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PROTON ONE-QUASIPARTICLE STATESOF HEAVIEST NUCLEIA. Parkhomenko and A. SobizewskiA. Soltan Institute for Nulear Studies, Ho»a 69, 00-681 Warsaw, PolandandGesellshaft für Shwerionenforshung mbH, 64220 Darmstadt, Germany(Reeived August 30, 2004)Proton one-quasipartile states of heaviest nulei are alulated withina marosopi-mirosopi approah. Basi harateristis of these states(projetion of spin on the symmetry axis, parity, exitation energy, Nilssonlabel) are given. Muh attention is paid to systematis of them (espeiallyof the ground state), as funtions of neutron number. Other importantproperties of the analyzed nulei, as deformation, deformation energy, shellorretion to energy and proton pairing-energy gap parameter, are alsogiven. Heavy and super heavy odd-Z, even-N nulei with proton number

Z=93�117 and neutron number N=136�178 are onsidered. Most of themare expeted to be deformed. It is obtained that harateristis of theground states, whih are known experimentally, is rather well reprodued.PACS numbers: 21.10.�k, 21.10.Hw, 21.10.P, 27.90.+b1. IntrodutionStudies of single-partile states of heavy nulei have a rather long history(f. e.g. [1℄ and referenes given therein). Reently, however, these studieshave been muh intensi�ed and extended [2�8℄. This is onneted witha fast progress in synthesis of these nulei and in detetion of their deays.The experimental studies have been aompanied by respetive theoretialresearh (e.g. [9�12℄).The objetive of this paper is an analysis of proton single-partile statesof heavy and super heavy nulei. The analysis is done within a marosopi�mirosopi approah, whih appeared to be suessful in desription andpreditions of a number of properties of these nulei (e.g. [13�16℄).We onentrate on nulei with odd proton (Z=93�117) and even neutron(N=136�178) numbers. With respet to a previous marosopi�mirosopianalysis [9℄, the present one uses a larger deformation spae and studiesa larger region of nulei. (2447)



2448 A. Parkhomenko, A. Sobizewski2. Theoretial modelAs already stated in the Introdution, the alulations are done withina marosopi�mirosopi approah. The Yukawa plus-exponential model[17℄ is used for the alulation of the marosopi part of energy of a nu-leus, and the Strutinski shell orretion is taken for its mirosopi part.The Woods�Saxon single-partile potential, with the �universal� variant ofits parameters found in [18℄ and also spei�ed expliitly in [13℄, is used fordesription of the single-partile properties of a nuleus. Values of param-eters of the marosopi part of mass are taken the same as in [19℄, wherethey were adjusted to experimental masses [20℄ of even�even heaviest nuleiwith atomi number Z ≥ 84.A large, 7-dimensional deformation spae, {βλ}, λ = 2, 3, ..., 8, is usedto obtain the equilibrium deformation of a nuleus. The ontribution of anodd nuleon, oupying a single-partile state |µ〉, to energy of a nuleus isdesribed by the one-quasipartile energy Eµ =
√

(eµ − λ)2 + ∆2. Here, eµis the energy of the odd nuleon in the state |µ〉 and ∆ is the pairing-energygap parameter, alulated in the BCS approximation. Pairing interation ofthe monopole type, with the same strength parameters as in [19℄, is taken.No bloking is used. The alulations are done in a similar way to that ofRefs. [16, 21℄. 3. Results3.1. Equilibrium deformationsAs stated in the previous setion, equilibrium deformation of a nuleusis alulated in the 7-dimensional deformation spae, {βλ}, λ = 2, 3, ..., 8.Non-zero equilibrium deformation parameters of odd multipolarity, β0
λ 6= 0,

λ = 3, 5, 7, are obtained, however, only for very neutron-de�ient isotopesof the analyzed elements (f. [22℄), e.g. 223,225,227Np. We do not inludethese nulei into the present analysis. Thus, for all nulei studied here,only deformations of even multi polarities β0
λ, λ = 2, 4, 6, 8, may be di�erentfrom zero. Their values are given in Table I.3.2. Deformation energy, shell orretion energyand proton pairing-energy gapTable I also shows a few other important harateristis of the onsiderednulei: deformation energy Edef , shell orretion energy Esh and protonenergy gap parameter ∆p. The energy Edef tells us how well is a nuleusdeformed and Esh informs us how muh it gains in energy from its shellstruture. Value of the parameter ∆p gives an information how good isthe BCS approximation. If ∆p is not too lose to zero, the approximationis good.



