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Abstract. In this paper, properties of the low and the high spin states in 112Sb have been studied in the
framework of Interacting Boson Fermion Fermion Model. A surface delta plus spin-spin type of interaction
has been taken as the residual interaction between the odd neutron and the odd proton. Energy values,
magnetic moments of the ground state and the isomeric 8− state, E2/M1 mixing ratios of some of the
low-lying transitions and logft values for the Gamow-Teller transitions in 112Sb → 112Sn and 111Sb →
111Sn decay have been calculated and are compared with the experimental results. The band based on the
configuration πg−1

9/2
πg2

7/2

⊗
νh11/2 is obtained in this calculation by coupling the proton in the g9/2 and the

neutron in the h11/2 orbital to the deformed band of 110Sn. The B(M1)/B(E2) ratios and branching ratios
for the transitions in this band have also been calculated and compared with the experimental results.

PACS. 21.60.Fw Models based on group theory – 21.10.Ky Electromagnetic moments – 21.10.Tg Lifetimes
– 23.40.Hc Relation with nuclear matrix elements and nuclear structure – 27.60.+j 90 ≤ A ≤ 149

1 Introduction

Tin and antimony nuclei have been a testing ground for
models and methods in nuclear structure calculations [1]
and are ideal for studying the behaviour of the different
excitation mechanisms present in spherical nuclei. Reason-
able successes have been achieved in describing the low
lying states in even-even and odd-mass nuclei in terms
of collective vibration and the particle-vibration coupling
model, respectively [2,3]. However, the observation of
a rotational band on the excited 0+ state in even-even
112−118Sn [4] nuclei, suggests the onset of deformation in
these nuclei at a higher excitation energy. Recently, rota-
tional bands of similar character have also been observed
in lighter even Sn isotopes down to 106,108Sn nuclei [5–7].
The origin of these states lies in the particle excitations
across the Z = 50 shell. The coexistence of these struc-
tures largely modify the decay patterns, transition proba-
bilities and branching ratios, etc., and makes the structure
more complex. A configuration mixing calculation based
on IBM-2 model in the even-even Sn isotopes nicely repro-
duces these features [8]. Deformed structures with similar
origin have also been observed in the form of rotational
bands based on the πg−2

9/2πg
2
7/2

⊗
νh 11

2
configuration [9,

10] in odd Sn isotopes and on the πg−2
9/2πg

2
7/2

⊗
πh11/2

and πg−1
9/2πg

2
7/2 configurations in odd-mass Sb nuclei [11-

18].

The studies of odd-odd nuclei are limited due to the
necessity of considering a large configuration space to de-
scribe the complex structure. However, the study of odd-
odd nucleus is important and offers an opportunity to in-
vestigate the residual interaction between the nucleons.
This can be studied best in nuclei near doubly closed shell.
The nuclei near singly closed shell and away from closed
shell then reveal how the residual interaction is modified
by the different core structures.

In the last few years, the structure of odd-odd Sb nu-
clei in 110 mass region have been experimentally inves-
tigated using heavy ion beams and large detector arrays
[19-24]. One common characteristic of these odd-odd Sb
nuclei is the presence of ∆J=1 rotational band with ∆J=2
crossover transitions and this band has a most likely con-
figuration of πg−1

9/2πg
2
7/2

⊗
νh11/2. The high spin states

of 112Sb have been studied through heavy ion fusion re-
actions [21,25]. Recently, low-lying states of 112Sb have
been populated using 112Sn(p,nγ)112Sb reaction [26]. A
few new energy levels in the low energy region have been
placed and the placement of some of the transitions has
been changed in the new level scheme of 112Sb. Interact-
ing Boson Fermion Fermion Model (IBFFM) was used to
understand the low-lying structures of heavier odd-odd Sb
nuclei [27-31] and nice systematics in energy splitting of
proton-neutron multiplets have been obtained.

