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Abstract 

To account for the near equalit, of transition energies between "identi

c&l" superdeformed (SD) bands, a phenomenologic&l analysis is presented. It 

is demonstrated that though the "identic&l" SD bands usu&lly have different 

bandhead moments of inertia, 6:101:10 ~ 10-2, under certain conditions differ

ent increa.sing (or decrea.sing) paces ofthe moments ofinertia with II) may result 

in an apparent equ&iity of Ji2),s or E.,s (l6E.,/E.,1 = 16Ji2) /.1(2)1 - 10-3 ) in 

certain £requenc, range. No pseudospin alignment is involved in this an&iysis 

and it seems to be consistent with the microscopic calculations. 

PACS numbl!rs: 21.10.RI!. 21.60.Ev, 27.70.+q, 27.80.+w 

One of the most amazing properties of superdeformed (SD) rotational bands 

is that the observed cascade transition enerwies for bands in some adjac:ent nnclei 

are almost identical (6E.,IE., - 10-3 ),'much similar than expected [1, 21. It was 

argued that [2, 3) the very similar SD bands can be characterized as having vir

tnally identical moments of inertia and alignments that differ (rom eac:h other by 

quantized amounts and to understand this property pseudospin alignment was in

, troduced [2-4]. However, some comments were presented, e.g. in Refs. [5, 6]. The 

questions surrounding the occurence of identical SD bands remain an area o( de

bate. Doe. tke nellr equ.ality of tnl1uition energie. obleMled IIctuIIlly imply II nt!4r 

equlllity of moment. of inertill of th.e "identiCld" SD band.! In other words, doe. tke 

"identicIII" SD blind. really h.llve identicIIl moment. of inertia (bandkud moment 

of inertill, kinemlltic and dynllmic moment. of inertiC1, C1nd tkeir variC1tion witk w, 

etc.)! To account for the near equality of transition energies, this letter presents a 

phenomenological analysis, which seems to be consistent with the available mic:ro

scopic calculations [7-) 01. 

tn order to extract kinematic moment of inertia and alignment one needs to know 

the actual angular momenta of the band levels. However, in no case have the angular 

momenta in an SD band been determined by direct experiment. To detennine 

the spins of an SD band, a method was proposed [11) on the basis of the Harris 

parametrization of the dynamic moment of inertia :1(1), extracted by the obsened 

transition energy diff'er~nces ~E.,(1) == E.,( 1 +2) - E.,( I), E.,( 1) == E(1) - E( 1 - 2). 

In Ref. [12] an more effective method was presented to detennine the spins of an SD 

band directly from the transition ~nergies themselves, i.e. the obsened transition 

enerwies are least squares fit to the analytic expression deduced from the closed two 
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parameter expression for rotational spectra [131 

(1 )E(/) = a [VI + b/(I + 1) - 1] , 

which may be derived from 'he Bohr Hamiltonian for a weD defonned nucle08 with 

smaU axial asymmetry. The spins of all 'he SD bands observed in the A ..... 190 and 

150 resions have been de,erminedby this approach [14, 151· 

In this paper, to improve furiher the calculation, the transition energies are least 

squares fit to a. three-parameter expression (hereafter caUed the abc fit) 

E(/) = a [VI + bl(1 + 1) -1] + cl(I + I), (2) 

in which the anharmonic effect has been taken into account. In Table 1 is given 

the analysis for the four SD ba.nds in 192Hg and L94Hg, whose spins have been 

assigned coosistently by different methods [2,11, 14, 11, 18]. It is seen that without 

e2:ception all the. li2:tfl-nine. E.., I, oblerved in. the.se bandl can be. reproduced incredibly 

well (deviauon ~ 0.5keV) by the abc fit. The microscopic calculations [8-10] reveal 

the appearance of SD minima already at 1 0 (or Hg-Pb nuclei. Therefore, it is 

expected that the predicted E..,'s for I < 10 and 1 > <i0 are meaningful. From eq. 

(2). the kinematic and dynamic moments of inertia can be expressed as 

h,2 ab lil ab 
(3)

.1(1) = [1 +bl(/+1)]1/2 +2c [1 + bl(J + 1)]3/2 + 2c. 

