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Lifetime measurements have been carried out for the levels of the negative parity yrast sequence in
103p( nucleus using the Doppler shift attenuation method (DSAM). The levels were populated via
947r(*3C, 4nv)!%3Pd fusion-evaporation reaction at a beam energy of 55 MeV. De-exciting v rays
were detected by utilizing the Indian National Gamma Array (INGA). The extracted transition
probabilities and other auxiliary observations indicate that the sequence may be resulting from the
antimagnetic rotational (AMR) motion of valence nucleons. The key characteristic feature of the
AMR motion is the steady decrease of the B(E2) transition probability with spin, which is seen
in the present measured transitions for 1°*Pd. The experimental results are compared with the
theoretical predictions of tilted axis cranked approach based on the covariant density functional
theory (TAC-CDFT). It is noted that the properties of the AMR band structure for °>Pd predicted
in this model analysis are in good agreement with the present experimental findings. Further, semi-
classical particle-rotor model (SCM) has been employed to substantiate the AMR interpretation of
the observed band structure in '°*Pd and it is shown that results are similar to the band structures
observed in the neighboring isotopes, which have also been considered as candidates for AMR

motion.

I. INTRODUCTION

Most of the nuclei are known to exhibit rotational
spectra similar to that observed in molecules with en-
ergy roughly proportional to square of the angular-
momentum. Quadrupole deformation of nucleus leads
to these rotational bands with strong E2 transitions be-
tween the states. The bands are well understood as a
collective rotation of many nucleons around an axis per-
pendicular to the symmetry axis of the deformed den-
sity distribution [1]. Such band structures have been
well investigated, both experimentally and theoretically,
for many decades now. It has been recently observed
that valance nucleons occupying high-j orbitals around
doubly magic core may result into a new kind of struc-
tural phenomena such as the magnetic rotation (MR)
and the antimagnetic rotation (AMR) [2-5]. These are
sequences of transitions bearing tentative similarity with
rotational bands, but are observed in nuclei around the
shell closures and typically with small deformation. In an
MR band, the total angular momentum is generated by
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the coupling of proton and neutron angular momentum
vectors oriented almost perpendicular to each other at
the band head. The angular momentum along the band
is generated by the alignment of the two spin vectors
along the rotational axis in a way that resembles closing
the blades of a pair of shears, thus also rendering the
name shears band to such sequences. The MR bands can
be differentiated from the conventional rotational bands
by the cascade of strong M1 intra-band transitions and
weak crossover E2 transitions. The AMR bands are un-
derstood in terms of a twin shears mechanism, wherein
the angular momentum is generated by the simultaneous
closing of the two (or more) symmetric and anti-aligned
proton-hole blades onto the neutron-particle angular mo-
mentum vectors [5]. The anti-alignment of the two (or
more) proton-hole blades cancel the perpendicular com-
ponent of each others magnetic moment leading to the
absence of magnetic dipole transitions. This cancellation
of dipole moments is akin to anti-ferromagnetism and the
name AMR has been assigned to such bands. The char-
acteristic features of the AMR band include weak intra-
band E?2 transitions and decreasing transition probabil-
ity (B(E2)) values with increasing spin. The dynamic
moment of inertia to reduced transition probability ra-
tio (3(?)/B(E2)) assume large values, that increase with
spin, and may exceed 100 A*MeV ! (eb)~2. Similar val-
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ues of 3(2)/B(F2) are also observed for super-deformed
bands, albeit with much larger quadrupole deformations
than those typically underlying the AMR sequences. The
aforesaid variation of transition probabilities within the
MR and the AMR sequences are known to be one of
their distinguishing signature of such structures. Con-
sequently, lifetime measurement of the levels in these
bands, where from the transition probabilities can be ex-
tracted, are of paramount significance in their ascription.