Proton One-Quasipartile States of Heaviest Nulei 2449TABLE IDeformation parameters β0
λ
, deformation energies Edef , shell orretion energies

Esh, proton energy-gap parameters ∆p and ground-state quantum harateristis:theoretial (th) and experimental (exp) given for odd-Z and odd-A nulei with
Z=93�117.

N A β0
2 β0

4 β0
6 β0

8 Edef Esh ∆p (th) (exp) Ref.MeV MeV MeV g.s. g.s.
Z = 93136 229 0.188 0.117 0.035 -0.013 6.2 -1.2 0.56 5[642℄138 231 0.197 0.116 0.027 -0.018 7.6 -1.6 0.56 5[642℄ (5) [25℄140 233 0.206 0.113 0.019 -0.021 8.7 -2.0 0.59 5[642℄ (5+) [25℄142 235 0.213 0.108 0.009 -0.023 9.5 -2.3 0.63 5[642℄ 5+ [25℄144 237 0.220 0.101 0.000 -0.026 9.9 -2.4 0.69 5[642℄ 5+ [25℄146 239 0.228 0.093 -0.010 -0.028 10.1 -2.4 0.77 5[642℄ 5+ [25℄148 241 0.230 0.079 -0.018 -0.021 9.9 -2.3 0.86 5[642℄ (5+) [25℄150 243 0.233 0.058 -0.026 -0.009 9.4 -2.1 0.96 5[642℄ (5�) [25℄
Z = 95140 235 0.212 0.100 0.009 -0.017 9.4 -1.7 0.65 5[523℄142 237 0.220 0.096 0.000 -0.019 10.4 -2.2 0.66 5[523℄ 5(�) [25℄144 239 0.227 0.090 -0.009 -0.023 10.9 -2.6 0.68 5[523℄ (5)� [25℄146 241 0.234 0.084 -0.017 -0.026 11.2 -2.8 0.72 5[523℄ 5� [25℄148 243 0.235 0.074 -0.022 -0.021 11.1 -2.8 0.77 5[523℄ 5� [25℄150 245 0.235 0.055 -0.029 -0.005 10.7 -2.7 0.85 5[642℄ (5+) [25℄152 247 0.241 0.037 -0.039 0.002 10.2 -2.7 0.93 3[521℄ (5) [25℄154 249 0.239 0.028 -0.039 0.007 9.3 -2.4 0.97 3[521℄
Z = 97140 237 0.218 0.086 -0.004 -0.012 9.8 -1.5 0.61 3[521℄142 239 0.224 0.083 -0.010 -0.012 11.0 -2.2 0.62 3[521℄ (7+) [25℄144 241 0.231 0.078 -0.018 -0.016 11.7 -2.7 0.64 3[521℄ (7+) [25℄146 243 0.238 0.073 -0.024 -0.017 12.2 -3.1 0.66 3[521℄ (3�) [25℄148 245 0.239 0.063 -0.031 -0.013 12.2 -3.2 0.70 3[521℄ 3� [25℄150 247 0.241 0.049 -0.035 -0.006 11.9 -3.3 0.75 3[521℄ (3�) [25℄152 249 0.244 0.036 -0.042 0.000 11.5 -3.4 0.81 3[521℄ 7+ [25℄154 251 0.242 0.027 -0.041 0.004 10.5 -3.0 0.85 3[521℄ (3�) [25℄
Z = 99144 243 0.238 0.067 -0.030 -0.013 12.2 -2.6 0.59 7[633℄ (7+) [5℄146 245 0.243 0.063 -0.037 -0.015 12.7 -3.2 0.59 7[633℄ (7+) [5℄148 247 0.245 0.053 -0.041 -0.010 12.9 -3.5 0.61 7[633℄ (7+) [5℄150 249 0.246 0.040 -0.044 -0.003 12.8 -3.8 0.65 7[633℄ 7(+) [25℄152 251 0.249 0.028 -0.050 0.002 12.5 -4.0 0.70 7[633℄ (3�) [3, 25℄154 253 0.247 0.020 -0.049 0.008 11.5 -3.7 0.75 7[633℄ 7+ [25℄156 255 0.246 0.009 -0.047 0.013 10.3 -3.3 0.81 7[633℄ (7+) [25℄