In view of the &stouding coincidence between the calculated and observed E..,'s, the 

moments uf inertia [.1(~), .1('1.), a.nd band head BlUmen' o( i nutia:fo h 1f( ab + 

2c)] thus extracted are reuable. In fact, 'he moments of inertia calcula,ed by et1· 

(l) agree quite weU with the IIsuaily adopted resllhs extraded by the difference 

quoLienu, .1(1)(1 - 1) = Iil(21 - 1)/E..,(/) and .1(1)(1) =4h'J.l tJ.E..,(l) , as expeded. 
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The moments of inertia of the SO buds in 1t2Hg aad L9tHg ~ shown in Fig. I. 

MicrOicopicaUy. the .mooth increase of the moment. of incrtia may be attributed 

to the gradual alignment of high-N orbitals (8).. 

Now, let us address the bandhead moments of inertia .70. For comparisoll, firsdy 

we investigate the .7o's of the signature partner SD bands. To date nine signature 

pairs have been observed. The extracted .70 '. are lilted in Ta.ble 2. It is seen that 

each signature pair have almost identical .70 and t~e accuracy of the coincidence 

is of order 6.70/.70 ,... 10-3• Therefore, the signature partner SD bands, apart from 

a possible relative shin in energy, CaD be considered as truly ,dentiC4L This is 

understandable because they are characterized by the same intrinsic (configura'ion) 

structure. However, the situation is quUe dijferent for the sD-caUed "identical" SD 

bands. In Ta.ble 2 are also given the extracted :To'. of several "identical» SD bands. 

The diKerences in :To's between the "identical" SD bands are O8uaUy6.10/:Io 2: 10-1 , 

an order of magnitude larger thaa thOle of the sipatue partnel'8, but somewhat 

similar to the situation often encountered in normaUy deformed nuclei. 

n is interesting to note that the diJl'erellce in :Io's between the SO bands 191Hg 

and 194Hg(1), though llSuaUy not considered as identical, 6:10/:10 "" 1.6%, ill much 

smaUer than that between the "identical" SD bands, 191Hg and L9'Hg(2,3), 6:/01.10 ,.... 

7%. This result seems to be coasutent with the microscopic calculations [7-10}. 

Microscopic calculation [1J shows that the feature of an SD band is mainly inftuenced 

by the high-N configuration. In fact, the high-N configurations of the yrast SD 

bands in 192Hg and 194Hg (i.e. 19'Hg(l» were reasonably assigned [8-10} as ~6·1/7·, 

which may account for their similar moment, of ineruL The high-N configuration 

of 194Hg(2,3) were also assigned as ,...6",,1', but with two unpaired valence neutrOR» 
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occupJias t.he high-K orbit.als [512 5/2\0[624 9/2\ strongly coupled to the core, 

which may be responsible (or t.he dilerence in :/0 's between the "ident.ical" SD 

bands 1.IIlHg and 194Hg(2,3). 

But how c&n we UIldentand t.he near equalit.y o( t.ransit.ion energies observed 

ill the "ident.ical» SD bands! The essent.ial points are: (a) This near equalit.y is 

established only in a limit.ed range o( rot.ational (requencies [2). (b) Wit.h increasing 

(requency w t.he moments o( inertia o( "ident.ical" SD bands inc~ease (decrease) with 

diJferent paces due t.o their di1ferent. configuration st.ructures. (c) :/(,1.) changes with 

w much (ast.er t.han :/(1) [12, 14}. There(ore, t.hough the :/0 IS of the two "identical" 
3 

bands are different, the near equality o( the consecutive E.,'S (6E.,IE., ,.., 10- ) or 

.1(l)'S may occur wit.hin certain (requency range. A beaut.iful example is displayed 

in Fig. 1. The near equality o( :1('1.) between 192Hg and UHHg(2, 3) occun in the 

range h.w .... 0.2--0.4 MeV. In (act, as a rough estimate, from the usual expression 

(or rot.ational spectra, E(/) = 1i,l/(1 + 1)/2:/ (with I-depe_ndent :/), we have 

6E., = 6I _ 6:1 (4) 
E., I 

For "identical" SD bands 611 I is o( order W-- l [19}. If 61 and 6:/ are o( the same 

sign and 6:/1:/ .... 10-2 maintains in certain frequency range, the two t.erms on 

the right.hand side o( e:q, (4) may cancel with Poach other and resuil in 1
6E.,IE.,1 = 

16:1(2)I :/('2)1 ,.., 10-3 • These requirements a..re meL in the I:a.se o( t.he "identical" pair 

191Hg and 19.Hg(2,. :1). Similar si\ua.tion lOCl'urs for t.he nther "ident.ical" SD bAnds. 

