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Variational calculation of few body system with NN interaction

2 VMC+GFMC
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Relativistic

C. Pieper and R. B. Wiringa, Annu. Rev. Nucl. Part. Sci.51(2001)

Heavy nuclei (Super model) Pion is key
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NN interaction
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Energy minimization with respect to
meson and nucleon fields
5<LP‘H‘\P>:O Ezo E:O
<\{J‘LIJ> oo O

(Mean field equation)

¥ =C,|0)+ > _Ci|2p—2h:i).

E o E_
ow.(X) oC.

HMIESAE XL TV RATUMNIITS
| O>DIREEDETEIZ | 2p-2h> DB ERYIAL




FxtEmEI DA S IV F 5% Ogawa Toki (2010)
¥ =Cyl0)+ Y Cl2p—2h:i).

EIR)LX—

QuickTimey G2,
_ BLIfEVEGEOEaEA
C™C+CAESENE EEC%AOCEC2CYC...COIKOVC-CAB

e
N

/J
. QuickTimey C2 . =
_ TIFFAiiOaekA| eLIEEVEGEOEAEA
C™C+CAESENE EEC%a©CECzCY:G...COKOvVG-CAB
109

| (o[2p—2n:i) =23 +1{[ij],, V|[KI],, )




FBXTEmEY 01 =) L5

Ogawa-Toki
O ~ [ e | — =+ =~ 5
NAA DB S @< D2p-2hEhEE D&
0 0.0
2k Pion energy (2p-2h) per particle .
-0.5F f
_ -4+ = 160 4
3 12 =\
> -6 —— C )
: E', -1.0- 160 N
S 8 O B - .
h o —— C
-10+- w -1.5F B
12+ . Qn energy (2p-2h) per particle
2.0k from each pionic quantum number _|
C)-14 6_ 1‘+ 2‘ é+ 4‘1- é+ é_ ‘7+ é_ é+ 1‘0_ 1‘1+ (;' 1"' é é* 4‘1‘ !3* é' ‘7+ é' 5;+ 1‘0‘ 1‘1+

. . ¥
N Pionic quantum number J Pionic quantum number J*
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Pion energy Pion provides larger attraction for '>C than O




Picture of nucleus
Tensor condensed state
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tensor pair
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Snapshot
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Comparison of (p, nh) and (°He,t), 0°spectra

Fujita et al
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O 58Ni(3He t)58Cu NPA (‘83)
E =140 MeV/u
GTR Y. Fujitaetal.,
EPJA 13 (°02) 411.
H. Fujita et al.,
PRC 75 (*07) 034310
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Relative 1°O(p,d) Cross Section
H Ong et al (RCNP)
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EREDRBEDEERFEHERETE (free ¢ factor, sdn%) ELLER
(0-16 MeVETO )

Isoscalar Isovector
06 T T T T T T 12 T T T
EXP. +—— ; EXP. +——
05 | USDA @ 1 10} USDA -e@-
t'\l_'z USDB . USDB = ‘ ------- .
=] = s
< 03 ,.‘___-_'*2 6 L
= =
o 02F = 4 F
N N
0.1 2 L
0 - . 0 . . .
10 20 25 30 10 15 20 25 30 35
A [mass number] A [mass number]
EERRELHEENFRE VIVF T DREANRAS

10.9.25 toki@osakafuture 16



x| M(o))?

- - s = S Mor)P
> = ;; o S = k;ﬂl o R B(M1),/(g5)?
~ T BOML).. /(g7
1. _ 1 3 + QiS + ? 9
IS ZB(;"I]')H e 2-_1;2"_]. AT Zf: <1f 2 {SP—|_S“}|D > -Iu"l"l."
_ 1 3 Qis ’ + 2 |n+
2, +1 4x (2) <G | (S, +5.)° [0 >
7y 2
1V Y B(M1),, = 1L 3 (g <D+|{S - Sn)zll}*)
27, +1 47 \ 2 P
1 2 h
R USptSa) ) (RREARREIZH T 5 51518)
IS/IV. = 772 2
i'-. {L_P — S:I'L) |ll.l
~(|(SE+S2+28,-8,) )
o ! 3 10} 1 W '
(| (S2+82—125,-8,) ) .
? piSn)l (Tamii et.al.)
Rispv =1 2(|Sp-Sa)) ~ 0 shell-model (in sd-shell)
Rrsyrv +1 (| Spg +S.2)) ~ +1/3>0 exp.
10.¢ ure

17
WE. P H. etal.



Bl z (£, 2 AiConfiguration/Ground-StatelZ

Elka—r'l \Zfi\-/w\E Z TL \Zm—rl++~ \-I-\\')

Ire ¢ A YA L4
s

ﬁ ﬁ

(Tamii et.al.)

da/s

proton neutron

¥ =C,l0)+ Y Ci2p—2h:i)

10.9.25 toki@osakafuture 18



INA A D FEIEDIRF#%

« 2p-2hZEREI TSR REL TV IV EHERIZH S
o NAFXUIMEBREFRITTUVILEEHEIZHS

o INFETHERCERE) ICHELTEDXEN
EHNEDRTDHTHAS(20%i8)

» BLEBERD (TUVILHEE) ELARMIZZTT (2
0%77)

o TUVILEHEHRIEECKRFEBTINETHS

o WNAFTUIEDIRFRDEHEIINFOVYPELED
MEEEKRT D

'I'I'

I

10.9.25 toki@osakafuture 19



. QuickTimey G*
_ TIFFAiiOaekA| eLIiEEVEGEOEAEA
C™C+CAESENE EEC%a©CECzC":C...COiKovC-CAB

Nobel prize (2008)

He was motivated by the BCS theory(1958).

E, =+(s + A2 &= E,=#(p"+m")"

sy +Ay; =Ry, G- Pyp + My, =E g
—8&”; + Ay, = EiW; —o- Py + My =E p

A is the order parameter M is the order parameter

Particle number Chiral symmetry
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Nambu-Jona-Lasinio Lagrangian 3R & i&)
Ly = i7,0'w + G|(ww)* + (wiysw)’ |
Loiree =107, 0 W+ My y
Mean field approximation; Hartree approximation
ﬁ?ﬁ“ + ZG<WW>}V(X) =0

m=-2G(yy) Fermion gets mass.

The chiral symmetry is spontaneously broken.

Pion appears as a Nambu-Goldstone boson.
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