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Spin and isospin responses in nuclei:
roles of deformation and neutron excess

Kenichi Yoshida, RCNP



Giant resonances: collective mode of surface vibration

classical and intuitive picture
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[=2: Giant Quadrupole Resonance (GQR)
[=3: High Energy Octupole Resonance (HEOR)

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

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

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

Ratio of EWS
K, [MeV] higher/lower
=031 217 1.9
=029 201 3.2

larger strengths in the lower peak
in a strongly-deformed nucleus

Strength (fm4/MeV)

stronger coupling between GMR and GQR
as deformation increases

splitting energy
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Coupling between GMR and GQR

monopole

quadrupole

Strength (fm*/MeV)

30002
25002
20002
15002
1ooof

500 |

3000
2500
2000
1500
1000

500 F

1545 M

O_.

10

5
£ 0
Ny

5

10

15

(a)

neutrons

)

protons

transition density
5pA(7) = (¥, v (Fyp(r) ¥o)

(C)

neutrons

(d)

protons

(fm=)
0.0015

0.001

0.0005

0

-0.0005

-0.001

0 5 10

-0.0015
15



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®¢,

H. Akimune !, T. Kawabata®°, M.N. Harakeh"

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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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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GMR in deformed neutron-rich nuclei
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IV GMR and GQR in V = Z deformed nuclei Yoshida('21)
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The shape of distributions are similarforu = 0, £ 1
degeneracy of isotriplet states
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The present self-consistent cal. agrees well with this estimation.

The K-splitting for IVGQR is similar to that for ISGQR.



IV GMR and GQR |n N Z deformed nuclei
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Isovector (IV)-GMR in deformed nuclei
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Isovector (IV)-GMR in deformed nuclei
Yoshida ('21) O = Jd;')rzYO(f')l//T(l_;T)(T 7., THy(rt)

emergence of
deformation “splitting”
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Isovector (IV)-GMR in deformed nuclei

coupling of IVGMR and K=0 component of IVGQR in the strengths
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IV dipole excitation: Kand AT’ splittings
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Deformation effects in IV excitations for 7,

Yoshida(’20)
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Deformation effects in IV excitations for 7,

Yoshida(’20)
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Deformation effects in spin-dipole excitations
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Deformation effects in spin-dipole excitations
Sum rule:
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Gamow-Teller and spin M
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Gamow-Teller and spin M1: K and AT, splittings
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Gamow-Teller and spin M1: K and AT, splittings
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Evolution of collectivity of GT/spin-M1 excitations

Sum-rule-based approach for the systematic investigation

Isovector magnetic susceptibility Yoshida ("21)
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Response function and static susceptibility
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Systematics: isovector spin-M1 in Ca isotopes

moments:
isotopic evolution of collectivity of spin-M1

shell effect
effect of the RPA correlations clearly seeninm_
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Magnetic property: isovector spin susceptibility in Ca isotopes

stronger collectivity: J, orbital is occupied

(sub)-shell effect at N=40
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Magnetic susceptibility as evidence of spin-triplet pairing

A. J. Legett, PRL14 ,536 (1965)
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Isovector magnetic susceptibility for the spin-triplet pairing
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repulsive spin-spin int.  attractive int.

In the actual calculations (based on the mean-Xeld aprrox.),
it is not so obvious to see the effect of the S=1 pairing



Summary
DFT approach for nuclear responses: revealing various properties of nuclear structure

 nuclear deformation effect
well establish for IVGDR, and well known for ISGMR

coupling between the monopole
and the K=0 quadrupole

universal for IVGDR with charge exchange
as well as for IVGMR

cannot be seen in GT/spin-M1

complicated in spin-dipole excitations

e spin susceptibility
the systematic trend in the collectivity of the spin excitation, spin fluctuation (s
spin-triplet pairing: needs more work
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Neutral channel: isovector spin-M1
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Neutral channel: isovector spin-M1
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Charge-exchange channel: Gamow-Teller
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Charge-exchange channel: Gamow-Teller
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Charge-exchange channel: Gamow-Teller

high-lying states around N=40:nlgy, — plgy,

particle—particle excitations
large matrix elements of pairing

most of the strengths are concentrated in GR
many p-h/2qp excitations available

strong collectivity in neutron-rich nuclei