Nuclei in the Ax110 region, near the Z~50 shell clo-
sure, with the hy1/5 neutron particles and the gg/o pro-
ton holes are suitable candidates for observation of the
twin shears mechanism. Indeed, AMR bands have been
reported in a number of nuclei in this region such as
105-110Cq [6-12] and 19910L.104pq [13-17]. The present
paper reports lifetime measurement of some of the lev-
els constituting the negative parity yrast band in '°3Pd
(Z=46, N=57) (FIG. 1) and interpretation of the se-
quence as one resulting from the AMR phenomenon. The
sequence was previously established from measurements
by Jerrestam et al. [18] and Nyako et al. [19]. The
latter had interpreted the band to be a= -1/2 signa-
ture branch of m(gg/2)™* ® vhi1/2(g7/2, d5/2)° configura-
tion. Recent theoretical calculations in the framework of
tilted axis cranking model based on the covariant density
functional theory (TAC-CDFT) have predicted the se-
quence to be stemming from the AMR mechanism based
on m(gg/2) "t ® vhi1/2(gr/2, ds/2)° configuration [20]. Tt
has been proposed that these bands in Pd isotopes are
generated from the closing of four proton-hole blades to-
wards the neutron-particle angular momentum vectors
[21]. This resembles the closing of an umbrella ( Fig. 4
of Ref.[20]) and the corresponding phenomenon has been
called as “umbrella-like antimagnetic rotation (UAMR)”.
The interpretation has been largely validated with re-
spect to the analogous sequences observed in the neigh-
boring 1%%:101P( isotopes [20], wherein lifetime measure-
ments exist [14-16] (that have been used by Jia et. al
[20]). The behavior of B(E2) and 3?/B(E2) in these
isotopes could be reproduced well in the TAC-CDFT cal-
culations. An investigation to extend the confirmation of
the novel UAMR mode of excitation to other Pd isotope
is warranted and has been addressed in this paper for
103Pd.

The characteristic properties of MR and AMR bands
have also been successfully studied with the help of semi-
classical particle rotor model (SCM) in many nuclei [6-
16]. This is essentially a geometric model that assumes a
shears like structure of the high-j proton-holes and neu-
tron particles that close to generate the high spin states
[3, 22]. It is shown in the present work that the exper-
imental observables of '93Pd viz. the level energies and
the B(E2) values are successfully reproduced using this
model, thus providing a further evidence that the nega-
tive parity yrast sequence of 193Pd arises from the AMR
motion.

II. EXPERIMENTAL DETAILS
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FIG. 1. The vhqy/2 band in 103pd, as reported in Ref. [19].
The values of lifetime and the transition probability men-
tioned for the states are from the present work.

High spin states of '3Pd were populated using
947r(13C, 4n)'03Pd fusion-evaporation reaction. The
BC beam at Ejp 55 MeV was provided by 15 UD
pelletron accelerator at the Inter University Accelera-
tor Centre (IUAC) [23], New Delhi. The beam was
impinged on a 1 mg/cm? thick %4Zr target, evapo-
rated on a 10 mg/cm? thick gold. The de-exciting
~v-rays were detected using eighteen Compton sup-
pressed HPGe clover detectors constituting the Indian
National Gamma Array (INGA) [24] setup at TUAC.
The clover detectors were mounted at 5 different an-
gles with respect to the beam axis, wiz, two at 0
= 32° (¢ = 0°,180°), two at 57° (¢ = 135°,315°),
six at 90° (¢ = 0°,45°,135°,180°,225°,315°), four at
123° (¢ = 45°,135°,225°,315°) and four at 148° (¢
= 0°,90°,180°,270°). A total of about 2.5x 10° two
and higher fold coincidence events were recorded using



a CAMAC-based data acquisition system [25]. The ac-
quired list mode data were sorted into symmetric as well
as angle dependent asymmetric -+ matrices using IN-
GASORT [26] code, for subsequent analysis.

