25 years of chirality in nucleli

Chirality and wobbling in nuclei from an
experimental perspective
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Chiral mode

Frauendorf & Meng, NPA 617, 1997

y = 30°

whyp!

C.P. et al, NPA 597, 1996
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Chiral Geometry m Nucle1

Mutually orthogonal coupling of three angular momenta
in odd-odd nuclei




History of chirality in nuclei - 1997

Theoretical paper (Frauendorf, Meng, Nucl. Phys. A 617):

Tilted rotation of triaxial nuclei (***Pr best candidate)

Abstract :

Conditions are discussed when the axis of rotation lies inside or outside the
principal planes of the triaxial density distribution. The planar solutions
represent Al=1 bands, whereas the aplanar solutions represent pairs of
identical Al=1 bands with the same parity. The two bands differ by the chirality
of the principal axes with respect to the angular momentum vector. The
transition from planar to chiral solutions is evident in both the quantal and the
mean field calculations. Its physical origin is discussed.



History of chirality in nuclei - 1996

Experimental paper on 3*Pr ( C. Petrache et al., Nucl. Phys. A 597)

° MOEL
ATP [DAAIT “r11/2[541]3/2 — vr11/2[514]9/2 doublet bands.

The difference of 2 h in the experimental alignment of the bands based on the
signature partners of the =n[541]3/2 orbital is discussed in terms of shape
coexistence and coupling with the y phonon, but no consistent interpretation could

be found.
R_., of the connecting transitions : 620 keV : 0.84(4) => 6 ~ -0.15
624 keV : 0.76(5) => 6 ~ -0.20
638 keV : 0.59(8) => 6 ~-0.35



History of chirality in nuclei - 2000

Theoretical paper (Dimitrov, Frauendorf, Donau, PRL 84)

Chirality of nuclear rotation ("**Pr best candidate)
Abstract :

It is shown that the rotating mean field of triaxial nuclei can break the chiral
symmetry. Two nearly degenerate Al=1 rotational bands originate from the left-
handed and right-handed solutions. The ™*Pr and '8|r were discussed.



History of chirality in nuclei - 2001

Experimental papers

- N=75 39Cs, 32La,®*Pr, **Pm (Starosta, Koike et al., PRL 86)
- N=73 '28Cs, 3%La,"3?Pr (Koike, Starosta, et al., PRC 63)



History of chirality in nuclei - 2006-2015

Experimental papers

- 34Pr (Tonev et al., PRL 96) — transition probabilities — chirality questioned

- ¥Pr (Petrache et al., PRL 96) — quadrupole moments — chirality questioned
- 128Cs (Grodner et al., PRL 97) — transition probabilities — chirality confirmed
- 1%Cs (Wang et al., PRC 74)

- '%Rh (Timar et al., PRCR 73)

- 103104Rh (Suzuki et al., PRCR 78) - lifetimes

- 3 Nd (Mukhopahyay et al., PRC 78, 2008) lifetimes — chiral doublets not confirmed
- 198T] (Lawrie et al., PRCR 78)

- 98T| (Lawrie et al., PRCR 78)

- %Br (Wang et al., PLB 703)

- 126Cs (Grodner et al., PLB 703) — chiral transition rules

- 34Pr (Timar et al., PRC 84, 2011) — high-spin bands, new chiral candidates



History of chirality in nuclei - 2016-2023

Experimental papers

- "®Br (Liu et al., PRL 116)

- 18Cs (Grodner et al., PRL 96) — g-factor — chiral only above a given spin
- 1"8In (Xu et al., PLB 768)

- 8'Kr (Mu et al., PLB 827)

- "®Br (Wu et al., PLB 833)

- 8Br (Guo et al., PLB 833)

- "®In (Xu et al., PLB 839)

Experimental and theoretical papers:1 o7



History of chirality in nuclei - 1996-2023

Experimental fingerprints :

- almost constant energy difference between partners
- similar intraband transitions probabilities

- similar single-particle alignments

- attenuated energy staggering

- B(M1) staggering (why only in Cs nuclei?)

