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Introduction
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M. A. Riley et. al., Phys. Scr. 91 123002 (2016)

In-beam y-ray spectroscopy

1. High spin structure and rotational band structure.

2. Various phenomena related to the nuclear shape.

3. High rate and yrast line. prolate — triaxial — oblate - |
4

5

LQW intrinsic energy .resolutmn and Doppler effect. I =40 50m
Difficult if isomer exists. I =m+m, +m +
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I. Dillman et al., Phys. Rev. Lett. 91, 162503 (2003)
p-delayed y-ray spectroscopy
6+
& 1. Non-yrast states.
2" —— . . .
2. Deduce half-life, Py, P2n, level density using
B(E2; 2* > 0*
( ! logft.
— 4* — . . . .
’ ’ 3. Strong relationship with nucleosynthesis.
" —y— 4. Require low rate.
U S 0» - 00 —T 04_7 0+_R_Z 5 G d 1 t.
Rp <2 Rp=20 CRg~33 " Rp=20 . Good energy resolution.
Magic wmy  Midshell  wmp Magic 6. More exotic if 1somer exists.
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Why iodine and tellurium? z :
1. Near the proton magic number 50. &
- _ < : - L
2. r process path. at neutron ‘rlch region. £ 50
3. Unique behavior of Te : vibrator. -
4. Very weak deformation. T _
5 Core transition in 1 : Xe & Te || Xe B. Moon et. al., Phys. Rev. C 95, 044322 (2017)
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Results on A ~ 120

-  Motivation
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3 Chiral doublet structure (twin band)

1. Associated with spontaneous chiral symmetry breaking. [1,
2]
2. Fermi level, lower par of a valence proton high-;j subshell.
2 L1, 3]
3. Require aplanar solution, which means J does not lic on any
principle plane. [1]
4. Bestaty=-30", or 25° <-y <40°, triaxial shape. [1]

[1] S. Frauendorf et. al., Nucl. Phys. A 617, 131 (1997)

[2] S. Frauendorf, Rev. Mod. Phys. 73, 463 (2001)

[3] K. Starosta et. al., Phys. Rev. Lett. 86,971 (2001)
S. Frauendorf et. al., Nucl. Phys. A 617, 131 (1997)
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A~ 120

Experiment

Results on A ~ 120

Experiment
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(Australia National University Heavy Ion Accelerator
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1. 14UD tandem accelerator with chopped beams.
2. Exp. beam & reaction setup
beam period : 1 ns online beam / 1.7 us total period
reaction : 118Sn(6L1, 4n)120]
beam energy : 48 MeV
target thickness : 3.6 mg/cm? 118Sn foil
3. CAESAR array :
6 Compton suppressed HPGe detectors
2 LEPS detectors

Two at 97°, two at 48°, two at 145" for DCO analysis
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120], Occurrence of twin band and oblate 1somer
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« 120, Occurrence of twin band and oblate 1somer
Bandl
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» 120], Occurrence of twin band and oblate 1somer

s Te Core
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- Systematic approach on 10dines 1sotopes
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1. Xe core to Te core transition trend. Soft rotator to vibrator.
2. 16" states in the rotational band on zh112vh11/2 are constant. Two additional proton quasiparticle

configuration, 7(g72)!(ds2) (h112)'W(h112)1.
3. TRS : Weak triaxial shape near collective prolate for A= 116, 118, 120. y-soft non-collective

oblate shape for A =122, 124. y-soft triaxial shape for A = 126.
4. Todine isotopes are good playgrounds for investigating the shell evolution.
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Results on A ~ 140

-  Motivation
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3
Motivation é °(:“ S " o 1. Tin, Sn, S2n, B(GT), G-T resonance, Q. : significant
g o.oe—i —en J A _ observables for the r-process path and solar element
? 006 ’ - abundances. [1]
CRLESHUN : s A- 2. B(GT), G-T resonance : crucial evidence for shell evolution,
RE A ANV I 10 3 and shell structure. [2, 3]

Mass number A

The r-process abundances pattern. [1] K.-L. Kratz et. al., Nucl. Phys. A 630, 352c (1998).

[2] P. Urkedal et. al., Phys. Rev. C 64, 054304 (2001).
J. Wu et. al., Phys. Rev. Lett. 118,
072701 (2017) [3] B. Rubio et. al., Lecture Notes in Physics 764, 99 (2009).
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-  Motivation

D. C. Radford et. al., Phys. Rev. Lett. 88, 222501 (2002)
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0.2 - l l 1 | . . 7 Sv: ground state of 134Sn deduced by a neutron pair
0 T T T T T T 7 Sz : ground state of 134Te deduced by a proton pair
| Dv: first 2+ state of 134Sn deduced by a neutron pair
015 - 1321 _ D= : first 2+ state of 134Te deduced by a proton pair
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03 136 7
Te
A ~ 140 27 PTe) =(0.92) %) + 0.39]7%)
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Motioati """ protons —— Simplistic seniority-two empirical model. [1]
otivation 3 1F neutrons ---x--- -
2 -ﬁ.‘\'—\“"\\ P [
2 o8t /(- 1. 136Te has lower B(E2) value than expected. [1]
5 o6} N g 41 2. Explains by the neutron dominance using the simplistic
§e) . . . .
E 04 s, A - seniority-two empirical model. [1]
E '\\ . .
3 o2k | - ] 3. Theoretical shell model calculations show the 2*; has strong
o g )
N S PR | neutron pair effects. [2]

DS B e E'G(MZ'J) 08 09 1 4  QRPA calculations show this effect is deduced by the small
" value of the neutron pair gap. [3]