III. DATA ANALYSIS

The -y matrices were analyzed using the INGASORT
[26] and RADWARE [27] software packages. The level
scheme of the '93Pd nucleus was observed up to an exci-
tation energy 8.665 MeV and spin 43/2~. The analysis
for determining the level lifetimes was carried out using
the LINESHAPE package [28] along with the develop-
ments reported in Ref. [29]. The latter pertains to the
simulation of velocity profiles of the residues traversing
the target and the backing media with inputs of ion trans-
port trajectories calculated using the TRIM [30] software
and energy-angle distribution of the residues, following
particle evaporation from the compound nucleus, using
the statistical model codes such as PACE4 [31]. As per
the conventional procedure of analysis in the DSAM, the
velocity profile, along with other inputs (v-ray energy,
angle of observation, etc.), were used to calculate the
Doppler shapes on the transitions of interest at different
angles characterizing the detector setup. The calculated
shapes were then least-square fitted to the experimental
spectra in order to determine the level lifetimes. The pa-
rameters of fitting were the level lifetime, the respective
side feeding time (if any) as well as spectral parameters
such as the height of the transition peak of interest and
any neighboring contaminant, and the spectrum back-
ground. In case of incorporating the side feeding con-
tribution to the observed experimental ~-ray transition
peak, the same was modeled with a single feeder state for
each level of interest. The intensity of the feeding was
determined from the analysis of the level scheme while
the lifetime of the feeder state, that is the feeding time,
was a parameter in the minimization process. To ensure
the reliability of the present results, two different gating
conditions, namely, ‘gate on the transition above’ (GTA)
and ‘gate on the transition below’ (GTB) were employed.
A rotational cascade of five levels with constant dynamic
moment of inertia (3 ~ 40 72 MeV ') was considered
as the side-feeding. The dynamic moment of inertia is
estimated by using the relation [32]:

g(2)(1): an?
EI+2—-I1)-EI—1-2)

The representative fits of the Doppler broadened line-
shapes observed in the experimental spectra, under GTA
and GTB, are illustrated in FIG. 2. The spectra for
analysis were extracted from angle-dependent asymmet-
ric matrices, each with the y-ray observed at one of the
five (148°, 123°, 90°, 57° and 32°) possible angles on the
x-axis and coincident y-rays detected in any of the other
(four) angles on y-axis. The gate was applied on a tran-
sition recorded on the y-axis and projected on the x-axis,

corresponding to a specific angle, of the respective ma-
trix. The spectra corresponding to GTB was extracted
with a gate on the 477 keV transition. The entire cas-
cade of transitions, consisting of 847, 970, 1094, 1162,
1267 and 1350 keV v-rays was analyzed therefrom. The
chi-square minimization exercise was carried out simulta-
neously with experimental spectra at five different angles,
that facilitated in constraining with fitting parameters.
The procedure was pursued in two steps. In the first
round, the level lifetime, the side feeding time and the
spectral parameters were varied for each transition of the
cascade, individually, starting from the top, in order to
obtain the best-fitted values. The spectral parameters,
such as peak height and the background, were then held
fixed and the lifetimes and the side feeding times of the
levels in the cascade were allowed to vary together (glob-
ally) for concluding on their final values. It is known that
the side feeding process introduces an element of uncer-
tainty on the result obtained from the DSAM, following
which it is always of preference to carry out the analysis
using experimental spectra generated with the GTA. The
latter eliminates any feeding contribution to the transi-
tion peaks of interest but it is often plagued with lack
of statistics for a reliable fitting. Analysis using GTA
spectrum, is nevertheless been carried out in the present
work, albeit only for some of transitions for which it is
possible to pursue the procedure that has been detailed
elsewhere [33]. The technique encompasses the inclusion
of the feeding history of the state de-excited by the gating
transition while analyzing for the lifetimes levels below.
It is also noteworthy that the spectra with GTA were
generated with separate gating transitions for analysis of
different levels in the cascade. The level lifetimes of the
6048, 4886, and 3792 keV states were analyzed from 1267
keV gated spectra while that of the 2823 keV level was
extracted from the 970 keV gated ones. The latter one
was so chosen for lack of statistics on the Doppler broad-
ened lineshape of 847 keV transition peak, de-exciting
the 2823 keV state, when observed in the gate on the
1267 keV transition.

The uncertainties on the lifetime results include those
extracted from chi-square analysis with respect to the
level lifetime and, if applicable (GTB case), the side feed-
ing time. The uncertainties on the lifetime values also in-
clude the systematic contributions from that of the stop-
ping powers, which is known to be about 5% [30], when
extracted from the updated and experimentally bench-
marked SRIM software, as in the present case. The un-
certainties on the stopping powers, determined thus, are
rather small vis a vis the ones that result from using one
of the previous models incorporated in the conventional
LINESHAPE package. This curb on stopping uncertain-
ties has been the merit of the current analysis.
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FIG. 2. Experimentally observed spectra along with the fitted lineshapes for the 1094 keV, 1162 keV, 1267 keV, and 1350 keV
4-rays in '°*Pd. The obtained lineshape of the 7 rays, contaminant peaks, the total lineshapes and background are represented
by the magenta, blue, green and red colors, respectively. The vertical dashed line represents the stopped peak position for each
transition. Left: Spectra obtained from gate on 1267 keV transition (GTA). Right: Spectra obtained from gate on 477 keV

transition (GTB).