- present in odd-odd, odd-A an even-even nuclei ("*°Nd, *®Nd)
Theoretical fingerprints :

- similar expectation values of the angular momenta

- similar spin aligned along two perpendicular axes

- near maximal triaxiality

- present only above a critical frequency

- degeneracy over a limited spin range



Chiral bands on the
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25 Anniversary of chiral bands

> N S
§ 65 67 69 70 71 73 75 76 77 78
a w0l ™Eu | [ og, ]
sk 4 L 4
> | ’.
|_|=J 10p ™ Pm | Py ) NEW
NEW/|| "°Nd b ]
A 1ﬁ [ 139N g 33“%? [ 13! ¥
59 10k Pr 134py 412 20 28
sk
y4 '3Ba || NEW
s DN o "Nd || NEW
5 -ﬁy L
—r—y—T -
57 wh™®La W ™a J"™La JL™La ¥La 133L
Sl B 17
10 '22.Cs' ] 12"'63' .”‘;Cs' .. .”';Cs' L%cs ] ."';CS'
95 5 q L I . [ ]
10E- 12 £U £00 12 20 2 i 1£ 20 £ .12:;| ¥ :4 12 20 28 4 12 20 28
83 . [ &d,-‘ . N .
0 . Aﬁ.

4 12 20 28 4 12 20 28 4 12 20 28

Spin | [#]

B.W. Xiong, Y.Y. Wang, ADNDT 125 (2018) 193: Nuclear chiral bands data tables




JUROGAM Il + RITU, *Ar+*°Mo

20 pnA 1 week (October 2016)
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stable maximal triaxialit

Ultimate chirality under best conditions:

at high spins
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E(1)-0.008*I(1+1) (MeV)

Multi-j PTRM calculations for *°Nd

Q. B. Chen, B.F. Lv, C.M. Petrache, J. Meng, PLB 782 (2018) 744
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9N d — chiral doublet D5

Numerical details
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TPSM calculations for the 5 chiral bands of ™°Nd
Y.K. Wang et al, PRC 99 (2019) 054303

Azimuthal plots : probability
distribution of angular momenta

low spin
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Chirality in odd-even nuclei:

3-gp (°&v™ or ;t'av™) configurations




B.F. Lv, C.M. Petrache, Q.B. Chen et al.

PRC 103, 019901 (2021)
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Evidence for pseudospin-chiral quartet bands in the presence of
octupole correlations

S. Guo®P*, C.M. Petrache ©*, D. Mengoni %-¢, Y.H. Qiang?, Y.P. Wang, Y.Y. Wang ',

J. Meng "¢, YK. Wang', S.Q. Zhang', PW. Zhao', A. Astier¢, J.G. Wang®", H.L. Fan?,

E. Dupont¢, B.F. Lv¢, D. Bazzacco %€, A. Boso %€, A. Goasduff®¢, F. Recchia ¢-¢, D. Testov ¢-¢,
F. Galtarossa ™!, G. Jaworski”, D.R. Napoli ", S. Riccetto”, M. Siciliano ",

JJ. Valiente-Dobon ", M.L. Liu®", G.S. Li*:", X H. Zhou®", Y.H. Zhang ", C. Andreoiu’,

F.H. Garcia’, K. Ortner’, K. Whitmore!, A. Atac-Nyberg¥, T. Bick X, B. Cederwall ¥,

E.A. Lawrie "™, I. Kuti®, D. Sohler"”, T. Marchlewski®, J. Srebrny ©, A. Tucholski° i
Physics Letters B 807 (2020) 135572 ) Chiral bands
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Selection rules of electromagnetic

transitions for chirality-parity violation in :

. . Science Bulletin
atomic nuclei

Volume 65, Issue 23, 15 December 2020, Pages 2001-2006

Yuanyuan Wang 2, Xinhui Wu ?, Shuangquan Zhang & =, Pengwei Zhao ?, Jie Meng ® & ¢ & =

New quantum numbers

Multiple chiral doublet bands with octupole correlations in
reflection-asymmetric triaxial particle rotor model

YY. Wang (£ 8% #%)?, S.Q. Zhang (M 42)>, PW. Zhao (M8 48)D, ], Meng (i 7%) b2+

Chiture 4, similar to signature R

Chiplex B=AP, similar to simplex S=R(x)P

Physics Letters B 792 (2019) 454-460
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Conclusions, perspectives
on chiralit

— Discovery of chiral rotation in even-even nuclei
""*Nd — bands based on 4qgp an 6gp configurations.

— Need of precise and complete experimental data
(intensities, angular correlations, lifetimes)

— Search for chiral doublets in other mass regions




Wobbling mode
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Wobbling bands: questions, new
achievements and perspectives

1975, Bohr-Mottelson, Chapter 4, Ia+n ( 1)
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Reported wobbling bands
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week endin

PRL 114, 082501 (2013) PHYSICAL REVIEW LETTERS 27 FEBRUARY 2015

February 2015 Transverse Wobbling in *Pr

135|:)r

I.T. Matta, U. Garg, W. Li, 5. Fravendorf, A.D. A}rangeakaa,f D. Patel, and K. W. Schlax

C. M. Petrache
Cenire de Sciences Nucléaires et Sciences de la Matiére, Université Paris—Sud and CNRS/AN2ZP3, F-91405 Orsay, France
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November 2015

PHYSICAL REVIEW C 92, 054325 (2015)

Negative-parity high-spin states and a possible magnetic rotation band in 33°Prog

Ritika Garg,"-”" S. Kumar.! Mansi Saxena,' Savi Goyal,' Davinder Siwal,' Sunil Kalkal,® S. Verma,' R. Singh.*
S. C. Pancholi,” R. Palit.” Deepika Choudhury.® S. S. Ghugre,” G. Mukherjee.® R. Kumar,” R. P. Singh.”
S. Muralithar.? R. K. Bhowmik.? and S. Mandal!

