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U(6/20) supersymmetry in 11°-1195n jsotopes
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In this paper we have studied the low energy structur&'®f'%n isotopes within the vibrational limit for
bosons under Bf(5)® SU (4) dynamical symmetry of the graded Lie groug6i20). Calculation of excita-
tion energy spectra of positive parity levels aB(E2) values of these isotopes has been performed using this
dynamical symmetry. Comparison of experimental and calculated energy spect{ B2yl values of these
nuclei suggests the existence of an approxima@&20) supersymmetry in these isotopes.

PACS numbgs): 21.60.Fw, 21.10.Ky, 27.68]

Ir_1 the Ia;t few years supersymmetry in the framework ofinto a U(5) and SU¥(4) group corresponding to pseudo-
an interacting boson-fermion model has been extensivelgrbital angular momentum and pseudospin respectively. The
used to describe both even-even and édduclei simulta-  generators of the groupf¢5) and SUi(4) areA? and &

neously under the same Bose-Fermi symmetry. In the vibrarespectively, and can be obtained from those 6t20) by
tional limit for bosons, supersymmetry has been found tahe transformation

work well in the 1f-2p shell for both types of odd fermion,
proton[1], and neutrof2]. The nuclei "®Se and’°As were [ i 3/2]

. . 2
studied[3] under different supersymmetry schemes in the ~ AP=, jj’(—1)i'tr*32

TP (CIEDIANC)

single particle spaceg= 2,3 andj=3,2, and2. Existence of i’
supersymmetry in the Ru-Pd region was repofddvith the
limitation that the odd fermion be in the stgte 3. No work an v 32 p i
has been reported in the(B) limit for bosons, with the odd SP:Z jjr(=1)irer i 2 (aja;)?, (3
fermion in single particle spage=3,3,2, andZ. In this paper I
we present the results of our calculations on the positive P 12 i )
parity levels of a number of even and odd mass Sn isotope“é’?ere]_(gJ +1) .FWe thus obtain the group reduction
using U6/20) supersymmetry. UT(200DU7(5)SU (4). _

Even Sn nuclei are known to exhibit collective vibrational N the vibrational limit, the bosons have’(5) dynamical
structure in the low energy excitation region. Ring andSYmmetry. The relevant group chain and quantum numbers

Schuck have described the lowest &ate in 116118128 a5 for the U6/20) supergroup are given below:
vibrational state$5]. The odd nucleus!'’Sn, has been de-

scribed in the framework of particle vibration couplif@]. U(6/20) N

The B(E2) values for the known strong transitions in even DUB(6)®UF(20) Ng,Ng=1
Sn nuclei are one order of magnitude greater than the single- B = r

particle estimates. This indicates that the even-even core is PUNB)eU (5)eSU(4) 1.1

vibrational in nature. Therefore, the low energy structure of DUB(5)®@UF(5)eSU(4) nq

odd Sn nuclei _is e>.<pecte.d to be well despribed in terms of SUBF(5)@ SUF(4) [Nny,n,]

U(b), i.e., the vibrational limit for bosons, with the odd ferm- BF

ion in single particle spacg=3,%,3, and3. The appropriate DO (5)©SP (4) (v1,02),(13,12)
group structure of odd-mass Sn isotopes in which the neu- D SpirtF(5) {71,72}

trons occupy the 8, 2dz,, 2dsp, and 1g;, levels is
UB(6)®UF(20) where B(6) is the usual boson group de-
scribing the collective excitations and (20) is the fermion

. . F - .
group associated with the single-particle degrees of freedom.  SINce Spifi(5) is not fully reducible to Spff(3), an
The generators of the fermion group are additional quantum number, is required to completely
classify the states.

