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Dibaryon candidates

Several dibaryon candidates have been studied by model calculation

®H-dibaryon
~R.L.Jaffe PRL38(1977)

®N-Q system
~F.Wang et al. PRC51(1995)
~Q.B.Li, P.N.Shen, EPJA8(2000)

»AA and QQ system
~F.J.Dyson,N-H.Xuong, PRL13(1964)
~M.Oka, K.Yazaki, PLB 90(1980)

»Predicted B.E. and structures are highly depend on the model parameters.
»Some of them are still not confirmed in experiments.

Lattice QCD study of hadron interactions is awaited.

Kenji Sasaki (YITP, Kyoto University) for HAL QCD Collaboration






Derivation of hadronic interaction from QCD ‘

Start with the fundamental theory,QCD I
| Lattice QCD simulation I - —
n ‘ ‘ Luscher's finite volume method I

M. Luscher, NPB354(1991)531
1. Measure the discrete energy spectrum, E

2. Put the E into the formula which connects E and 6

Ble(tj;)EzEl(toMO>:A0\P(7:Eo)e

| HAL QCD method I

Ishii, Aoki, Hatsuda, PRL99 (2007) 022001
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1. Measure the NBS wave function, W

d[°]

-10 V=(1.84 fm)® —8—
V=(2.76 tm)® —=—

2. Calculate potential, V, through Schrodinger eq. a2 | 278y =

» | V=(5.5 fm)® —=—

46 || Guaranteed to be the same result
' T. Kurth et al JHEP 1312 (2013) 015
T. Iritani(HAL QCD) Lattice2015

3. Calculate observables by scattering theory
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BB interaction from NBS wave function

Derivative (velocity) expansion of U is performed to deal with its nonlocality.

®For the case of oct-oct system,

U(7’7') — -\Vc(’”)"'SlzVT(”H"'[]:'S;SVLS(’”)"'Z'SZ: VALS(’”)]"'O(Vz)

Leading order part I

®For the case of dec-oct and dec-dec system,
U7, 7') = kc(r)+S12VTl(r)+Sil.VT2(r)+O(Spin0p3) +0(V?)

—_——
| Leading order part I

= [V (r)]+o(V?) (7 B B (B SV

We consider the effective central potential which contains
not only the genuine central potential but also tensor parts.
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HAL QCD method (coupled-channel)
| NBS wave function I

W, 7)e " = (0|(B,B,)"(7) [E) LA Tu(ELTIWIE P)=0(EE)Y;
lPB(Ei:F)e_Eit = <O|<B1B2>B<F> E,) R?Bz(t,?):‘PBIBZ(?, E)e(_EJ’m‘erz)t

Leading order of velocity expansion and time-derivative method.
Modified coupled-channel Schrodinger equation

S.Aoki et al [HAL QCD Collab.] Proc. Jpn. Acad., Ser. B, 87 509
K.Sasaki et al [HAL QCD Collab.] PTEP no 11 (2015) 113B01

— Considering two different energy eigen states
| Potential l
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S=-2 BB interaction |

--- focus on the H-dibaryon ---



Keys to understand H-dibaryon

A strongly bound state predicted by Jaffe in 1977 using MIT bag model.

H-dibaryon state is
® SU(3) flavor singlet [uuddss], strangeness S=-2.
® spin and isospin equals to zero, and JP= 0*

P Strongly attractive interaction is expected in flavor singlet channel.
®Short range one-gluon exchange contributions
Strongly attractive Color Magnetic Interaction
»Symmetry of two-baryon system (Pauli principle)
Flavor singlet channel is free from Pauli blocking effect

27 8 1 10 10 8
Pauli mixed forbidden allowed mixed forbidden mixed
CMI repulsive repulsive attractive repulsive repulsive repulsive
P SU(3) breaking effects Oka, Shimizu and Yazaki NPA464 (1987)

® Threshold separation Non-trivial contributions
® Changes of interactions « i ibuti
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Hunting for H-dibaryon in SU(3) limit

Strongly attractive interaction is expected in flavor singlet channel.

i [ Mps = 1171 [MeV] s-tomr .
of e VT H-dibaryon
: — -10 | ]
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r[fm] Root-mean-square distance V{(r2) [fm]
T.Inoue et al[HAL QCD Coll.] NPA881(2012) 28
oStrongly attractive potential was found A A
in the flavor singlet channel. . e = 2O
“Bound state was found in this mass range MBB -
with SU(3) symmetry. ﬁ'::“h myz = 2260MeV
_ _ myy AN Gomed)
What happens at the physical point? ———— & | =Z50me
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Works on H-dibaryon state

