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Abstract: The present work aims at the structural investigation of the v— levels in vh,,,, band of 101pg,
and its comparison with the neighboring Pd-isotopes. Theoretical investigations performed in the vicinity
of Pd-isotopes i.e., around N=2=50 shell closures have described the systematic well, indicating an
evolution of shape alongwith involvement of triaxiality. The deformation studies in the vicinity of Pd-iso-
topes around shell closures have predicted the shape change from small deformation to more deformed
prolate shapes. The comparison of Total Routhian Surface (TRS) calculations performed in the present
work have also suggested the inclusion of small amount of triaxiality as a function of increasing rotational

frequency and neutron number, pointing towrads the v— softness present in the nuclei.
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1 Introduction

The variety of band structures have been ob-
served experimentally in the vicinity of N=Z=50
shell closures, resulted from the coupling of valence
nucleons with different shape driving effects and core-
excited configurations[l_ﬂ. Also, a number of bands
have been observed in A~100 mass region for the
weakly deformed nuclei, within the framework of
35 Other than this, new nuclear
phenomena have been visualized at proton and neut-
ronshell closureslike: anti-magnetic (AMR) rotation(6 ;

and band termination® at high spins in 98‘100Ru[1o],
101-102R, [11-12] 98-100,102-103p[13-23] 4 98,99 7 o[24-25]

shears mechanism

nuclei. These different band structures with varying
trends of moment of inertia and reduced transition
probabilities as a function of increasing rotational spin
are exhibited to have large angular momentum based
on different geometrical configurationsm. Also, the ob-
servation of slower decrease of B(E2) values in 10Cd
compared to that in pure AMR bands in 1%6:108Cd iso-
topes have evidenced for the interplay between anti-
magnetic and core rotation!20],

For the aforementioned nuclei, the antimagnetic

rotation bands based on gg_/z configurations have been
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identified and reported in the literature on the basis of
lifetime measurements performed using Doppler Shift
Attenuation Method (DSAM) method*!. And, it will
be interesting to investigate the evolution of triaxial-
ity and the effect of weakly deformed core on AMR
character in Pd-isotopes. For this purpose, we have
performed the theoretical investigations in the neigh-
boring Pd-nuclei around N =2Z=50 shell closures.

In the present work, a study of structural changes
have been reported based on: (a) DSAM measured
lifetimes present in the literature, and (b) theroretical
investigations around N =Z=50 shell closures. This
paper has been organized as follows: Firstly, the dis-
cussion about the experimental considerations repor-
ted in literature has been made based on DSAM pro-
cedure, and the related necessary key details for such
a method have been made in Section 2. Also, the im-
portance of target (with and without backing) for
DSAM measurement has been discuused. Secondly,
the discussion of results have been made in Section 3,
based on the comparison of experimental data avail-
able in the literature with theoretical investigations
performed in the present work, for nuclei with Z ~ 46.
Lastly in Section 4, summary and conclusion have
been given.
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2  Experimental considerations

The high spin states in 101pg had been popu-
lated via different nuclear reactions presented in the
Refs. [20—21]. Both of the reactions had been used to
populate the excited states in 101pg nuclei consider-
ing different experimental procedures, mainly focus-
ing on measuring the lineshapes of the excited states
based on DSAM method. The detailed consideration
relevant to experimental procedures could be found in
the Refs. [20—21]. The main point to discuss here is
the different type of backings used in those two exper-
iments for DSAM measurements. In one of the refer-
ence, self supporting but thick target has been used
for reaction, of which some part is used as an effect-
ive target area and remaining part is used as an ef-
fective stopping area?’). While in the Ref. [21], backed
target with required thickness of backing was used to
populate the states in 101pd nuclei. So, the key im-
portance of using the target with backing and without
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backing has been discussed for successfully carrying
out of a DSAM measurement.