IV. RESULTS

The level lifetimes in the negative parity yrast band of
the '93Pd nucleus, as determined from the present work,
are recorded in Table 1. It is noteworthy that the lifetime
of topmost level in the sequence, determined from GTB
spectra, is only an upper limit on the same, as obtained
from conventional analysis using the LINESHAPE code.
The reduced transition probabilities has been calculated
from extracted level lifetimes and the results are also pre-
sented in the table. The equation used for the purpose
is

B(E2) — 0.0816f, (E2)

2
B

where a;(E2) is the total internal conversion coefficient
of the transition and f,(E£2) is the branching ratio. Here
f+(E2)= 1 since there is no other branch; and for £, >
100 keV the total internal conversion coefficient of the
transition ay(E2) is assumed to be negligible. The life-
time inputs in the B(E2) calculations are those obtained
from analysis using the GTA, if available. In the absence
of the latter as in the case of the 39/2~ and 43/2~ levels
of the sequence, lifetimes extracted from analyzing the
GTB spectra have been used. The significance of these
experimental results in the context of the physics, that
is aspired in this paper, is addressed in the next section.



TABLE 1. Level lifetimes for the negative parity yrast band in '°*Pd as obtained in the present investigation using both
GTA (gate on the transition above) and GTB (gate on the transition below) methods; 7s.r. are the side feeding lifetime values
obtained from the GTB analysis. The reduced transition probabilities B(E2) for the 39/2™ and the 43/27 states were calculated
from the respective 7gTp while those for the other states were calculated using TaTa

I" E, TGTA TGTB TS.F. B(E2) | 3 /B(E2)
(h) [MeV] (ps) (ps) (ps) (eb)? H*MeV ™"/ (eb)?
23/2° 0.847 0.5515:02 0.5410:08 2.6010:08 0.3410:03 9579
27/2° 0.970 0.48+5-07 0.4915-05 0.8115:02 0.20+5-03 161722
. 31/27 1.094 0.421902 0.431902 0.341902 0.12%952 495152
35/2 1.162 0.3615:02 0.3515:02 0.21+5:05 0.11+5:91 358130
39/2 1.267 0271952 0.11%9%2 0.097952 524401
43/2° 1.350 <0.35 >0.05 <532

V. DISCUSSION

In this section, the experimental results shall be dis-
cussed in the frameworks of the Total Routhian Sur-
face (TRS), TAC-CDFT and SCM approaches. The
TRS calculations were done within cranked Hartree-
Fock-Bogoliubov (CHFB) framework with Strutinsky’s
shell correction procedure. The potential used was of
Woods-Saxon type with monopole pairing interaction
[35, 36]. The values of pairing gap ‘A’ and chemical po-
tential ‘\” were calculated by solving the BCS equations
self-consistently at rotational frequency w = 0; for higher
rotational frequencies A was assumed to vary smoothly
as a function of w such that at w=w., A = A,/2, where
A, is the value of A at w = 0, following the prescription
given in Ref. [37]. The value of w. was assumed to be
0.7 MeV for both, neutrons and protons (variations of w,
from 0.7 to 0.9 MeV did not have any significant effect
on the results). TRS calculations were done for the yrast
band in the B3 — 7 plane as a function of rotational fre-
quency and for each mesh point the total energy was min-
imized with respect to hexadecapole deformation param-
eter B4. The result for some rotational frequencies (w) is
provided in FIG. 3 for the yrast band. For hw = 0.4 MeV,
figure depicts shallow minimum with deformation param-
eters, B2 = 0.16, v = 3°, B4 = 0.016. At higher rota-
tional frequencies, the minimum moves towards the pro-

late axis with reduced deformation, at hw = 0.6 MeV,
Bo= 0.05. Similar results have been obtained by Ashley
et al. for 193Pd [38] and Zhang et al. [21] for 1°'Pd. The
B(E2) values calculated from the predicted deformation
in the frequency range of 0.4 to 0.65 MeV, varies from
0.12 to 0.01 (eb)2. TRS results, thus significantly under-
predict the experimentally determined B(E2) values.