—| Theoretical status I -

Several sort of calculations and results

P. E. Shanahan et al
//iL' PRL 107(2011) 092004

(bag models, NRQM, Quenched LQCD....): o | — oo |
‘ There were no conclusive result. I S, 5
Chiral extrapolations of recent LQCD data """ Y.Yamaguchi and THyodo
hep-ph:1607. 04053v1
Unbound or resonance 0,

-| Experimental status I
“‘NAGARA Event” "2C(K',K*AA) reaction” "Y(1S) and Y(2S) decays”
K.Nakazawa et al C.J.Yoon et al KEK-PS E522 Coll. B.H. Kim et al Belle Coll.
KEK-E176 & E373 Coll. .
. =108 S BT L ) PRC75(2007) Ao PR#110(2013)
o PRL87(2001) = **| P 022201(R) 222002
.~ 212502 % f G *FF @ <iqnifi 1 #% 7%&
< e sncenom @ Significance of o Jrjr% I
\.’-‘.\ 2 _/Ti: l.S—E INC+FSI (ESC04d) enhancements cEI | + —
")i _ I below 30 MeV.;Z s mH + + Jﬁﬁ
A € \ ol B T 1—3; + + + ++

1 1
0 25 50 75 100 I

2Deeply bound dibaryon RN “Larger statistics .There“‘l“éz”ﬂ“t'i’&gn of near
state is ruled out J-PARC E42 threshold enhancement.
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Numerical setup ‘

» 2+1 flavor gauge configurations.
» lwasaki gauge action & O(a) improved Wilson quark action
»a =0.086 [fm], a~' = 2.300 GeV. —
» 96°x96 lattice, L = 8.24 [fm].

» 414 confs x 28 sources x 4 rotations.

Mass [MeV]
. 146 2400 1 A
K 525 oo | 91MeV
m /m 0.28 118MeV
T K o~
N 95612 = ! _t SEVRY
A 11214
12013 posh | t 42MeV M—
= 132843 e
=0 channel =1 channel
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AA, NE(1=0) 'S  potential (2ch calc.)

» Nt= 2+1 full QCD with L = 8fm, mz = 146 MeV Preliminary!

200

200

T T T T
VN\-N\(t=12) [ | : VN\-NE(t=12) —_
Vaa-anlt=11) ; ; ; Vaa-n=(t=11)
: : Vi (t=10) —e—s | I : : Varnz(t=10) +—a—i
150 [~ ¥ e Co o Va-m(t=09) F=—— —| 150 =g Coo Co Va-nz(t=09) F——i

100 100

V(r)[MeV]
V(r)[MeV]

0 0.5 1 1.5 2 2.5 3

®Potential calculated by only using e
AA and N= channels. 150 E v:;@:mg(t=09)s._._. |
® Long range part of potential is almost | '
stable against the time slice.
®Short range part of N= potential
changes as time t goes.
®AA-NE transition potential is
quite small in r > 0.7fm region 50

V(r)[MeV]
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AA and NE phase shift and inelasticity

» Nf= 2+1 full QCD with L = 8fm, mz = 146 MeV Preliminary!
T 1 T T T
AA phase shift —_— —
180 | M T | /ne/aStICIty I
B J ‘. 0.9 |
150 | ] 1 | . : ; r
_ 120} wf / ] 0.8 | O:: ‘ ' —m) 1
é jadl :J T | : 0.7 | O:K/
30 + M5 416 417 4138 4.9 42 4241 3 ;
O , I ‘ JI) 05 42 - 422 424 : 426 4[2.8
0 10 20 30 40 50 0 10 20 30 40 50
E [MeV] E [MeV]
0
®AA and NE phase shift is calculated
230 F
by using 2ch effective potential.
. = 60
®A sharp resonance is found -
-90 +

just below the NE threshold.