From Table 1 it. is seen that. both (or the obsuved and ca.lcllla.Led E./s, 

E.,(l, 191Hg) > E.,(/, 19iHg(1»::> E.,(l, L9·Hg(2» 

:::s j lE.,(/"" I, llHHg(3)) + E.,(I - I, 19·Hg(3))\ 
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which is consistent with the anal,.sis for the momeat, of inertia. Howner, if we 

compare E.,'s with dUferent I YalUei ia IItHg(3) ud ,nBs (aote: differeat spature 

values), it is found that E.,(I +1, lttBs(3» = E.,(/, l'2Jfg) indeed holds well in the 

spia range I - 18-42. Howner, jut &I oNtl, ollie"," ia the ruge I ,.. 10--20, 

the calculated E.,(/)'s in 182fIg (or I < 20 (~ < 0.2 MeV) gradually become smaller 

than. the corresponding E.,(I + 1)'s in IItHg(3), and {or I > 40 (Aw > 0.4 MeV), 

E~r.l(/, 18lHg) > E;r.l(1 +1, II.Hg(3». 

Finally, the alignment difference, i = I~(w, IItHg) - I~(IM, UI3Hg), is displayed 

in Fig. 2. It is seen that for II·Hg(2, 3) and 112Hg, i .. 1 indeed holds weU (2) in 

the frequency range Iu.! ,.. O.2-Q.4MeV. However, in the rangeslu.! ..... 0.1-Q.2MeV 

(obuirved already), liw .s 0.1Me V, and ~ > 0.4Me V (not yet observed), there 

seems to exist a systematic deviadon £rom i_I. For 18tHg(l) and 182Hg, though 

they are quite similar both £rom the phenomenological and microscopic points o( 

view, no quantized alipment dil'erence ia foud. 

In summary, the above analysis shows that: (1) Just as seen in the norma.lJy 

deformed nuclei, the :lo's o( the so-called "identical" SD bands in neighboring nuclei 

uIually are different, 6:101:10 2: 10-3. (2) Because with increasing 1M the moments 

of inertia o( "identical" SO bands increase (decrease) with dilerent paces, the near 

equality of :/('j) between the "identical" bands may occur in certian frequency range. 

Careful analysis shows that all the "identical" SD bands observed can be accounted 

{or consistently in this phenomenological scheme, which seems to be consistent with 

the available cranked shell model calculations, in which no pseu.dospin symmetry is 

assumed. Of coune, the analysis ginn above was made on the basil o( the observed 

data now available. More experimental data on the SD bands in the lower and 
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higher spin regions and more careful microscopic calculationl are needed to judge 

the Y&lidity of the statement ginn aboTe. The pre6minary calculation ulmg the 

partide-number-consening treatment [20, 21J for the cranked Nilsson model sho'Wes 

that the pairing interaction and particuJarly the blocking eft'ect play an important 

role in the differences of moments of inertia between the "identical" SD bands 192Hg 

and 194Hg(2, 3). Details wiD be published elsewhere. 

This work was supported by the National Natural Science Foundation of China, 

and the Doctoral Program Foundation of Institution of Ingher Education of China. 
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Table Captions 

Table 1. Calculation of the transition energies (in units of keY) ofthe SD bands 

in 19'Hg and 194Hg. 

Table 2. Bandhead moments of inertia of the 9i~nature part.ner SD bands and 

the "identicaJlt SD bands. 

Table 1 
., I 

tHHg, a = 0 i9lHg(J). a = 0 (94Hg(2), a = 0 194Hg(3), a = 1 
E1(I) EI(I) E..,(l) E,.(l +1) 