2450 A. Parkhomenko, A. Sobizewski TABLE I ont.
N A β0

2 β0
4 β0

6 β0
8 Edef Esh ∆p (th) (exp) Ref.MeV MeV MeV g.s. g.s.

Z = 101142 243 0.247 0.057 -0.036 -0.008 11.1 -1.6 0.54 1[521℄144 245 0.246 0.055 -0.042 -0.011 12.1 -2.4 0.54 1[521℄ (7) [25℄146 247 0.249 0.052 -0.047 -0.012 12.8 -3.0 0.54 1[521℄ (7�) [5℄148 249 0.251 0.043 -0.051 -0.006 13.2 -3.5 0.55 1[521℄ (7�) [4, 5℄150 251 0.252 0.030 -0.054 0.001 13.3 -4.1 0.57 1[521℄ (7�) [5℄152 253 0.254 0.020 -0.059 0.005 13.2 -4.5 0.60 1[521℄154 255 0.253 0.011 -0.057 0.012 12.2 -4.2 0.65 1[521℄ (7�) [25℄156 257 0.252 0.000 -0.055 0.018 11.0 -3.9 0.72 1[521℄ (7�) [25℄158 259 0.248 -0.013 -0.050 0.022 9.8 -3.6 0.79 1[521℄ (7�) [25℄160 261 0.237 -0.027 -0.035 0.019 8.7 -3.5 0.88 7[514℄
Z = 103146 249 0.246 0.036 -0.041 -0.010 12.3 -2.5 0.62 7[514℄148 251 0.248 0.026 -0.046 -0.004 12.8 -3.2 0.61 7[514℄150 253 0.250 0.016 -0.050 0.003 13.1 -3.9 0.61 7[514℄ (7�) [4, 5℄152 255 0.253 0.008 -0.056 0.008 13.2 -4.6 0.61 7[514℄ (7�) [5℄154 257 0.252 -0.002 -0.055 0.015 12.3 -4.4 0.64 7[514℄ (9+) [25℄156 259 0.252 -0.013 -0.054 0.022 11.3 -4.3 0.67 7[514℄158 261 0.249 -0.024 -0.050 0.026 10.3 -4.2 0.72 7[514℄
Z = 105148 253 0.246 0.008 -0.042 0.002 12.2 -3.0 0.55 9[624℄150 255 0.247 0.000 -0.046 0.007 12.8 -3.9 0.54 9[624℄152 257 0.249 -0.006 -0.051 0.010 13.1 -4.7 0.54 9[624℄ (9+) [4, 5℄154 259 0.249 -0.016 -0.050 0.017 12.4 -4.7 0.54 9[624℄156 261 0.249 -0.026 -0.049 0.024 11.5 -4.8 0.55 9[624℄158 263 0.247 -0.036 -0.046 0.028 10.6 -4.9 0.58 9[624℄
Z = 107152 259 0.246 -0.019 -0.046 0.014 12.5 -4.7 0.41 5[512℄154 261 0.248 -0.030 -0.045 0.019 12.1 -5.0 0.40 5[512℄156 263 0.246 -0.040 -0.044 0.027 11.4 -5.2 0.39 5[512℄158 265 0.246 -0.048 -0.043 0.032 10.7 -5.5 0.39 5[512℄160 267 0.240 -0.056 -0.034 0.031 10.0 -5.9 0.43 5[512℄162 269 0.235 -0.065 -0.026 0.029 9.4 -6.4 0.47 5[512℄164 271 0.228 -0.067 -0.018 0.023 7.5 -5.5 0.53 5[512℄
Z = 109154 263 0.232 -0.029 -0.039 0.018 10.3 -4.0 0.53 9[505℄156 265 0.238 -0.049 -0.030 0.022 9.8 -4.4 0.50 11[615℄158 267 0.236 -0.059 -0.027 0.025 9.3 -4.9 0.49 11[615℄160 269 0.233 -0.067 -0.021 0.026 8.9 -5.5 0.49 11[615℄162 271 0.229 -0.075 -0.015 0.026 8.6 -6.3 0.49 11[615℄164 273 0.222 -0.079 -0.007 0.020 6.9 -5.7 0.51 11[615℄166 275 0.215 -0.082 0.000 0.016 5.4 -5.0 0.55 11[615℄



