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Instruments for Nuclear Physics Experiment
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Setup for high resolution y-ray Spectroscopy
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Setups for y—y fast timing Spectroscopy
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Setups for y—y fast timing Spectroscopy
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&5 Deformed Nuclei — Rotational Symmetry breaking
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Shapes of Atomic Nuclei
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Evolution of nuclear structure
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) Tetrahedral Symmetry breaking (a3, # 0)

Evidence of tetrahedral shape in Nuclei :
Cluster state in 10 (Light nuclei)

|
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Tetrahedral Symmetry breaking (a3, # 0)

TABLE VL. The number of states a}m belonging to the five irreducible representations of Ty for integer spins; those for each parity are
separately shown.

I+ 0t 1t 2 3 4 5t Gt THgE gt qot [1F 12F 13t 4t 157 16t

Ay 1 0 0 0 1 0 1 0 1 1 1 0 2 1 1 1 2

As 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 2 1 . . .

E ¢ o I o 1 & 1 1 24 2 2 2 z & 3 3 Microscopic mean-field and residual-

F(T)) 0 | 0 | | 2 | 2 2 3 2 3 3 4 3 4 4 : : : : :

5 0 4 v 1 ! Y4030 @ o0 4ok 2 i interaction Hamiltonians w1'th

I- - - 2 3 & 5 6 1T & ¢ 10 1 12 13 14 15 16 angular-momentum and parity

Ay 0 0 0 1 0 0 1 1 0 | 1 1 1 1 1 2 1 : :

A, 1 0 0 0 1 0 1 0 1 | 1 0 2 1 1 1 2 prO_]eCtlon methOd

E g @ 1 ¢ i & I 1 2 1 2 =2 2 T 8 2 3

By o o 1 1 1 i 2 32 32 2 3 3 3 3 4 4 4

F(Ty) 0 | 0 | | 2 | 2 2 3 2 3 3 4 3 4 4

16 ————— 16 _—
— 14 | (@) F A 1 14 (b) E
< 12160y}, o T 12t tetrahedral .~ - Lowest Irrep for T, symmetry
210 f P {10} E =
s st , 1 8F g 8 1 CJT ot a— 4t g - ot ot =+ 2=
ﬁf 6 | 5 0 =010 | 6f . _g15 . ® ] A I"=07,3"476%7 8795105117, ... > Exact T4 pattern
=~ 4r E\'.‘I Bt h 1 4F . = - ]
SI — o ] o ]

I(IH1) o B

0 e . i
_00 2 4 6 5 10 1o 2 4 6 5 w0 b Two lowest irreps for Oh symmetry
= 10 T 1 T T T T T T
= 810 1 8@ . A D+ 4-5— 6-|- 8+ 9+ 10+ F = [+ e
T 6 | agy = 0.20 ot b oL sy = 0.25 4] lg * s , ' ' ' 1 tae gy s - Exact Oh: I'JE_ 0
N 4F - 1 4F EeET
3 ]2t e e % 1) | F=]
ey 0 JPOES i i 0 D e 5 i i [t T = - i - il = ’ — o — —
imo 2 4 6 8 10 12 0 2 4 6 8 1o v L R * HELA A > Exact O, I;= 0
- : . ,
;: g |(e) g (O

6 — 6 — 8 . .
& 4 | =030 el &S | - Tetrahedral double point group (T4P) is a
12t SIUOE s P . D
= P N ) T subgroup of Octahedral double point group (O,”)

6 8 12 0 6 10 12
I [R] I [A]

S. Tagami et al., PRC 87, 054306 (2013)

nternational Conference on Shapes and Symmetries tn
Nuclel — From Experiment to Theory (SSNET -2024)
c Lab, France, November 04t — ogt, 2024

Compttition between Tetrahedral and Octahedral
Sywmetries in 22Sm Nucleus: A New set of data
from a dedicated experiment




Skl

o, .
() Tetrahedral Symmetry breaking (a3, # 0)

) &
<
))YESFR\/Y(E oF

Rotational band with E ~ I(I+1) - Bohr Theory

Lowest Irrep for T, symmetry

2
Ay P =073 ,4%,65,77 .87 95 105,117, ... Er o ——I(I+1)
29T,
Two lowest irreps for O, symmetry
; +'_'+8+; _ W i = ’
A 0T 4N 6R8T 9T 10, ., =TT — (+1)
Ags A6 T 000051 el =4 _ 2
= ( +1)
Pure tetrahedral structure Tz, S g, % s

Competition between Tetrahedral and Octahedral Tumpu ghattaahmjgg, nternational Conference on Shapes and S 5mmetries n
Sy mumetries tn 32Sm Nucléus: A New set of data VECC, Kolkata Nuclel - From Experlment to Theory (SSNET -2024)
from a dedicated experiment yc tab, France, November 04th — ogth, 2024




Skl

() Tetrahedral Symmetry breaking (a3, # 0)