(1) The Hamiltonian for excitation spectra written in terms of

linear and quadratic Casimir operators of the subgroups in
Using the idea of pseudoangular momentum, the fermioh€ @bove group chain is

angular momentunj=3, £, 3, and? can be viewed as a

pseudo-orbital angular momentux¥2, coupled to a pseu-

dospin,s=3/2. The group H(20) therefore can be divided H=AC;[UB(5)]+BC,[U®(5)]+CC,[UBF(5)]
+DC,[0OBF(5)]+ FC,[SpirPF(5)]+ GC,[ SpirfF(3)],

* Author to whom correspondence should be sent. (5)

D SpirtF(3) J. (4)

(aa;)?, with j,j’=3, 3, 5, or

NI~
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whereC,[ G] is thenth order Casimir operator for the group E=Ang+Bng(ng+4)+C[ny(ny;+4)+ny(n,+2)]
G andA, B, C, D, F, andG are free parameters. The other

Casimir operators of the subgroups in the group chain are not +D[vy(v1+3) +va(vot+1)]

;T)encttr:?jutlng to the excitation energy calculation and are ne- FF[ (7 +3) + 7o( 7+ 1) ]+ GI(I+1). (6)
The eigenvalues obtained from the above Hamiltonian The wave function in terms of isoscalar factors andjsix-

written in terms of quantum numbers are given by coefficients in the above chain is written as

nd 1 [nl,nz] v 1 (Ul,l)z) (UllUZ) (1/2!1/3 {71172}
|N’nd’[nl’nﬂ’(vl'”)’{71’72}’JM>:U%<<v 1 (U:L,U2)><|_ 2 k >< k 32 | 3
(L 32 k
XE. (_1)L+J+3/2kj[2 3 j}[|N,nd,u,L)aIm]fw. (7
i

The electromagneti&2 transition operator written in trate on the states that are obtained by coupling an odd quasi-
terms of boson and fermion one-body terms is giverffly  fermion to the zero- and one-phonon states of even Sn iso-
topes. These states are given by the quantum numper
~ P ~ =0 and 1. We expect that states up to about 2 MeV excita-
TE2=ey(s'd+d'5)*+ey(d'd)*+ 2 i ’[aJTa]Z' ®  tion energy can bepso described. EVF()EI’] then, it is very difficult
. to find out the quantum numbers of the states unambiguously
We have taken a simpler form of the operator where thdn view of the large-level density between 1 and 2 MeV.
fermion part is written in terms of generators of fermion Therefore in the fitting procedure we have taken mostly
group U (5) and SU5(4): those levels whose quantum numbers are confirmed through
B(E2) calculation. In the case df-’Sn and!'°sn isotopes,
TE2=gy(std+d'S)2+e)(dd)2+e(A2)+e[(S?). (9) since the bosons and fermions are holelike, the supersym-

The first two terms denote the bosonic part and the other

two the fermionic part. The selection rules for the bosonic Theo HSSn Exp

part areAng=*1 andAny=0 respectively and for the fer- 35

mionic part, AN=0. Analytical expressions f@(E2) val- 9

ues can be obtained for exact symmetry. 20k /—‘7‘ I /;_5_](3,5)
Energy values of*>-1%n isotopes are calculated by us- — P

: ; A TS T s ————

ing Eq. (6). The constant parameters (6) are determined =" iy T

from fitting a number of energy levels in the even and odd —s T =5,

isotopes of each supersymmetric representation. In the even — = ~—3

Sn isotopes, B-2h type intruder states appear around 2
MeV. For example, the Dstate at 1.76 MeV, the2state at

—_

st —/——3 )

) . = S~—5_--"
2.11 MeV, and the 4 state at 2.53 MeV in*'%Sn isotope 3 o D 3
belong to the intruder banB]. The IBM in the simplest < ~—s
form is incapable of explaining the structure of these states. ® | — 3
In the neighboring Cd isotopes, these states have been de-& 'O — 5
scribed in the framework of B) symmetry[9]. Since we are w
concentrating on the states in(3) symmetry limit in the
even Sn isotopes, it is not possible for the present model to _ .
explain these intruder states. In the odd isotopes, we concen- 05k -7
. _/;—}::_ - 3
TABLE I. The values of the different parameters obtained from S~—7
fitting the energy levels of different Sn isotopes. 5
Parameters in keV oof —— 1= .
A B C D F G 27 27