The aim of this work is to study both the low and
the high spin structures of odd-odd 112Sb in the frame-
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work of IBFFM. Magnetic moments of the ground state
and the isomeric 8− state and E2/M1 mixing ratios(δ)
of some of the low-lying transitions have been calculated.
The β-decay matrix elements for the Gamow-Teller transi-
tions in 112Sb→ 112Sn and 111Sb→ 111Sn decay have also
been calculated and are compared with the experimental
values. The band based on the πg−1

9/2πg
2
7/2

⊗
νh11/2 con-

figuration has been reproduced. The B(M1)/B(E2) ratios
for the transitions in this band have also been calculated
and compared with the experimental values.

2 Theory

The Hamiltonian describing the odd-odd nuclei is

H = HB +HBπ +HBν +Hπ +Hν +Hπν (1)

where π (ν) refers to single proton (neutron) and B refers
to the boson core. Here, the different terms represent the
Hamiltonian for the boson core, boson-proton and boson-
neutron interactions, fermion single particle interaction
and proton-neutron residual interaction, respectively.

The boson part is the usual IBM-1 Hamiltonian [32].
The boson-fermion interaction, which describes the odd-
mass nuclei, have the simple form given by [33,34]. A
surface delta [35] plus spin-spin interaction has been taken
as the residual interaction between the odd proton and the
odd neutron.

Hπν = −A(1−α+ασπ ·σν)δ(rπ−rν) +Vσσσπ ·σν (2)

where A, α and Vσσ are adjustable parameters.
For the electromagnetic properties, the one body elec-

tromagnetic transition operator is taken to be of the form

T (λ) = TB(λ) + TF (λ) (3)

where the first term operates on the boson part and the
last term on the fermion part of the wave function.

The electromagnetic transition operators for the E2
and M1 transition for the bosons, respectively are

TB(E2) = eB [(s†d̃+ d†s̃)2 + χ(d†d̃)2] (4)

and
TB(M1) = gd(d†d̃)1 + η[TB(E2)× L̂]1 (5)

The corresponding E2 transition operator for the
fermions is given by

TF (E2) =
∑
jj′

eF 〈j||Y2||j′〉(a†j ãj′)2. (6)

The fermion operator for M1 transition is given in [36].
One of the powerful methods to test the models of

nuclear structure is the evaluation of the β-decay matrix
elements for the Gamow-Teller transitions. The beta decay
rates are very sensitive to the details of the nuclear wave
functions. Even small admixtures in the wavefunction can
change the resulting ft value considerably. The operators

for the Gamow-Teller transitions between odd-even and
even-odd and between odd-odd and even-even nuclei are
described in [37].

The ft values can be obtained using the expression

ft =
6163

(GA/GV )2〈MGT 〉2
s (7)

where MGT denotes the matrix element of the Gamow-
Teller operator and GA, GV are the axial vector and vec-
tor coupling constants, respectively, whose ratio in free
space is 1.59±0.02. The value of this ratio adopted in this
calculation is 1.2, a usual value used for the nuclei [38].

3 Calculation

This section has been divided into two parts describing
the low spin and high spin structures in 112Sb separately.

3.1 The low lying levels

The low-lying structure of 112Sb can be understood in
terms of quasiparticle excitations coupled to the vibra-
tional levels of 110Sn core. Here, the even-even core con-
sists of five neutron bosons above Z = N = 50. In this
calculation, the core parameters are taken from our ear-
lier calculation for 112Sn which treats the core as a anhar-
monic vibrator [8] and the same are used here for 110Sn.
The values of the parameters used in the present calcula-
tion are given in Table 1. Here, εd is the d-boson energy
and CL are the coefficients of the anharmonicity terms in
the IBM-1 Hamiltonian [32].

In order to describe odd-odd nuclei in IBFFM, it is
necessary to obtain the parameters which describe the
odd-proton and the odd-neutron nuclei. The quasipar-
ticle energies (εj) and the occupancy of the levels (v2

j )
used for the description of odd-mass Sn and Sb nuclei in
IBFM are obtained from a self-consistent BCS calculation
with the pairing strength Gp = 0.2 MeV for both type
of particles in the available shell model space consisting
of 1g7/2, 2d5/2, 2d3/2, 3s1/2 and 1h11/2 single particle
orbitals. The single particle energy values has been taken
from [39]. The parameters A0, Γ0 and Λ0 are the coef-
ficients of the monopole, quadrupole and exchange terms
in the boson-fermion interaction [34]. The calculation has
been done using the computer code ODDA [40]. The pa-
rameters used in the IBFM calculation are given in Table
1. The experimental energy values for 111Sn and 111Sb are
taken from [9] and [13], respectively.

