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Talk outline

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

Experimental details Theoretical analysis

Shape parameters
(Lund convention)

Accelerator facility
(Pelletron)

Indian National 
Gamma Array (INGA)

Doppler Shift 
Attenuation Method 

(DSAM)

Lineshape analysis

Particle rotor model 
(PRM)

Total Routhian surface
(TRS)

Results:   Shape coexistence and band termination in 127I
Comparison with 129Cs



Nuclear shapes and symmetries

Spherical

Axial Prolate

Axial  O
blate

Triaxial

üRotational symmetry
üNo collective rotation possible
üSingle particle excitations

üRotational symmetry broken
üa = b < c or a = b > c
üSignature symmetry exist
üCollective rotation possible about axis 
perpendicular to symmetry axis 
üK is good quantum number.

üRotational symmetry broken
üCollective rotation possible with two 
different signatures causing Signature 
splitting and inversion.
üK is not a good quantum number.
üRotational freedom
üSuitable for Chiral symmetry
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Nuclear deformation parameters 

b

Nuclear deformation
R0 :     Radius of sphere
Ylµ :    Spherical harmonics
l = 2   Quadrupole deformation
l = 3 Octupole deformation

Quadrupole deformation
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Deformation parameters
b º Measure of axial deformation
g º Degree of triaxiality

e2 º 0.95b

Lund convention
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Tata Institute of Fundamental Research (TIFR)
Mumbai-400005, India

14 MV Heavy ion accelerator (Pelletron)
Heaviest beam delivered so far 127I 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

For small value of b0( ) (1 cos )E Eg gq b q= +

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



Derived experimental values
Evaluated deformation parameters
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124Sn (11B, 6n) 129Cs at Ebeam = 70 MeV (Experiment at TIFR)
U. Lamani, P. Das et al. Nucl. Phys. A 1014 (2021) 122220 

List mode data analysis:   GTA (gating above), GTB (gating below)



127I 
124Sn(7Li, 4n)127I at  Ebeam = 50 MeV   (Experiment at IUAC)
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Positive-parity



127I 
Positive-parity band

PRM results
Predominantly pg7/2 orbital

§ Signature inversion
§ Decrease in B(E2) values

at spin 19/2+

129Cs (for comparison)
Positive-parity

U. Lamani, P. Das et al. Nucl. 
Phys. A 1014 (2021) 122220 

Deformation (b, g) estimated from TRS calculation: Triaxial shape

DE º [E(I) - E(I-1)] - {E(I+1)-E(I)+E(I-1)-E(I-2)}/2



7071

Negative-parity band systematics

Particle alignment 
at ~ 3 MeV

Band 
termination

J. Korean Phys. 
Soc. Vol. 45, 
2004, 859.

New 
levels

DSAM
For 

blue levels

Our results



127I 
Negative-parity band

Decoupling

Alignment at 23/2-

Above 23/2-
slope change for B(E2)

ph11/2



127I 
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Summary

Ø DSAM technique utilized for measuring lifetimes in ps range in 127I, 
(earlier in 129Cs [NPA 1014 (2021) 122220]).

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

Positive parity (pg7/2 ):  Triaxial shape
Negative parity (ph11/2):  Nearly prolate at low spin,

Features of band termination at high spins.

Acknowledgements:
o R. Palit (TIFR), R. P. Singh and S. Muralithar (IUAC) for experimental facility,
o I. Ragnarsson for providing PRM code. 



Gate on 601 keV



Gate on 601 keV



Tripe gamma coincidence:   Gate on 431-982 keV + Gate on 274 -410 keV



Axially symmetric shape  Þ Symmetry in rotation by angle p
Þ conserved quantum number  Signature (a)

For nuclear state of spin I
I = a mod 2

Even-even or odd-odd nuclei
a = 0 for I = 0, 2, 4, 6………
a = 1 for I = 1, 3, 5, 7………

Even-odd or odd-even nuclei
a = +1/2 for I = 1/2, 5/2, 9/2,.……
a = -1/2 for I = 3/2, 7/2, 11/2,……



Odd-odd nuclei in mass region 130

D
E

Spin

Possible cause of signature 
inversion

¯
Change in the rotational axis

OR
Change in shape

OR
Combination of both

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

ph11/2 Ä nh11/2

S(I) º DE º [E(I) - E(I-1)] - {E(I+1)-E(I)+E(I-1)-E(I-2)}/2



Signature splitting but no inversion in 129Cs (N=74)

Negative-parity Positive-parity