151Gy 2348.2 —-198.0 —24.4 549 -70.0 25.7

1161150 2221.0 —181.0 —-20.3 —345 39 355 FIG. 1. Comparison of experimental and calculated low-energy
118115, 24609 —458.0 198.9 —141.2 32.9 65.6 positive-parity levels of°Sn. The levels are marked by twice their
angular momentum values.
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TABLE Il. The absolute values of different parameters used in

17 i i
Theo Sn Exp 35) B(E2) calculation for Sn isotopes.
1
n . % (7.9 Parameters i fn?
T P |ep| |e] lef
20¢F 9 T~ o
i = o 15116y 7.5 18.2 2.7
- = - - -
; — f—‘ (73) 116115 6.5 22.1 7.4
/_—§ =7 % us1ign 8.3 17.3 27.0
15F — 5 ’_:—_\_’:3 5
3 Vel S
Z s ; 3. The experimental and theoretical levels which are used in
= _;‘__ . the fitting procedure are connected by dashed lines in the
@10} T e-s == figures. Due to the uncertainties in assignment of spin and
L0 ——— 3 g g p
w absence of the experimentBI(E2) values for transitions
, from higher energy levels in these nuclei, assignment of
I quantum numbers becomes very difficult. Experimental en-
05 L - ergy values for these isotopes can be obtained from Refs.
-5 . TABLE Ill. Comparison of experimental and calculated
PRy — 3 B(E2) values for Sn isotopes.
0of — 1 --------- —_
27 27 B(E2) in e’fm*
Ji—J; Exp. Theo.

FIG. 2. Comparison of experimental and calculated low-energy!15sn S 69.8 71.7
positive-parity levels of’Sn. The levels are marked by twice their 1.3 4.3 14.0
angular momentum values. 2l 72

ng%l 106.3 33.3
metric partners off1’sn and'°Sn are!'%sn and&sn, re- 5% 10.0 8.2
spectively. The value of the different parameters obtained 5.1 79.4 91.2
from the fitting procedure are given in Table I. 5 5 150.2 59.2

Theoretical and experimental energy levels with positive §2H§1

parity for oddA Sn isotopes are compared in Figs. 1, 2, and 227721 12.9 0.0
51 252.5 233.7
22 21
19 1163n 2,—0, 389.8 445.2
Theo Sn Exp 4,2, 638.9 779.1
n
30k 59 sn 31— 51 3.1 86.5
= —35) %1—>%1 11.1 20.6
9 (3,5 35) %1—> %1 44.8 50.7
/_g‘%%’; S 203.9 149.2
— 3 =33 3,3 5.8 0.0
> s —— 31
[ JE— (1,3.5) 50— 5 271.9 104.7
= 20} 7 (35) gz %l
= 2/_/%3:2)) 5031 >200.5 209.5
S —< — 25) 33— 31 119.9 179.6
/_/:'_53_ ______ 5 165n 2,—0, 389.8 342.2
e -—(':54,5) 4,2, 638.9 598.8
00— 7 o P
—_ 3 _\—-~\_‘_>—:—’ - )
1/—/; LT3 1185 gﬁél <23.3 5.0
_ 7.
f—_ 51— 51 11.5 12.6
j — = 591.4 611.9
— s 21_’21 180.6 167.0
00 =77~ == , 23—> ?l 27.8 288.6
2J 2J 33— 351 94.0 41.2
S 382.8 144.3