Using the above parameters, IBFFM calculation has
been performed for 112Sb. The details of the method of
calculation are given in ref. [41]. To restrict the number
of basis states, the maximum number of d-bosons has been
limited to three in this calculation. This truncation is good
enough for the description of the low-lying states. The
parameters A, α and Vσσ in (2) are adjusted to get a
good fit for the low lying energy levels.
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Table 1. Parameters used in this calculation. All the parame-
ters are in units of MeV except v2

j , χ and α which are dimen-
sionless quantities

For 110Sn εd 1.2
low-lying core C0 -0.30
states C2 -0.15

111Sn A0 -0.079 ε5/2 1.480 v2
5/2 0.803

ν sector Γ0 0.376 ε7/2 1.181 v2
7/2 0.541

Λ0 0.476 ε3/2 2.238 v2
3/2 0.075

ε1/2 1.483 v2
1/2 0.195

ε11/2 1.989 v2
11/2 0.097

111Sb A0 0.130 ε5/2 0.821 v2
5/2 0.100

Γ0 0.350 ε7/2 1.800 v2
7/2 0.019

π sector Λ0 -1.330 ε3/2 2.504 v2
3/2 0.010

ε1/2 2.848 v2
1/2 0.008

ε11/2 2.071 v2
11/2 0.015

A -0.25
112Sb α -0.05

Vσσ -0.05

For 110Sn εd 0.6
high spin κ -0.167
states χν -0.2

core χπ 0.4
C0ν 0.0
C2ν -0.06
C4ν -0.03

111Sn A0 -0.147 ε11/2 0.0 v2
11/2 0.097

ν sector Γ0 0.650
Λ0 0.600

111Sb A0 0.100 ε9/2 0.0 v2
9/2 0.9

π sector Γ0 0.755
Λ0 -3.500

A -0.25
112Sb α -0.05

Vσσ -0.05

The electromagnetic transition probabilities for the
transitions between the low-lying states have been calcu-
lated to verify the composition of the wavefunctions. The
value of the parameters eB and χ used in the calculation
are 9.0 and 0.7 respectively and are taken from an earlier
work [8] for 112Sn. In the present case the fermionic charge
eF is taken equal to eB . The g-factor for the bosons are
calculated from the Z/A ratio which is 0.45 for the 112Sb.
The parameter η is 1.0 in this calculation.

3.2 The high spin states

Recent experimental data [9–11] suggests the configura-
tion of the rotational bands in Sn and Sb nuclei to be
based on the high-j orbitals νh11/2 and πg9/2. To study
the rotational band in the odd-odd 112Sb in the IBFFM
model, the following procedure has been employed.

The predicted configuration for the band in 112Sb is
πg−1

9/2πg
2
7/2

⊗
νh11/2 [21]. In IBFFM, the levels in this

band can be understood in terms of the odd proton (in
g9/2) and the odd neutron (in h11/2) coupled to the 2p-2h
band of the even-even 110Sn core. Since the lower mem-
bers of 2p-2h band in 110Sn have not been observed, we
have used the same parameters as in the description of
the 2p-2h band in 112Sn [8]. Here, apart from the pa-
rameters already described in the previous subsection, κ
refers to the coefficient of the proton-neutron quadrupole-
quadrupole interaction term in the IBM-2 Hamiltonian
[32]. For the calculation in odd and odd-odd nuclei, this
Hamiltonian is projected on the IBM-1 space.

The deformed rotational band in 111Sn has the config-
uration (2p-2h)

⊗
νh11/2. IBFM parameters for this band

of 111Sn have been obtained by fitting the experimental
energy levels with the odd-neutron in the h11/2 orbital us-
ing the computer code ODDA. The occupation probability
for the h11/2 orbital has been kept the same as used for
the description of low-lying states. The three parameters
used in the code A0, Γ0 and Λ0 are adjusted to reproduce
the above band. The experimental values are taken from
[9]. Similar calculation for the g9/2 band of 111Sb has been
carried out keeping the odd proton in the g9/2 orbital. The
occupancy for this orbital has been taken equal to 0.9. The
number of bosons is seven in this case.

