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B decay of oddA Cs isotopes in the interacting boson-fermion model
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The structure of odd-mass isotopes of Cs and Xe is described in the framework of the proton-neutron
interacting boson-fermion model. The model provides a consistent descript®dexfay from Cs to Xe nuclei
of mass numbeA=125, 127, and 129.
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I. INTRODUCTION neutron-bosons. The Hamiltonian is written as
The interacting bosor{1] and the interacting boson- H=HB+H+VE, 1)

fermion model[2] have been remarkably successful in the 5. o
description of a variety of nuclear structure phenomena. AgvhereH" is an IBM2 Hamiltonian{1]:
one of the possible applications, we consider here the de-

B_ B B
scription of B8-decay rates in odd-mass nuclgkdecay rates H™= Ed(ndﬁ ndv) +x(Q,-Q7)
are very sensitive to details of wave functions and therefore 1
can provide a fine test of the nuclear model. The application +2&[(dlst —dfsh) . (d,s,.-d.s,)]
2 vea I v=ar K 4

of the proton-neutron interacting boson-fermion model

(IBFM2) [2—4] to the 8 decay[5,6] was already proposed

for nuclei in the region 52 Z<58[7], for Ru and Tc nuclei + > £([dTdI 1. 1d,d, 1)

[8,9] and for beta transitions from even-even to odd-odd nu- K=13

clei[10]. For B transitions from spherical Rh to Pd odd-mass 1

nuclei this approach was very succesdfdl]. In that case += > c/([dldT1®.[d,d,]1®), 2)
[near the SI(b) limit of the interacting boson modéIBM)] 215024

the wave functions are dominated by few big components

and the calculation oB-decay rates tests those components\WVhere

In this paper we analyze th@-decay from Cs to Xe isotopes

. B_ 4t 3 5
of mass numbeA=125, 127, 129. These isotopes can be Qv =djs,+s,d,+x,[d}d,]?, ()
considered to be around th&@&) limit of the IBM. The wave 5 5
functions are very complex, some components can be more QB=d!s,+sld, +x,[dld,]? (4)

important in theB-decay, but contributions from many small

components can add or cancel, and therefore one can haveage the boson quadrupole operat®iS.is the Hamiltonian of
more sensitive test of the model than in the spherical cas¢he odd fermion,

We first calculate the energy levels, then test the wave func-

tions on the basis of electromagnetic matrix elemétren- HF=S 5
sitions and static momenisand in the final step calculate the T4 &ini, (5)
B-decay rates. This final step is parameter free and provides
a unique test of wave functions. wheree, is the quasiparticle energy of thh orbital whilen;
is its number operator, andF" is the interaction between the
Il. THE IBFM2 MODEL bosons and the odd particle,
To describe an odé- nucleus in the IBFM2, an odd

nucleon is coupled to an even-even core of proton- and VBF=i§j: Tij([aréj](z)er)JrAz NiNg,
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TABLE |. IBM2 parameters taken from Ref12]. The unit is TABLE II. Single-particle energieéMeV) of the proton orbitals
MeV except for the dimensionlesy,. The parametersy.,, in Cs.
=—0.80 and¢;=¢,=0.24 MeV, &3=—0.18 MeV are fixed.

dsy2 9712 S112 dap 112 hoj2 fr2
Odd nuclei  Core nucleus eq K X, € cy

0.05 0.00 3.35 3.00 1.50 7.00 8.00
125Cs 12%%e 0.70 —0.145 0.00 0.05—0.10
125¢e, 127Cs 126xe 0.70 —0.155 0.20 0.10 —0.10 _ _ _ _
127y 129 128y0 070 —0.170 0.33 030 0.00 The adop_ted _smgle-parjucle energies are shown in Table
129 130y o 076 —0190 050 030 0.0 Il The quasiparticle energies and thev factors calculated

with them have been used " and VEF,

In Table 1ll we present the parameter values/ff inter-
The modified annihilation operatod is defined byd,  &ction potential. _ o
=(—1)"d_,.. The symbolsp andp’ denoter (») and v The results of the calculation are shown in Fig(the
() if the odd fermion is a protorineutron. The creation €Xperimental data are taken from Réfs4—16). A generally
operator of the odd particle is written as., while reasonable agreement is seen. To see more detail, the calcu-
the modified annihilation operator is defi]rrmnéd ~ lated 3/2 systematically comes lower than the experimental
1) ™ The orbital dgpen ones of tha quaﬁﬁa‘polecounterpan, while the calculated §/Zies higher. This dif-
and the exch?a?fge interactions &1d] ference may be explained by the Coriolis effect. The loca-

tions of the yrast states withe=7/2 are reasonably well re-
T =(uu—v0)0 T, 7 produced. Nevertheless, we notice that thie=1 structure
ii=(Uiuj—ov;)Q; @ consisting of 9/2, 13/2", 17/2", 21/2" yrast and 11/2,