Recently, it has become feasible to apply the micro-
scopic model of TAC-CDFT to investigate the MR and
AMR band structures in atomic nuclei. In this model,
angular-momentum is generated using the cranking ap-
proximation with the mean-field derived from the rel-
ativistic Dirac approach. This effective mean-field ap-
proach considers all the nucleons in the system to obtain
the mean-field. However, in order to perform a configura-
tion constrained calculations, it is important to choose a
core and in Ref. [20] 1%°Sn has been used as a closed core.
In the case of Pd isotopes, the configuration assumed is
7(gos2) "t @ v(h11/2)"(g7/2,ds5/2)" with (m = 1,2;n =
4,6) [20]. The rotational frequencies and B(E2) values
are compared with the TAC-CDFT predictions in Figs. 5
and 6. It is thus, noted that TAC-CDFT calculations rea-
sonably reproduce the level energies and the decreasing
trend of the B(E2) along the sequence. The decrease in
the B(E2) with increasing spin is known to be a finger-
print of the AMR mechanism and thus supports that
the negative parity yrast sequence in the '°3Pd nucleus
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FIG. 3. Contour plots from TRS calculations for the negative
parity yrast band in °3Pd at rotational frequencies (hw) =
0.40 MeV (a), 0.45 MeV (b), 0.55 MeV (c) and 0.60 MeV
(d). The energy difference between two consecutive contours
is 300 keV.
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FIG. 4. Schematic diagram for angular momentum coupling
of the proton-hole blades (Jx, and Jr,), the neutron blade

(J,) and the core rotation (R) as discussed in the text. The
figure is taken from Ref. [34]

may originate from the AMR motion. The general agree-
ment of the experimental level energies and B(E2) values
with the predictions of the TAC-CDFT, as reported by
Jia et al. [20], favors the configuration assignment of
7r(gg/2)’4 ® Vh11/2(97/2,d5/2)6 for the observed band in
103pd. Tt is noted that TAC-CDFT constrained solution
for this configuration was obtained only in the rotational
frequency range of hw = 0.36 — 0.64 MeV. The observed
states, below and above this frequency range, may have
different intrinsic configurations.

To further substantiate the AMR interpretation of the

observed band structure in '°3Pd, we have also performed
SCM analysis as has been carried out for the neighbor-
ing isotopes [14, 34]. In this model, the n, number of
high-j proton-holes that are deformation aligned and the
n, number of high-j neutron-particles that are rotation
aligned are represented by classical angular momentum
vectors (blades). The model is schematically shown in
FIG. 4. The total energy of the system is the sum of the
energy from core rotation and the effective interaction
of the type V2 P5(6) that is assumed between the blades
[14]. The total angular momentum I is the sum of the
angular momenta from the proton-hole blades fm, J;Q,
the neutron blade j; and the rotation ﬁ of the core. It is
assumed that each of the two blades J., and J;, consist
of n, proton holes with mutually aligned angular mo-
menta. The neutron blade J_; results from n, neutrons,
all with rotation aligned angular momenta. The angle
(9) between the proton-hole blade and the neutron blade
is the dynamical variable. The energy expression for the
system in the units of  is given by [34]

= - = =

(I =Ty — Ju, — J,)2
oI,

20 -1 290 —
(3COS > B Voni (3003 3> Flw (2)

E(L6) = + 2Vongn, X

2 2

where I,, stands for the moment of inertia of core. Vj,
the strength of the effective interaction both for particle-
particle and particle-hole combination is assumed to be
equal. In order to fit the AMR configuration, we set
Jry, = Jr, = Jr in what follows. The observed total an-
gular momentum is obtained by minimizing energy w.r.t.
0 in Eq. 2. This is mathematically given by %—’g =0. Im-
posing this condition, Eq. (2) simplifies to

I=(2Jzcos0+J,) + 31317‘/0 cos O(nxn, — 2nZ cos 20) (3)

