
 

First Observation of Multiple Transverse Wobbling Bands of Different Kinds in 183Au
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We report the first observation of two wobbling bands in 183Au, both of which were interpreted as the
transverse wobbling (TW) band but with different behavior of their wobbling energies as a function of spin.
It increases (decreases) with spin for the positive (negative) parity configuration. The crucial evidence for
the wobbling nature of the bands, dominance of the E2 component in the ΔI ¼ 1 transitions between the
partner bands, is provided by the simultaneous measurements of directional correlation from the oriented
states ratio and the linear polarization of the γ rays. Particle rotor model calculations with triaxial
deformation reproduce the experimental data well. A value of spin, Im, has been determined for the
observed TW bands below which the wobbling energy increases and above which it decreases with spin.
The nucleus 183Au is, so far, the only nucleus in which both the increasing and the decreasing parts are
observed and thus gives the experimental evidence of the complete transverse wobbling phenomenon.

DOI: 10.1103/PhysRevLett.125.132501

Nuclear wobbling excitation is a manifestation of
nonaxial nuclear shape, which was first discussed by
Bohr and Mottelson [1]. The nonaxial (triaxial) nuclear
shape appears due to the unequal nuclear mass distribu-
tion along the three principal axes and implies three
unequal moments of inertia about the three principal axes.
A triaxially deformed nucleus always tries to rotate around
the medium (m) axis having the largest moment of inertia
but the presence of the rotations around the other two axes,
i.e., short (s) and long (l), generates a precession of the
medium axis rotation about the space-fixed angular
momentum axis, similar to the classical wobbling motion
of an asymmetric top [2]. The energy spectrum of this
excitation is given by [1]:

E ¼ Erot þ ðnw þ 1=2Þℏωwob

where, the term Erot, corresponds to the rotation about the
medium axis while nw is the wobbling quanta and ωwob is
the wobbling frequency with wobbling energy Ewob ¼
ℏωwob. This generates a series of rotational bands with
different nw.

This exotic excitation has been observed only in a few
odd-A nuclei [3–13]. In case of the odd-A nuclei, the odd
particle in high-j orbital couples with a triaxial core and
modifies the wobbling motion. Depending on the coupling
of the odd particle, two types of wobbling bands can be
observed: longitudinal wobbling (LW) and transverse
wobbling (TW) [14]. In LW, the angular momentum of
the odd particle aligns along the medium axis while in TW,
it aligns along one of the perpendicular axes (short or long).
An extensive theoretical description of the wobbling

motion has been given by Frauendorf and Dönau [14] in
terms of a quasiparticle triaxial rotor model. Analytical
expression for ℏωwob has been derived with the assumption
of “frozen alignment” and harmonic oscillation (HFA). It
was shown that Ewob increases as a function of angular
momentum (I) in case of LW which has been recently
observed experimentally in 133La [10] and 187Au [12].
However, in case of TW, the variation of Ewob is highly
dependent on the values of the moments of inertia, J m, J s,
and J l along the medium, short, and long axes, respec-
tively, of the triaxial core. In general, Ewob decreases with I.
But in a situation where J m is slightly larger than J s and

PHYSICAL REVIEW LETTERS 125, 132501 (2020)

0031-9007=20=125(13)=132501(6) 132501-1 © 2020 American Physical Society

https://orcid.org/0000-0003-0574-8467
https://orcid.org/0000-0003-0457-4012
https://orcid.org/0000-0001-5159-4468
https://orcid.org/0000-0003-4627-4368
https://orcid.org/0000-0001-6969-0458
https://orcid.org/0000-0003-0681-4382
https://orcid.org/0000-0001-6192-4280
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevLett.125.132501&domain=pdf&date_stamp=2020-09-25
https://doi.org/10.1103/PhysRevLett.125.132501
https://doi.org/10.1103/PhysRevLett.125.132501
https://doi.org/10.1103/PhysRevLett.125.132501
https://doi.org/10.1103/PhysRevLett.125.132501


[14] S. Frauendorf and F. Dönau, Phys. Rev. C 89, 014322
(2014).

[15] S. Das et al., Nucl. Instrum. Methods Phys. Res., Sect. A
893, 138 (2018).

[16] D. C. Radford, Nucl. Instrum. Methods Phys. Res., Sect. A
361, 297 (1995).

[17] W. F. Mueller et al., Phys. Rev. C 59, 2009 (1999).
[18] L. T. Song et al., Phys. Rev. C 71, 017302 (2005).
[19] https://www-nds.iaea.org/public/ensdf_pgm/.
[20] A. Krämer-Flecken, T. Morek, R. M. Lieder, W. Gast, G.

Hebbinghaus, H. M. Jäger, and W. Urban, Nucl. Instrum.
Methods Phys. Res., Sect. A 275, 333 (1989).

[21] K. Starosta et al., Nucl. Instrum. Methods Phys. Res., Sect.
A 423, 16 (1999).

[22] C. Droste, S. G. Rohoziński, K. Starosta, T. Morek, J.
Srebrny, and P. Magierski, Nucl. Instrum. Methods Phys.
Res., Sect. A 378, 518 (1996).

[23] R. Banik, S. Bhattacharyya, S. Biswas, S. Bhattacharya, G.
Mukherjee et al., Phys. Rev. C 101, 044306 (2020).

[24] S. Nandi, G. Mukherjee, T. Roy, R. Banik, A. Dhal et al.,
Phys. Rev. C 99, 054312 (2019).