To carry out DSAM based lineshape measure-
ment, it is required to have backing with large thick-
ness of order ~ (8~ 10) mg/cm? i.e., the backing
must be thick enough to stop the residuals/recoils in-
side it. The stopping of the residuals produces the ve-
locity profile in the backing assuming the negligible
energy loss in target, and thus produce the lineshapes
required  for  extracting lifetimes  employing
LINESHAPE program[m. For lineshape analysis, data
obtained at detectors placed at an angle were sorted
and added together to obtain an angle dependent y—
ray spectrum. Then, the v —~ coincidence events
were sorted into three asymmetric matrices, whose z—
axis was the y— ray energies in the detectors placed
at the same angle, while the y— axis for these matrices
was the y— ray energies in the detectors placed at
other position. For the purpose of experimental dis-
cussion, level scheme shown in Fig. 1(a) has been
taken from the Ref. [21].

M
INP= 370 =9 MeV

Y
JJ\I/'J“ 9 s
Jx Jr 9=67°

Level energy

Jy
j,A—I—»jn 9=90° = ~4MeV

— 0 MeV

(b)

(color online)(a) The reproduced partial level scheme relevant for the present work has been taken from the Ref.

[21]. In figure (b), the pictorial representation for the generation of angular momentum has been shown as a func-
tion of increasing level energy and spin of the level states, in vhq; /5 band of 101pg. The ¢ values in between the
proton and neutron blades have been also taken from the Ref. [21].



. 544 - R 7 &Y H T’

37 %

3 Discussion

The observed antimagnetic rotational bands!? 28]
in the last decades have shown a regular rotational
behavior, despite of the nuclei small deformation. This
has been resulted into the production of high spin ex-
cited states, with proton states more and more aligned
along the neutron aligned states i.e., rotation axis.
This type of alignment has resulted in an increase of
angular momentum, due to the coupling of proton and
neutron aligned states, known as shears mechanism,
which can be seen in the pictorial representation (see
Fig. 1(b)). To validate this pictorial behavior, the ex-
perimentally measured B(E2) values!29730 are plotted
and compared as a function of increasing spin. The
comparison has suggested the observation of B(E2)
values for '"'Pd in between those observed for 1°Pd
and '°2Pd nuclei. Other than this, the decreasing be-
havior of B(E2) values have been seen with increas-
ing spin. This behavior can be characterized from the
appearance of weak FE2 transitions reflecting the
weakly deformed core, which is one of the key factor
for indication of required antimagnetic rotation char-
acter in lower part of vhiy)s band?!]. This type of de-
creasing trend, suggesting the AMR behavior in
vhy1» band was also supported theoretically[Qo], based
on semi-classical model (Refs. [17-19] of Ref. [20]).
Also, the theoretical studies for AMR bands in Pd iso-
topes, based on particle rotor model (PRM) and tilted-
axis craking (TAC) shell model® 22 have inferred
the 7rgg_/‘§ based configuration for the AMR band,
within the framework of PRM. However, Refs. [18, 21, 31]
have favored the 71'9;/22 based configuration based on
TAC and PRM calculations. The observed decreasing
B(E2) values and the generated angular momentum in
the neighboring nuclei, can be suggested due to the
evolution of vibrational picture at lower spins, to a
more rotor-like picture at higher Spil’lS[?’Z]
23/2~ due to the alignment of presumably g;,» neut-
rons. This change is likely to be predicted due to con-
figuration change of the band above 23/27, having an

around

impact on the measured lifetime values and the ex-
tracted B(E2) values above this level.

