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Chiral symmetry in the Tl isotopes
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Chiral symmetry in nuclei

forms in angular momentum space,
by the angular momenta of the odd proton, odd neutron
and the rotation of the nucleus

......................

Jy
a chiral system can be identified by the observation
of a pair of degenerate rotational bands
—> in excitation energies
—> alignments, moments of inertia
- B(M1) and B(E2) reduced transition probabilities
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Experimental data on chiral systems:
- A=80
- A=100
- A=130
- A=190

Looking for almost identical chiral pair.
Several experiments were performed at iThemba LABS South Africa on the Tl isotopes

Experimental studies in the 190 mass region - the Tl isotopes

angular momenta geometry —
v hy, proton at the bottom of the hy, shell
particle nature, j, along the short nuclear axis

v’ i3/, Neutrons at the upper part of the i 3, shell
hole nature, j, along the long axis
v’ triaxial shape (moderate quadrupole deformation ~0.15; triaxiality ~40)

collective rotation along the intermediate axis
B
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Nucleon orbitals near the Fermi surface of the Tl isotopes
with A~ 192 - 198

Proton configurations

> 7=81

— Hg core + 1 proton

— quadrupole deformation ~ 0.15

Configuration

2 TSy,

2 mhy, Q=9/2

proton at the bottom of the hy, shell,
i.e. particle nature

Odd Tl isotopes:
-> near ground state — TS1/7
-> higher spins - thy,

—0.2
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Nucleon orbitals near the Fermi surface of the Tl isotopes
with A~ 194

Neutron configurations
2> N=113
- quadrupole deformation ~ 0.15

Configuration

2 Vigp  Vi->i=psp )

2 Vi, Q=5/2, butaligns with i=13/2
Neutron near the bottom of the i;5/, shell,
i.e. hole nature

0dd 193Hg (N=113):
-> Vi3, i®6h
-> Vi3, i~ 161
-> Viyz Vi
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Studying the Tl isotopes:
198T|

AFRODITE array at iThemba LABS, South Africa

9 HpGe clover detectors (7 cm x J5 cm),
Compton suppressed with BGO shields
efficiency of 1.8% at 1.3 MeV

8 HpGe LEPS detectors (1 cm x J 6 cm)

197Au(a,3n)!%8TI at beam energy of 40 MeV
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Studying the TI isotopes:
194T|

AFRODITE array at iThemba LABS, South Africa

9 HpGe clover detectors (7 cm x J5 cm),
Compton suppressed with BGO shields
efficiency of 1.8% at 1.3 MeV

8 HpGe LEPS detectors (1 cm x J 6 cm)

181Ta(180,5n)194Tl at energy E(!20)=92 MeV

Target: '8!Ta foil of Img/cm?

Beam time = 2 weekends

Data analysis: gamma-gamma matrices, angular distribution ratio analysis, linear
polarization analysis, gamma-ray intensities.
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Level scheme of 19371
extended with more than 100 new transitions
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Chiral pair in 14Tl
— the only pair that is observed across backband region
— excellent near-degeneracy above the band crossings
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Near-degeneracy in the 4-gp pair in °*TlI compared with other chiral
pairs 0
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The negative parity bands in 94Tl

Band 4 Band 3 Band 1
25 s . 3
wh X Vi -3 4541 TCh9/2 X Vi3 /2 U gz
9/2 13 /2 _____ 24 4778 g500 .k
23 e 361.7
- 3959 .
23§ 4302 7428 2 #2 .
o T 825.7 a2 |
e 683.0 430.0 22§ 4087 6218
-303.9 1.2 § w62 7575 -
sssq 21702 aary . 212204 a0 3
T 3275 m s Tesemennns . -
20~ 2481 345 2 3565 3223 nhg/z X Vi3 1o
704.1 1 200 Ty 3515 4588
197 2001 3427 3788 o2 I 137.3
18~ 170.0 gos7 ] 5832 2o7e 3886191 T8 287
[ 2087 24 | 1 ¥ 21 18- .
17 2548 - 15 - I e T 3130 7829 3165
575.0 4855 T, 041 17— 2415 2.
163202 I \ . 18 %5% o2 726.0 | 2@ 714
658.4 2410 171624 2500 ) 473.5
32 | e T 15" 768.6
- i 2404
ss14 12§ 2 1754 8 @55 [15” 2387 2 w2 ¥
519.6 3 22,154 Y 15~ B2
14 2007 §06.3 l 361. \ 810.9 8764 7596 |
| - 262.8 —~ 4584
s200 1Ty fme ¥y 855 14- 1644 7515

'SZi.ﬂ N § TCh9/2 X Vi13 /2-1

science . . :
E /;-Cliamoghg\, P.L. Masiteng, PhD Thesis %
{ LCUI Ub}‘ .
T — P.L. Masiteng et al, Eur. Phys. J. A 50 (2014) 119 RF
Science and Technology National Research | Laboratory for Accelerator
REPUBLIC OF SOUTH AFRICA

