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1. Introduction

3 baryon system|ZHITH =K N

e Few-body system physics ﬁﬁ—d—éd)(iﬁﬁb\f:b\
 Nuclear matter physics ZDEIRITIKIREL T ERRE
 Neutron star physics
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9V —I3/1\)A R (BUVSRE—9KR)
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* Kinematical : quark-Pauli effect

e Dynamical : quark-quark interaction through quark-exchange

DA—VRBEDF =
« 1-baryonMiFew-baryons& T, fi— L1z A TRHMIZHASLNDS
o Pauli effect, &FEinteraction’i& . TDNREF| R IZFEHTES
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Fermion Boson

3 baryons
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confinement, Bag loosely bound

3 baryons Ia
Color-symmetryMD & [E
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 Toki, Suzuki, Hecht : PRC26 (1982) 736

NNNZ®D /)L L%E R X T3He densitylZxt 9 BPaulizh R D &EEE

o Suzuki, Hecht : PRC29 (1984) 1586

NNNZ|ZH TS Fermi-Breit interaction(OGEP)#% 0 SE4if

e Maltman : NPA439 (1985) 648

NNNEUNNNNZRIZETHFB int.MDcharge form-factor~NDEHF 5

e Takeuchi, Shimizu : PLLB179 (1986) 197
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Model space

/ Hypeh Exotic Decouplet
. : - hadron baryon
First Nuclei nuclei y
up & down | strange charm & A
D %€ 1 ottom - resonance
n
.2 | Norm kernel
o | & \ @-Pauli effect
S s (kinematics)
g | .5 Kinetic-energy
S| &
£
an E Confmement& Heavy-quark
?& - Color-Coulombic symmetry
2| £
| A Colop- , Short-range
olor-magnetic repulsion
Fujita-Miyazawa
7 - exchange effect three-body force
\/
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2. A= 1\DJHE

Wy pa(1:2) = \% B, (1)P5,(2) — Dy (2)P sy (1)
52(1 2)> =1

<\DB1 Ba ( 2)
§ vr—voumropnEgERTL -

kIJ[(S';')1(3-‘-}')2 ( 123; 406) = A {ﬁ [*D(gq)l (123)‘1)(3(})2 (406) — (I)(3q}1 (4=56)¢}(3q)2 (123)] }
HA—H RAFERET =1

(‘I—’{gq)l(gq)g (123 456)‘111{3@1(3@)9 (123 456)) — Il

< 1: /{rbUJijj
i =0 : complete Pauli-forbidden state
u~ 0: almost Pauli-forbidden state
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2-baryon system

Overlap components :  (color ) x ('spin-flavor ) x (0s)®

|

Two octet-baryon(BsBs) state

|« [T — [ 4 [T 4 + | 4 4

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

27 10 10* 8s 8a 1

dim (M) = %(/\ S DO+ 4 2)
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8 8 27

10 10* 8s 8a

1

BgBgjstates @ (11) x (11) = (22) + (30) + (03) + (11) + (11), + (00)
P = +1(symmetric) P = —1(antisymmetric) | norm eigenvalue
S | ByBg(isospin) 'E or %0 SE or 'O 'S 59
0 NN(0) — (03) — %
NN(1) (22) - 5 -
AN A [(11), + 3(22)] L [~(11), + (03)] 1 1
| = - [3(11), - (22) sancom | @) o
SN () (22) (30) 2 | (3)
AA —Z=(11), + 57(22) + 525(00) - 1 -
ENO) | L. - /3 (22) + L(00) (11)a
=N (1) Vi), +/2(22) L [—(11)a+ (30) + (03)] | 4 o
—2|  EA —\200), +/3(22) 75 [(30) — (03)
EXN0) | R, - 53s(22) — 2(00) - ; -
¥3(1) — =5 [2(11)4 + (30) + (03)] — z
£E(2) (22) - B -
= -5 [(11), +3(22)] 25 [=(11)0 + (30)] 1
3| == L [3(11), - (22)] slanceo Q)|
=5(3) (22) (03) 0 N
—1| [==0 _ (30) -
Z=(1) (22) - 2 -
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M. Oka, K. Shimizu and K. Yazaki, NPA464 (1987) 700.

