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Spectroscopy and reduced transition probabilities of
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Abstract The negative parity high spin states in 45Ti have been investigated with the interacting shell model

including the full fp shell and the configuration dependent cranked Nilsson-Strutinsky approach. Generally,

the shell model has successfully reproduced the energy levels of negative parity bands, especially has a good

description of the signature inversion at 17/2−. The reduced electric quadrupole transition probabilities of

high spin states are calculated by the two models and compared with the experimental results. Reasonable

agreement between theories and experiment are obtained, while the shell model can give more fine structures.

The large differences of elctromagnetic moments between the shell model calculation and observation call for

more elaborate effective interaction and more active shells.
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1 Introduction

One of the most interesting and intriguing aspects

of nuclei is the interplay between collective and sin-

gle particle degrees of freedom. The termination of a

rotational band is viewed as a transition from collec-

tive rotational band to the pure single particle state.

The most widely used approach studying nuclear ro-

tational structures is the cranking model. With the

advances in computers, the high spin rotational struc-

tures of some nuclei are within reach in the shell

model(SM)[1].

The high spin states in nuclei near doubly magic
40Ca have drawn a lot of attention from both ex-

perimental and theoretical studies. The interesting

features discussed for these nuclei, are band termina-

tion, superdeformation, SU(3) and/or isospin sym-

metry violation, etc. The terminating states in 45Ti

were reported in Refs. [2, 3]. In this paper, the

shell model and the configuration dependent cranked

Nilsson-Strutinsky (CNS) approach[4] have been used

to study the high spin properties in 45Ti. Both mod-

els provide a microscopic description of nuclei. Com-

paring with the CNS approach, the shell model can

give better agreements with observed data while the

CNS approach gives more transparent physics inter-

pretations. In our calculations, the shell model code,

OXBASH[5], with full pf shell and KB3[1] residual

interaction, were used. In the CNS approach, Nils-

son parameters from Ref.[6] are adopted and pair-

ing is neglected. The deformation parameters are

quadrupole and triaxial deformation (ε2,γ) and hex-

adecapole deformation ε4. After nonadiabatic or-

bitals constructed, a sum of the rotating liquid drop

energy and shell energy corrections gives the total

nuclear energy of a fixed configuration at specified

deformation and spin. After minimization with re-

spect to deformation parameters, the energies and

deformation for this configuration can be obtained.

Systematic calculations with the CNS approach have

been carried out for all mass regions [4, 7—9], and con-

firmed to be reliable in the high spin region.
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2 The energy levels and reduced tran-

sition probabilities of negative par-

ity bands in 45Ti

Relatively to a 40Ca doubly magic core, in 45Ti

there are two valence protons and three valence

neutrons for the negative parity (π =−) states. With

all valence particles aligned, this band will terminate

at spin I = 27/2−. The experimental and calculated

energy levels are shown in Fig.1, where the energies

of 7/2− states have been set to be zero in three cases.

We can see that shell model with KB3 interaction

has reproduced the experimental data very well, ex-

cept that the sequence between 11/2− and 9/2− is

reversed, while in the low spin region, the CNS ap-

proach without pairing which is mainly valid in the

high spin region[10], only can describe the bands qual-

itatively.

Fig. 1. The observed and calculated spec-

troscopy of negative parity bands in 45Ti.

For a high-j single particle orbital, the favored sig-

nature is defined as αf =
1

2
(−1)j−1/2, which is −

1

2
for

the f7/2 orbitals. However, the energy between 19/2−

and 17/2− is larger than the energy between 17/2−

and 15/2−, which means the favored signature is re-

versed at this spin. This phenomenon has been well

described by shell model. The shell model also pre-

dicts a large jump between 21/2− and 19/2−, this

may be the reason of the difficulty to observe 21/2−

state in the experiment.

In our shell model calculations of the reduced

transition probabilities B(E2), the bare charges are

adopted, i.e. ep = 1,en = 0. The harmonic wave func-

tion with the parameter b=1.769 fm is used. In the

Fig. 2. The reduced transition probabilities

B(E2) in 45Ti. The experimental values are

deduced from lifetime mesurements
[3]

.(a) sig-

nature α =−1/2;(b)α =+1/2.

CNS approach, having values of the deformation pa-

rameters, it is possible to deduce the reduced transi-

tion probabilities B(E2) between two states via the

following expression,

B(E2,KI1 →KI2) =
5

16π

e2Q2
0〈I1K20|I2K〉2, (1)

where 〈I1K20|I2K〉 is Clebsch-Gordan coefficient, K

is the band head spin, I1 and I2 are the spin of the ini-

tial and final state, and Q0 can be estimated through

the formula[4]
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]
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In Fig.2, the reduced transition probabilities

B(E2) obtained by the shell model and CNS approach

are compared with experimental results, where the

Weisskopf single particle B(E2) has been used as the

unit, which is 9.508 e2fm4 for 45Ti. From Fig.2, we

can see that in most cases, the shell model and the

CNS approach have shown similar trends. However,

the shell model calculation shows better agreement

with experimental results, as well as gives more fine

structures. The B(E2 : 19/2− → 15/2−) from exper-

iment is extraordinarily low. The shell model gives
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the trend but the calculated result still is around 4

times larger than the experimental result.

Table 1. The electric quadrupole moments Q

and magnetic moments µ of the 5/2− and

7/2− states in45Ti.

I− QSM |Qexp| µSM µexp

5/2 -3.46 1.5(±1.5) 0.273 -0.133(±0.01)

7/2 -3.15 0.358 0.095(±0.002)

The eletromagnetic moments of the states 5/2−

and 7/2− obtained by the shell model are shown in

Table 1. Large differences can be found when compar-

ing with the experimental results. The discrepancies

may be the consequences of neglecting the contribu-

tion from sd shell.

3 Conclusion

In summary, the shell model and CNS approach

have been used to investigate the negative parity high

spin bands in 45Ti. The shell model has successfully

reproduced the experimental energy levels, especially

has a good description of the signature inversion at

17/2−, while the CNS approach only gives the quali-

tative results. The reduced electric quadrupole tran-

sition probabilities of high spin states are obtained

from two models and compared with the experimental

results, and the shell model can give better descrip-

tion and more fine structures. The large discrepancies

of the moments in the shell model calculation and the

observation call for more elaborate effective interac-

tion and inclusion of more active shells.
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