Proton One-Quasipartile States of Heaviest Nulei 2451TABLE I ont.
N A β0

2 β0
4 β0

6 β0
8 Edef Esh ∆p (th) (exp) Ref.MeV MeV MeV g.s. g.s.

Z = 111160 271 0.222 -0.069 -0.013 0.021 7.0 -4.6 0.63 11[615℄162 273 0.224 -0.084 -0.005 0.024 6.8 -5.6 0.60 3[512℄164 275 0.216 -0.089 0.005 0.018 5.5 -5.3 0.60 3[512℄166 277 0.210 -0.093 0.012 0.013 4.2 -4.8 0.62 3[512℄168 279 0.202 -0.097 0.020 0.009 3.2 -4.3 0.64 3[512℄170 281 0.147 -0.050 0.000 0.000 2.2 -3.9 0.73 11[615℄172 283 0.126 -0.051 0.008 0.003 1.9 -4.2 0.79 1[521℄
Z = 113164 277 0.210 -0.095 0.012 0.018 4.0 -5.0 0.61 1[510℄166 279 0.203 -0.100 0.020 0.013 3.1 -4.7 0.61 1[510℄168 281 0.200 -0.107 0.030 0.009 2.3 -4.4 0.60 1[510℄170 283 0.149 -0.066 0.012 0.005 1.6 -4.2 0.67 3[512℄172 285 0.132 -0.063 0.016 0.002 1.3 -4.5 0.72 3[512℄174 287 0.095 -0.043 0.009 0.001 1.0 -4.8 0.81 7[503℄176 289 0.091 -0.054 0.017 -0.001 0.7 -5.1 0.83 7[503℄
Z = 115168 283 0.056 0.019 -0.005 -0.001 0.4 -3.6 0.56 1[541℄170 285 0.065 0.009 -0.009 0.001 0.4 -4.1 0.61 1[541℄172 287 0.066 -0.004 -0.005 0.001 0.4 -4.6 0.66 1[541℄174 289 0.067 -0.022 0.003 0.001 0.3 -5.1 0.71 1[541℄176 291 0.034 -0.002 -0.001 0.000 0.1 -5.4 0.64 1[541℄178 293 0.018 0.006 -0.001 0.000 0.1 -5.9 0.65 1[541℄
Z = 117170 287 0.079 -0.001 -0.011 0.002 0.8 -4.4 0.56 3[512℄172 289 0.077 -0.013 -0.004 0.002 0.8 -4.8 0.60 3[512℄174 291 0.074 -0.028 0.006 0.001 0.7 -5.3 0.65 3[512℄176 293 0.063 -0.028 0.007 0.000 0.3 -5.5 0.66 3[512℄178 295 0.032 -0.010 0.002 0.000 0.1 -5.7 0.69 3[512℄One an see in Table I that most of the onsidered nulei are well de-formed (as suh ones, we onsider nulei with Edef > 2 MeV [23℄). Only onenuleus with Z = 111, four nulei with Z = 113 and all nulei with Z = 115and 117 have Edef < 2 MeV and, thus, are transitional or almost spherial.Conerning shell orretion energy Esh, it re�ets a general tendenydisussed e.g. in [13, 14, 24℄. For nulei onsidered in this paper, Esh takesits maximum (about 6.5 MeV in absolute value) for nulei with losed neu-tron deformed shell at N = 162. It beomes also large for nulei with Napproahing losed spherial shell at N = 184.



