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Baryon-Baryon Interaction
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Dibaryons

Deutron (Urey et al., 1931)

With hyperons?          ----------
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Flavor SU(3) classification 
predicts some channels 
with no Pauli blocking
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Lattice QCD Studies by HAL QCD Coll.

u

u ds

d s

s

s s

u

s d

s

s s
S=-2 6 ƶ-ƶ $F9,%

28-plet in SU(3)

S=-3 : N-ƶ $F9.%
8-plet in SU(3)

S=-2 : N-ɧ(I=0, J=0)
part of ƗDƘ
singlet in SU(3)

Show strong attraction at almost physical quark masses
Experimental Confirmation ƒPair Correlation in HIC
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Heavy Ion Collisions as Hyperon Factory
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Enhanced strangeness 
production for high -
energy / large systems

Particularly unique 
opportunity for
Ὓ ς

Production of 

Crossover Transition Into Hadron 
Particle Abundance ƒThermal Eq.
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Two-Particle Correlation
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No Correlation

Interaction
Interference 
etc

Measuring Pair Correlation
ќConstrain Pairwise Interaction 
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Two-Particle Correlation

Small Q

(# of pair)        =     integration of       (emission probability     x    weight factor)

Random emission from the Source
Constrained from y, p t spectrum 
etc

Scattering wave function
FSI and (a)symmetrization (for 
identical pairs)

More rigorous formula found in Anchishkin , Heinz, Renk( LN?13 $ƕ54%
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Correlation from FSI
Static/Spherical Source Lednicky' Ɣ4.

Asymptotic S-wave scattering  w.f.
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Correlation from FSI

Weak  
Attraction
Regime

Unitary
Regime

Bound (or repulsive)
Regime
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Correlation from FSI

Weak  
Attraction
Regime

Unitary
Regime

Bound (or repulsive)
Regime

Measuring C(Q) for different system size helps to 
disentangle the FSI-induced correlation from others
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1S0 bound state from Lattice QCD

The Most Strange System: ƺƺ (S=-6)

S.Gongyoet al., (HAL QCD), 1709.00654

+Coulomb repulsion

t/a a0 [fm ] reff [fm ] EB [MeV]

16 65.3 1.29 0.1

17 17.6 1.23 0.5

18 11.7 1.21 1.0

Unitary regime in typical 
source size for HIC

mƉ=146MeV, mƶ=1713MeV
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Wave function

Source function

ƺƺCorrelation : elements

Coulomb+(a)symmetrizationFSI+Coulomb+symmetrization

Boost-invariant, azimuthal symmetric 
transverse flow

Fit to pT spectrum with T=164 MeV
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ƺƺ Correlation@LHC

System is too large
Further suppressed by 
the spin degeneracy 
factor 1/16
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ƺƺ Correlation@LHC

System is too large
Further suppressed by 
the spin degeneracy 
factor 1/16
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ƺƺ Correlation@LHC

System is too large
Further suppressed by 
the spin degeneracy 
factor 1/16
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ƺƺ Correlation@LHC

System is too large
Further suppressed by 
the spin degeneracy 
factor 1/16

Moderate 
enhancement from 
Coulomb+HBTcase
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ƺƺ Correlation@LHC

System is too large
Further suppressed by 
the spin degeneracy 
factor 1/16

Moderate 
enhancement from 
Coulomb+HBTcase

Strong enhancement 
from Coulomb+HBT
case
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The Small-Large Ratio CSL(Q)

ƺƺ Correlation@LHC

QS (HBT) Correlation 
suppresses the ratio

Nevertheless FSI 
dominates at low Q

Caveat: Statistics 
(need ὔ ςevents!)

Response to 
system size change
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pƺCorrelation

Coupled to ɤɧ(2430) and  ɫɧ(2507)

Absorption of S -wave component

Bound state regime:
Suppression of CSL(Q)
Below unity at low Q @Phys. Point
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pƺCorrelation

Coupled to ɤɧ(2430) and  ɫɧ(2507)

Absorption of S -wave component

Bound state regime:
Suppression of CSL(Q)
Below unity at low Q @Phys. Point
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Lattice input: Iritani + (Preliminary )

STAR Preliminary

J.Chen, EMMI 
workshop@Turin , 2017
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pɧ- Correlation

Unitary regime:
Notable 
enhancement by 
FSI
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Lattice input: K.Sasaki+ (Preliminary )
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Concluding Remarks
Correlation measurement in HIC can 
constrain low energy scattering param.

FSI contribution is sensitive to system size : 
Comparing small and large systems via CSL(Q)

Indirect search for dibaryon states
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Hkkoahu ^kqj` Jƶ @e^]nukj;

Hkkoahu ^kqj` ƶƶ @e^]nukj;

Hint from Correlation!
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Backup
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S=-3:
pƺ@almost phys.point
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8f-10 f, 10f-10 f 8f-8f

Spin-1 : Strongly Coupled

Spin-2 : D-wave only ƒsuppressed
ќQuasi-stable Dibaryon state?
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