®Inelasticity is small. 120 | = phase Shiftl

0 10 20 30 40 50
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d [deg]

arbitrary

Breit-Wigner mass and width

» Nf= 2+1 full QCD with L = 8fm, mz = 146 MeV Preliminary!
122 :lAAp;wase sl;iftl | | l UFitting the time delay of AA scattering
b —— by the Breit-Wigner type finction,

60 -
30
0 .
40 | Time delay I
10F
041 4 41.75 41.8 41.85 41.9 41.95 42
E [MeV]
%In the vicinity of resonance point,
/2
O| £ )=0,—arct
(E)=6,—arc an(E_E )
thus :
dd(E) r/2

dE (E—E.)+(T/2)

Width[keV]

‘ Resonance enargy and width I

200 .
t=11
t=10 36—
150 fos P ERPSRNN S—— E——
100 | ® )l( SRS NN B .
50 - —_— -
0
1 1 1
-200 -150 -100 -50 0 50
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Invariant mass spectrum of AA channel

» Nf= 2+1 full QCD with L = 8fm, mz = 146 MeV

4
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®Sharp peak below N= threshold

»Direct comparison with our simulation results and experimental data
will be performed in near future?
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Interactions of decuplet baryons |



SU(3) aspects of BB interaction ‘

We have succeeded to evaluate potentials
between ground state baryons directly from QCD.

3e8=108 aR7B8 &104]I
o ) y 4

| H-dibaryon I | Nuclear force I

» Inclusion of decuplet baryons

®For decuplet-octet system oFor decuplet-decuplet system
10 8435 810027 10010528027 935010

f

AA state (1=0,J=3)

<« Q) state (pure 28plet)

Alternative source of generalized baryon-baryon interactions
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Decuplet-Decuplet interaction

»Flavor symmetry aspect

Decuplet-Decuplet interaction can be classified as

10©10=28 8 ®38® 10

(QQ)
JI=00

28plet (0%) “plet (17) 10*plet (37)
Pauli allowed allowed
CMI repulsive Not attractive

®A—-A(J=3) : Bound (resonance) state was found in experiment.
»A-A(J=0) [and Q—-Q(J=0)] : Mirror of A—A(J=3) state
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S. Gongyo, K. Sasaki (HAL QCD)

Decuplet-Decuplet interaction in

SU(3) limit

» Nf = 2+1 full QCD with L = 1.93fm, mz = 1015 MeV Preliminary!
600 28plet I . o 10*plet I ;
1S 7S
400 | ¢ P I o 3~ 11 1.1 £ 1< ¢ i ol
~ 200 %‘ -200 |
§ O :'E;;i 1 = -400 [ |
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[ {1l r[fm]
| A-A(J=0) and Q-Q(J=0) | A-A(J=3) |
®Short range repulsion and attractive pocket '« dats
_ _wt i, Bound AA state?
are found in 28plet. e _
. . = 100 | ]
®10*plet [JP(1)=37(0)] is strongly attractive. I '-
. 0 2IO 4IO 6IO SIO 100

[MeV]
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S. Gongyo, M. Yamada, K. Sasaki (HAL QCD)

Q0 J(l) = 07(0) state near the physical point

» N¢= 2+1 full QCD with L = 8fm, mz = 145 MeV

100 ¢ Potential I | P 180 ! Phase shlft I T 18 -
0 : : t=17 ol e delta t=17 +—a—1 _
: 5 5 5 - : : : 5 del
3 : : : 15 1 o B _____________ deltt2:15l—I—|
- 120 _______________________ SN SO R .................... |
g §' 100 ............ a--4 6+0 6 [fm]
g O e r—127+003ﬁm]
60 l::..... ______________________________________________ .................... ]
40 b 5"""!'-'""='i'="='.""l"'i"i _________________ e 4
: f O EEER I lfEaEaa
-100 I ! | 8T Ad~10044 =2 ¥ RV | | | " s s
0 0.5 1 1.5 2 2.5 3 0 20 40 60 80 100 120
r[fm] [MeV]
| The QQ state is stable against the strong interaction. I Binding energy and rms
eShort range repulsion }
and attractive pocket are found. s - !
®Physical QQ state would form a bound state. ¢ |
®Coulomb repulsion : |

® reduces binding energy.
® is not enough to untie two-Qs. S T S A

t=17, 3rangs gauss, HAL potential with coulomb potential —e—
1 1 1 1

1
2 25 3 35 4 45 5 55 i}
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Summary and outlook

»We have investigated coupled channel baryonic interactions
from lattice QCD.

» We have studied dibaryon candidate states
» H-dibaryon channel
> We perform AA-NE coupled channel calculation.

> Sharp resonance is found just below the N= threshold.
(Time slice saturation is not achieved yet.)

2 AA and QQ) states

v

v

2 QQ potential has repulsive core and attractive pocket
» QQ would form the bound state.

»We continue to study it by using higher statistical data.
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