2452 A. Parkhomenko, A. Sobizewski3.3. One-quasipartile statesIn this subsetion, we present quantum harateristis and exitationenergies of 6 lowest proton states: the ground state and 5 exited states.The quantum harateristis are: projetion of the total spin of a stateon the symmetry axis Ω and the Nilsson (�asymptoti�) quantum numbers[N nzΛ℄, where N is the total number of the osillator quanta, nz is thenumber of quanta along the symmetry axis Oz and Λ is projetion of theorbital angular momentum on the symmetry axis. For a shorter notation,we give 2Ω instead of Ω, and do not show expliitly parity π of a state,as it is the same as parity of the number N (π = (−1)N ). (In the �gures,however, we expliitly show also π).Charateristis of the ground state (g.s.) of onsidered nulei are givenin Table I. They are ompared with available experimental data, taken fromreferenes given in the last olumn. As usual, data, whih are not ertain,are put into round brakets. One an see that in most ases, alulated Ωand parity agree with experimental ones. More partiularly, of 38 ases,in whih experimental indiations of the values of Ω and π are given, theagreement appears in 24 ases. In the rest ones, a alulated state withproper Ω and π is lose (�rst exited state as a rule) or even very lose tothe ground state, as an be seen in Figs. 3 to 8.Table II gives quantum harateristis and exitation energies of thelowest �ve proton one-quasipartile states of onsidered nulei. One an seethat their energies �ll up, generally, the interval of up to about 1 MeV.To get an orientation, how well the alulated spetra reprodue experi-mental ones, we show Figs. 1 and 2. One an see that usually the disrepanyin energy of the lowest states does not exeed about 300 keV, although insome ases it may be larger (1-[530℄ state in the �gures). Average disrep-any (rms) for the three exited states of 237Np (without the 1-[530℄ state),shown in Fig. 1, is 302 keV, and four exited states of 241Am is also 302 keV.Figs. 3 to 15 illustrate the dependene of the proton spetra on neutronnumber N (or mass number A) for the elements with Z = 93 to Z = 117.Behavior (systematis) of eah level with hanging N is shown. Generally,larger the exitation energy, stronger is the dependene. In partiular, theground state remains usually the same for a rather long hain of isotopes.



Proton One-Quasipartile States of Heaviest Nulei 2453TABLE IICharateristis 2Ω[NnzΛ] and exitation energies of the lowest 5 exited states ofodd-Z and odd-A nulei with Z=93�117.
N A 1 2 3 4 5