[25] I. Hamamoto, Phys. Rev. C 65, 044305 (2002).
[26] W. X. Shi and Q. B. Chen, Chin. Phys. C 39, 054105 (2015).
[27] E. Streck, Q. B. Chen, N. Kaiser, and U.-G. Meißner, Phys.

Rev. C 98, 044314 (2018).
[28] Q. B. Chen, S. Frauendorf, and C. M. Petrache, Phys. Rev. C

100, 061301(R) (2019).
[29] Relativistic Density Functional for Nuclear Structure,

edited by J. Meng, International Review of Nuclear Physics
Vol. 10 (World Scientific, Singapore, 2016).

[30] J. Meng, J. Peng, S. Q. Zhang, and S.-G. Zhou, Phys. Rev. C
73, 037303 (2006).

[31] P. W. Zhao, Z. P. Li, J. M. Yao, and J. Meng, Phys. Rev. C
82, 054319 (2010).

[32] P. Joshi, A. Kumar, G. Mukherjee, R. P. Singh, S.
Muralithar, U. Garg, R. K. Bhowmik, and I. M. Govil,
Phys. Rev. C 66, 044306 (2002).

[33] S. Frauendorf and F. Dönau, Phys. Rev. C 92, 064306
(2015).

[34] A. D. Ayangekaa, U. Garg, M. D. Anthony, S. Frauendorf,
J. T. Matta et al., Phys. Rev. Lett. 110, 172504 (2013).

[35] T. Roy et al., Phys. Lett. B 782, 768 (2018).

PHYSICAL REVIEW LETTERS 125, 132501 (2020)

132501-6

https://doi.org/10.1103/PhysRevC.89.014322
https://doi.org/10.1103/PhysRevC.89.014322
https://doi.org/10.1016/j.nima.2018.03.035
https://doi.org/10.1016/j.nima.2018.03.035
https://doi.org/10.1016/0168-9002(95)00183-2
https://doi.org/10.1016/0168-9002(95)00183-2
https://doi.org/10.1103/PhysRevC.59.2009
https://doi.org/10.1103/PhysRevC.71.017302
https://www-nds.iaea.org/public/ensdf_pgm/
https://www-nds.iaea.org/public/ensdf_pgm/
https://www-nds.iaea.org/public/ensdf_pgm/
https://doi.org/10.1016/0168-9002(89)90706-7
https://doi.org/10.1016/0168-9002(89)90706-7
https://doi.org/10.1016/S0168-9002(98)01220-0
https://doi.org/10.1016/S0168-9002(98)01220-0
https://doi.org/10.1016/0168-9002(96)00426-3
https://doi.org/10.1016/0168-9002(96)00426-3
https://doi.org/10.1103/PhysRevC.101.044306
https://doi.org/10.1103/PhysRevC.99.054312
https://doi.org/10.1103/PhysRevC.65.044305
https://doi.org/10.1088/1674-1137/39/5/054105
https://doi.org/10.1103/PhysRevC.98.044314
https://doi.org/10.1103/PhysRevC.98.044314
https://doi.org/10.1103/PhysRevC.100.061301
https://doi.org/10.1103/PhysRevC.100.061301
https://doi.org/10.1103/PhysRevC.73.037303
https://doi.org/10.1103/PhysRevC.73.037303
https://doi.org/10.1103/PhysRevC.82.054319
https://doi.org/10.1103/PhysRevC.82.054319
https://doi.org/10.1103/PhysRevC.66.044306
https://doi.org/10.1103/PhysRevC.92.064306
https://doi.org/10.1103/PhysRevC.92.064306
https://doi.org/10.1103/PhysRevLett.110.172504
https://doi.org/10.1016/j.physletb.2018.06.033


10/4/23, 10:48 PM Gmail - experiment at VECC

https://mail.google.com/mail/u/0/?ik=2ebfc720b8&view=pt&search=all&permthid=thread-f:1683863636650043906&simpl=msg-f:16838636366500439… 1/1

shinjinee dasgupta <shinjinee14@gmail.com>

experiment at VECC
2 messages

Sarmishtha Bhattacharya <sarmi@vecc.gov.in> Fri, Nov 20, 2020 at 1:01 PM
To: Shinjinee Dasgupta <shinjinee14@gmail.com>, subhphy@gmail.com, Ranabir Banik <ranabir.banik@vecc.gov.in>, Sajad
Ali <sajadali113@gmail.com>
Cc: Soumik Bhattacharya <soumik@vecc.gov.in>, Shabir Dar <phy.shabir@gmail.com>

Dear Shinjinee, Subhendu, Ranabir and Sajad

Hope you all are keeping well.

We have started setup at VECC for few experiments. 
From VECC, we have two experiments:

1. For PhD thesis of our student Shabir: "Search for signature partner bands based on g7/2 in 115Sb"

2. Expt of Soumik: "Effect of high-j orbitals towards the triaxiality in 199Hg"

We would like you to be present and collaborate in both the experiments. 

We will let you know the exact schedule. 
tentatively, we will start testing of detectors, DAQ etc. next week and 
actual run probably from 1st week of December. 

Regards
Sarmishtha and Soumik.

shinjinee dasgupta <shinjinee14@gmail.com> Fri, Nov 20, 2020 at 1:13 PM
To: Sarmishtha Bhattacharya <sarmi@vecc.gov.in>

Dear Sarmishthadi,

 Great News. Will be present during the experiments.

Regards,
 Shinjinee
[Quoted text hidden]