™

Finally, with the help of the canonical relation w = 2E,
w is given by
3V
w=wy+ J—O cos O(nyn,, — 2n2 cos 26) (4)

™

Besides reproducing the energies and the neutron align-
ments of the various isotopes of Cd, the model has also
reproduced the level energies of 191 Pd very satisfactorily
[34] . In a more recent work [14], the SCM model has
been further improved by including a superposition of
one- and three-neutron aligned configurations. This de-
velopment is quite important as configuration of the band
head is one-neutron and at high spin, neutron alignment
occurs with the states having three neutron configura-
tion. The interpolation between one- and three-neutron
configurations is modeled using a step function

£(0) = 1— tanh(;)z(@ —0.)) 5)

The complete details of the model and some applications
are given in Ref. [14].




In the framework of the above SCM model, the reduced
transition probability, B(E2), is given by [6, 7]

972
1 I-J,—R
2J
This can also be written alternatively in terms of the
dynamical variable, 6 as

15
B(E2) = 327(@@)2& sin® 0 (7)
where Q. is the effective quadrupole moment of the
core.

Using the configuration assigned above to the negative
yrast sequence of 193Pd, the various parameters used for
SCM calculations are as follows: J, = 6h, J,, = 5.5h
and J,, = 11.5h. Further n,, = 1 and n,, = 3 as has
been used in Ref. [14] for 190Pd. Here the proton blades
are formed through the participation of two proton-holes,
each thus giving n, = 2. The equations 3 and 4 were
fitted to the experimental data and the parameters ob-
tained in the fitting process are : wy = 0.21 MeVh™1,
I, = 13 MeV~'h%? and Vy = 0.24 MeV, a = 25 and
02 = 57°. Although the parameters can be used to fit
any given quantity, however, once the best fit is obtained
for the level energies, the parameters are used to calcu-
late the B(E2) rates. The good agreement for B(E2) rate
provides an essential consistency check for the model cal-
culations. Further, the parameters corresponding to the
best fit are consistent with those obtained for other nuclei
in this mass region [14]. The value of eQ g in the present
calculations was taken as 1.22 eb. Its value in Ref. [16]
was chosen as 1.3 eb. However, the quadrupole deforma-
tion of 193Pd is slightly smaller than that of 1°4Pd, which
can be seen from Fig. 3 of Ref. [20], and hence the value
of 1.22 eb was adopted.

The calculated quantities of angular momentum I, and
B(FE2) obtained from the modified SCM approach are
displayed in Figs. 5 and 6 respectively, along with the
experimental and TAC-CDFT model approach. It is
not surprising that SCM calculated I follows the exper-
imental values as it has been fitted. It is interesting to
note that the step function used to interpolate between
one and three neutron configurations, nicely takes into
account the change in the slope of the curve at about
fw = 0.58 MeV. It is evident from FIG. 6 that predicted
B(E2) from SCM approach reproduces the experimental
data reasonably well, although the large value of B(E2)
for the first measured point is under-predicted. Besides,
the $(®/B(E2) values as seen from Table I above are
large as expected for AMR bands. Thus, in the light
of all the calculations in the framework of TAC-CDFT
as well as SCM and the observation of large $(?)/B(E?2)
values, we can conclude that the negative parity yrast se-
quence of 193Pd is a potential candidate that originates
from the mechanism of antimagnetic rotation. The AMR
motion involves the closing of two blades, each containing
a proton-hole pair, to generate the high angular momen-
tum states.
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FIG. 5. The experimental values of spin versus rotational
frequency are compared with those predicted by SCM and
TAC-CDFT calculations.
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tion of rotational frequency from the experimental data.