Z = 93136 229 5[523℄ 0.19 3[521℄ 0.38 3[651℄ 0.58 1[530℄ 1.01 7[514℄ 1.05138 231 5[523℄ 0.25 3[521℄ 0.46 3[651℄ 0.60 1[530℄ 1.02 1[400℄ 1.13140 233 5[523℄ 0.26 3[521℄ 0.52 3[651℄ 0.59 1[400℄ 0.97 1[530℄ 1.01142 235 5[523℄ 0.23 3[651℄ 0.54 3[521℄ 0.55 1[400℄ 0.78 1[530℄ 0.98144 237 5[523℄ 0.19 3[651℄ 0.49 3[521℄ 0.55 1[400℄ 0.60 3[402℄ 0.92146 239 5[523℄ 0.13 1[400℄ 0.41 3[651℄ 0.43 3[521℄ 0.52 3[402℄ 0.73148 241 5[523℄ 0.03 1[400℄ 0.27 3[651℄ 0.32 3[521℄ 0.43 3[402℄ 0.62150 243 5[523℄ 0.01 1[400℄ 0.14 3[651℄ 0.18 3[521℄ 0.29 3[402℄ 0.50
Z = 95140 235 5[642℄ 0.09 3[521℄ 0.17 7[633℄ 0.72 3[651℄ 0.94 7[514℄ 0.97142 237 5[642℄ 0.10 3[521℄ 0.18 7[633℄ 0.66 3[651℄ 0.91 1[400℄ 0.98144 239 5[642℄ 0.12 3[521℄ 0.19 7[633℄ 0.59 1[400℄ 0.80 3[651℄ 0.84146 241 5[642℄ 0.14 3[521℄ 0.19 7[633℄ 0.50 1[400℄ 0.62 3[651℄ 0.76148 243 5[642℄ 0.07 3[521℄ 0.14 7[633℄ 0.42 1[400℄ 0.45 3[651℄ 0.59150 245 3[521℄ 0.05 5[523℄ 0.13 1[400℄ 0.27 7[633℄ 0.32 3[651℄ 0.36152 247 5[642℄ 0.01 1[400℄ 0.13 7[633℄ 0.22 3[402℄ 0.22 5[523℄ 0.30154 249 5[642℄ 0.02 1[400℄ 0.12 3[651℄ 0.19 7[633℄ 0.20 5[523℄ 0.41
Z = 97140 237 7[633℄ 0.26 5[523℄ 0.27 5[642℄ 0.38 7[514℄ 0.69 1[521℄ 0.85142 239 7[633℄ 0.23 5[523℄ 0.30 5[642℄ 0.40 7[514℄ 0.76 1[521℄ 0.83144 241 7[633℄ 0.18 5[523℄ 0.31 5[642℄ 0.43 1[521℄ 0.81 7[514℄ 0.84146 243 7[633℄ 0.14 5[523℄ 0.34 5[642℄ 0.45 1[521℄ 0.79 1[400℄ 0.87148 245 7[633℄ 0.12 5[642℄ 0.38 5[523℄ 0.43 1[400℄ 0.71 1[521℄ 0.74150 247 7[633℄ 0.09 5[642℄ 0.31 1[400℄ 0.53 5[523℄ 0.54 1[521℄ 0.66152 249 7[633℄ 0.05 5[642℄ 0.25 1[400℄ 0.35 3[402℄ 0.51 1[521℄ 0.54154 251 7[633℄ 0.03 5[642℄ 0.20 1[400℄ 0.30 3[402℄ 0.44 1[521℄ 0.47
Z = 99144 243 3[521℄ 0.15 1[521℄ 0.39 7[514℄ 0.58 5[523℄ 0.84 5[642℄ 0.85146 245 3[521℄ 0.14 1[521℄ 0.37 7[514℄ 0.66 5[642℄ 0.85 5[523℄ 0.86148 247 3[521℄ 0.15 1[521℄ 0.34 7[514℄ 0.65 5[642℄ 0.77 1[400℄ 0.93150 249 3[521℄ 0.17 1[521℄ 0.28 7[514℄ 0.61 5[642℄ 0.67 1[400℄ 0.75152 251 3[521℄ 0.20 1[521℄ 0.20 1[400℄ 0.55 5[642℄ 0.58 7[514℄ 0.60154 253 1[521℄ 0.16 3[521℄ 0.22 1[400℄ 0.48 7[514℄ 0.50 5[642℄ 0.51156 255 1[521℄ 0.12 3[521℄ 0.25 7[514℄ 0.38 1[400℄ 0.40 5[642℄ 0.43