112 15/2", 19/2" yrare states, was proposed as intruder proton
, (8) Yo configuration in'?Cs[17], as well as some levels in
121Cs[18]. These levels are not presented in Fig. 1, but we
notice that the excitation energies of these levels, calculated

in the valence shell space, are very close toghe experi-
mental ones. This could be the reason why they have not

Al = ( 10
k,i_ Bk,IBJ,k Np(21k+ 1)

where

Bij=(uwjtoit)Qij, ©  been observed.
Qi,j:<|iv%1ji |Y(2)| |jé’jj>_ (10) 2 Xe isotopes | .
The odd-mass Xe isotopes are described by coupling an
odd neutron hole to the neighboring even-even Xe cores. The
[ll. CALCULATIONS single-particle energies are taken from REf9|, except
o small modifications forg;, and hy1». For g, the values
A. Hamiltonian and energy levels 0.3, 0.35, 0.4 MeV are taken fax= 125, 127, 129, respec-

The Hamiltonian consists of the boson Hamiltonian, thetively, while the single-particle energy b, is set to 1.30
Hamiltonian of the odd fermion, and the interaction betweernMeV for all isotopes(see Table V.
the bosons and the odd fermion. The IBM2 parameters for The parameter values used\#?" are shown in Table V.
the even-even Xe isotopes are taken from IREZ]. To de- These values are almost identical to the approximate projec-
scribe the odd-even isotopes of C&), we couple a proton tion from the IBFM1 values in Ref.19].

(neutron to these cores. The results of the calculation are shown in Fig. 2. A rea-
In Table | we show the cores for the considered Cs and Xasonable agreement is seen.iffXe, there are two different
isotopes and the IBM2 parameters taken from REZ]. interpretations about the spin of the 510-keV level. Although

Ref. [15] adoptsl =3/2, Refs.[19,2( insist onl=5/2 be-
1. Cs isotopes cause of very wealg@-decay froml=1/2 in *?'Cs and the

odd proton to the even-even Xe cores. The proton singlelatter on the basis of level systematics. However, the spin of
particle energies are taken from REE3] (only the energy of 910 keV is still an open problem. The wave functions and
ds), has been reduced from the original value of 0.20 MeV toPrganization of levels into bands in the present IBFM2 cal-
0.05 MeV). The BCS equations are solved with the orbitals TABLE Ill. P wers in the b fermion interactiofieV)

: _ . Parameters In the poson-rermion interac e
9712, dsi2, S1p2, A3z, D1, _hg/za andf?,? with .A—12/\/K for Cs.
MeV. In the IBFM2 calculation for positive-parity states we
include the first four orbitals. In the boson-fermion interac-

tion, the quadrupole and the monopole interactions are in- Isotope ! A A

cluded between the odd proton and the neutron bosons, in  12Cs 0.90 —0.60 1.65
addition to the exchange interaction of the quadrupole type. 127cs 0.76 —-0.66 2.30
We allow the interaction strengths to vary gradually depend- 129cg 0.74 —0.80 2.90

ing on the mass number.
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FIG. 1. Comparison between the calculat¢é®FM) and the experimentalexp energy levels of positive parity if?512712€s. The

experimental data are taken from Refs4-16.

culation are in very good agreement with the recent analysisVe use the boson effective chargg=0.15@&b in order to

in IBFM1 [19].

B. Electromagnetic properties

The electromagnetic transition operators are

_ B~AB B~AB ' =
T<E2)—erw+eyQy+iZiei,,-[aia,-]m, (11)
where
= o YOl (2
ei,j_ \/g(ulu] U|UJ< J>
ForM1,
3
T\ g2Ls gt e+ S eflaE) )
(13
where
1
eff=-— (14)

\/g(uiuﬁvivj)(i||9||+955||j>-

TABLE IV. Single-particle energieéMeV) of the neutron orbit-
als in Xe, taken from Ref[19]. The energy ofg;, has been
changed.

explain theB(E2) values and the quadrupole moments in
these odd-mass nuclei. The value used in our calculations is
larger for some isotopes than the one determined from the
corresponding even-even cores @.10& b) [21]. This dif-
ference may be due to a polarization effect caused by the odd
fermion. For the odd proton in Cs_=1.5, while for the

odd neutron in Xeafz 0.5e. For the magnetic dipole opera-
tor, the bosoryg factors for all the isotopes amg®=0, g2
=0.8uy. For the odd proton in Cs, the spinfactor is re-
duced by the factor of 0.85, while for the odd neutron in Xe,
the sping-factor is reduced by the factor of 0.5. The calcu-
lated electromagnetic transitions and static moments are in
reasonable agreement with experimental data. In Fig. 3 some
of the results of the calculations are shown. On the basis of
calculated excitation energies and electromagnetic properties
we may conclude that the IBFM2 description of the analyzed
Cs and Xe isotopes is realistic. However, Balecay rates,
where both the parent and the daughter wave functions are
involved, can give a more conclusive answer.