Foundation | Based Sciences



Configuration — T T T T T good allgnmentaddltlwty_

22 +
of the third negative parity band _ (@) thy, X Vi 3 o (b) |
- large alignment ~ 16, < 18- ___'f’-”:!%"” T W ]
- negative parity, =R i _
d 7th £ h sy
<C 6| e Band 1B, elffQA 4 -
| = Band 1A, e/fRABC | o "Hg,A _
o Band 4A, efRABC © 1934g, ABC
21~ 4 Band 3, e/fRABC T % 1937 e */Z(/*nhwz
—t—t—t—t—t—t—1 —t—t—t—t—t—t—+
22 -+ -
L (© e L@ _
18 . — T _
€ L 1 B
- Two chiral partner bands —14f S Sk + -
. . _3 E | . M |
- third competing band =
he/y X Vigs 3 With 2 T T |
TWNg/p X Vlyz o= WI < 6 + .
lower alienments (~ 2R | v Band 2B, e/fRABF | v '®Hg, ABF |
g_ ) ( ) x Band 2A, e/f®ABCDF + '®°Hg, ABCDF
lower excitation energy 21~ 5 Band 5, e/fRABE T 2 '®Hg, ABE -
| | | | | | | | | | | | | | | | | |
50 150 250 350 450 50 150 250 350 450
hw (keV) hw (keV)

S !
§3¥Y science =
M\ tecnnolo
e & technology RF
\ : J; Department:

i\  Science and Technology National Research | Laboratory for Accelerator
V REPUBLIC OF SOUTH AFRICA Foundation | Based Sciences



Nuclear shape for the tthy, x viy; ,,™ configuration in 14Tl
Cranked Nilsson-Strutinsky calculations

8zsin(y+30°)
823in(y+30°)

Deformation with ¢, = 0.15, y = -40° + -45°
rotation predominantly around the intermediate axis = supports chiral symmetry
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Studying the TI isotopes:
4TI DSAM lifetimes

AFRODITE array at iThemba LABS, South Africa

9 HpGe clover detectors (7 cm x J5 cm),
Compton suppressed with BGO shields
efficiency of 1.8% at 1.3 MeV

8 HpGe LEPS detectors (1 cm x J 6 cm)

181Ta(180,5n)194Tl at energy E(!20)=92 MeV

Target: 181Ta foil of 1mg/cm? onto thick backing
of Bi, initial recoil velocity of v/c ~ 0.9 %

Beam time - 3 weekends for experiment A and B respectively

DSAM analysis — using the programs COMPA, GAMMA and SHAPE

(analysis led by Prof. A. Pasternak)

Monte-Carlo methods to simulate the entry states in 1°*Tl and the decay (statistical decay,
superdeformed bands, stretched M1 bands, known discrete levels)

The lifetimes are extracted step by step starting with the highest-energy level of a band.
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Measured lifetimes in ps Band 2
AFRODITE array
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Multi-particle Rotor Model calculations for the ©thy,, x viy; ;, bands
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Multi-particle Rotor Model of Carlsson and Ragnarsson
—> to establish the properties of multiple chiral systems
—> to understand the nature of the three negative parity bands

single particles -> Nilsson potential with standard parameters
-> 1thg/, X Vi3, configuration is described as 1 proton in the hy , shell
and 11 neutrons in the i;3/, shell

core -> deformation ¢, = 0.15 and y = 409,
-> irrotational moment of inertia

g-factors -> g, =0.3;8,=0.7 &, e
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Studying 19Tl

AFRODITE array at iThemba LABS, South Africa

9 HpGe clover detectors (7 cm x J5 cm),
Compton suppressed with BGO shields
efficiency of 1.8% at 1.3 MeV

181Ta('80,6n)13Tl at energy E('30)=105 MeV

Target: 181Ta foil of 1mg/cm?
Beam time = 2 weekends
Data: Experiment A 2 6 x 10° events in the gamma-gamma matrix

Angular distribution ratios = spins of the excited states
Linear polarization = parities of the excited states
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Partial level scheme of 1°3T]
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AE(B3-B4) = 159 - 391 keV
AEmin = 259 keV for | = 33/2
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Partial level scheme of 193T] Tthg/, X Viyz 5™
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Summary

» Tl isotopes are an interesting region for chiral symmetry studies
excellent near-degeneracy in 4qp pair of bands (*°*Tl)

chirality extends from 2qgp to 4qp configurations (°*Tl)

possibly two chiral systems built on the same configuration (1°3194Tl)
Decay out of 4gp = 2qgp and 3qp =2 1gp bands — strong support for
chirality interpretation

ENEANER NN

» way forward:

v’ study other neighbours, 1°>T| experiment is in progress

v’ better statistics, triple gamma-coincidence

5 new clovers are on order to increase the efficiency of the AFRODITE array
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