2454 A. Parkhomenko, A. Sobizewski TABLE II ont.
N A 1 2 3 4 5

Z = 101142 243 7[514℄ 0.22 7[633℄ 0.33 9[624℄ 0.61 3[521℄ 0.64 5[512℄ 0.78144 245 7[514℄ 0.24 7[633℄ 0.36 9[624℄ 0.62 3[521℄ 0.64 5[512℄ 0.81146 247 7[514℄ 0.27 7[633℄ 0.39 9[624℄ 0.62 3[521℄ 0.65 5[512℄ 0.87148 249 7[514℄ 0.30 7[633℄ 0.39 9[624℄ 0.57 3[521℄ 0.68 5[512℄ 0.96150 251 7[514℄ 0.30 7[633℄ 0.37 9[624℄ 0.49 3[521℄ 0.70 5[512℄ 1.03152 253 7[514℄ 0.32 7[633℄ 0.36 9[624℄ 0.43 3[521℄ 0.72 1[400℄ 0.88154 255 7[514℄ 0.26 7[633℄ 0.31 9[624℄ 0.35 3[521℄ 0.71 1[400℄ 0.76156 257 7[514℄ 0.19 7[633℄ 0.27 9[624℄ 0.27 1[400℄ 0.62 3[521℄ 0.70158 259 7[514℄ 0.09 9[624℄ 0.20 7[633℄ 0.22 1[400℄ 0.53 5[642℄ 0.67160 261 1[521℄ 0.01 7[633℄ 0.14 9[624℄ 0.16 5[642℄ 0.49 1[400℄ 0.55
Z = 103146 249 1[521℄ 0.06 9[624℄ 0.18 5[512℄ 0.44 7[633℄ 0.70 1[651℄ 0.88148 251 1[521℄ 0.08 9[624℄ 0.13 5[512℄ 0.50 7[633℄ 0.72 3[521℄ 1.04150 253 9[624℄ 0.09 1[521℄ 0.10 5[512℄ 0.56 7[633℄ 0.71 3[521℄ 1.08152 255 9[624℄ 0.05 1[521℄ 0.13 5[512℄ 0.61 7[633℄ 0.72 3[521℄ 1.13154 257 9[624℄ 0.04 1[521℄ 0.13 5[512℄ 0.62 7[633℄ 0.65 1[400℄ 1.02156 259 9[624℄ 0.02 1[521℄ 0.13 7[633℄ 0.58 5[512℄ 0.62 1[400℄ 0.86158 261 9[624℄ 0.01 1[521℄ 0.10 7[633℄ 0.50 5[512℄ 0.56 1[400℄ 0.74
Z = 105148 253 7[514℄ 0.16 5[512℄ 0.21 1[521℄ 0.33 1[651℄ 1.03 9[505℄ 1.04150 255 7[514℄ 0.14 5[512℄ 0.24 1[521℄ 0.35 7[633℄ 1.03 9[505℄ 1.15152 257 7[514℄ 0.11 5[512℄ 0.27 1[521℄ 0.38 7[633℄ 1.04 9[505℄ 1.23154 259 7[514℄ 0.11 5[512℄ 0.27 1[521℄ 0.35 7[633℄ 0.96 1[400℄ 1.28156 261 7[514℄ 0.10 5[512℄ 0.26 1[521℄ 0.32 7[633℄ 0.88 1[400℄ 1.12158 263 7[514℄ 0.14 5[512℄ 0.22 1[521℄ 0.27 7[633℄ 0.79 1[400℄ 0.99
Z = 107152 259 9[624℄ 0.48 7[514℄ 0.75 9[505℄ 0.92 1[521℄ 0.94 11[615℄ 1.02154 261 9[624℄ 0.54 7[514℄ 0.80 1[521℄ 0.96 11[615℄ 1.04 9[505℄ 1.11156 263 9[624℄ 0.59 7[514℄ 0.85 1[521℄ 0.95 11[615℄ 1.05 9[505℄ 1.23158 265 9[624℄ 0.62 7[514℄ 0.88 1[521℄ 0.92 11[615℄ 1.05 9[505℄ 1.33160 267 9[624℄ 0.53 1[521℄ 0.72 7[514℄ 0.94 11[615℄ 0.96 7[633℄ 1.33162 269 9[624℄ 0.44 1[521℄ 0.54 11[615℄ 0.84 7[514℄ 1.01 7[633℄ 1.16164 271 9[624℄ 0.35 1[521℄ 0.38 11[615℄ 0.67 7[633℄ 1.02 7[514℄ 1.08
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N A 1 2 3 4 5

