2154 O. Parkhomenko et al.experimental values of Sn are given. Besides our ma
ros
opi
-mi
ros
opi
model, spe
ially adapted to heavy nu
lei (HN) [1℄, two other ma
ro-mi
roapproa
hes with the ma
ros
opi
 part of mass given by: Finite-Range Liq-uid Drop Model (FRLDM) [8℄ and Thomas�Fermi (TF) model [9℄, semi-empiri
al (SE) [10℄ and Hatree�Fo
k (HF) [11℄ approa
hes are 
onsidered.The HF 
al
ulations [11℄, quoted here for a 
omparison, use a 10-parameterSkyrme e�e
tive intera
tion to obtain the mean �eld. The pairing inter-a
tion is treated in them in the BCS approximation and is des
ribed by a4-parameter Æ fun
tion. In the �rst row of the table, rms values obtainedfor all 201 (spheri
al, transitional and deformed) nu
lei with Z=84-102 andN > 126, for whi
h experimental values of nu
lear masses are well estab-lished, are given. The se
ond row gives rms obtained for only these 154 ofthe above nu
lei, whi
h are well deformed (as these, we 
onsider nu
lei withthe deformation energy Edef > 2 MeV [12℄). One 
an see that the rms valuesare really smaller in the latter 
ase. TABLE IRms values (in keV) of dis
repan
ies between Sn, 
al
ulated within the SE, HN,FRLDM, TF and HF approa
hes, and experimental ones.nu
lei SE HN FRLDM TF HFall (201) 129 257 236 251 317deformed (154) 118 188 203 215 294Table II presents values of Sn 
al
ulated within our approa
h (HN) forabout 300 very heavy nu
lei with proton number Z = 102�120. Ea
h nu
leusis spe
i�ed by its proton Z and neutron N numbers. The table in
ludes 3nu
lei: 255No, 256No and 257No, for whi
h experimental values of Sn areknown and 
an give us an idea how good are the 
al
ulations for thesevery heavy nu
lei. The values are: 5.94 MeV, 7.10 MeV and 5.67 MeV,respe
tively. One 
an see that the 
al
ulated values deviate from them by0.13 MeV, -0.09 MeV and 0.10 MeV, respe
tively, i.e. rather little. To havethe size of the table as small as possible, we give only Sn for ea
h nu
leus.For many of the 
onsidered nu
lei, however, deformations and masses ofthem may be found in Refs. [2, 13℄.



Nu
leon Separation Energies for Heaviest Nu
lei 2155TABLE IICal
ulated values of Sn in MeV.N Sn N Sn N Sn N Sn N SnZ=102 152 7.56 159 5.44 150 8.24 157 5.81146 8.59 153 6.07 160 6.41 151 7.05 158 6.79147 7.23 154 7.01 161 5.36 152 7.82 159 5.56148 8.23 155 5.77 162 6.23 153 6.30 160 6.69149 6.97 156 6.77 Z=103 154 7.23 161 5.56150 7.97 157 5.58 148 8.51 155 6.01 162 6.41151 6.83 158 6.59 149 7.21 156 6.99 Z=104148 8.77 159 6.38 168 6.31 173 5.45 178 6.30149 7.44 160 7.26 169 5.00 174 6.48 Z=113150 8.50 161 6.25 170 6.24 175 5.42 166 7.52151 7.30 162 7.05 Z=109 176 6.10 167 6.49152 8.08 163 5.38 156 8.49 Z=111 168 7.29153 6.55 164 6.21 157 7.20 160 8.57 169 6.22154 7.48 165 5.02 158 8.32 161 7.34 170 7.22155 6.28 166 6.10 159 7.09 162 8.41 171 6.16156 7.25 Z=107 160 8.06 163 6.63 172 7.23157 6.07 154 8.26 161 6.96 164 7.33 173 6.05158 7.06 155 7.00 162 7.84 165 6.24 174 6.97159 5.92 156 7.99 163 6.15 166 7.07 175 5.97160 6.84 157 6.77 164 6.76 167 6.00 176 6.57161 5.81 158 7.81 165 5.67 168 6.86 177 5.48162 6.63 159 6.61 166 6.64 169 5.72 178 6.32Z=105 160 7.48 167 5.41 170 6.76 179 5.52150 8.76 161 6.48 168 6.47 171 5.81 180 6.24151 7.52 162 7.25 169 5.18 172 6.85 Z=114152 8.33 163 5.56 170 6.37 173 5.69 168 7.52153 6.78 164 6.35 171 5.23 174 6.57 169 6.47154 7.74 165 5.16 172 6.44 175 5.55 170 7.40155 6.51 166 6.22 Z=110 176 6.25 171 6.32156 7.49 167 4.90 156 8.67 177 5.07 172 7.46157 6.29 168 6.10 157 7.40 178 5.97 173 6.30158 7.29 Z=108 158 8.52 Z=112 174 7.27159 6.14 154 8.54 159 7.29 164 7.50 175 6.15160 7.03 155 7.21 160 8.32 165 6.49 176 6.78161 6.01 156 8.24 161 7.15 166 7.31 177 5.79162 6.80 157 6.99 162 8.11 167 6.22 178 6.91163 5.17 158 8.05 163 6.38 168 7.10 179 5.57164 6.04 159 6.85 164 7.06 169 5.90 180 6.50Z=106 160 7.78 165 5.96 170 7.21 181 5.32152 8.56 161 6.73 166 6.90 171 6.00 182 6.11153 7.03 162 7.54 167 5.71 172 7.04 183 5.06154 8.01 163 5.83 168 6.68 173 5.87 184 5.79155 6.76 164 6.54 169 5.47 174 6.80 Z=115156 7.73 165 5.40 170 6.64 175 5.83 170 8.01157 6.55 166 6.44 171 5.61 176 6.41 171 6.65158 7.53 167 5.17 172 6.66 177 5.28 172 7.72



2156 O. Parkhomenko et al.Finally, Figs. 1 and 2 present the 
al
ulated Sn in a graphi
al form, asa fun
tion of neutron number N , for even�even nu
lei with proton numberZ=82-120. We present these results in two �gures, to make them more
lear. To better see the systemati
s of the 
al
ulated Sn, more isotopes ofea
h element are 
onsidered in the �gures than in the table. One 
an easilysee strong e�e
ts of the spheri
al shell at N = 126 and the deformed one atN = 162. The e�e
t of the deformed shell at N = 152 is mu
h weaker.
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NFig. 1. Neutron separation energy Sn as a fun
tion of neutron number N for even�even nu
lei with Z = 82(4)118.
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lei with Z=84(4)120.
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