We shall now turn our discussion to the band crossing
features in the yrast sequence of '93Pd. The nature of
the band crossings in odd-Pd isotopes has been exam-
ined using different theoretical approaches with contra-
dictory conclusions. In Refs. [14, 34], alignment of neu-
trons is assumed in the SCM to reproduce the experimen-
tal data for 191Pd. However, it has been demonstrated
using cranked Nilsson plus monopole pairing model with
particle-number projection that first bandcrossing is due
to the alignment of two protons [21]. In FIG. 7, 3(?
evaluated from the experimental data is displayed as a
function of rotational frequency and it clearly depicts two
band crossings, one at fiw ~ 0.55 MeV and the other at
about 0.64 MeV. In order to investigate the nature of
the two band crossings, we have performed cranked shell
model (CSM) calculations with Woods-Saxon potential
and monopole pairing as used in the TRS study. The
single quasi-particle routhians were calculated at defor-
mation values of (f82,7) = (0.16,0°), which was deter-
mined from lifetime measurement of I = 15/2~ state by
Ashley et al. [38] and also predicted by TRS calcula-
tions at lower rotational frequencies. The routhians are
plotted in FIG. 8 and it is evident from the figure that
two-proton alignment occurs at hw = 0.48 MeV and two
neutron alignment in the positive parity states occurs at
hw = 0.50 MeV. The first bandcrossing in the negative
parity states is blocked due to the odd-neuton occupying
the hyy/o orbital. This almost simultaneous crossing of
protons and neutrons are in complete disagreement with
the experimentally deduced band crossings.

As a matter of fact, it is not unexpected that band
crossing frequencies are wrongly predicted by CSM as
the deformation value used in the calculations is a fac-
tor of two lower than the measured values obtained in
the present work. We have also performed CSM analysis
using the deformation value of B2 = 0.34, which is de-
duced from measured B(E2) value at I = 23/2~ state.
The CSM single quasi-particle energies for this deforma-
tion value are displayed in the lower panel of FIG. 8. It
is evident from this plot, that neutron BC-crossing (no-
tation followed as given in Ref. [39]) occurs at about
hw = 0.55 MeV and the proton crossing crops up at
about 0.63 MeV. These crossing features appear to be
consistent with the peaks observed in the experimentally
deduced I of FIG. 7.

It is evident from the above CSM analysis that the
calculated band crossings critically depend on the defor-
mation value used in the CSM calculations. For smaller
deformation values [40], the proton crossing occurs be-
fore the neutron crossing and further this neutron cross-
ing is due to the alignment of two-neutrons in the N=4
shell. For large deformation values, neutron BC-crossing
in the N=5 shell occurs before the proton crossing. The
experimental data, obtained in the present work, clearly
demonstrates that deformation changes with angular mo-
mentum along the yrast line and a fixed value of defor-
mation cannot be employed in the CSM analysis. What
is required is to perform a constrained self-consistent
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FIG. 8. The quasi-particle Routhians for proton and neu-
tron calculated using cranked-shell model with the deforma-
tion parameters S2= 0.16, v = 0° (Upper panel) and B2=
0.34, v = 0° (Lower panel). Green and blue lines denote the
positive parity, positive signature and positive parity, negative
signature, respectively, whereas the red and magenta lines de-
note the negative parity, positive signature and the negative
parity, negative signature respectively.

mean-field calculations with realistic effective interaction
at each rotational frequency and evaluate the observable
quantities. This work will unravel shape changes as a
function of rotational frequency or angular momentum.

VI. CONCLUSION

Lifetime measurements, using the DSAM technique,
have been carried out for the states of negative parity
yrast band in 1°3Pd nucleus. The trend of decreasing
B(E2) with increasing spin indicates that the band may
be emerging from the AMR phenomenon. This is in
conformity with the theoretical predictions within TAC-
CDFT framework and the modified SCM analysis, and
extends the list of observational evidence of such struc-
tures in this (A=~ 100) region. Moreover, the agree-
ment of the present experimental results with that of



the TAC-CDFT, as reported in Ref. [20], also suggest
that the AMR sequence in '%3Pd can be interpreted to
be emerging from alignment of four proton-hole blades
with neutron-particle angular momentum vectors. The
experimental results have also been satisfactorily repro-
duced in the calculations using the semi-classical parti-
cle rotor model, which has been successfully employed
to investigate the AMR bands in this region. The mod-
ified SCM, which interpolates one- and three- neutron
configurations with a step function is able to reproduce
the up-bend observed in the angular momentum plot
verses the rotational frequency. It has been further ob-
served that TRS calculations significantly under-predict
the measured B(F2) values and what is required is to
perform constrained mean-field study with realistic ef-
fective interaction to probe the shape changes along the
yrast sequence of 193Pd.
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