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1. Introduction

3 baryon system|ZHITH =K N

 Few-body system physics FHETHDI iﬁﬁb\fi hY.
 Nuclear matter physics ZDEIRITIKIREL T ERRE

 Neutron star physics
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* Kinematical : quark-Pauli effect

e Dynamical : quark-quark interaction through quark-exchange

P chETorr—sRBILEETIO—F
e Toki, Suzuki, Hecht : PRC26 (1982) 736

NNNZ®D /L L#EFHRT3He densityl=xt 3 dPaulixh R D&REE
e Suzuki, Hecht : PRC29 (1984) 1586

NNNZ([ZH TS Fermi-Breit interaction(OGEP)#% @ 14

e Maltman : NPA439 (1985) 648

NNNEUNNNNZRIZHIFTHFB int.MDcharge form-factor~NDHF 5

 Takeuchi, Shimizu : PLB179 (1986) 197
ANNEUANNNZR®D /)L LR EES T )L F—IE D 5T
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Model space

Hypeh Exotic Decouplet
In this talk Nuclei nuclej | hadron baryon
charm &
up & down | strange bottom A - resonance
n
.2 | Norm kernel
= | & \ @-Pauli effect
S s (kinematics)
S | .5 | Kinetic-energy
S | X
2
T E Confinement & Heavy-quark
é : Color-Coulombic symmetry
= | £
<A Colop- , Short-range
olor-magnetic repulsion
Fujita-Miyazawa
7 - exchange effect three-body force
\/

2015/3/13 ARSI D FEZYE ]



SEIOER

RGM/ L LD

=]

it FERYEICE T HRERHEDRE

BIEZRDH T, quark-Pauli effectZFH~R5

OA7IZEIFB/ A RO DOKEEHED
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2. Formulation

Resonating-group method (RGM) equation

2-baryon system
/. [’H(ﬁflz , éw) - SN(E’IQ _, ﬁlz)] X(élz) dﬁlz =0

,
RGM/ )L Ltk 55 22— K ENRE K

3-baryon system

/ / [’H(ﬁ"lz ,Rhag; R ,ﬁrz—:ﬁ) — E-N’(ﬁ"m ,Rhag; R :Ez-:x)] X(ﬁm ; ﬁm_:ﬁ)dﬁlzdﬁm_x =0
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Eigen-value equation

2-baryon system
/N(R"lzjﬁu))@c(ﬁm) délz = Mk Xg:(ﬁ’lz)

Eigen-value

3-baryon system

/N(E’m 3 JL_i);"'12f3 ; Elg ) EIQ—S) Xk(f_élz ) Euf:a) dﬁleéD—S = Kk Xk((ﬁ"lz ; éllQ—B)

W, = 0 : Pauli forbidden state
W~ 0 : almost Pauli forbidden state
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Eigen-value

2-baryon system
Hnl = / ?’L‘ﬂ'gﬂl(ﬁleJ* N(ﬁfm ) ﬁﬂ)lbnim(ﬁllz) dﬁ’m dﬁm

Harmonic-oscillator function

3-baryon system

Mnt = / ‘I’(,:fi) (R 12 R 12— 5) N(ﬁ"w ; ﬁ'lz—m ﬁ12 3 ﬁl2—l$)¢’ﬁ?ﬁ)(ﬁ12 ,ﬁu—:;) dﬁ"u dﬁ"lz—:j dﬁm dﬁlz—a
ZDORGM/ L Lok
mmm) orbital part [FFERICKO>THAD
mm=) color, spin, flavor part @ factor SR KO I KLY
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RGM normalization kernel (RGM ./ JL Ls¥%)

2-baryon system

— —

. 1 . . .
N (R R) = 5 (6(1,2)s1 8(Riz = R') | A | 6(1,2)s16(Faz — B))
Baryon 1, 2% R DN ER R ENEI 2L

(spin S, isospin 7 [Zcouple)

RAFEEEF A = (1 — P)(1 — 9 Pyg)

baryon-exchange operator

20 terms

> AA AN
quark -exchange operator

123 654
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3-baryon system

N(Rga}%ﬂﬁaaﬁb)
1 _ L. B L B
= 3 <¢(1,2,3)%15(R12 — R,)0(Ri2—3 — Ré)| A ‘@(1;2: 3)110(Ri2 — R)o(Ria—5 — Rb)>

R EEF A = [1 €<— D-term

/{9 E\\\ =9 (P + Poo + Po3) €«— 9B-term
j +27 (Pagg + Pags)
@ \ < 369 396 ; ]

