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Shell evolution
and

spectroscopic factors
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Shell evolution

—> Type I:
magic number
magic index
(prob. that the ground
state is a closed shell)

Type IT:

shape coexistence

quantum phase transition
(abrupt shape change)

They are related to
spectroscopic factors

“MAGIC IS MIGHT”

The ministry of magic
London, U.XK.



Background picture courtesy from Pieter Doornenbal
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Appearance of N= 32 and 34 magic structures

shell structure N=34 magic number may appear
for neutrons if proton f-,, becomes vacant (Ca)
in Ni isotopes (f5,, becomes less bound)

(f+,, fully occupied)

P12 P12
for2 <byproduc’r @

P32 P32
ISOLDE experiment
Huck et al.,
PRC 31, 2226 (1985).
f7/2 f7/2
Mayer-Jensen, 1949 Predicted by TO et al,

PRL 87, 082502 (2001)




Experiment @ RIBF - Finally confirmed
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energy (MeV)

2* energy level v.s. shell gap
Calculation by GXPF1Br interaction

| (a) monopole (b) J splitting (c) correlation|
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Magic index : 86% 89%
(proton part not considered)

For 94Caq,

-{ 2% excitation

1 energy
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(P 1/2)° pairing
repulsive (+0.5 MeV)
by tensor force,

weakening total pairing



T - o TO, Suzuki et al. PRL 95, 232502 (2005)
One-dimensional collision model ey et
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Spectroscopic Factors
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MCSM basis vectors on Potential Energy Surface

eigenstate ¥ = Z ciP[J" Slater determinant = intrinsic shape
i

PES 1s calculated
by CHF for the shell-

model Hamiltonian

Location of circle :
quadrupole
deformation of
unprojected MCSM

basis vectors

Area of circle :
overlap probability
between each
projected basis and

eigen wave function
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Different appearance of Double Magicity of >%-%7Nji
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Why 53% for °8Ni ?
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The ground state of %8Ni contains about 1 neutron in the gg,,+ds,
orbits.
=> ~50% OpOh and ~50% 2p2h configurations.
The state is largely spherical because the mixing is mainly due to
the J=0" pairing.
Spectroscopic factors
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2* level systematics of Ca, Ti, Cr and Ni isotopes
by ab-initio type shell-model interaction by EKK method

(ref. talk by Tsunoda July 12)
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Quantum Phase Transition in Zr isotopes

caused by type IT shell evolution
Togashi, Tsunoda, Otsuka et al. 1606.09056v1 [nucl-th]

Model space and Effective interaction

- Effective interaction:
JUN45 + snbg3 + V),

known effective
ihteractions

+ minor fit for a part of
T=1 TBME's

Nucleons are excited fully
within this model space
(no truncation)
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TNA

TNA (two-nucleon amplitude)

| #z- 005920 0 57r (0 > 9Zr (0
sph sph sph def

I *#Zr (0y) -> 1°Zr (07y) I *8Zr (03) -> 1°Zr (0
sph sph def def

1.00

nge

0.80

0.60

0.40

0.20

0.00 A

-0.20




Summary

. Magic structure can be studied further (better)
from the viewpoint of wave functions by the help
of spectroscopic factors.

. For example, ®>Ca and >*Ca are equally magic,
although the 2* level is lower in the latter.
(An exercise of the tensor force.)

. 98N is more spherical than 78Ni, whereas
’8Ni shows higher magic index than ¢8Ni.

. TNA can be very interesting in 2°Zr-28Zpr-109Zp,
because of the abrupt change, i.e., the quantum
phase fransition.
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