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Nuclear force Light nuclei ~A=10-20

QCD I &€

Lattice QCD Few body technigques
Effective Field Theory No core shell model
and many others---

Medium mass nuclei~A=20-100 |shell model with core

via the effective interaction

derived from nuclear force




Neutron Halo Dripline Deformation



non-relativistic schrodinger equation

H|\I/> — E‘\If> ‘\I/> . many-body wave function

olve the Schrodinger equation with :

1. Nuclear force

2. Degrees of freedom which is appropriate for the
problem we like to attack

What we have to overcome are:
A. Nuclear force has strong short range repulsion
(singularity) -> Vlowk interaction (not today)
B. Unless we take whole Hilbert space, we need to fix

: effective interaction for selected model space




Nuclear force and Nuclear shell model

She” mOdel Hamiltonian H = 6161 a; + Z)Vl]kl,‘a, a]alak
i jkl ~=’
input output
o . . lagonalization .
€ i:. single particle energies Nuclear properties
Vijki : two-body matrix Binding energy, energy spectrum,
elements transition probability , etc--:

Derive Shell model Hamiltonian based on Nuclear force and
many-body theories




Q-box expansion

Q-box is the ingredient of effective interaction and approximated by perturbation theory

Q(E) = PVP + PVQ—— ;HQ QVP
1 1 1
= PVP+ PVQ—— QHOQQVP + PVQ— QHOQQVQE — QHOQQVP o
A A A A . . .
o WQM beyond perturbation contribution
A A
P Pt Ve = Ote) + ) Ol V)
eff 0 k&0 eff .
k=1
. J
I 1 d*Q(E)
A A A A _
:WO OE) = 5~

Diagrams appearing in 2nd order Q-box



Divergent problem of Q-box in non-
degenerate model space

(A)Folded diagram theory requires assumption that the model space is degenerate

(B)Naive perturbation theory leads a divergence in non-degenerate model space

Example

We need a theory which satisfies

(a) The assumption of degenerate
model space is removed

(b) Avoid the divergence
VeneoVobnd appearing in Q-box diagrams

(e t€)—€—€+€,—€

N ] :
Energy denominator is zero scheme of KK method

when €d- €b= €p- €n




-xtended KK method as a re-summation of the
perturbative series

EKK method is derived with the following re-interpretation of the Hamiltonian

H = H(,) + V, _____ JUPPRRPELTLLL L -ENeW parameter E (arbltrary parameter) ;
_ (E O']+ (PHP PVQ] .........................................................................
0° 0HyQ) (QvP QvQ)

Change PHoP part of the unperturbed Hamiltonian

KK method EKK method
A 1 1
E)=PVP + PV VP =

O(E) T QE — QHQQ Hgu(E) = PHP + PVQE “OHO QVP.
g (O

Vi = O@) + ) Oueltv ) AY) = Hgu(E) + ) QW ENHG Y

k=1 k=1

\.

. One can take E so as to avoid the divergence !
. Final result does not depends on E.




Extended KK method as an

analogy of Taylor series

KK method

Vi = Ole) + Z OV Y.

3
-1y et

Taylor expansion
around x=0

— Result does not depend on

EKK method

AY) = Hgn(E) + ) QW ENAG Y

L

E e”
T=e +Zﬁ T — B
k=1

Taylor expansion
around x=Et




Nuclear force and Nuclear shell model

Shell model Hamiltonian  H = Ez‘l a; + szjkl,'al a;aqy.
i jkl «=’
Effective | o ] ]
g ¥ +

_____

Reduce interaction to the model space
perturbatively Fujita-Miyazawa interaction
Many-body perturbation theory



3N Interaction

summation with hole

-

Fujita-Miyazawa type Effective
3N interaction 2N interaction

Adding up effective 2N interaction derived from 3N
interaction to EKK 2N effective interaction

This is one of the lowest order interaction from 3N
force and for higher order we are working on--:



Application to sdpf-shell

Ca r==== === =5 pf—Shell
I I
i sdpf-shell i sd-shell
0 e LR
He - p-shell



Ground state energies

-50F Typical dimension to

-100- diagonalize (4hw)
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L
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Ex (MeV)

shell structure ~ island of Inhversion
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Effective single particle energy

10

ESPE (MeV)
L
o

N
o
[

_30 I | | I I | I



3.0

Island of Inversion

Normal config.

large 2+ energy

Intruder config.

0+:g.s 2F
—e pf *—e

§ o 1§

small 2+ energy



Summary and conclusion

To describe medium mass nuclel starting from nuclear force, we
need some method to derive effective interaction.

EKK method is developed to derive effective interaction for multi-
shell, which has an energy parameter E that we can estimate the
accuracy of the approximation via E-dependence of the final results.

As the application of EKK method Ne, Mg, Si isotopes are discussed.

Physics in island of inversion is well described with EKK+3N
framework
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