(Recetved 26 August 2015; published 30 November 2015)
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Experimental evidence against wobbling interpretation

 /
.0

Experimental results

1-phonon wobbling
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450.2 -007t,  049(4) | -03171 J. T. Matta, U. Garg, W. Li, et al., Phys. Rev. Lett. 114, 082501 (2015).
Sensharma, U. Garg, S. Zhu et al., Phys. Lett. B 792, 170 (2019).

B.F. Lv et al., PLB 824 (2022)136840




Theoretical evidence against wobbling interpretation

:0 Discussion: Quasiparticle plus-triaxial-rotor calculations

QTR calculations: E. Lawrie, iThemba LABS, South Africa
In the present QTR calculations:

(i) Does not use the frozen approximation of the particle
angular momentum.

(i) Does not modify the relative magnitude of the irrotational-
flow moments of inertia.

(iif) The single-particle degrees of freedom were considered,
allowing effects such as Coriolis alignment of the valence
nucleon, as well as single-particle excitations.

Physics Letters B 824 (2022) 136840

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb
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» Excitation energies, mixing ratio, and
B(E2),,/B(E2);, were well reproduced by
QTR calculations.

» The nearly complete parallel orientation of the
single-particle and the total angular momenta.
In contradiction with transverse wobbling

)
Evidence against the wobbling nature of low-spin bands in *Pr ) geometry:
B.E. Lv®P, CM. Petrache "*, E.A. Lawrie ¢, S. Guo ¢, A. Astier”, KK. Zheng®", HJ. Ong?€, - .
J.G. Wang *¢, X H. Zhou®€, ZY. Sun®¢, PT. Greenlees!, H. Badran!, T. Calverley ¢, AT Matta, u. Garg, W. LI, et aI., Phys Rev. Lett. 114, 082501 (201 5)
D.M. Cox ", T. Grahn', J. Hilton "%, R. Julin', S. Juutinen', J. Konki"', J. Pakarinen, Sensharma, u. Garg, S. Zhu et ai_, PhyS. Lett. B 792, 170 (2019)
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Problems with experimental results
for low-spin 1-gp bands

Not easy to extract convincing mixing ratios from

angular distributions of transitions with 10%

Polarization asymmetry has very large errors for
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Wobbling of low-spin 1-gp bands is

qguestionable : the rotation axis is not fixed,
high-spin condition not fulfilled!

PHYSICAL REVIEW C 101, 034306 (2020)

Tilted precession and wobbling in triaxial nuclei

E. A. Lawrie®,"" O. Shirinda®,"" and C. M. Petrache ®**

Revolving toward the medium axis
No stable transverse geometry !!!

The wobbling approximation is valid if the rotational an-
gular momenta around the two axes with lower Mol is small
[16]:
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Conclusions on low-spin wobbling

» Experimental evidence against low-spin wobbling: the interband
transitions have predominant M1 nature, not E2.

» The high-spin approximation of Bohr and Mottelson is not realized, which
implies that the wobbling harmonic approximation is not adequate.

»The Coriolis force induces a rapid alignment of the particle angular
momentum along that of the core.

» Other models, like IBFM, which consistently account for the y-softness of
the core, describe better the yrare low-spin bands.

» One should extend, generalize the concept of wobbling as proposed by Bohr and
Mottelson, to something like «universal nuclear wobbling», by a consistent treatment
of the anharmonicities, to account for predominantly M1 interband transitions.




CDFT calculations

Evidence for wobbling in 2gqp bands
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[Microscopic investigation on the existence of transverse wobbling under the effect of rotational
alignment: the '**Nd case
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Evidence for wobbling interpretation of 2gp bands

PHYSICAL REVIEW C 106, 014313 (2022) |

Collective Hamiltonian+2qp in frozen orthogonal geometry

Beyond the harmonic approximation description of wobbling excitations
in even-even nuclei with frozen alignments
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Conclusions on wobbling
interpretation outside the A=160
mass region

- high-spin 2qp bands: YES
- low-spin 1gp bands: NO
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Thank you !
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