The coupled rotational band in 112Sb has been re-
produced using the above parameters. For the residual
interaction part, the same set of parameters as used in
the calculation of level properties of low-lying levels, have
been used. No truncation in the number of d-bosons has
been made for this configuration. B(M1)/B(E2) ratios and
branching ratios for the transitions in the above band have
been calculated using the wave functions thus obtained.
The effective d-boson charge is 12e and the parameter χ
is taken equal to zero.

4 Results and discussion

In the reported level schemes of 112Sb studied through
heavy-ion reactions [21,25], there exist some contradic-
tions regarding the placement of the 29 keV γ-transition.
Singh et al. [21] have placed this γ-transition, which
was unobserved in their experiment, above the previously
known isomeric state with Jπ=8− at 796 keV and pro-
posed a state with Jπ=7− at 825 keV to accommodate
this transition. However, in a later study by Moon et al.
[25], a 30 keV transition have been observed in coinci-
dence with the 103 and 237 keV γ-rays. Therefore, they
have placed this transition above the 103 keV state in their
level scheme. As a result they propose the excitation en-
ergy of the isomeric state should be at 825 keV. Recently,
low energy state of 112Sb has been populated through (p,
nγ) reaction [26]. They also have obtained indirect evi-
dences for the existences of a 26 keV transition above the
103 keV state. So if the placement of the 29 keV transition
above 103 keV state is correct, the levels at 340 and 796
keV in the ref. [21] will be shifted by an amount 29 keV
and this will inturn shift the 8− state to 825 keV. The
data of Singh et al. [21] do not contradict the spin assign-
ment of 7 to this state. The 1122 keV transition which
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Fig. 1. Comparison of experimental and calculated
low-lying energy levels of 112Sb

decays to this level was assigned a quadrupole multipolar-
ity. However, in view of the large error in this relatively
weak transition, a dipole assignment can not be ruled out.

Another point of contradiction in the above two works
[21,25] lies in the spin assignment for the states arising
from πg−1

9/2πg
2
7/2

⊗
νh11/2 configuration. In the ref. [25],

a spin-parity 9− was assigned to the 1746 keV level of
this band primarily based on the DCO ratio of the 1122
keV transition whereas Singh et al. [21] has assigned a
spin-parity of 8− to the same, leading to a difference of
one unit in the spin values of the other members of the
band. It is to be mentioned that there should be a transi-
tion in the low energy region, which connects the positive
parity low-lying states and this negative parity band. The
701 keV transition appears to be the only possible can-
didate connecting the negative and positive parity states.
In the work of Moon et al. [25] this has been shown as
a transition of multipolarity two whereas the DCO ratio
measurement by Singh et al. [21] suggests that this is a
stretched transition of multipolarity one. In view of this
the spin-parity of the 1746 keV level should be 8−. Sys-
tematics of other odd-odd Sb isotopes [19,20,22,23] also
suggest the spin assignment of 8− to this level. Therefore,
in the present calculation, the spin assignment of the said
band given in the [21] has been followed. The energy value
and spin-parity assignment to low-lying state are mostly
taken from [26].

The calculated and experimental energy values for the
low lying states of 112Sb isotope are compared in Fig. 1.
Experimental values are taken from [26,21]. Since the
neutrons outside the N = 50, 100Sn core in 112Sb occupy
mainly νg7/2 and νd5/2 orbital, the most of the low ly-
ing states in 112Sb are expected from πd5/2⊗νg7/2 and
πd5/2⊗νd5/2 configurations coupled to the nd= 0 state
of the core. The ground state spin 3+ of 112Sb is cor-
rectly reproduced and has a major contribution from the
πd5/2⊗νg7/2 configuration in its wavefunction. The first
5+,2+,4+,1+ and 6+ are the other multiplets of this con-
figuration. The dominant wave function components and

Fig. 2. Comparison of experimental and calculated energy lev-
els belonging to the configuration πg−1

9/2
πg2

7/2

⊗
νh11/2 of 112Sb

corresponding amplitudes of few low-lying states are given
in Table 2. The calculated energy values of the multiplets
of πd5/2νg7/2, πd5/2νd5/2, πd5/2νs1/2 and πd5/2νd3/2 pro-
ton neutron combination are plotted against J(J+1) in
Fig. 3. It is clear from Fig. 3 that the parabolic feature
[42] of the multiplets of different proton neutron combi-
nations is approximately reproduced by this calculation.

