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Nuclear spin-chirality

The aplanar (3D-) rotation of a triaxial nucleus could present chiral geometry.
Frauendorf and Meng NPA 1997
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Nuclear spin-chirality

The aplanar (3D-) rotation of a triaxial nucleus could present chiral geometry.
Frauendorf and Meng NPA 1997

Intrinsic frame:

Chiral Symmetry breaking
X =TRy(r)
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Observed chiral nuclel

More than 45 candidate chiral nuclei have been reported in the A~80, 100, 130, and
190 mass regions, so far. Xiong and Wang arXiv:1804.04437
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Multiple spin-chirality?  a manifestation of Triaxial Shape Coexistence

having more than one pair of chiral bands in a single nucleus ?




Predictions of multiple spin-chirality

Covariant DFT on a static mean field: no cranking

Meng, Peng, Zhang, Zhou PRC 2006

—1 1 rrrrprtorrp T p TP T T T ] H
_ - - ' ™ X VI’L
898 = A: (0.27,24.7")  E:(0.36, 11 9} ] Config. A 99/2 11/2
_ - B: (0.25,23.3") F:(0.41, 8.8" z - 1
599 : C:(0.30,22.9")  G:(0.42, 4.0") : Sl i 7T99/2 8 yh11/2 (9d)
—900 F D: (0.22, 30.8") -
> - -
¥ 901 - i -
= = . Two requirements of chirality:
= 902 5 E 1. strong triaxial deformation
—903 | - 2. high-j particle(s) and hole(s)
~904 F E
- (a) :
[N T T T T I T T S O O O R B
01 02 03 04 05 06  Apossible multi-chirality candidate
3

The investigation followed by:
® Prediction for other odd-odd Rh isotopes: Peng et al., PRC 2008
e (Confirmed with time-odd fields included: Yao et al., PRC 2009
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Possible candidates in 105Rh

Alcantara-Nunez, et al., PRC 2004
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Possible candidates in 105Rh
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Alcantara-Nunez, et al., PRC 2004
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Multiple chiral doublet bands in 133Ce

Two distinct sets of chiral-partner bands have been identified. @ Ayangeakaa et al., PRL 2013
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Multiple chiral doublet bands in 135Nd

Petrache PRC 97, 041304(R) (2018)

D5
8.43
049 5o
L1 D2-chiral
D5-chiral 28" 1368 o6+ (0.15) D2
- (1.9) 1 27 (1.88)
7+ - .
: 1306 —427° 599 +
D4-chiral D4 1492 26+ 1167 26
(0.6) (2.85) __26* 1372 . ‘
D3 : e 26 Jobo 453 o 672
. 25+
(255) e s s\ (e | —jee 136 510
24 — o 631 e Tk b }_é Nd 24+ 1168 60
. 1181 | 24t
. 555 |24+ 1260 567 447
0.21 237§ 1060 519 409 23*
- _| 542 1069 23, 1200 526 .
22 22__ 20~ \ 510 . o 992 \ 1030 )723‘ _£¢ D1-Ch|l'a| D1 1229 ‘
p— 1031 520 _ 1050 \' 998 [ oo1 y4220 1144 504 (0.22) (1 73) L 1198
21~ 21 | 4e8 428 \ 22 f o967 \ \ 21t 4 ‘“6
989 _ 449 1060 \=+—f 933 21*, " 812 671 463 1269 1170 381
20 20 20 \ 445 | L\ 892 21+ 613 \ 20"
\\ 872 ) 1200 . %5 20* |672 b 19+ 19+ 1120
19-%% 495 |l19-19- 1922 427 19+ | 330 % 20t % 818 — \ i
- . LI | A
961 L‘i_\ \&_( 863 _:_281 61118_ 1061 368 X 1g+ 1045 - 594 619 385 409 .
18-| 466 945 \ g1a?3 |1g- - \ 733 Ty H9° N1 504 ; ¢ 18
1021 + 1164 + 3%
045 434 447 402'\ 389 \ 1874 39 628 17- 174 1019 485 47+ 4?091£ J 21 1g¢
\ LEAR S R S £ 97s, 516 283 17*1330 18+ 16 L7 432 736 1 118
16_ 345 594 370 332 357 _ 16*1232 412+ —_— ‘o7 16 N2 6+ 16 515‘ /
449 249 15 3:23 224 /15_ 309 o 180 ‘579910“7 14~ 556 1292
‘— 200 383 339 275 230 14~ 157 1079 1302
183 Y413 16+ . 995
520 292 1222 1660 1480 - 14~ 13 1068 716 13+
12 1185 923 ¢ 1032 1083 989 | | p 147 '
1353 883 1071 845 989 —4Z / /
1029 1 - 14+ 1373 1006 gs2 ) /980 942
a1 -
785 746 oo a2 12- 113 904 | 13*/ 1234 /1065 /
GSB  “fro .| 4% s lho- /]
11 =
——! 772 718
\ 3.10* 3,358 110~ o-| 465 s02 10*
a0 \ '35 T 305 B 37 o ol
g+ & 663 308 /501 183 8 7-]1 316564 |/
I-’__'— 27%— 2'48 6~
Experiment: O
R s i iy a7 Xperiment. vrsay
iﬁ* [ /
770 1060 - EEm
g Theory: Beijing
602
. X
374 o+

