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Talk outline

Shapes and symmetries seen through the measurement of lifetimes
Observables: B(M1) and B(E2)

e

Nuclear shapes Experimental details Theoretical analysis

(basics) / \
Accelerator facility Indian National
(Pelletron) Gamma Array (INGA)
T

otal Routhian surface

Doppler Shift (TRS)

Attenuation Method
Shape parameters (DSAM) Particle rotor model

(Lund convention) | (PRM)
Lineshape analysis

Results: Shape coexistence and band termination in %7I

mparison with 129
Comparison with *2°Cs SSNET’24 - 4th November 2024



Nuclear shapes and symmetries

v'Rotational symmetry
v'No collective rotation possible
v'Single particle excitations

v'Rotational symmetry broken
va=b<cora=b>c

v'Signature symmetry exist

v'Collective rotation possible about axis
perpendicular to symmetry axis

v K is good quantum number.

v'Rotational symmetry broken
v'Collective rotation possible with two
different signatures causing Signature
splitting and inversion.

v’ K is not a good quantum number.
v'Rotational freedom

v'Suitable for Chiral symmetry
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Nuclear deformation
R,: Radius of sphere

© 2 Y,.: Spherical harmonics &
R(S.0)= Rl +/§ﬂzﬂaﬂﬂyﬂ” (.01 A =2 Quadrupole deformation
A =3 Octupole deformation
Lund convention o
e T Quadrupole deformation

@50 = fcosy
a

_ N P
ZZ_aZ—Z_\/E'Bsmy

2

Deformation parameters
S = Measure of axial deformation
y = Degree of triaxiality

& =0.950
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Tata Institute of Fundamental Research (TIFR)
Mumbai-400005, India

14 MV Heavy ion accelerator (Pelletron)
Heaviest beam delivered so far 27|

Arabian Sea
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Indian National Gamma Array (INGA)
(Clover detector setup)
at Inter University Accelerator Center (IUAC), New Delhi, India
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Short lifetimes: lineshape analysis via DSAM

E, (0)= E;) (1+ fcos@) Forsmallvalue of f

Recoiling ion

Backward shifti

No shift

Stopper

Forward shift

Detector array

Gamma ray spectrum

J. C. wells and N. R. Johnson, ORNL Report, 6689, 44 (1991).

= The stopping power from
Lindhard and Northcliff table.

=The time dependent velocity
profile convoluted with the
detector response and its
orientation via Monte-Carlo
simulations.

=The lineshape profile fitted
by the “Lineshape program™*”
with a chi-square
minimization subroutine
“Simplex”.

=Parabolic error analysis done
by Minos subroutine.
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1245n (1B, 6n) 1?°Cs at Ey.,, = 70 MeV (Experiment at TIFR)
U. Lamani, P. Das et al. Nucl. Phys. A 1014 (2021) 122220

Derived experimental values
Evaluated deformation parameters
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127|

1245n(7Li, 4n)?’l at E,.,, = 50 MeV (Experiment at IUAC)
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AE (keV)

Deformation (3, y) estimated from TRS calculation: Triaxial shape
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Negative-parity band systematics Our results

. 6968  _ _ 70722 T
6537 = Band N
- . termination 1812 W 127
; - 6275 6257 _ : 2 2 s I
52 mhy1/2(27/2) ]lgL(ghn/Q) [ levels
. , 5 A
309 5668 5649 5432 5592 s3b s
5101 A
J. Korean Phys. g5/~ 4815 202 2010 20— eohs
31/2
Soc. Vol. 45, 4376 4453 NP,
4218 3 ~ " 6531 o . .
2004, 859. 31/27 4056 163 2z /3 o S/ FEDEE & TmeT:
3675 \ at ~ 3 MeV
3512 .
- 3356 3443 10125 982 1 _ (u2)

* 23/2°
2784 DSAM _3_\\ 1085.5 (19/2*%) 21/2*

4312 ",

23/2 268 2606\_'/ﬂz/“_ For 1w
2426 2278 T RN

19/2 " pere 2l 07 2074 2040 blue levels .
1780 152 B
' 1665

1 5/2_ 1622 1582 “\132*

rmermmrm—— . 1239 1453 6587
11/2— 1174 1169 1085 12 i *

S ————— 944 ———==
. ~~___8l1 P

11/7- 678 687

------- - S—— N R

_+ 855.8

|
4725

5/2. 0

117 119 121 123 125
S3464 53166 53168 53470 53472



127|
Negative-parity band
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Summary

» DSAM technique utilized for measuring lifetimes in ps range in 1?7I,
(earlier in 122Cs [NPA 1014 (2021) 122220]).

» Experiments performed at IUAC (New Delhi, India) and TIFR (Mumbai, India).
» INGA set-up consisting of 16 - 20 HPGe clover detectors used.
» Different shapes inferred from the B(E2) values:

Positive parity (ng;/, ): Triaxial shape

Negative parity (th,;,,): Nearly prolate at low spin,

Features of band termination at high spins.
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Gate on 601 keV
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Axially symmetric shape = Symmetry in rotation by angle &t

= conserved quantum number Signature (o)

For nuclear state of spin |
| = o mod 2

Even-even or odd-odd nuclei

a=0forl=0,2,4,6.........
a=1forl=1,3,5, 7.........

Even-odd or odd-even nuclei
a=+1/2forl=1/2,5/2,9/2,.......
a=-1/2for1=3/2,7/2,11/2,......



Odd-odd nuclei in mass region 130

Hartley et al., Phys. Rev. C65, 044329 (2002)
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