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Baryon-baryon interaction
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Baryon-baryon interaction

Dibaryon configuration
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Baryon-baryon interaction - Flavor state

baryon @ baryon > dibaryon

SRI=1H8P8P10® 10 27
SR10=84¢104 274 35
10210 =105 27 ¢ 28 & 35.
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Baryon-baryon interaction in Quark Model

SRI=1H8BH8D10d 10 27

baryon @ baryon > dibaryon SR10=8D10® 27 ® 35
1010 = 10 ¢ 27 & 28 & 35.

Hes = — Z A A0 - 0

Wave function = Orbital ® Color ® Flavor @ Spin

[6]lo0 [222], [33]Fs = N(N —10) + %S(S +1) +4CF +2Cc

TABLE II. Energies relative to threshold for dibaryon systems with an exact SU(3)r symmetry.
The entries are the energy E, the threshold energy Er and the relative energy AEF = E — Er for
the various dibaryons. The same value a(6g) = a(3g) has been used throughout.
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Baryon-baryon interaction in lattice QCD (SU(3) broken)

BB S-wave potentials
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Hamiltonian

6
H=Y (m; XXS(VE +V5S)
Z( : 2?711 16 Z )
i=1 1<
C K I'ij . . .
Vi =——+4+—-D . confinement potential
/ Tij ao
2.2
¥ = . e~ /() 6, . 5. . hyperfine potential

mimjc4 (r()ij)zrij

m H?
=/

m: +m

TABLE I: Parameters fitted to the experimental baryon
masses using the variational method with a single Gaussian.
The respective units are given in the third row

k |K'| ao D | a B | mg | ms
0.59(0.5| 5.386 [0.96| 2.1 [0.552[0.343]0.632
GeV ?|GeV|fm ! GeV | GeV
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Baryon-baryon interaction in Quark model

Veam = (H)eq — Epr.
Epp = Mp + Mp' + K,c1.BB’-

. 1 3 1

Veaum(F1) = (H)p, — gEAA + TEEE + QENE] :

, 27 1 3
Veom(Far) = (H) Ry, — oA+ EEEZ} + EEN” :
i 1 1 1 ]
Veom (Fio) = (H)Fyy — §EEA - EEEE + 5 En=]|,

. 1 1 1 ]
Veau (Fg) = (H) Py — §Ezﬂ + EEZ}E + gENE -

Veom(Fs) = (H)Fy — Enz.

_ V(F)
"V (Fyy)
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Comparison with Lattice QCD

0.5
0.0" ]
—0.55 IR RIRYOSER 1
£ [ -i.“‘ A
1.0 i
- + +‘-__‘-
-1.5¢ ! } ]
; !
=20 e
0.0 0.1 0.2 0.3 0.4
r[fm]
15 | | |
1.0/ _
cég _______ L__n_.g.!..x_!__l_;_g'-;q_i{-;—%
05" '
0.0 e |
0.0 0.1 0.2 0.3 0.4
r[fm]
R,

QCS 2019

SU(3) symmetric case

-------- SU(3) broken case
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1. BB Interaction

- collaborated with T. Hatsuda, T. Inoue, S. H. Lee

2. BBB Interaction

- collaborated with S. H. Lee
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Hyperon puzzle IN neutron stars

Massive (2Mg) neutron stars vs softening of EOS by hyperon mixing

- Hyperon puzzle
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Hyperon puzzle IN neutron stars

Massive (2Mg) neutron stars vs softening of EOS by hyperon mixing
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Three-body interaction
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Three-body interaction

QCS 2019

Tribaryon configuration



Flavor state of the tribaryon

Wave function = Orbital ® Color @ Flavor @ Spin
[9] [333]

333]rs = [63]Fr ® [63]s + [54]F @ [54]s + [621]F ®
54]s + [631]F @ [72]s + [631]F @ [63]s + [631]F @ [54]s +
[522]p ® [63] s+ [441]F ® [63]s + [432] Fp ® [81]s + [432] p ®
[72]5 + [432]1? & [63]5 + [432];‘ & [54]5 + [333]1:’ & [9]5 +
333]F @ [72]s + [333]F ® [63]s.