Five candidates for chiral bands are identified




Octupole Correlations in Multiple Chiral Doublet Bands

Chiral bands in octupole soft nuclei Liu et al, PRL 2016
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Multi-dimensional CDFT
Lv, Zhao, Zhou, PRC (2012)




Theoretical tools for nuclear chirality

® Particle Core Coupling
(lab frame, phenomenological, quantal, with quantum tunneling)

» Triaxial Particle Rotor Model (TPRM)

Frauendorf and Meng NPA(1997); Peng et al PRC(2003); Koike et al PRL(2004), Zhang et al
PRC(2007); Lawrie et al PRC (2008); Qi et al PLB(2009)

» Core-quasiparticle coupling model  Starosta et al PRC(2002); Koike et al PRC(2003)
» Interacting Boson Fermion Fermion Model S. Brant et al PRC (2004), PRC (2008), Tonev et al PRL(2006)

® Tilted axis cranking mean-field
(intrinsic frame, microscopic, semi-classical, no quantum tunneling)
» Single-j model Frauendorf and Meng NPA(1997)
» Hybird Woods-Saxon and Nilsson model Dimitrov et al PRL(2000)
» Non-relativistic Skyrme DFT Olbratowski et al PRL(2004), PRC(2006)
» Covariant DFT Madokoro et al PRC(2000); PWZ PLB (2017)

® Shell-model
» Pair Truncated Shell Model K. Higashiyama et al, PRC(2005)
» Projected Shell Model F. Q. Chen etal., PRC (2017)

» Shell-model N. Shimizu’ talk
O 10/24



TPRM for multi-chirality

Calculations based on a combination of the triaxial CDFT and the PRM
Ayangeakaa et al., PRL 2013
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TAC for multi-chirality

Calculations based on the tilted axis cranking CDFT and beyond...

An on going project ...

Deformations
TAC-CDFT el el Beyond the rotating mean-field
Energy Spectra
EM transitions 2D Collective Hamiltonian
A
Self-consistent Quantum fluctuations




TAC for multi-chirality

Calculations based on the tilted axis cranking CDFT and beyond...

An on going project ...

Deformations

TAC-CDFT el el Beyond the rotating mean-field
Energy Spectra

EM transitions 2D Collective Hamiltonian

Self-consistent Quantum fluctuations

In the present talk

PWZ, PLB 773, 1 (2017)




TAC for multi-chirality

Calculations based on the tilted axis cranking CDFT and beyond...

An on going project ...

'-------------------

Deformations
TAC-CDFT Configurations

Energy Spectra

EM transitions

Beyond the rotating mean-field

2D Collective Hamiltonian

Self-consistent Quantum fluctuations

available based on a single | model

In the present talk

PWZ, PLB 773, 1 (2017) Chen, Zhang, PWZ, Jolos, Meng,

PRC 87, 024314 (2013)
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® Tilted axis cranking covariant DFT
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Tilted axis cranking CDFT

(The cranking mean-field model has been very successful for rotations )

Meson exchange version:

3-D Cranking: mMadokoro, Meng, Matsuzaki, Yamaji, PRC 62, 061301 (2000)
2-D Cranking: Peng, Meng, Ring, Zhang, PRC 78, 024313 (2008) J

Point-coupling version:

Simple and more suitable for systematic investigations intermediate

2-D Cranking: PWz, zhang, Peng, Liang, Ring, Meng, PLB 699, 181 (2011)

2-D Cranking + Pairing: PWZ, Zhang, Meng, PRC 92, 034319 (2015)
3-D Cranking: PWz, PLB 773, 1 (2017)
3-D Cranking + Pairing: PWz, in preparation

Self-consistent and microscopic investigations

> full account of polarization effects
» self-consistent treatment of the nuclear currents

» no additional parameter beyond a well-determined functional




Cranking Relativistic Kohn-Sham Equation

Dirac Equation
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Consistent treatment for time-odd fields from nuclear currents

PWZ, Zhang, Peng, Liang, Ring, Meng, PLB 699, 181 (2011)




Cranking Relativistic Kohn-Sham Equation

Dirac Equation coriolis term  Time-odd mean fields
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Cranking Relativistic Kohn-Sham Equation

Dirac Equation coriolis term  Time-odd mean fields
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Magnetic Rotation in 60N
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Configurations

Config. A
Config. B

CDFT: no cranking
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Aplanar rotation in Rh-106

PWZ PLB 773 (2017) 1-5
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The 1st pair of chiral bands

PWZ PLB 773 (2017) 1-5
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The 2nd pair of chiral bands?

PWZ PLB 773 (2017) 1-5
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The tunneling between the left and the right-handed
sectors could be substantial.

A strong degeneracy of the chiral twin bands is not
expected.
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Summary

Covariant density functional theory has been extended for describing
nuclear multiple chirality.

> The first DFT description of the multiple chiral bands has been presented.

> Two distinct sets of chiral solutions have been uncovered in the nucleus

106Rh, and a transition between planar and chiral rotation has been found for

both configurations.

> The calculated energy spectrum and B(M1)/B(E2) ratios for the negative-

parity band are in good agreement with the corresponding experimental data.

> Experiments on the other predicted positive-parity chiral bands are welcome,

and a strong degeneracy is not expected due to the soft Routhians.




Collaborations

Feljlng M”“iCh_ Notre Dame
Qibo Chen Peter Ring Umesh Garg
Jie Meng

Shuangquan Zhang

and many other experimentalists...

Thank you for your attention!