The negative parity states in the low energy region
arise due to motion of particle, proton or neutron, in the
h11/2 orbital. The calculated energy of the 8− state, which
is the lowest among the negative parity states in this cal-
culation, agree with the experimental observation. The
first 8− state originates due to neutron motion in h11/2

orbital and is the multiplet of the πd5/2⊗νh11/2 configu-
ration whereas the second 8− state is the proton counter-
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Table 2. Wave-function of few low-lying states of 112Sb. For
the given Jπ state the |[jπ(jν |ndL〉)I]J〉 wave-function compo-
nents and the corresponding amplitudes are given

Jπ W.f. comp. Ampli- Jπ W.f. comp. Ampli-
tudes tudes

1+
1

5
2
( 7

2
;00) 7

2
0.859 4+

2
5
2
( 5

2
;00) 5

2
0.836

1+
2

5
2
( 5

2
;00) 5

2
0.638 4+

3
5
2
( 3

2
;00) 3

2
-0.597

5
2
( 3

2
;00) 3

2
0.522 7

2
( 7

2
;00) 7

2
0.457

1+
3

5
2
( 5

2
;00) 5

2
-0.610 5+

1
5
2
( 7

2
;00) 7

2
0.917

5
2
( 3

2
;00) 3

2
0.361

1+
4

7
2
( 7

2
;00) 7

2
-0.511 5+

2
5
2
( 5

2
;00) 5

2
0.857

5
2
( 7

2
;12) 3

2
0.446

2+
1

5
2
( 7

2
;00) 7

2
0.865 5+

3
7
2
( 7

2
;00) 7

2
-0.684

3
2
( 7

2
;00) 7

2
-0.329

2+
2

5
2
( 1

2
;00) 1

2
-0.618 6+

1
5
2
( 7

2
;00) 7

2
-0.889

5
2
( 5

2
;00) 5

2
-0.507

2+
3

5
2
( 5

2
;00) 5

2
-0.684 6+

2
7
2
( 7

2
;00) 7

2
0.825

5
2
( 1

2
;00) 1

2
0.410

2+
4

5
2
( 3

2
;00) 3

2
0.572 7+

1
7
2
( 7

2
;00) 7

2
0.756

5
2
( 7

2
;12) 3

2
0.440 5

2
( 7

2
;12) 11

2
0.459

3+
1

5
2
( 7

2
;00) 7

2
0.887 7−1

5
2
( 11

2
;00) 11

2
-0.878

3+
2

5
2
( 5

2
;00) 5

2
0.624 7−2

11
2

( 7
2
;00) 7

2
0.626

5
2
( 1

2
;00) 1

2
0.602 11

2
( 5

2
;00) 5

2
0.629

3+
3

5
2
( 5

2
;00) 5

2
-0.505 8−1

5
2
( 11

2
;00) 11

2
0.782

5
2
( 1

2
;00) 1

2
0.562 5

2
( 11

2
;12) 11

2
-0.400

3+
4

5
2
( 3

2
;00) 3

2
0.635 8−2

11
2

( 7
2
;00) 7

2
-0.909

5
2
( 7

2
;12) 3

2
0.474

4+
1

5
2
( 7

2
;00) 7

2
-0.852

Fig. 3. Calculated energy versus J(J+1) plot for the states of
different proton-neutron multiplets

Table 3. Comparison of experimental and calculated mixing
ratio δ of the transitions in 112Sb

initial level Final level Eγ δ |δ|
Jπ keV Jπ keV keV Exp. Calc.