Courtesy: J. Dudek
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Physics Interest in 152Sm
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Physics Interest in 152Sm
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» At vanishing quadrupole deformation, the minima in the PES is visible
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Population of 152Sm
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Gamma Array with local collaboration in Kolkata
(VECC, SINP, UGC-DAE-CSR)
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Comparison with existing experiment on 152Sm
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P. E. Garrett et al., J. Phys. G: Part & Nucl. Phys. 31,
S1855 (2005)

» Performed with 9 single crystal HPGe and one
Cluster HPGe detector

> Gathered 2 x 109 y—y events, Used 1 x 109 y—y
events for the development of level scheme

> Beam energy : 22 MeV

> P/T ~0.28 (av)
PRESENT EXPERIMENT:

»12 Compton suppressed Clover HPGe detectors

»Beam Energy : 26 MeV Gain

»>vy—y statistics > 2 x 109
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New candidate Tetrahedral sequence in 152Sm
T (2) Band .
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Beam current ~ 2.5nA

BOT ~ 11 days (effective)

Digital DAQ --> data written in Compton suppressed

singles mode

1. y—y & y—y—y coincidences
2. Angular distribution a,, a4
3. Angular Correlation --> Rpco
4. Linear Polarization P

Calculated

Pvs RDCO contours

P vs a, contours
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New candidate Tetrahedral sequence in 152Sm
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New candidate Tetrahedral sequence in 152Sm
T,(2) Band E3 Transitions
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© New candidate Tetrahedral sequence in 32Sm
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New candidate Tetrahedral sequence in 152Sm
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New candidate Tetrahedral sequence in 152Sm
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New candidate Tetrahedral sequence in 152Sm
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New candidate Tetrahedral sequence in 152Sm
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New candidate Tetrahedral sequence in 152Sm
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» 1525m : Rich example of shapes and shape co-existence
» The first tetrahedral candidate band was proposed in 2018
» Second tetrahedral candidate band is identified in the present work

» The new band shows the signature of pure tetrahedral structure
retaining the octahedral symmetry

» Both the symmetry breaking compete in 12Sm as found from the
theoretical calculations
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Shape Coexistence in 152Sm
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Shape Coexistence in 192Sm
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Shape Coexistence in 152Sm
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Shape Coexistence in 152Sm
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Spin (1) B
N =90 152Sm displays all of quadrupole — j‘;&‘szsm Kr = 0,*

quadrupole, quadrupole — octupole, octupo = L

octupole shape co-existence = X(5)
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R.F. Casten, Nature Physics 2, 811 (2006)
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v—y Matrix & y—y—y cube - Development of level scheme
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Angular Distribution measurement for determination of Multipolarity

Ji

Y L1,L2,0

Jp

> 0:400, 86.59, 93.50, 1259

» 86.50 and 93.59 = from 900 clovers opening

angle of the Clover as 7°

i

i i

W(0) = Ap + AaPy(cosl) + A Py(cosl) = Ap[l + ag Pa(cos) + a4 Py(cost))

a2 = -0.53(8)
134 a4=-0.001(1)

754 keV(9"— 8%)

60 92 120
0

a2=0.11(2)
ad = -0.16(3)

Quadrupole

418 keV(8*— 6")
0-9 T | T T
30 60 90 120
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DCO Ratio for determination of Multipolarity

I,,(125°), gated by 72 at 90°
L,,(90°), gated by 2 at 125°

DCO(n) =

For 418 keV transition (E2) : Rpco =
0.98(2) in Quadrupole gate

For 799 keV transition (E1) : Ry
=0.67(1) in Quadrupole gate

For 251 keV transition (E1) :
Rpco = 1.1(1) in Dipole gate

For 446 keV transition (E2) :
Rpco = 1.6(2) in Dipole gate
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Linear Polarization - Determination of Parity

2.5

Experimental Method of Linear Polarization Measurement | |
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RM & IPDCO values in 152Sm
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Calculation of angular distribution coefficients, DCO Ratio

and Polarization
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Array Configuration

S a,k(l,1)P2(cosh)

P(0) = ()X '
(0) (+) 1+Z(}I;R,((TTOS(})

A. Pal et al, Unpublished, under review.
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Nuclear Structure @ Tetrahedral Shape

Tetrahedral band ) (Collected data in singles mode (remarkable performance by the Digital
with neither E1 nor E2, DAQ)
hvpothetical E3

+
= » Number of Clovers with 4 crystals working: 6
T e | » Number of Clovers with 4 crystals working: 4
» Total number of working crystals: 39
g e - » Total beam time (BOT) consumed : 11.5 days
+ Set of E3s

@

e

ON & =}
+ 4+ +
\ -~

\

—,

+

» Total y—y events gathered (good data from 60 keV - 2 MeV)
+ : 2.2 x 10°y—y events (with background) = 152Sm
| : 6.3 x 108 y—y events (after background subtraction) = 152Sm
:8.4 x 107 events under 2* - 0* peak (121 keV)

e
7
=2

Gain drift = 80 sets of list files to be sorted = 76 matrices with pixisort [S.
Das et al., NIMA 893, 138(2018)] that were added to generate the matrix