1 apt." calcD apt.' . ealca exptt calC' apt.t. calc' 
..8 881.1 868.1 863.8 
..6 852.1 841.0 840.7 835.8 
4.. 823.3 812.9 812.1 (801) 807.0 
42 193.4 793.4 183.9 784.1 171.1 771.6 
40 162.8 163.0 154.6 15".9 141.6 741.5 
38 132.1 132.1 125.4 725.0 716.1 716.6 
36 100.6 700.6 693.8 594.3 68".5 6&4.9 
3 .. 668.6 668.5 662.4 662.9 652.2 652.4 
32 635.8 635.1 630.5 630.6 619.3 619.2 
30 602.3 602.1 597.3 591.4 585.2 585.1 
28 561.9 561.1 563.6 563.3 550.3 550.1 
26 532,4 532.4 528.3 528.2 514.3 51404 
2 .. 496.3 496.3 ~ 492.3 492.2 477.7 477.8 
22 "59.1 459.1 455.2 455.1 440.7 440.5 
20 420.8 420.9 417.1 416.9 402.1 402.3 
18 381.6 381.1 317.8 377.8 363.7 363.4 
16 341.1 3 .. 1.4 331.7 331.6 323.8 323.8 
14 299.9 300.0 296.2 296.4 283.3 283.5 
12 251.1 251.1 254.3 254.3 242.1 242.7 
10 214.6 214,4 211.4 201.3 201.3 
8 110.3 161.8 ]59.4 
6 125.5 123.6 117.2 
4 80.1 78.8 74.7 
2 34.4 33.8 32.1 

"Reference 11. 


ba=6591.3 keY, b=8.168xl0-\ c=3.043 keY. 


'Reference 11. 


da=10855 keV, b=5.196 x 10-\ c=2.498 keY. 


'Referenee 18. 


f a=22052 keY, b=3.102xl0-\ c=1.923 keY. 


'a=19241 keV, b=3.297x 10-4 c=2.153 keV.
t 

10 

819.5 
851.3 
822.4 

(793) 793.0 
762.7 762.8 
732.2 732.0 
700.4 700.4 
668.0 668.1 
635.1 635.0 
600.9 601.2 
566.4 566.6 
531.6 531.2 
494.6 495.0 
458.3 458.1 
420.4 420.3 
382.1 381.8 
342.8 342.6 
302.5 302.8 
262.3 262.3 

221.3 
179.8 
131.9 
95.1 
53.2 
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Table 2 

aigna.tuJ:e pain :10 (lLlMeV-l) 0:10 x 103 identical bud. :Jo (1I.1MeV-1) o:Jo )( 10l 
:liJ ;[ll 

1i3Dy(2,3) 86.20, 86.07 LSI 151Dy_151Tb· 

191Hg(2,3) 94.4:5, 94.34 U6 uITb- LMl Gd· 

1I3Hg(2,3) 93.09,92.13 3.88 u OTb-U9 Gd· 

19fBg(2,3) 93.57, 93.89 3.i2 U3Dy(2,3)_151Dy 

193n(_,+} 95.53, 95.73 2.09 191Hg( 2,3)-191Bg 

19fTl(la.. 1b) 99.69, 99.11 2.iO 193Hg(2,3)_191Bg 

19fTl(2a.,2b) 95.16, 94.93 2.42 lSfHg( 2,3 )-191Bg 

19fTI(3&,3b) 100.53, 100.16 3.69 

195n(-,+) 94.92, 94.66 2.14 

a.The :10 value a,eraged oYer the signature part.ners. 

88.88, 90.51 

lOB.85, 106.91 

82.70, 81.13 

dS.14a., 88.88 

94.roa., 87.15 

92.91 a., 87.15 

93. 73a., 87.15 

1.8 

1.8 

1.9 

3.2 

8.0 

6.4 

7.3 

I 

I 
I 
j Figure CaptiollS 

I 
. I Fig. 1. The moments of iDenia of the SD baada in lSlHS and 19·H8. The open 

circle aDd triangle denote the .1(1) and :I{,2) of 191H8 extraded by the diJferem:e 

quouenu ,1<1)(1-1) = hl (2/-1)/E1(/ ...... 1-2) and .1(1)(/) = 4"?/AE
1
(/), while 

the loll circle and triangle represenl those for the SD bands in 19fH8. The dashed 

and solid curves are the result. calculated by eq. (3). 

Fig. 2. The aagular momentum alignments (/~ = J11)W) of the SD bands in 19fHg 

relative to L9lHS, i = I~(w, 19fHg)_III(w, 191Hg). The triangle, fuD circle, aad open 

circle denote the experimental values for 19·Hg band 1,2, and 3, respedivel" while 

the curres stand for the results calculated by the abc fit. 
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