4+
1 104 3+

1 0 104 -0.01(4) 0.005
4+

2 167 3+
1 0 167 +0.01(4) 0.005

3+
2 236 4+

2 167 69 +0.02(8) 0.007
4+

1 104 133 -0.07(6) 0.015
2+

1 38 198 -0.04(6) 0.003
2+

2 296 3+
1 0 296 -0.07(4) 0.03

3+
3 396 2+

1 38 357 +0.01(5) 0.009
4+

1 104 292 +0.07(9) 0.03
1+

2 411 2+
1 38 373 -0.07(4) 0.06

5+
2 502 4+

1 104 398 -0.14(8) 0.04
4+

2 167 335 -0.14(8) 0.04
1+

3 714 2+
2 296 418 +0.28(56) 0.004

part and has major contribution from πh11/2⊗νd5/2 to its
wavefunction.

The negative parity states arising from the coupling of
proton and neutron to the 2+ i.e. nd=1 state of the 110Sn
vibrational core are expected around 1700 keV of energy.
In the experimental energy spectrum no such state has
been observed.

The calculated values of the magnetic moment of the
ground state and the 8− isomeric state at 825 keV are
1.528 µN and 2.592 µN , respectively. The correspond-
ing experimental value for 8− state is 2.20 µN [43]. No
data on magnetic moment for the ground state of 112Sb
is available. So experimental determination would be an
useful additional test of the theoretical interpretation. The
good agreement between the experimental and the calcu-
lated values confirms the predicted configuration of this
8− state. The E2/M1 mixing ratios(δ) have been calcu-
lated for some of the low-lying states and are compared
in Table 3 with the experimental values. In a majority of
the cases the calculated mixing ratios agree with the ex-
perimental ones within the error limits. The experimental
values are taken from [26].

Beta decay rates for the Gamow-Teller transitions have
also been calculated for both odd-odd to even-even and
odd-even to even-odd nuclei. The calculated and experi-
mental logft values are compared in Table 4. A reasonably
good agreement between the calculated and the experi-
mental values have been obtained for all transitions, ex-

Table 4. Beta decay rates for the transitions between 112Sb
→ 112Sn and 111Sb → 111Sn nuclei

Initial Jπ Final Jπ Energy logft logft
nucleus nucleus (keV) expt. calc.

112Sb 3+ 112Sn 2+ 1256 5.1 5.0
4+ 2248 5.4 7.9

111Sb 5
2

+ 111Sn 3
2

+
643 4.7 4.4

3
2

+
1032 4.7 5.0
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Table 5. Comparison of the calculated and the experimental B(M1)/B(E2) ratios of the γ-transitions and branching ratios of
the energy levels in the band. The numbers in the parenthesis represent errors in the corresponding experimental values

B(M1)/B(E2) ratio in µ2
N/e

2b2 Branching ratio in %

(J→J−1)
(J→J−2)

Expt. Calc. Ji energy Jf energy Eγ Expt. Calc.

(keV) (keV) (keV)

(10−→9−)

(10−→8−)
10.8(1.6) 31.1 10− 2273 8− 1746 528 10 3

9− 1948 325 90 97
(11−→10−)

(11−→9−)
11.3(1.3) 14.1 11− 2626 9− 1948 678 18 14

10− 2273 353 82 86
(12−→11−)

(12−→10−)
12.5(1.5) 15.0 12− 3006 10− 2273 733 16 16

11− 2626 380 84 84
(13−→12−)

(13−→11−)
13.0(2.2) 11.5 13− 3398 11− 2626 772 18 22

12− 3006 392 82 78
(14−→13−)

(14−→12−)
7.8(1.2) 11.8 14− 3805 12− 3006 799 29 23

13− 3398 406 40 77
13− 3380 426 31 0

(15−→14−)

(15−→13−)
19.5(4.0) 9.8 15− 4291 13− 3398 893 21 26

14− 3805 486 79 74
(16−→15−)

(16−→14−)
13.3(6.4) 11.2 16− 4793 14− 3805 988 49 32

15− 4291 502 51 68
(17−→16−)

(17−→15−)
11.6(3.0) 9.4 17− 5321 15− 4291 1031 37

16− 4793 528 63

cept the one between the 3+ state of 112Sb and the 4+

state of 112Sn. The possible reason for this deviation is
the assumption that the 4+ state is a pure vibrator state.
Theoretical calculation also shows that the wavefunction
of first 4+ state in all even-even Sn isotopes has a sizable
contribution from the deformed rotational band based on
(2p-2h) configuration [8].