To check the evolution of deformation as a func-
tion of neutron number for Pd-isotopes, (3, values
taken from the Ref. [33] are plotted (shown in the Fig. 2).
This has been done to observe the trend of deforma-
tion in Pd-isotopes and the neighboring nuclei around
N =Z7=50 shell closures. From the graph plotted for
isobars (A=101) and isotones (N =55), in vicinity of
Z =46, the change in shape has been observed with
increasing proton number. The large prolate deforma-

tion with [, ~ 0.2 has been observed at Z=44 with
continuous decrease and reaching to small oblate de-
formation value at shell closures. Beyond Z =50, the
large increase in deformation has been observed for
N =55 isotones with small increase in deformation for
isobars (A=101). The reason for this large increase of
B> can be given due to the occupancy of more deform-
ation driving orbital resulting in increasing prolate de-
formation for N =55 isotones. For Pd- isotopes plot-
ted with increasing neutron number (Fig. 2), nearly
spherical shapes have been observed with small value
of deformation for N =48 to 52. Thereafter, a con-
tinuous rise in deformation has been observed, sug-
gesting the inclusion of more prolate deformation driv-
ing orbital above N =52. These two types of compar-
isons around N=Z=50 have been done to check: (1)
the effect of extra neutron or proton towards deforma-
tion and spherecity, and (2) at which neutron or pro-
ton number above or below Pd-nuclei, the transition
of nuclear shape takes place. This check further
provides the verification for one of the characteristics
of nuclei lying in transitional region of A~100.

020 ¢ I ' " e 4=100isobars' T ]
015 *® s, = N =55 isotones P

« I O ] B ]
%‘g'(l)g- 1 . "N=50" ]
el 101pg ° ]

[V ! Z=50,—y ° 1 ¢ 4

44 46 48 50 52 54
Z (Proton number)

: : —
- Hl]Pd 25 A A —

02t Sihe st TS
L 0.1 4 %Pd [26 42
= F a L AJZ: 46 Pd isotopes { 7,
(1) e e 4

L L L L L | L L L
48 50 52 54 56 58 60 62 64
N (Neutron number)

Fig. 2 (color online)The deformation (same scaling
has been used on left as well as right of y— axis)
is plotted with increasing neutron number for Pd-
isotopes (lower). In the upper figure, the deforma-
tion is plotted in the vicinity of N=Z=50 shell
closures. The deformation values are taken from
the Atomic Data and Nuclear Tables 20163,
The experimentally observed B2 values for 101pg
and 193Pd for the 15/27 state are taken from the
Refs. [34—35] respectively.

To visualize the nature of shape evolution around
Pd-isotopes, the ratios of E,+/E,+ 36-37) have been
calculated, which is one of the experimental signature
of spherical and defromed shape in nuclei as sugges-
ted by casten triangle[?’?]. In the present case, smooth
change of this ratio has been observed from 2.1 on-
wards, as a funciton of increasing neutron number (see
Fig. 3), indicating the shape evolution from a spheric-
al nucleus towards y— soft triaxial rotor with involve-
ment of small triaxiality («). The deformation para-
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meter (7) measures the degree of triaxiality. The
(y=0°) limit corresponds to axial prolate shapes
(B2 > 0) while oblate axial shapes (3, < 0) appear at
(y=60°). Intermediate values of y— are associated
with triaxial shapes[%*gﬂ. This is futher supported by
the performed TRS calculations presented in Ref. [34].

2.6

2.4+ R=2.5 (Triaxial) .
W 22F ]

20 T _
i L R =2.0 (Spherical)

E\op/Eysy

1.8 4
S L
1.6 - B
14t | L L 1 L | L | —
54 56 58 60 62 64
N (Neutron number)
Fig. 3  (color online)The ratio of E}/EF (scaled on

left of y—axis) are plotted with increasing neut-
ron number for even-A Pd-isotopes (black color)
and Eyg/5-/Ey5/5- (scaled on right of y—axis)
for odd-A Pd-isotopes (red color)[38]. On both
sides of the figure, same scaling has been used as
labelled on left of y— axis.