C. B decay

The FermiZ, t*(k) and the Gamow-TelleE t* (k) o(k)
transition operator§22] can be expressed in the frame-
work of IBFM2. They can be constructed by the transfer
operatord2,7,11,22

TABLE V. Parameters in the boson-fermion interactideV)
for Xe.

dsp 9712 S112 dsp hi1p Isotope r A A
125¢e 0.00 0.30 1.55 2.00 1.30 125¢e 0.39 -0.42 0.40
127y e 0.00 0.35 1.55 2.00 1.30 127% e 0.44 -0.42 0.40
129 0.00 0.40 1.60 2.00 1.30 129 0.50 -0.42 0.40
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FIG. 2. Comparison between
the calculatedIBFM) and the ex-
perimental(exp energy levels of
positive parity in'?>12712Xe. The
experimental data are taken from
Refs.[20,14-186.
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I

(Anj=1AN=-1), (18
where the asterisks mean complex conjugate. These decrease
the quantityn;+2N by one unit.

The IBFM image of the Fermt,t= (k) and the Gamow-
Teller transition operatoE t = (k) o (k) are written as

The former creates a fermion, while the latter annihilates a

fermion simultaneously creating a boson. Either operator in-
creases the quantity;+2N by one unit. The conjugate op-

erators are

AR = (=) ™A = A+ 2> ¢ sld"a; 1Y
J

(Anj=-1, AN=0), (17)
04l 5/20 — 1/27 | 20l 1/27 |
03+ g 15 o . s -
Cs B(E2) 3 n X X x
L. 0.2F g 10+ B
[e?0?] s [1n]
0.1F x g 051 g
x
0 L Il 1 0 Il Il 1
125 127 129 125 127 129
04 3/20 = 1/27 i 0o L 1727 4
.
03 . —0.5 R
Xe B 02k 1 g _iop * L
[e°b’] [1en]
011 . —L5f R
0 L 1 ; 720 1 1 1
125 127 129 125 127 128
A A

FIG. 3. B(E2) values and magnetic moments. The sym@ol
with the error bar denotes the experimental data, wkilghows the
calculated values.

OF=2) —\2j+1[PVp17©, (19)
J
08T=2 7;,[PU PP, (20

i’

where

1.
o153

: . 11
=—5.,|¢2(2J’+1)(21+1)w(|1’51;—1). (21)

— 1 |Il.'/
Vil ﬁ PR

2

The transfer operatong) are chosen from Eq$15)—(18)
depending on the nuclei. In the present case,

pPO=AW, (22)
P=BW, (23
The squares of th@-decay matrix elements are
1
(MR?=5 7101012 (24)

034308-4



B DECAY OF ODD-A Cs ISOTOPES IN THE INTERACTIS . . .

1
2_ GT|[].\|2
(Man?=57 7 |(110%T1)] (25)
from which theft value is calculated by
6163
(26)

ft=
(Mp)2+(GalGy)*(Mg)?

in units of second whereQ,/Gy)%=1.59.

Now we estimate the coefficienty;, 7., 6;, 0
appearing in Egs.(15—(18), following the formulation
of Ref.[2]:

1

K|
10 1/2
4=l Nz ;@
goit (29
] \/N K;/,
; IB 10 1/2 1 (30)
i =UiPi i 1) wen
2j+1 KK]

whereN is N, or N,, depending on the transfer operator,

andK, K/, K{ are determined by

) 1/2
K=| 2 ﬂj,.,) : (31)
i’
and the conditions
EJ (odd;ad||AT|leven; @ )2=(2j +D)uf, (32
> (even;0f||B"[|odd;ad)?=(2j + 1)v?. (33

al
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S N A V> W BN IS Vo S Vo5 S
X
6 4 8F .
log,q ft x * x
5 x 4  7F A
4 4 6 F .
3 1 1 1 5 1 1 1
125 127 129 125 127 129
7 1/2t = 1/2f 9 1/2F = 3/2f
x
6 il - x .
logq f1 * % %
5 1 7TF & - .
4 F 4 6F .
3 1 1 1 5 1 L L
125 127 129 125 127 128
A A

FIG. 4. TheB-decay rates fronf'Cs to *Xe shown in terms of
log,oft values. The symbd® with the error bar denotes experimen-
tal data, whilex presents the calculated value.