+54 (P36 P59 + PogPss + PogPog) | X [Z (—1)"Pp

AN N4
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2-baryon system

Eigen'value 0)1‘%5)2 ( color ) X ( spin-flavor )

|

|« [T — [ 4 [T 4 + | 4 4

Two octet-baryon(BsBs) state

(11) (1) - - P
8 8 (22) (30) (03) (11), (11), (00)

27 10 10* 8s 8a 1

1
MIETSRARBR: dim(\) = 5(A+1)(u+ (A +p+2)
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8 8 27 10 10* 8s 8a 1

BgBs|states @ (11) x (11) = (22) + (30) + (03) + (11)s + (11), + (00)

P = +1(symmetric) P = —1(antisymmetric) || norm eigenvalue
S | PBsBs(isospin) LE or 20 SE or 'O LS 39
0 NN(0) — (03) — %
- NN () 22) - o | -
*E AN L [(11), + 3(22) L [=(11), + (03) 1 1
2 || =G 5 [3(11), — (22) 25 (1), + (03)] 5 1
I\ N ) (22) (30) B3
IJ AA L (11), + 59(22) + 25(00) - 1 -
A =NO) || Hn. - B2 + 00 (1),
> =N(1) VR, +/2(22) L [—(11), + (30) + (03))|| 4 7
‘/?I‘Q 9 TA ~ 2.+ E22) 1[(30) — (03)] 2 2
EX0) || VR, - 535(22) — 2(00) - ; -
¥3(1) — =5 [2(11)4 + (30) + (03)] — z
£E(2) (22) - B -
=A ﬁ [(11)s + 3(22)] \% [—(11), + (30)] 1 %
=11 =25 = [3(11), — (22) L [(11)a + (30)] : :
EX(3) (22) (03) o 9
4[| == - (30) - 5
2015/3/13 =2(1) (22) _ 1o _

AU,
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8 8 27 10 10* 8s 8a 1
BsBslstates : (11) x (11) = (22) + (30) + (03) + (11)4 + (11), + (00)

P = +1(symmetric) P = —I(antisymmetric) | norm cigenvalue
S | ByBs(isospin) LB or 30 SE or 10O L9 55
0 NN(0) - (03) - 0
NN(1) (22) - u -
AN 5 (A1), +3(22)] 75 [~ (11), + (03)] 1 1
-1 EN(3) 5 [3(11), — (22)] 7 [(11)q + (03)] @ 1
EN() (22) (30) v @
AA —Z=(11), + 57(22) + 525(00) - 1 - \\
ENO) | L), — 5 (22) + F(00) (11), 5 Origin of
=N (1) VR, +/2(22) L [~(11), + (30) + (03)] | 3 0 repulsive
—2 TA — V2, + E(22) L[(30) — (03)] 2 2 ) nuclc?ar
£3(0) VED). = 25(22) — /2(00) - I - potential
$R(1) - L [2(11), + (30) + (03)] | - 2
oR(2) (22) - 10 -
= 5 [(11), + 3(22)] 75 [=(11)q + (30)] 1 5
3| == L [3(11), - (22)] slanceo Q)|
EX(3) (22) (03) o 9
—1| [==0 _ (30) -
2015/3/13 ==(1) (22) - 10 - 15




3-baryon system

Eigen-value 0)1‘%5‘]. ( color ) X ( spin-flavor )
l &\ A > MDcolor-singlet condition

e

—_——
f ——

D- 2B- D ®

term term

1
9

€)
ey
Type-QZEZEZHMLELL J @" @

O =

Wl -
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3-baryon system

Eigen-value 0)1‘%5)6 ( color ) X ( spin-flavor )

Bg Bs By system

(22) ® (11) =

(30)® (11) =
(03) ® (11) =
(11) ® (11) =
(00)® (11) =

ﬁﬁ?éﬁiiﬁ@m@@:%»mhm—
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Interesting BgBoBg-systems

)> AAA  |AAA)

b | —

Triton |[NNN(I =
SYY|BEX(I = 3))
I

Hyper{ INNA(L=0)) ERCCS ZE(I =3))
-triton INNA(I = 1)) T ’
nnA J
nnn [NNN(I=3) =22 = 1))
=22 =5
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Kigenvalue for B¢B¢By

Total spin: S=%
(nl) = (00)

, B1ByB
Eigenvalue ﬂ[slf(flz;jz]

= (D-term) 4+ (2B-term) + ( @D )+ (@ )

(nyly) = (nyl,) = (00)