TABLE 4

The eigenvalues of the normalization kernel in eq. (3.3} for S=—1
two-baryon (BB) system

S=-1
7 BB Eigenvalues Eigenvalues
(uncoupled) (coupled)
0 NA oy
NZ
1 NA 5 10

N
0 N3

I
1
2
2
3
3 1 NZ

WQIE b D b

Eigenvalues of single and coupled channels are given.
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Nuclear Physics A

Volume 674, Issues 1-2, 3 July 2000, Pages 229-245
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Hyperon single-particle potentials calculated from SUg quark-
model baryon—baryon interactions

M. Kohno 2, Y. Fujiwara®, T. Fujitab, C. Nakamoto =, Y. Suzuki 9
® Show more

https://doi.org/10.1016/S0375-9474(00)00164-0 Get nights and content

Abstract

Using the SU; quark-model baryon—baryon interaction recently developed by the Kyoto
—Niigata group, we calculate NN, AN and ¥N G -matrices in ordinary nuclear matter. This is
the first attempt to discuss the A and ¥ single-particle potentials in nuclear medium, based
on the realistic quark-model potential. The A potential has the depth of more than 40 MeV,
which is more attractive than the value expected from the experimental data of A
-hypernuclei. The ¥ potential turns out to be repulsive, the origin of which is traced back to
the strong Pauli repulsion in the YN(1=3/2)"S, state.
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Sigma-Nucleus Potential in A = 28

H. Noumi er a/
Phys. Rev. Lett. 89, 072301 (2002) - Published 30 July 2002

Hide Abstract =
We have studied the (TT— K+) reaction on a silicon target to investigate the sigma-nucleus

potential. The inclusive spectrum was measured at a beam momentum of 1.2 GeV/c with
an energy resolution of 3.3 MeV (FWHM) by employing the superconducting kaon
spectrometer system. The spectrum was compared with theoretical calculations within
the framework of the distorted-wave impulse approximation, which demonstrates that a

strongly repulsive sigma-nucleus potential with a8 nonzero size of the imaginary part

reproduces the observed spectrum.
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BINUXRTDIA—D-1N\VEHR

RGM/ IV LD EFIEZKDH T, quark-Pauli effectZii <%

hit 7 EMEICH T AMEE L OME

A7 ITEITH/NANAPKEEED
HIR[CRDIREHIEENDEE

= FADA R lETRERLEEN?)
= multi-baryonRI(ZHEIFHquarkfdRIEZNER ?

ED3NJADZRD, EERELTRUWVAADYFHZRELLDH
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Formulation

9-quark 3-baryon wave-function

Usq((0s5)° : By ByBs) = W) (B By Bs) U5 (By B, Bs) W(e®l) (B, B, Bs)

v

1(05)") ~ 0™ (B, B, By)

pleelor) (B By Bs) = C/(123)C(456)C/(789)

We assume the color-singlet for 3g-cluster

A\ 4

SF .
lII{Sa )(Bl BEB3) — Z G(GIH'ZG'S: ;S,{l; ,512()1.121&12)],912()\#.)‘0)
S12(A12p12)pr2(Ap)p

< [WBI(123)WBl(456)] 5, Wl (789)] SO

Az2pt12)p12
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Eigen-value equation

S (Wsa((05)° BlBng)@'IJ sa((0s)? : B! B,BY)) C(Sa; B, By BY) C(Sa; B1 B Bs)

BB, B;

Antisymmetrizer

g, = 0 : Pauli forbidden state
g, ~ 0 : almost Pauli forbidden state

¢

so much repulsive that pug,1s smaller
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Antisymmetrizer

2-baryon system

Antisymmetrizer A = (1 —P)(1 — 9 Psg) 20 terms
baryon-exchange operator AL JUA

quark -exchange operator
123 654

3" baryon system
= [1 €<— D-term

—9 (Pss + Poo + Pos) <—— 2B-term
<« +27 (Psog + Psos)
6

+54 (P36 Psg + PogPss + PosPag) | X [Z (_1)77(73)7)]

P=1
/ >¥A //i\ ﬁ‘\ 762 terms
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3-baryon system

kernel M#ERL  (color) x ( spin-flavor ) X (orbital )

