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SHELL MODEL ANALYSIS OF N = 82 ISOTONESABOVE 132Sn�J. BlomqvistPhysis Department, Royal Institute of Tehnology, Stokholm, Sweden(Reeived February 16, 1999)Nulei with up to 6 protons added to 132Sn are desribed within atrunated shell model basis formed by the proton orbits 0g7=2, 1d5=2, 1d3=2,2s1=2 and 0h11=2. Single-partile energies and two-body interation matrixelements are determined from experimental exitation energies in 133Sb and134Te. These parameters are then used for alulating levels in 135I, 136Xe,137Cs and 138Ba. The alulated energies agree well with experimentalvalues in these 4 nulei.PACS numbers: 21.60.Cs, 27.60.+j1. IntrodutionThe shell model forms the standard basis for the desription of spherialnulei. It gives in general a good representation of the nulear struture indoubly-magi regions.In suh a nuleus the states at low exitation energy are formed by themotion of a few valene nuleons in a small number of orbits, while thedoubly-magi ore largely remains in its ground state. As the exitationenergy inreases the ore an beome exited, and eventually at high energythe degrees of freedom of the ore nuleons and the valene nuleons beomethoroughly mixed.In the low-energy regime the individual energy eigenstates are well ap-proximated by solutions to a Shroedinger equation involving expliitely onlythe degrees of freedom of the valene nuleons. The ore manifests itself notonly through the stati mean �eld whih determines the main part of thesingle-partile energies, but also dynamially by polarization e�ets on boththe single-partile energies and the e�etive two-nuleon interation.� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998. (697)



698 J. BlomqvistLarge e�orts have been devoted to a program of deriving the one- andtwo-body terms in the shell model Hamiltonian from the basi bare nuleon-nuleon interation. Considerable progress has been made in this approah.The single-partile energies alulated in suh a way are however not a-urate enough to allow one to exploit fully the power of the shell model.Therefore one usually prefers to use instead empirial single-partile ener-gies, obtained from experimental energies of states in nulei with a singlevalene nuleon.The e�etive two-nuleon interation derived from many-body theoryan be used diretly in shell model alulations. The agreement with ex-perimental energies and other properties is often satisfatory [1, 2℄, but theintrinsi auray of the shell model is not always fully exploited.An alternative approah is to use instead an empirial two-nuleon in-teration, in the same spirit as one uses empirial single-partile energies,but now determined from the properties of levels in nulei with two valenenuleons. In priniple, all the interation matrix elements are determined ifone has omplete knowledge of the states in the two-valene-partile nuleus,i.e. not only the energies but also the omposition of the wave funtions ofall levels in a given on�guration basis.This extreme approah does not work in pratie, sine the experimentalinformation about on�guration mixing from spetrosopi fators and ele-tromagneti transition rates is always inomplete. If on�guration mixingis not very strong a diagonal interation matrix element is well determinedby the energy of the orresponding state, but usually only few of the non-diagonal matrix elements are strongly onstrained by experimental data.This situation points to a hybrid approah, ombining the two methods,where one starts from a omplete set of theoretial matrix elements andadjusts those whih are sensitive to experimental data.2. The N = 82 isotones above 132Sn132Sn shows strong shell losures of both protons at Z = 50 and neutronsat N = 82. The lowest ore exitations ome in only above 4 MeV. Fornulei near 132Sn one an therefore expet that states up to a onsiderableexitation energy an be desribed by wave funtions representing the motionof the valene nuleons only.Shell model alulations are easier to perform if there is only one kind ofvalene nuleon, both beause the size of the on�guration spae is smaller,and beause one only needs to know one like-partile interation. For thisreason many alulations in heavy nulei have been limited to singly-losed-shell nulei. Sine 132Sn is a neutron rih nuleus most experimental infor-mation exists about its neighbours with more neutrons and/or fewer protons.