T

NERFE X ENE A BB = (ISR D
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Interesting BgBoBg-systems

Triton |[NNN(I=3)) =(14) | AAA |AAA)

SYYT O |SER(] = 3))
Hyper{ INNA(I = 0)) o ===

-triton
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|NNN(I =) & |EEE(I — %))

RGM/ )L LB DIERK

( color ) X ( spin-flavor ) X ( orbital )

l NNN system

[NNl_ N = (33) NNy N| _, = (33)
NN N]joy = (14) » NNy N|_, = (14)
NNl g Ny = (14) NNy N| . = (14)
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2

NNN(I =4

N
Qo
[1]
[1]
/[_{1
~
|
DO | =
N

RGM/ )L LB DIERK

( color ) X ( spin-flavor ) X ( orbital )

' EEE system

[E2]mEley = (39 E=anZ],_, = (33
[E2],m Sy = () » [E=lay S, = (@
E3m0 Sy = (D) [E=)e 5|, = ()
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)NNN(I =) & )EEE(I — %))

NNN system === system
“NN](QQ) NL:% — (14) “EE]@@ E} _1 — (41)
[NN] g3 V] = (14) [[EE}@ELZ% = (41)

XSS SRIERB: dim(An) = 5+ 1)+ DA+ 4 +2
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78

1 D203 -_ —N ( \ LA
M%Iﬁli‘)z] D 2B ) @ || Total /// @L\
3

—_—
| —

NNN 1 100
F1ilooy) | NNN 1 3 DZZ —p0

% ==

Hi3500)0) )R 81| 81

[1]
[1]
[1]

[1]

[1]

[1]

—h

1

- EEE(SI=% 1) state = FRLVADYRFH
- NNN#& EEEER Tld quark-exchange contribution hVid

- 3-baryon [B]® quark-exchange contribution [,
2-baryon BIDZENIZx L THEFET1/3~1/20(5[ElF)
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Interesting BgBoBg-systems

Triton [NNN(I = })) AAA  |AAA)
>YTYT |BEXE(I =3)) =(33)
NNA(I =0
Hyaper{ ( ) e |EEE(I _ %)> —(33)
-triton |NNA(I _ 1))
nnA J
nnn  |[NNN( =2)) =(33) -
‘ ’ > |::.:.(I = %)>
nnYy~ |[NNX(I = 2))
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A

Complete Pauli-forbidden states

64

SYYT OISR =3)) = (33)
)

[AAA) = /28 (33)+ ﬁ(22)8+ &(22)

1400 1400 1400

+\/ 1400(11) 1148090 11 (22)+ 1400 11 00 T 1400 OO)

derlved from27% 8 derlved from1l ®8

All eigen-value in (Os)-state are 0
(AAA |A|AAA) =0 =) Check of calculation : QK!
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Interesting BgBoBg-systems

Triton [NNN(I = })) AAA  |AAA)
SYIYS [EER(I = 3))
NNA(I =0
Hyaper{ | ( ) - ) = — %)>
-triton |NNA(I _ 1))
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NNY systems

INNA(I = 0)) = \/3[(14) + (03)
INNA(I = 1)) = /15(33) + \/Z(22), + /& (22), — /H(14)
NNE(I = 2)) = —/2(41) + /(33)

NNE(I = $)) = —ﬁ(zn) 0'(33) — /115(30)

+/13(22), + /25 (22)0 — /25(14)
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NNY systems

| —

D- 2B—

term term ® ® ®+® Total
NNN- 1 22 30 | /8 < R FAh
(=172) 5 1 8l 81_\BL 189 R 1%
== 1 1 |- 14 18 4 NNNE&EEEART
(I=1/2) 81 | 81 381 81
NNA 1 8 13 | 5 INDYRFHFEL
(I=1) 1 9 27 27 @ [ R FA
NN 4 | _14 | 18 ALY PR ()
(I=2) 1 1 81 31 T 3EHR: noF S
NN= I IR A B
(I=3/2) 1 27 0 BB FH

2015/3/13
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4. Summary

+ RGM/ L L#DFHTEZEEL T, BBBRIZHT5
DA—D - INDVIRICONWTIHRANT=,

o A= IND)FRAMBRDAENIN)F U RDIESE:

nny - >nn= > nnA

o NJVFRAITHT HDIFMEIDFEX., RIKFHE
NHLHFIIRZS

Future
- S = 3/2 state < zﬁgg%w
- kinetic &1 interactionlB @) s & SEnEE

» decouplet baryonZ = A 1=l
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