l & /\1)A > MDcolor-singlet condition

3Bb 3Bc ,

2 ——
| —

O
|

N

T
S

term term 3

o
Q

| —=

1
9

3 Ol T E
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Total Spin Y2 case

Y | I | BsBsBs | uncoupled | coupled Y | I | BsBsBs | uncoupled | coupled
3|L]| NNN C%B — Y | I | BgBsBs | uncoupled | coupled 1|1 =ZEN,_ %
p —
N AT 25 = A N 5 == AT 73
2 0 ANN o7 0 0 0| =/ .'\'1_‘:]_ 5 ==N p=2 81 0 . 0,
YNN = EAN,—5 = 0,0,0, ZAA o 0.0,
A AN N 25 =L 5 200 £ 130 =Yy 83 4 200
nn ]. A_-\ .'\ 77 _.E_-\‘Uz]_ 51 243 & _.EI_.L.zl 162 817 243
NN 50 : =N . 55 =) A7
SNNey | 2 o, 2 EXN,L, | = ENS,, | 4L @
NN 125 Yy 10 =y L
E_-\‘ :\ v=2 243 _.u_..\ 27 _;.AL: 36
- ‘ YNN 4 — AN 33 =0, 83
2 nn 2 LNN 81 L | EAN— 54 — s y=2 324
L | =N \;5/ =TAN AT —_— = 3 == N 34
1|35 |ENN = EAN,— T = =N |3 EEI =
=NN 35 =N AL = 35
ZENN,_» = 0,0, EX Ny 5 EXY =1 T 0,0,
AAN 5 =Y N, 17 =53 253 4 200
/\ /\ n AAN g 0,0, EXNy—2 7= 0,0,0, ISH3) I 156 319 243 7
TAT 85 200 100 =Y 673 = 1
YN 162 243 3R EXNy—3 1458 0,0, EXA = 3 @
YA 35 =V 205 4 200 =%, 50
22No= 243 EXNu= 729 817 243° EXA = 1
TAN 5 A 4 100 5| =y 100 _
1_.;\.4\'1):1 q EAXAE 5] 81 2 _.1_.E &1
20 2
AN 20 Yy 23 _ == 1 4
YAN, 3 0 LYA 81 210 ==A 5= =)
3 =NN 10 YV 19 - 1
_3 (I B - L4 4 2:-— —a =
= nn : - ST
AT 73 5 | =y 1 —_ 1:
E/_,;\ v=1 162 0 4 0 f 2 _.E_- v=1 3 ]_ :..:.4\ 97
YA 235 4 200 =V N 125 oy 26 4 200
2YiNy=s 486 81 243> EXNo— 243 0 ——=v=l Bl 0, w\ 2=
TAN 5 ) 13 200 ==y A7
AN, 15 @ L2A 27 243 e sy=2 24:
AN 85 Yy T == 100
> 5 VYA 4 _ 1 e 1
272N [ 2| uEA (8) 3|1 === m _



Total Spin % case

Y | I | BsBsBs | uncoupled | coupled Y | I | BsBsBs | uncoupled | coupled
3 % NNN % — Y | I | BgBsBs | uncoupled | coupled -1 % EEN,— %
20| ANN z 0, 4 0 [0 |ZEAN— 2 EENp=2 = 0,0,
YNN = ZAN,_; B 0,0,0, ZAA o 0,0,
Ann ANN % EXYiNp= % ;23 1;310 ShY) e % ﬁ % ;
YNN,_; ;—{f 0. % % EY.Ny— % E¥ Y, % l{jf’
BN Ny 313 EXA Lo YA, L
™ nn NN 3 - 1| AN, “ =X A, 5
[ - . .
ilz=vN_ 1 = SAN. | 1% E=n (2| =N | U
ENN,—» 3 0,0, EX Ny T EXT,—1 = 0,0,
AAn AAN = — 0,0, ZEYNy—o % 0,0,0, 2 =2 % i : %
YYN,—1 = o EXN,—3 EZ‘; 0,0, EXA é %
“Strong Pauli-repulsion = = | —=1 & |~
ZAL g p . 20| =Z=A L &
, _T I —
.Z_nn % =NN % DN % ==Y =
YYN,, = / 0,0, 2 | EXN,— | ==A 13
SENe | B | A& SN | B 04 =%, | 2 i
YAN . ﬁz »wy % 2 ==Y % —
XX :“3’ YYN ( si) — _3 % =R 8_4l _
S E—




Y | I | BsBsBs | uncoupled | coupled

N

2 |o| ann | () -

AT AT E
1| NN (49 -

ENN %

—
B3] =

Total Spin 3/2 case = | & |5

b3 o
!
1

#1&

=

b2 ot

z _A n E ;'\ ."\'T 19

162
—_A 7 2
0 1]0 =EAN ;—‘7}
=N 140 35 5435
= 243 243 7 of 27
|4
)N 5
AN 34
1 EAN 81
=V N 134 1 35
— =1 720 27 ' 243
oV AT 565 5,
_‘t_‘\“t':z = ‘
Y 23
TYA 2
(™ Y ‘ =V A 3
= n |2 EXN 543 B

|
—_
b2 =
[1]
[1]
'Ir( {&

T &
3 =y 355 35 f25
2 h) 486 243 \ 27
EXA EXA -
mmzaq| =2 0] EEA = —~
2017/11/21 (K E”FF”JE -
¥ E ey 357 —
L - 243