Flavor and spin
states of tribaryon :

QCS 2019
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Color-spin interaction

== X0 0 SU(3) flavor symmetric limit

1]

4
IN(N—10)+§S(S+1)+4CF+QCC

Flavor _ Z’K? Aidjoi - 0
S==z|S=2|5=2|5=ZL|S5=2
| 1 —4 | & 24
8 4 8 = | 24
10 20
10 20
Ktrlbaryon — o7 9 5% %
35 40
35 40
| 64 56
Kg1 + Kgy + Kz =2 vV | -24 | 24 | -8 8 24

TABLE I: The expectation value of color-spin interaction of
the tribaryon for each flavor in SU(3) flavor symmetry. Empty
boxes represent states that are not allowed by Pauli principle.
V' is for the lowest threshold three baryon states.
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Pure three-body force

FEs vodyi = Mpi — Mp,, — Mp,,

3 3
j\/ftribm‘yon — E EQ—body,?l + EB—hody + E A"{Bé
i=1

=1

3 3
ES—body — ]\'{tribaryon - E EQ—body,?ﬁ - E ]\[BL
1=1

=1

3 3
— ]\'{tribaryon - E A’{dibaryon,i + E AJ’B‘L
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Transformation coefficients

Baryon ® baryon
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Transformation coefficients

Tribaryon - Baryon @ Dibaryon

17‘3 (rra B & D) — <‘;Dt-ribary0n‘lpbaryon & lIJclilcrar‘yc>11>2
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Transformation coefficients

Tribaryon = Baryon ® Dibaryon Tribaryon
\
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Probability of three-baryon channels

(B1 ® B2 ® Ba)x
Ek=1| k=2 k=3 k=4
SRRV IBRB8®10|8®10®10]1021010

h.
-

3 T 7 2
(L3) | 35 13 0 3
(1,2) 0 2 0 1

9
L] o 0 0 1

o 1 13 5 i 4
(8,3) | =1 15 6 57
o 3 1 3 1 4
83) | 13 3 30 is
o b T 23 4
(8,3) 0 50 60 is
o 7 1 1
(&5) 0 0 5 5
(10.3)] L 71 1 7

12 180 180 9 45
10.2)| = k3 4 2

12 36 36 9 9
(27,4 10 7 4 14

'3 21 27 9 21
7.3 L 179 16 118

f’? 324 540 45 405
o~ 5 11 68 56
(2‘55) 0 135 135 135
o 1 1 2 32 4
(35,3) | 135 iz e 7
7 1 5 1 10
(35,3)| =% 0 9 27

13 1 5 1
(64,5)] 0 9 18 18

TABLE III. Probability P(T, (B1®B2®B3)x) of three-baryon
channels for each tribaryon configurations. The first column
represents tribaryon configurations.
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Intrinsic Three-body force

3
T3(T,B1 @ D;)T5(D;,Bs @ B3)Mp ; + Z Mg,
i=1

(B '@BQ@B
1,3(1 2 3)#4_1‘[ _3ZP BIXBQOCBS))

For F = 8,5 = 1/2, the possible baryon ® dibaryon states are

(F,$) = (81/2) ® (1,0),
(81/2) ® (8,1),
(81/2) ® (10,1),
(81/2) ® (10,1),
(8,1/2) ® (27,0).

27 4 5 5 25

Their ratios are —:—:—:— i
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Intrinsic Three-body force

3

T3(T,By @ D;)T2(D;, By @ Ba)Mp j + >~ Mg,
i=1

1
,(B1 ® B2 @ B3)g)

Y (B1®Ba®Ba)k _ 3y 9
3 T ;P(T

4
Vi = Z P(T,(B1® By ® B3)k)V3(Bl®B2®B3)k
k—1

n 4 3

= M7 =3 T5(T,Bj, ® D;)12(D;, Bj, ® Bj)Mp,; + Y P(T,(B1 @ By @ By)y) Y | Mn,
j=1 k=1 i=1

=0

Flavor-Spin interaction

N
§ : FyF

— |:> Vi =0

4
= N(N —10) + S(5 +1) + 20 +4Cc
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Summary

1. We have calculated the transformation coefficients of tribaryon with flavor SU(3)

symmetry to investigate the intrinsic three-body interaction.

2. We found that the intrinsic three-baryon interaction at short distance vanishes for

all quantum numbers in flavor SU(3) symmetric limit.

3. It should be noted that in a realistic flavor SU(3) breaking case, the cancellation will
not be exact. Hence, we need to look at the intrinsic three-body interaction with
realistic strange quark mass taking into account the spatial dependence that will be

different for all quark pairs.
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Thank you
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