To get the deeper understanding about the shape
of nucleus, we have performed the Total Routhian
Surface (TRS) Calculations, within the Cranked
Hartree-Fock-Bogoliubov (CHFB) model 4] Col-
lective rotation was investigated in the frame of the
cranked shell model in three-dimensional deformation
space comprising of (3,, 8, and  nuclear shape para-
meters. The paraemeters used in TRS measurement
have their usual meaning i.e., 3, is quadrupole de-
formation, (3, is hexadecapole deformation and ~ is
the triaxiality present in the nucleus. The detailed in-
formation about the performed TRS calculations can
be found in the Refs. [40—43] and the references
therein. Pairing correlations are dependent on the ro-
tational frequency and deformation. In order to study
this, the TRS calculations have been carried out in
deformation space for 109-102pq, paying an attention
to the evolution of y—softness and triaxiality with ro-
tation. At a given frequency, the deformation of a
state was determined by minimizing the calculated
TRS. The calculated equilibrium deformation indic-
ates that our calculations are in close agreement to
some extent with the results already reported in the
literature. The shape evolution and nuclear softness in
B> and v directions are evaluated as shown in Fig. 4.
The performed TRS calculations in the present work
only picturizes the presence of triaxaility at higher ex-
citations in terms of rotational frequency. On compar-
ison of the present TRS results with the calucaltions
reported in literature have predicted energy minima at
(Bay7) = (0.133, 1.2°)B4 for 190Pd, (0.165, 10.0°) for
101pq (present work), and (0.160, 6.2°) for 102pdl'¢]

nuclei, have also confirmed the involvement of triaxi-
ality with change in neutron number. This can be
seen from the magnitude of triaxiality paramter (~)
value mentioned in the parenthesis above. From the
above mentioned results based on R, and TRS
measurements, shape change from vibration to rota-
tion has been described including the small amount of
triaxiality, and the effects like:
coupling in Pd-isotopes and in its vicinity i.e., N =50

rotation-vibration

shell closures.

(a)
101pd hw =0.050 =25
030 === S
020F EPR N\ \
—
0.10 \
2 =) \
‘A 0 L__/\’./ } 1
QN DN -~
-0.10 /=
— — 7,
-0.20 == /
-0.30
0 —-0.05 —-0.10 -0.15 —0.20
[, cosy

£ 0 - J

=< L= T -
0 —=
P =
~0.30 = = - -

0 —-0.05 —-0.10 —0.15 —0.20
p, cosy
Fig. 4 TRS calculations for '“'Pd nuclei at hw=

0.050 (a) & 0.250 (b) MeV are shown. The parame-
ters at the minimum energy were (82, v)=(0.065,
4°) and (0.165, 10°) at 0.050, 0.250MeV energy
respectively.

4 Summary and conclusions

In this paper, structural change based on DSAM
investigated lifetimes for some of the excited states in
vhyis band of 0Ipg are presented. The decreasing
behavior of extracted transitional probabilities have
been observed as a function of increasing spin from
the reproted experimental considerations in the liter-
ature, indicating antimagnetic rotation in vhii,
band. The deformation studies in the vicinity of Pd-
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isotopes around N =Z=50 shell closures have pre-
dicted the shape change from small deformation to
more deformed prolate shapes. The TRS calculations
presented in this manuscript for moPd, 101pq and
102pg have suggested the involvement of triaxiality,
which is further supported by the E,+/E,+ ratio.
Also, more theoretical calculations are still needed to
study the transition from U(5) to O(6) behavior
based on interacting boson model and triaxial projec-
ted shell model, to confirm the evolution of triaxiality
in Pd-isotopes, and for strongly supporting the
already reported antimagnetic character.
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Wipd Bt R R AR SHBIEZ R R G IETEL

Aman Rohilla, /7, TZEE, W, AL, 5 4, B84E T E E45H4, & U
(F ERZERGE AR ERF T T, 220 730000)

WE: EATES, RONEZEFART OIPAdE P v, FO AL, 516U A & A0 R 8RR AT T X
o A XANEPARME R, BIN=Z=500 WL, ZWMPVTHNEXRFERINASE, WAPKNTIRELE
BEHBERARCHKMAE. B, HAEHT EHaE (TRS) AR T RENMEURF FTHEUNAZITE,
HROULFIRX I RE Z M R R AE.
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