Y | I | BsBsBs | uncoupled | coupled
2|0 ANN | 2 —~
1| ENN ( é) —~
. 1 :-z ENN 2
Total Spin 3/2 case o I P
| SAN 50
_Hg YYN A 21
XA || osan 1
0 |0| EAN x
HH) 5
1| EAN u
‘Stron Pauli-repulsion ‘ R
9 P SN | | 3,8
| L] IZA z
=2n 2| EEN = -
—1| 1| == \g/
=E | 8 |83
EXA u
EZ_I\. W =mA | &
- —_ 1
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SIRN)A U RIZEITS
DA—20- I\ )HEDFELESD

(0s)? configuration [CEWWTRIFMEEFE FOREGERERZE
R CEITRD T, 3NYFA U RIZEITBHquark-PauliDFIE(Z
DULNTERAART=,

ANNZRIZDULVTIEL. quark-PaulizhE X/
= BLVPEFEFIZZLS-OITBEELEEINSFNELT,
IN)AVDBENRF NIIRIEZDXRBINZIHEZEGL

YNN(=2)%. ZXNI=5/2)%[&. almost Pauli-forbidden state
= I HAFEFEATICENIDZRET HEZTZTT S

PRC94,035803 (2016)
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Model space

/ Hypeh Exotic Decouplet
. : - hadron baryon
First Nucleli nuclei y
up & down | strange charm & A
p g bottom - resonance
n
.2 | Norm kernel
= || 2 \ @-Pauli effect
.g g (kinematics)
S | @ Kinetic-energy
fé PRC94,035803 (2016)
< :
an 2 Confinement . Heavy-quark
-—:% % Color-Coulombic | Second symmetry
s =
< | & \Color-contact Short-range
Color-magnetic repulsion
Fujita-Miyazawa
7 - exchange effect three-body force
\ 4
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3. JILLIRIZLEBT B3R/ \) A 18R

Resonating-group method (RGM) equation
3-baryon system

hIQ hg 5] 5] (ol D! D ») ‘B D S 1! ] B}
[—%Amq - AR] X(Riz, Fios) + [ [ K(Rig, Fro_g; oo, Riz—s)\(Fry, Rig_a)d s Fry_y = X (Fra, Rioo)
Zfbl

° 2

Exchange RGM kernel
( non-local potential )

Diagonal element K (Riz. Rip_s: Rio, Ris_s) ZEFMTHIET.
EERESIAMRERANS
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2017/11/21 T8 ) AT 2 S AT 482017 |

25



We can now write down the RGM equation for the relative-motion function x.(r)
as

[t LA ) |1l R = [aR Gunt R, RO o), (317)

where the relative energy &. in the channel « is related to the total energy £ of the

system through e.=E — Ef'— EfY, and the exchange kernel Gu.(R, R’) is given by

Gao(R, R’)=§:ﬂ‘l§£¥(R, R)—e.MiAR, R') . (3-18)

The summation in Eq. (3-18) is over =K, CC, MC, GC, sLS, alLS and T of
Eq. (3-4), among which the central components 2=K, CC, MC and GC need subtrac-
tion of the internal-energy contributions through

MR, R)=MD""(R, R) —(ELY+ ED) Mol R, R') . (3-19)

In Egs. (3-18) and (3-19), MR, R’) and MP**"(R, R’) are the exchange normaliza-
tion and interaction (of the type 2) kernels, respectively, and the internal energies are
subtracted in the prior form. The exchange kernel in Eq. (3-19), which is derived
analytically for each piece of the interaction, has the advantage that it is free from the
internal-energy contribution. In particular, the mass term of the kinetic-energy
operator T; and the confinement potential with 2= Cf exactly cancel out between the
exchange part and the internal-energy contribution in Eq. (3-19).