Z = 109154 263 11[615℄ 0.04 5[512℄ 0.27 1[651℄ 0.45 3[512℄ 0.54 3[642℄ 0.55156 265 9[505℄ 0.28 3[512℄ 0.41 5[512℄ 0.52 1[510℄ 0.59 1[651℄ 0.61158 267 3[512℄ 0.37 9[505℄ 0.37 1[510℄ 0.56 5[512℄ 0.60 1[651℄ 0.81160 269 3[512℄ 0.34 9[505℄ 0.46 1[510℄ 0.55 5[512℄ 0.66 1[651℄ 0.98162 271 3[512℄ 0.32 1[510℄ 0.53 9[505℄ 0.54 5[512℄ 0.69 1[521℄ 1.15164 273 3[512℄ 0.32 1[510℄ 0.55 9[505℄ 0.55 5[512℄ 0.67 1[521℄ 0.92166 275 3[512℄ 0.31 9[505℄ 0.53 1[510℄ 0.55 5[512℄ 0.65 1[521℄ 0.71
Z = 111160 271 3[512℄ 0.04 9[505℄ 0.07 1[510℄ 0.18 1[651℄ 0.75 3[642℄ 0.86162 273 11[615℄ 0.04 1[510℄ 0.12 9[505℄ 0.22 1[651℄ 0.95 5[512℄ 1.05164 275 11[615℄ 0.08 1[510℄ 0.13 9[505℄ 0.23 1[521℄ 1.02 5[512℄ 1.07166 277 11[615℄ 0.11 1[510℄ 0.13 9[505℄ 0.22 1[521℄ 0.84 5[512℄ 1.08168 279 1[510℄ 0.12 11[615℄ 0.14 9[505℄ 0.20 1[521℄ 0.63 5[512℄ 1.08170 281 1[521℄ 0.08 9[505℄ 0.16 3[512℄ 0.20 7[503℄ 0.39 1[510℄ 0.47172 283 11[615℄ 0.11 3[512℄ 0.19 7[503℄ 0.26 9[505℄ 0.39 1[510℄ 0.46
Z = 113164 277 3[512℄ 0.04 9[505℄ 0.04 11[615℄ 0.40 7[503℄ 0.83 1[631℄ 1.00166 279 9[505℄ 0.04 3[512℄ 0.06 11[615℄ 0.45 7[503℄ 0.84 1[550℄ 0.99168 281 9[505℄ 0.06 3[512℄ 0.08 11[615℄ 0.50 1[550℄ 0.83 7[503℄ 0.87170 283 1[510℄ 0.13 7[503℄ 0.28 1[550℄ 0.35 9[505℄ 0.37 11[615℄ 0.39172 285 1[510℄ 0.15 7[503℄ 0.15 1[550℄ 0.15 11[615℄ 0.45 13[606℄ 0.54174 287 1[550℄ 0.02 3[512℄ 0.06 13[606℄ 0.08 1[510℄ 0.32 11[615℄ 0.46176 289 1[550℄ 0.01 3[512℄ 0.02 13[606℄ 0.10 1[510℄ 0.26 11[615℄ 0.57
Z = 115168 283 3[512℄ 0.35 13[606℄ 0.59 7[503℄ 0.62 11[615℄ 0.65 1[510℄ 0.71170 285 3[512℄ 0.27 13[606℄ 0.39 7[503℄ 0.45 11[615℄ 0.56 1[510℄ 0.61172 287 3[512℄ 0.16 13[606℄ 0.29 7[503℄ 0.38 1[510℄ 0.49 11[615℄ 0.63174 289 3[512℄ 0.06 13[606℄ 0.16 7[503℄ 0.29 1[510℄ 0.36 11[615℄ 0.75176 291 3[512℄ 0.11 5[503℄ 0.43 1[510℄ 0.53 13[606℄ 0.69 7[503℄ 0.71178 293 3[512℄ 0.11 5[503℄ 0.22 1[510℄ 0.58 3[501℄ 0.78 7[503℄ 0.88
Z = 117170 287 1[510℄ 0.18 1[541℄ 0.36 13[606℄ 0.61 5[503℄ 0.62 7[503℄ 0.72172 289 1[510℄ 0.15 1[541℄ 0.23 13[606℄ 0.46 7[503℄ 0.60 5[503℄ 0.68174 291 1[510℄ 0.09 1[541℄ 0.11 13[606℄ 0.31 7[503℄ 0.47 5[503℄ 0.72176 293 1[541℄ 0.05 1[510℄ 0.11 13[606℄ 0.43 5[503℄ 0.57 7[503℄ 0.58178 295 1[541℄ 0.01 5[503℄ 0.16 1[510℄ 0.23 3[501℄ 0.64 13[606℄ 1.03
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Fig. 1. Comparison between theoretial and experimental single-proton spetra forthe nuleus 237Np.
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Fig. 2. Same as in Fig. 1, but for 241Am.
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