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Skyrme-QRPA for monopole
modes of excitation

A role of nuclear deformation

K. Yoshida (Kyoto U.)



Giant resonances: collective modes of surface vibration

classical and intuitive picture
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strongly excited by a one-body operator, exhaust a sum-rule value
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rich variety of modes depending on AL, AS, AT, and AN.
affected by many-body correlations (deformation and superfluidity)



Giant Monopole Resonance (GMR)
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Deformation splitting?
Yoshida—Nakatsukasa ('11)
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GMR in the Sm isotopes

Yoshida—Nakatsukasa ('13)
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GMR in the Sm isotopes
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GMR in the Sm isotopes

Yoshida—Nakatsukasa ('13)

8 + SkKM* -
L= MeY deformation splitting
_ | 5
s 6 |
- 4 F 4
O;E L Py I ¢ 154Sm
2 > I 1529m
X o 3
= 4 % \ 4 150§ m
& q 2f 148Sm
z - < |
g | 148 1F
< +2
9 L — i
|—2_ 146 o-—-——
< O 005 0.1 0.15 0.2 025 0.3
| | p
- < N£82
O i | | | | | | |

10 12 14 16 18 20
Excitation energy (MeV)



GMR in the Sm isotopes Yoshida—-Nakatsukasa (’13)

Ratio of EWS
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larger strengths in the lower peak
in a strongly-deformed nucleus
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stronger coupling between GMR and GQR
as deformation increases
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Coupling between GMR and GQR
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Deformation splitting of the GQR

Strength (fm*/MeV)
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Coupling at the static level

Yoshida (’21)
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Deformation effect on GMR in light nuclei: universality
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Deformation splitting in a light nucleus

Physics Letters B 748 (2015) 343-346

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Splitting of ISGMR strength in the light-mass nucleus *Mg due
to ground-state deformation

Y.K. Gupta®!, U. Garg?, ].T. Matta?, D. Patel?, T. Peach?, ]. Hoffman ®2, K. Yoshida "¢,
M. Itoh &3, M. Fujiwara ¢, K. Hara¢, H. Hashimoto ¢, K. Nakanishi ¢, M. Yosoi ¢,

H. Sakaguchi®, S. Terashima®, S. Kishi®¢, T. Murakami ¢, M. Uchida®*, Y. Yasuda®¢,
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First observation of the splitting of GMR strengths in a light system

universal feature in deformed nuclei

background-free high-resolution experiment @RCNP
parameter-free nuclear DFT calculation
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Strengths: missing in the QRPA
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QRPA misses some states around 10-15 MeV

beyond QRPA? clustering degree of freedom?



Coupling between AL =2

Yoshida—-Nakatsukasa ("13)
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Large deformation of neutron-rich Zr isotopes
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GMR in deformed neutron-rich nuclei
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Isovector (IV)-GMR in deformed nuclei
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Isovector (IV)-GMR in deformed nuclei
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Summary

Deformation effect in GMR studied by nuclear DFT

appearance of the deformation splitting

coupling to the K=0 component of the GQR
deformation splitting of the GQR (K=0,1,2)
taking place at the mean-field level

stronger coupling in well-deformed nuclei
universal in medium-mass and light nuclei, as well as in n-rich nuclei

universal in IS and IV excitations

Coupling between the K=0 component of the dip. and oct. giant resonances
(if the parity is a good quantum number)
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