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Nuclear force Light nuclei ~A=10-20

QCD o’ ‘

Lattice QCD BE body techniques
Effective Field Theory No core shell model
and many others---
— —

E. Epelbaum, H. W. Hammer and U.-G. Meissner, Rev. Mod. Phys. 81, 1773 (2009)
R. Machleidt and D. R. Entem, Phys. Rept. 503, 1 (2011)

Medium mass nuclei~A=20-100 |shell model with core
via the effective interaction

derived from nuclear force
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Input from chiral Effective Field Theory (EFT) of QCD

N3LO NNlinteraction

D. R. Entem and R. Machleidt, Phys. Rev. C 68, 041001

(2003).
V .« treatment of S.K. Bogner, T.T.S. Kuo, and A. Schwenk, Phys. Rep.
high momentum part 386, 1 (2003): S. K. Bogner er al., Nucl. Phys. A 784, 79
(2007).

Fujita-Miyazawa type|3N nteraction

|

Effective NN int.

J. Fujita and H. Miyazawa, Prog. Theor. Phys.. 17, 360
(1957).

T. , T. Suzuki, J. D. Holt, A. Schwenk, and
Y. Akmshl 5. Rev. Lett 105, 032501 (2010).
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Novel method for in-medium correction

Kuo-Krenciglowa method * Extended KK method
KK|method EKK method
Divergence problem in multi-shell Newparamete CE (arbltraryparameter)
= Hop+V H = H(') + 4
B (PHOP 0 )+(PVP PVQ) _{E: 0 ) (PHP PVQ
- 0  QHoQ] \QVP QVQ 0 QH,0| |QvVP 0vQ)
N . Y S i \.
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0E) = PV PVOT— GG O'P )= PHP + PV Q0P
Ve = Q(Go)’*'ZQL(GO){V(n_”}L HY =H H(E)+ZQ1<(E){ Hy Y

*E. M.@enciglowa and T. T. S.IEUO, Nucl. Phys. A 235, 171 (1974).

JBHEX
N. Tsunoda, K. Takayanagi, M. Hjorth-Jensen, and T. Otsuka, Phys. Rev. C 89, 024313 (2014).



EFT NN int. + Fujita-Miyazawa 3N int. with averaging
(to be replaced by EFT N2LO 3N int.)

V owk : treatment of high-momentum components

EKK : in-medium correction (core polarization)

Shell model Hamiltonian

Effective single-particle energy
(N or Z dependence of effects of monopole int.)

Energy levels, electromagnetic matrix elements
(diagonalization of Hamiltonian matrix)
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Shell evolution arises also from QCD
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HUWVEERIN=32and 34 DHIREZE A

shell structure

for neutrons

in Ni isotopes
(f,/, fully occupied)

P12

f5/2

P 3/

Mayer-Jensen

f7/2

N=34 magic number may appear
if proton f, , becomes vacant (Ca)
(f;,, becomes less bound)

<
byproduct

P 3 ¢

f5/2

P12

ISOLDE experiment
Huck et al.,

PRC 31,2226 (1985).

f7/2

Predicted by TO et al, PRL 87, 082502 (2001)
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2* level systematics

N=34 magic number
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Description by the same Hamiltonian

K

68Ni

Energy levels and B(E2) values of Ni isotopes

Shape coexistence in %Ni
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S. Suchyta, S. N. Liddick, Y. Tsunoda, T. Otsuka, M. B. Bennett, A. Chemey, M. Honma, N. Larson, C. J. Prokop, S. J. Quinn, N. Shimizu,
A. Simon, A. Spyrou, V. Tripathi, Y. Utsuno, and J. M. VonMoss,

"Shape coexistence in 68Ni", Phys. Rev. C 89, 021301(R) (2014)
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Ivanov, U. K\"oster, B. A. Marsh, T. Otsuka, L. Popescu, R. Raabe, M. D. Seliverstov, N. Shimizu, A. M. Sj\"odin, Y. Tsunoda, P. Van
den Bergh, P. Van Duppen, J. Van de Walle, M. Venhart, W. B. Walters, and K. Wimmer,

"Characterization of the low-lying 0+ and 2+ states in 68Ni via beta decay of the low-spin 68Co isomer", Phys. Rev. C 91, 034310
(2015)
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C. J. Chiara, D. Weisshaar, R. V. F. Janssens, Y. Tsunoda, T. Otsuka, J. L. Harker, W. B. Walters, F. Recchia, M. Albers, M. Alcorta, V. M.
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Wimmer, and S. Zhu,
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Rev. C 93, 024320 (2016)
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MCSM basis vectors on Potential Energy Surface

eigenstate & = Z c; P|J™] ®; Slater determinant = intrinsic shape
]

PES is calculated
by CHF for the shell-
model Hamiltonian
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Shape assignment to various eigenstates of 68N
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Underlying mechanism of the appearance of low-lying deformed states :
Type |l Shell Evolution (—> Dual Quantum Liquid picture)

TO and Y. Tsunoda, J. Phys. G: Nucl. Part. Phys. 43 (2016) 024009

Monopole effects on

the shell structure
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interaction
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Photoabsorption cross section of 88Sr(Z=38,N=50), °°Sr(Z=38,N=52)
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Photoabsorption cross section of 29Zr(Z=40,N=50)
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