KEKEBfmt A—mREI/N\FOV - [RF#%
IR I RN R ATHE 2017

2017/11/21

26



Quark-Hamiltonian

1
K+conf.+FB 2
T
i (FSBZ MR T NIF)
. i (/\tj ) o (1) < Norm kernel®
confinement Z v el IJ) Spin-flavor factorh®
"~ $x%
. 1 S| /
Color-Coulombic -+ Z 4—(1'5'?5-{: )\i' . /\j — /
e~ 7
i<j L]

Color-contact -+ Z IQSHC )\E )

8
s ; 2 N
2mh™
Color-magnetic —i—z iﬁghc )\E’ . /\j § — — O(T-ﬁj) (Ji . O'j)
1< \ @2 /
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Diagonal exchange RGM kernel

—

K(ﬁm: Ris_3: ﬁ-m; E12—3)
= 1 (6(1,2,3)5;6(Ria — B )5(ﬁ12_3 — IRy)
% [Sies (i Ay) L (A— 5 (=1)"PP) | 6(1.2.3)5;0(Byy — Ry)8(Riz—s — By))

RxfieEEF A = [1 D-term

3B —9(Pys £ Pio + Pys) 2B-term —>
<« 27 (Pssg + Psoo)
°° : 93 P (—1)
3Bb | / / SEMR ! baryon-exchange
% 2N / x@ _\ operator
3Bc
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Width parameter b = 0.6 fm
Quark mass mc? =

—_

NNN
ANN(I=0,1)
SNN(I=2)
=NN(I=3/2)
=EE(I=1/72)

ARESITHEBOEZARE T AEITTIEREDE

kernel M 7€ T4 B4 12

——

A
313 MeV ET .

DEZRIZDNT,

R I A

[ZDULVTERARS

ZIRND

—HB. T HWILFRS

/N
O

Hir&L .



NNN(I1=1/2)

[
'NNN3B30.d'
4 'NNN3B60.d'

'NNN3B90.d'
, 'NNN3B120.d"
5 L Color-Coulombic term 'NNN3B150.d"
'NNN3B180.d"

arbitrary
o
|

0 0.2 0.4 6 0.8

r(fm)
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arbitrary

ANN

[
'LNN3B30.d" —
4 - 'LNN3B60.d" —
'LNN3B90.d" ——
. 'LNN3B120.d" ——
5L Color-Coulombic term 'LNN3B150.d" .
'LNN3B180.d"
O b [ERRRSEEEEREREEEEa S S
0=180"
oL r/— _
2 2 = 30" 5
-4 - ,/,/' |
v | | | |
0 0.2 0.4 0.6 0.8 1

2017/9/13
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arbitrary

NN (1=2)

Color-Coulombic term

|
'SNN3B30.d'
'SNN3B60.d'
'SNN3B90.d"'
'SNN3B120.d'
'SNN3B150.d'
'SNN3B180.d'

2017/9/13

0.2

D.4r (fm) 0.6
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arbitrary

=NN ( I

3/2)

'XNI\|I3BBO.d'

4 — "XNN3B60.d' 7
"XNN3B90.d'
"XNN3B120.d'

2 - Color-Coulombic term 'XNN3B150.d' -
"XNN3B180.d'

oh 0 180 _____ o o )

- 0 =230°
_2 — 1" ~ —
@ 0
_4 — _|
| | | |
0 0.2 0.4 0.6 0.8
r (fm)
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arbitrary

=== (1=1/2)

o
I

|
"XXX3B30.d'
"XXX3B60.d'
"XXX3B90.d'

) "XXX3B120.d'
Color-Coulombic term 'XXX3B150.d"

2017/9/13

D.4r (fm) 0.6

HAME 2 22017 F KB R =
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1/2)

o
U
|

arbitrary
o
|

1

o

wn
|

NNN( I =

Color-contact term

|
'NNNCM3B30.d'
'NNNCM3B60.d'
'NNNCM3B90.d'
'NNNCM3B120.d'
'NNNCM3B150.d'
'NNNCM3B180.d'

2017/9/13

0.2 0.4
r (fm)

0.6
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0.8
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arbitrary

ANN

Color-contact term

|
'LNNCM3B30.d'
'LNNCM3B60.d'
'LNNCM3B90.d'
'LNNCM3B120.d'
'LNNCM3B150.d'
'LNNCM3B180.d'

0 0.2 0.4 0.6
r (fm)
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NN (1=2)

2 T
'SNNCM3B30.d" —
5L 'SNNCM3B60.d" _
'SNNCM3B90.d' ——
A Color-contact term SNNCM3B120.df )
'SNNCM3B150.d'
0.5 'SNNCM3B180.d'
> . 'E:t: () = :;()o
g 0 180 ____________________________ — _
2
(o]
_05 — _
~—
_1 - E) _
_15 I _|
_2 | | | |
0 0.2 0.4 0.6 0.8
r (fm)
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arbitrary

=NN (1=3/2)

o
U
|

1
o
(@]

Color-contact term

|
'XNNCM3B30.d'
'XNNCM3B60.d'
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4. Summary & Future
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