The calculated and the experimental energy spectra
for the πg−1

9/2πg
2
7/2

⊗
νh11/2 band of 112Sb are compared

in Fig. 2. This calculation predicts the 7− state as the
band head for the band based on the above configura-
tion. The calculated energy difference between the 8− and
7− is 66 keV suggesting that the observed 72 keV tran-
sition is also a member of this band. Similar conclusion
has also been drawn for the 91 keV transition in 108Sb by
Cederkäll et al. [19] on the basis of its angular distribution
ratio. The overall agreement between the calculated and
the experimental energy spectra is quite good. However,
the sudden increase in the spacing at spin 14− can not be
explained by this model. This may be due to interaction
with another band, crossing around this spin value [21].
The dip in experimentally observed B(M1)/B(E2) ratio
[21] also indicates the mixed nature of the states around
14− spin. The other possible configurations giving rise to a
negative parity band are either π(g7/2 or d5/2)⊗νh11/2 or
πh11/2⊗ν(g7/2 or d5/2). However, no band based on g7/2

orbital has been observed in the 111Sb and 111Sn.

The B(M1)/B(E2) ratios for the transitions in the
above mentioned band have also been calculated. The cal-
culated ratios (Table 5) have a decreasing trend with in-

creasing spin value, which is not in agreement with the
experimental observation. The theoretical result is not
unexpected, since the band becomes more and more de-
formed with increasing spin resulting in an enhancement
in the B(E2) values of the transitions. The discrepancies
in the low spin region indicates some other contributions
to these states [21]. This calculation also predicts a num-
ber of negative parity states around 1.7 MeV which arise
from coupling of odd-proton and odd-neutron to 2+ state
of the core. So, there is a high probability of mixing be-
tween these quasiparticle states and the above mentioned
band structure. The agreement is better for the higher
energy levels. The calculated M1 and E2 branching ratios
for the transitions from the different states of the band are
compared with the experimental results in Table 5. The
enhancement in the E2 transition strength with increasing
spin value is well reproduced by this calculation. However,
the branching from the 14− state can not be explained by
this model. The second 13− state at 3380 keV is possibly
outside the present model space.

5 Summary

The structure of the low and the high spin states of odd-
odd 112Sb has been investigated using the formalisms of
Interacting Boson Fermion Fermion Model. Surface delta,
spin delta and spin-spin type of interactions have been
used to describe the residual interaction between the odd
proton and the odd neutron. Energy levels, magnetic mo-
ments of the ground state and the isomeric 8− state,
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E2/M1 mixing ratios of some of the low-lying transitions
and logft values for the Gamow-Teller transitions in 112Sb
→ 112Sn and 111Sb → 111Sn decay have been obtained
using this simplified model. The overall agreement be-
tween the value of calculated and expermental observables
is quite satisfactory. Energy levels of πg−1

9/2πg
2
7/2

⊗
νh11/2

band have been reproduced well in this calculation by cou-
pling the proton (in g9/2) and the neutron (in h11/2) to
the 2p-2h band of the 110Sn. However, the decay modes of
the band members are not fully understood in this model.
The experimental data indicate that the wavefunction of
the states in the band have significant contribution from a
band of somewhat different origin. The contribution from
the spherical states may also influence the decay pattern.
A more complete description of the high spin states there-
fore requires inclusion of both spherical and deformed con-
figurations together in the model space.

The calculations were done using the computer facilities
provided by the D.S.A. Programme of the Department of
Physics, University of Calcutta. The author acknowledges
G. Gangopadhyay, R. Bhattacharya and D. Banerjee for
stimulating discussions and making helpful comments. He
also wants to thank S. Bhattacharya of Saha Institute of
Nuclear Physics, Calcutta for helpful discussions. The author
also wishes to thank the University Grants Commission, New
Delhi, for financial support.
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