J. Terasaki et. al., Phys. Rev. C 66, 054313 (2002)
[1] D. C. Radford et. al., Phy. Rev. Lett. 88, 222501 (2002)
[2] N. Shimizu et. al., Phy. Rev. C 70, 054313 (2004)
[3]J. Terasaki et. al., Phy. Rev. C 66, 054313 (2002)
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+ Experiment 5 Q)
Silicon Strip detector (WAS3AB1) - & ff

> -

S. Nishimura, Prog. Theor. Exp. Phys. 2012, 03C006

L .‘ v < \\' y i > (24 \ . |
From wsp ) 74 N 2 \ G [ A § /
Present Facility | | 7 % . 7 - 0 . '—_. s \/ N
N P //‘ 2 [ ’// : 1 4
/a ) 10m | e //i,,//f/ 7 4 | Y ) :.. ‘ .
RI Beam Facto
\\
ZeroDegree CHI
spectrometer %
F10
A~ 140 F6 |—|7 iz
< = < >
Production and

Exp erlment Separation of RI beams Tagging of RI beams

Ist stage : 2nd stage Decay Stations
BigRIPS
1. RIKEN Nishina Center (RNC), RIBF (Radioactive Isotope Beam Factory).
2. EURICA Campaign, locate at F11 experimental hall.
3. NPI1112-RIBF87 “Shape evolution in neutron-rich A~140 nuclei beyond the doubly-magic

nucleus 132Sn”
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- Experiment

Lifetime detector

A~ 140
Experiment
P 1. 84 hexaconical HPGe crystals from GSI 1. Up to 8 DSSD layers, generally 5 DSSD

2. A cluster consists of 7 crystals, 12 layers
clusters 2. Imm thickness and 60X40 strips

3. Spherical structure surrounding 3. 20 keV threshold
WAS3ABI 4. 20 keV energy resolution

4. 1.99 keV at 1.3 MeV energy resolution 5. 100-200 pps maximum count rate

5. 51°,129°: 5 clusters for each / 90° : 2 6. Ion implantation and f-ray detect(f-ray

clusters tracking)
P.-A. Soderstrom et. al., Nucl. Inst. Meth. B 317, 649 (2013)
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- 140[, G-T transition between partner orbitals z/11/2vho
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B. Moon et. al., Phys. Rev. C 96,014325 (2017)

1. Energy suppression of 1+ states in 14T compared to 13¢I and SM calculations.
2. Opposite tendency and suppression of B(GT) of 1 states in 40T compared to SM calculations.
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Quasiparticle energy (MeV)
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Results on A ~ 140

- 140[, G-T transition between partner orbitals z/11/2vho

B. Moon et. al., Phys. Rev. C 96,014325 (2017)
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According to Nilsson model calculations, the
n[541]3/2v[541]1/2 forms the first 1+ state at &, ~

0.1.

The sum of branching ratio induced by the G-T
transition drastically decreases as a function of N-
Z, the 1sospin quantum number.

The strong suppression of B(GT) and energy of 1+
state may be induced by the neutron dominance
such as a neutron skin effect.
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- 140Te, Vibrator induced by neutron dominance
Tllz = 173(12) ms

51Ds9

2n
\
4T —903.6
442 .8
2T —460.8
O—i-v460'80
= 6803(28) keV 12 Tese 1. First measured half-life.
~_ 2. R=2.00, typical vibrator.

— 3;2::1@1371'1 3. Sn, Son probabilities.

S, = 4223(28) keV 139
(28) 39Tegr
(47) 848.2
425.3
(27) 422.9
422.9
0% 140 0
59 T€88 B. Moon et. al., Phys. Rev. C 95, 044322 (2017)
Nuclides Level log(ft)? Ig-* Observed y rays; I,,° Spin-parity
140Te 422.9(3) 6.03(13) 17(3)% 422.9(3); 100(16) 2T > 0t
848.2(3) 6.02(16) 14(4)% 425.3(3); 45(12) 4+ — 2%
139Te 271.1(2) 23(4)% 271.1(2); 74(13) 9/2= - 17/2~
18 Te 460.8(5) 2.0(8)% 460.8(5); 24(11) 2t — 0t

903.6(5) 5.6(2.3)% 442.8(5); 17(12) 4t — 2F
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Results on A ~ 140

- 140Te, Vibrator induced by neutron dominance

Sn Te Xe Ba Ce Nd SmGd Dy Er Yb

(a)
_ 2.5} , .
‘~ 1. Te isotopes have R value with
220 (4 : 2.0, the vibrator.
T | Z | 2. AR: R value difference between
E Lot ': two 1sotopes with same number
[ /““‘Eﬁ@@g : of neutron particles and holes
Lop CZERE T based on N = 82.
N ==z | 3. Only Te converges this value to
0.2} (b) —@— AR(86-78) | T
: —&— AR(84-80) | | 0.

4. Neutron dominance effect : Core

0.0}
| strongly bounds two valence
<.0.2 protons of Te.
| 5. Dominant effect induced by
'0‘4_' neutrons.
-0.6

50 52 54 56 58 60 62 64 66 68 70
Proton Number
B. Moon et. al., Phys. Rev. C 95, 044322 (2017)
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“of B Summary

Iodine and tellurium 1sotopes are important for not only the
nuclear structure but also the astrophysics.

In-beam experiment at ANU HIAF.

120] forms unique chiral doublet bands on 7h112vhi11/2

configuration and the non-collective oblate spin-trap 1somer at
the 25+ state.

Iodine 1sotopes near A = 120 show dynamic changes of their
shapes and core characteristics.

+ Decay experiment at RIBF, RIKEN.

- 140 shows the suppression of energies and B(GT) values of 1*
states caused by the neutron dominance effect.

Summary

1490Te confirms that Te 1sotopes behave as strong vibrators
induced by the neutron dominance effect.




Thank you!