For Xe, because the odd neutron is a hole in respect to the
boson corey; andv; are interchanged in Eq&27)—(33).

Figure 4 showsB-decay rates to the yrast and the yrare
1/2+ and 3/2 levels in terms of log,ft values. The experi-
mental values have been derived by electron capturgsdnd
experiments in Ref§14-1§. By taking the wave functions
from our calculations, the decay rates from the ground states
(1/2]) to the ground states (12 are reproduced. In addi-
tion, we obtain reasonable agreement in decays tg 1/2
3/2], and 3/2, except for the decay to 3/2in ¥'Xe.
Decay rates to higher excited levels are very sensitive to
details in wave functions. In that sense, we notice a reason-
able agreement in Iggft values for decays to the 3/2ev-
els inA=125, 127, and 129: theoretical values 6.402, 6.887,
and 7.147, compared to the experimental data 23B0
6.30812), and 6.40060), respectively.

We notice that once the wave functions are determined in
IBFM2 calculations of energy levels, the lgft values are
obtained in a parameter free calculation. In fact, in contrast
to shell model calculations of lggft values, we do not use

Formulas(27)—(33) are valid when the odd nucleon is a any additional normalization.

particle. If the latter half of a major shell is partly occupied

Looking at the wave functions, the ground states of

(e.g., N=73), we consider the fully closed shell as the 125127.12&g gre dominated by two orbitadg,, andds, (30—

vacuum(e.g.,N=282 core to deal with 68 N<82), accord-

40% each The orbitalds;, has comparable amount of mix-

ing to the convention of IBM and IBFM. In this case, the ture, too. The mixture of the componesy;, (10-15% is
microscopic derivations are done for the holes in the shellsmall. In the daughter nuclé?>'?71?Xe, the dominant com-

For example, Eq(15) is an IBFM image of a hole creation ponent of the ground state $s,, (80—90%. The main con-

operator. Then the formulas corresponding to Egg—(33)
can be obtained by interchanging andv; .
The scheme is essentially the same as in Rgf Namely,

the IBFM images of the real particle creation and annihila-
tion operators are constructdd1,22, and then they are
coupled to form the Fermi and the Gamow-Teller operators.

tribution to the Gamow-Teller matrix elements comes from

the term[[d,vs;,] ®@mdg,]™M). For the first excited states
with 1=3/2, the main component in the wave functions is
d3,. The main contributions to the Gamow-Teller matrix

elements come from the termd'd,vds,] ¢@mds,]™M and

Although some previous works introduced overall normal-[[aVi{ds/zl(slz)ﬂds/z](l_), but cancellation occurs in these two
ization factors to account for the absolute values of the betdlorf”bUtlonS- That is one reason why ligvalues to the
transition rateg7], we did not introduce any adjustable pa- 3/2] states are large(i.e., the matrix elements are smaller

rameters in the3-decay operators.

than logft values to the ground states (1}2
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On the basis of calculate@i-decay rates, the present cal- IV. CONCLUSIONS

culatlon strongly suppqrts the IBFM desqnphon of positive In a systematic calculation, we have performed an IBFM2
parity states In odd Xe Isotopes, reported in Reg]. On the_ analysis ofA=125, 127, and 129 isotopes of Cs and Xe. The
other side, it does not confirm the structure of 10W-lying o5\cjated energy level spectra and electromagnetic transi-
positive parity states in odd Cs isotopes, as described in thg,, nroperties suggest that the choice of interaction param-
first calculation for these nuclg4]. In fact, the main differ-  gters s realistic. In order to test how realistic the wave func-
ence between that calculation and the present work is that ifions are, in the final step of our work we have calculated the
Ref.[4], due to a weak, almost negligible exchange interac.g.decay rates from Cs to Xe nuclei. In our approach this
tion, the wave functions are not very mixed, while in the type of calculation is a very sensitive test of wave functions,
present calculation characterized by a strong exchange intelsecause it is parameter free, without any normalization of
action, they show a strong configuration mixing. In the casaheoretical results. In addition to transition rates to ground
of a weak exchange interaction for Cs isotopes, the wavetates, it also gives transition rates to excited levels of daugh-
functions of the parent nuclei giv@-decay rates that are one ter nuclei. The results oB-decay calculations are in very
to two order of magnitude wrong, even for the decays to thegyood agreement with observed data. The present analysis of
daughter ground states. Recent calculations for odd-magg-decay in @6) like nuclei, together with recent calculations
[13] and odd-odd[23] Cs isotopes, with strong exchange for spherical nuclei, shows that the proton-neutron interact-
interaction, in the light of the present calculation seem to béng boson-fermion model is appropriate for calculation of
far more realistic. B-decay properties in odd nuclei.
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