Shell Model Analysis of N = 82 Isotones Above 132Sn 699Reently shell model alulations with modern G-matrix interations havebeen performed both for N = 82 isotones above 132Sn [3, 4℄ and for Z = 50isotopes to the left of 132Sn [5℄. In both ases the model spae inluded the�ve orbits 0g7=2, 1d5=2, 1d3=2, 2s1=2 and 0h11=2 whih make up the majorshell between 50 and 82.In an extended sequene of studies of the N = 82 isotones [6℄ Wildenthalhas used the alternative approah mentioned above. He starts from a simplesurfae-delta plus quadrupole-quadrupole interation and then hanges anumber of ombinations of two-nuleon matrix elements in order to �t aswell as possible known exitation energies in nulei all the way up to 154Hf.Some ontrolled matrix trunations had to be made for the heavier nuleiwith more than 6 valene protons. Wildenthal's �nal matrix elements arelisted in olumn 3 of Table II.3. The present alulationReently new experimental information has appeared about levels in thesingle-proton nuleus 133Sb [7℄ and the two-proton nuleus 134Te [8�10℄. Thenew data onstrains some important matrix elements more strongly thanolder data. This has motivated our attempt to make an improved shellmodel alulation for the N = 82 isotones near 132Sn.The experimental energies of the 4 known single-proton states in 133Sbhave been used in the alulation without further adjustment. The �fth state2s1=2 has not been observed in 133Sb. Its energy was left as a free parameter.It is mainly determined by the �t to the known s1=2 one-quasipartile statein 137Cs at 2150 keV. TABLE ISingle-partile energies (keV).# nlj "1 0g7=2 02 1d5=2 9623 1d3=2 24394 2s1=2 29205 0h11=2 2793There are 160 matrix elements of the two-body interation in the g7=2,d5=2, d3=2, s1=2, H11=2 basis. The values of Wildenthal [6℄ were used as astarting point in the �t. Known two-proton levels in 134Te [8�10℄ determined18 diagonal matrix involving the g7=2, d5=2 and h11=2 shells. Additionaladjustments of 36 matrix elements helped to improve the �t to known levelenergies in 135I, 136Xe, 137Cs and 138Ba. The resulting matrix elements are



700 J. Blomqvistgiven in olumn 4 of Table II. The quality of the �t is shown in Table III. Itmay be noted that the states with J > 11=2 in 137Cs had not been observedat the time of the alulation and were therefore not onsidered in the �t.TABLE IITwo-body interation matrix elements (keV)a b  d J Wild adj. a b  d J Wild adj.1 1 1 1 0 -525.6 -448 1 2 2 3 1 - 7.02 +108.4 +130 2 +145.74 +372.6 +376 3 -166.06 +466.2 +486 4 +292.91 1 1 2 2 +133.2 0 1 2 2 4 2 + 48.04 + 87.7 +100 3 - 19.76 - 17.7 +200 1 2 3 3 2 - 36.11 1 1 3 2 -317.7 -200 1 2 3 4 1 -158.64 -164.1 - 50 2 -167.91 1 1 4 4 +116.3 1 2 5 5 2 -120.51 1 2 2 0 -902.6 -800 4 -136.52 -118.4 -150 6 -184.04 - 31.3 0 1 3 1 3 2 - 83.7 +1001 1 2 3 2 -133.2 3 +484.2 +6004 -196.7 4 +337.2 +5001 1 2 4 2 -121.9 5 +496.8 +7101 1 3 3 0 -663.0 1 3 1 4 3 - 90.22 -263.4 4 +215.31 1 3 4 2 +162.6 1 3 2 2 2 -138.31 1 4 4 0 -400.7 4 -121.71 1 5 5 0 +867.7 +1100 1 3 2 3 2 -118.52 +228.3 3 + 79.24 +159.1 4 -303.06 + 94.7 1 3 2 4 2 -327.61 2 1 2 1 +465.9 +427 3 + 46.12 +418.8 +398 1 3 3 3 2 -286.53 +516.0 +530 1 3 3 4 2 +391.74 +324.6 +429 1 3 5 5 2 +375.05 +437.7 +524 4 +147.66 +136.0 + 91 1 4 1 4 3 +441.01 2 1 3 2 +107.1 +200 4 +256.83 + 76.2 0 1 4 2 2 4 +134.14 + 63.0 +100 1 4 2 3 3 + 14.15 + 55.2 +100 4 +270.51 2 1 4 3 - 68.3 1 4 2 4 3 + 2.34 -216.7 -100 1 4 5 5 4 -178.31 2 2 2 2 +118.0 +200 1 5 1 5 2 +160.0 04 + 54.7 +100 3 +154.9 +200



Shell Model Analysis of N = 82 Isotones Above 132Sn 701a b  d J Wild adj. a b  d J Wild adj.1 5 1 5 4 +285.3 +500 2 4 2 4 2 + 88.55 +328.1 +368 3 +434.96 +498.6 +463 2 4 3 3 2 -252.87 +403.8 +288 2 4 3 4 2 +333.48 +475.0 +531 2 4 5 5 2 +333.29 - 51.9 - 27 2 5 2 5 3 -452.1 01 5 2 5 3 +176.5 +100 4 +302.9 +3004 + 40.3 5 +263.6 05 +186.2 6 +629.7 +4356 + 7.9 7 +518.1 +1557 + 92.3 0 8 +366.1 +7968 - 98.2 2 5 3 5 4 - 59.41 5 3 5 4 - 50.7 5 + 98.85 -156.9 6 + 1.46 - 77.2 7 +196.97 -251.1 1 5 4 5 5 -283.71 5 4 5 5 +130.6 6 - 49.26 - 1.3 3 3 3 3 0 -110.12 2 2 2 0 -339.5 -150 2 +440.32 +255.0 +150 3 3 3 4 2 +209.14 +174.0 +260 3 3 4 4 0 -466.42 2 2 3 2 +100.3 3 3 5 5 0 +697.24 -272.8 2 +201.62 2 2 4 2 -232.5 3 4 3 4 1 +587.62 2 3 3 0 -436.4 2 +302.72 - 81.1 3 4 5 5 2 -296.92 2 3 4 2 +213.8 3 5 3 5 4 +310.42 2 4 4 0 -515.9 5 +352.32 2 5 5 0 +643.7 +900 6 +495.92 +173.6 7 + 42.84 + 91.8 3 5 4 5 5 +300.52 3 2 3 1 +299.7 6 - 37.32 +334.8 4 4 4 4 0 +231.93 +564.5 4 4 5 5 0 +527.54 +155.2 4 5 4 5 5 +165.12 3 2 4 2 -224.9 6 +464.23 + 8.7 5 5 5 5 0 -1114.42 3 3 3 2 -135.1 2 -116.32 3 3 4 1 + 1.1 4 +147.2 02 +180.3 6 +317.4 +2002 3 5 5 2 +170.6 8 +369.3 +3004 +207.9 10 +433.3 +400



702 J. Blomqvist TABLE IIIComparison of experimental and alulated energies (keV).135I 136XeJ # Exp Cal E-C J # Exp Cal E-C3/2+ 1 1010 1011 - 1 0+ 1 0 15 -155/2+ 1 603 623 -20 2 2582 2571 +112 870 844 +26 3 2849 2838 +113 1857 1888 -31 1+ 1 2634 2593 +407/2+ 1 0 -11 +11 2+ 1 1313 1372 -592 1710 1704 + 6 2 2290 2295 - 59/2+ 1 1184 1196 -12 3 2415 2446 -3111/2+ 1 1134 1144 -10 3+ 1 2560 2539 +2115/2+ 1 1422 1414 + 8 4+ 1 1694 1717 -2317/2+ 1 1994 1978 +16 2 2126 2155 -2919/2- 1 3655 3680 -25 3 2465 2465 021/2- 1 3766 3775 - 9 5+ 1 2444 2448 - 423?2- 1 3689 3676 +13 2 2608 2579 +296+ 1 1892 1858 +342 2262 2236 +268+ 1 2866 2862 + 42 3229 3242 -1310+ 1 3484 3484 09- 1 3830 3840 -1011- 1 4857 4923 -6613- 1 5142 5138 + 4137Cs 138Ba1/2+ 2 2150 2135 +15 0+ 1 0 -5 + 53/2+ 4 2068 2066 + 2 2 2190 2092 +985/2+ 1 455 387 +68 1+ 1 2583 2574 + 92 849 907 -58 2+ 1 1436 1485 -493 1651 1670 -19 2 2218 2181 +377/2+ 1 0 -15 +15 3 2640 2542 +982 1575 1576 - 1 3+ 1 2446 2368 +783 1783 1810 -27 4+ 1 1899 1913 -149/2+ 1 1273 1320 -47 2 2308 2291 +172 1570 1549 +21 3 2583 2637 -543 1916 1916 0 4 2779 2787 - 811/2+ 1 1185 1223 -38 5+ 1 2415 2307 +10815/2+ 1 1671 1642 +29 6+ 1 2091 2046 +4517/2+ 1 1894 1879 +15 2 2203 2184 +1921/2+ 1 2784 2827 -43 7+ 1 3309 3344 -3523/2+ 1 3464 3462 + 2 8+ 1 3184 3200 -1611/2- 1 1868 1836 +32 2 3610 3611 - 123/2- 1 3496 3503 - 7 9+ 2 4158 4108 +5027/2- 1 4408 4424 -16 10+ 1 3622 3646 -2429/2- 1 5023 5007 +16 2 3911 3879 +3231/2- 1 5494 5492 + 2 12+ 1 4689 4724 -358- 1 3678 3631 +479- 1 3633 3648 -15



Shell Model Analysis of N = 82 Isotones Above 132Sn 7034. SummaryNulei with a few protons added to the losed ore nuleus 132Sn havebeen alulated by a standard shell model diagonalization in the full modelspae spanned by the proton orbits 0g7=2, 1d5=2, 1d3=2, 2s1=2 and 0h11=2.An empirial e�etive interation has been designed, whih gives a goodrepresentation of experimental level energies in 133Sb, 134Tb, 135I, 136Xe,137Cs and 138Ba. New experimental energies of two-proton levels in 134Tewere essential in onstraining the e�etive interation. The quality of the �tis still inferior to that obtained by similar alulations in the region of 208Pb.This indiates that the intrinsi auray of the model is not exhausted.Further improvement would be failitated by additional experimental datain the N = 82 isotones immediately above 132Sn.REFERENCES[1℄ M. Hjorth-Jensen, T.T.S. Kuo, E. Osnes, Phys. Rep. 261, 125 (1995).[2℄ A. Covello, Ata Phys. Pol. 30, 0000 (1999).[3℄ F. Andreozzi, L. Coraggio, A. Covello, A. Gargano, T.T.S. Kuo, A. Porrino,Phys. Rev. C56, R16 (1997).[4℄ A. Holt, T. Engeland, E. Osnes, M. Hjorth-Jensen, J. Suhonen, Nul. Phys.A618, 107 (1997).[5℄ A. Holt, T. Engeland, M. Hjorth-Jensen, E. Osnes, Nul. Phys. A634, 41(1998).[6℄ B.H. Wildenthal, Pro. Int. Spring Seminar on Nulear Physis, Ishia, Italy1990, ed. A. Covello, World Sienti�, Singapore 1991, p.35.[7℄ M. Sanhez-Vega, B. Fogelberg, H. Mah, R.B.E. Taylor, A. Lindroth,J. Blomqvist, Phys. Rev. Lett. 80, 5504 (1998).[8℄ J.P. Omtvedt, H. Mah, B. Fogelberg, D. Jerrestam, M. Hellstrom, L. Spanier,K.I. Erokhina, V.I. Isakov, Phys. Rev. Lett. 75, 3090 (1995).[9℄ J.P. Omtvedt, B. Fogelberg, H. Mah, D. Jerrestam, M. Hellstrom, L. Spanier,K.I. Erokhina, V.I. Isakov, to be published.[10℄ C.T. Zhang, P. Bhattaharyya, P.J. Daly, R. Broda, Z.W. Grabowski,D. Nisius, I. Ahmad, T. Ishii, M.P. Carpenter, L.R. Morse, W.R. Phillips,J.L. Durell, M.J. Leddy, A.G. Smith, W. Urban, B.J. Varley, N. Shulz,E. Lubkiewiz, M. Bentaleb, J. Blomqvist, Phys. Rev. Lett. 77, 3743 (1996).