FIG. 3. Comparison of experimental and calculated low-energy*'®Sn 2,—0, 432.7 481.1

positive-parity levels of!°Sn. The levels are marked by twice their 4,2, 584.1 824.7

angular momentum values.
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[10-14. In all the nuclei, the lowes}; state is poorly re- transitions, e.g.2; —1! in Y%Sn and%} — 27 transition

roduced. This points to a possible departure from exac 21 3
P : P P P ih 11%Sn, are strong in our model though they are found

isymlmetw. Thg symmdetry d?nﬂlands that the S:ngIe'p"irt'd%xperimentally to be weak. One of the reasons for this may
evels 3y, 2ds;,, and Iy, fo ‘ow a J(J+1) rule. How-  pe'que to a breaking of symmetry. However, there is another
ever the poor reproduction of; level indicates that the reason that thé; — 17 transition in 1175 may not be re-

symmetry is broken. In the-soft limit of U(6/20) supersym- produced well. For simplicity of calculation, we have written

metry, Jolieet al. have introduced a pertu_rbaticﬁEj 0 ac- o fermion part of theB(E2) operator in terms of group
commodate this type of symmetry breakifig] generators of the fermionic group™(5) and SU(4). This

Energy values alone are not sufficient to confirm the ex+g usually too restrictive and one may use more general op-

istence of supersymmetry because they depend only on thgaiors 1o get better agreement with the experimental data.
group chain and are independent of the wave function of thejowever, the number of known transition probabilities in
system. It is therefore necessary to calculate other obseryhis mass region is not large enough to establish whether this,
ables like transition probabllltles which depend on the Wwav&ather than breakage of symmetry, is the reason for poor
function of the system. Here we have calculaB{@2) val- 54 eement with our calculation. Thetransition2} — 2 in
ues of some of the lower-level transitions #°~**Sn iso-  1isg,, is found experimentally to be of puld1 character
topes.B(E2) values are calculated by evaluating the matrixrys is successfully explained by this model. Thgansition
element of theTE? operator in(9) between the basis states s+ s+ . 11 . .

: . 53 —37 in 1%n is also found experimentally to be of pure
given by Eq.(7). The necessary isoscalar factors can be ObM 1 character but our model gives a sMR(E2) value. On

tained from[7]. In this calculation the same parameters ar&a whole the agreement is fairly good.

e o e Supersy el parners. The HTerent B3yt paper we have stuied 11 sotopes using

: , g . ) U(6/20) supersymmetry under®(5)® SUT(4) Bose-Fermi
solute signs of;b ande; or e; cannqt be.predlcted from the symmetry. Energy levels of odd andB(E2) values of both
B(E2) calculation though the relative sign ef ande; can  odd A and even-even nuclei have been calculated and com-
be predicted. From the available experimental quadrupol@ared with experimental observations. From the above cal-
moments in*°Sn and*'%Sn, we conclude tha; andef are  culation it is seen that only a qualitative description of
positive in the first isotope and negative in the second. Thiswuclear properties in this region is obtained if one adheres to
change of sign may be linked to the fact that the fermion ighe exact symmetry limit. Nevertheless, as pointed out by
particlelike in 11%Sn to the holelike in'*°Sn. Calculated and Kota and Van Isackef16], dynamical symmetries of the
experimental values oB(E2) are compared in Table lll. interacting boson-fermion model can be used as a starting
Comparison of theoretical and experimenB{[E2) values point in the analysis of an odd-mass nucleus and thus pro-
for the Any=0 transitions for the bosonic part is not possible vide different bases or coupling schemes in which a boson-
due to a lack of experimental data. The experimental valuetermion Hamiltonian can be considered, which includes
are obtained from Refd10-14. It is seen that calculated more complicated symmetry breaking terms. The practical
B(E2) values for most of the transitions are very close to theadvantage of dynamical symmetry is that solutions are ob-
corresponding experimental values. However, some obtained by simple procedures that are quite close to the exact

servedy transitions, e.g.3; —3; transition in 1%Sn and  ONes.
32 —31 transition in '’Sn, are forbidden in this model.  The authors acknowledge R. Bhattacharya for stimulating

These transitions may be due to a breaking of exact symmaliscussions and making helpful comments. One of the au-
try, but it is worthwhile to note that all these transitions thors (A.K.S.) wishes to thank the University Grants Com-
found experimentally are very weak. On the other hand someission, New Delhi, for financial support.
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