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*R Outline

[ Introduction
exotic hadrons - strangeness (S) sector

[ H-dibaryon search from STAR Exp.

— H-dibaryon and two particle correlations
— Strong decay: correlation function for A A

— Weak decay: H — A + p + 7 mass spectrum
[ STAR other effort on the Y-N interaction measurement

[ Summary and Outlook



*R Introduction on Exotic Hadrons

[ Hadron with multi quark components is a long-standing challenge in
hadronic physics

[ In 1977, Jaffe predicted that double strange dibaryon made of six quark
(uuddss) may be deeply bound below the Lambda-Lambda threshold
due to strong attraction from color magnetic interaction based on the bag

model calculation Phys. Rev. D 15, 267 (1977); =N
Phys. Rev. D 15, 281 (1977) =~
Phys. Rev. Lett. 38,195 (1977); 38, 617(E)(1977)
AA

4 Properties : JP =0*, mass : (1.9-2.8) GeV/c?

T f s [3 ~ 80
J(H) =/ =(AA) + [ = Y(NE) — = (ZX)
8 8 8 Jaffe

[4 Since prediction, dedicated measurements have been performed to look
for the H dibaryon signal, but its existence remains an open question




R H-dibaryon (1)

[ NAGARA event — measurement of \\*H—>AA+*He (BE ~ 6.91 MeV)

M KEK-E522 observation of 2.60 enhancement for AA invariant mass
spectra — resonance!
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R

H-dibaryon (2)

[A Lattice QCD calculations — H-particle is indeed bound at quark mass

above the physics range
NPLQCD: Phys. Reuv. Lett. 106,162001 (2011), HALQCD: Phys. Reuv. Lett. 106, 162002 (2011)...

[4 Chiral extrapolation to physical pion mass leads to unbound H
Phys. Rev. Lett. 107, 092004 (2011), Phys. Lett. B 706 (2011) 100
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*R Possible venues for H-dibaryon search

[ Systematic study of double strangeness systems

— Binding energies
Future experiments at J-PARC, KEK
[4 Heavy lon Collisions

— Study two particle correlations

— Invariant mass

High statistics data from Relativistic Heavy lon Collider (RHIC) &
Large Hadron Collider (LHC)



The STAR detector

Large acceptance
TPC: Full azimuthal coverage, (|n]<1.0)
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*R H-dibaryon decay mode

The observable in STAR:

[7] Correlation function )4
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R Correlation function

[ Measurement of AA correlation functions:

0.0
— related to the size ro of the emitting region

— no Coulomb interactions

— the two particle correlation function

(C. Greiner and B. Muller 6
Phys. Lett. B 219 (1989) 199) E’ -0.6 |- .
I A-correlation without AA resonance

— R(Q)z)\*exp(_erZ) ey C. Greiner and B. Muller A
—  Q: relative momentum between 10 L 5
two particles ' S —

—  A: degree of incoherence of the 0. 20 s w0 w0y 00 20 a0

source relative momentum (MeV/c)

The pair correlation function of the A depends
sensitively on the source radius rg of the
spacial volume.

— search for H-dibaryon
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Measurements from STAR detector

Au+Au at 200GeV, 0-80%
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STAR Col. Phys. Reuv. Lett. 114, 022301(2015)

M STAR measure a clean Lambda signal with excellent signal to background ratio.

M Lambda-Lambda correlation function and its anti-particle’s are found to be nearly
identical.

M The following slides show combined results of Lambda and anti-Lambda to
increase the statistics.
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*R A A correlation function

Fit using Lednicky-Lyuboshitz analytical model
CF=N(1+A[X.ps(-1)%exp(-r,2Q?)+ACFF'+a_exp(-Q’r_?)])

N- normalization, A - suppression parameter
SJNP 35 (1982) 770

MCF(Q=O) > CFas(Q=0)
Au+Au at 200GeV, 0-80% — interaction is attractive

[ High Q tail -> residual correlations
from x° =

3 ;
— 0.8 H ® AADAA .
© .- o as [ Interaction parameters:
_ 22/NDF = 0.56
——— LL w/o residual ] ] )
[ LL with residual — Emission radius- 0.96
S — Scattering length-
0 0.1 0.2 0.3 0.4 0.5 ap = —1.10 & 0.371088 fm,
Q (GeVic) — Effective range-
STAR Col. Phys. Rev. Lett. 114, 022301(2015) ree = 8.52 4 2.561779) fm,
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R

A A interaction potential

STAR Col. Phys. Rev. Lett. 114, 022301(2015)

Cc(Q)

- Au+Au at 200GeV, 0-80%

o8| .-/ e
ermiimrn - NSC97f

NSC89

ND (Rc =0.56 fm)
S NF (Rc =0.50 fm)
LL no residual

LL with residual

0.6

0.3

P S A T R TR |
0.4 0.5
Q (GeVic)

4 All model fits to data suggest
that a rather weak interaction is
present between A A pairs

rog (fM)

laps| < layn| < |ayy|

14—_ ¥ AA ¥ fss2
[ C7 AA (NAGARA event) m ND
12 Om ® NF
- Clee A NSC97
o D pre v ESCO8
AN
sl Vopn( e
- en(s) A
» op ¢
5 ®
4 o M *
- g A
2._
B 1 [ IVV 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ] 1 1 1 1
-0.5 0 0.5 1 1.5 2 2.5
[17a| (fm™)

t — for triplet state
s — for singlet state

n-n = Phys. Lett B, 80 (1979) 187
p-n = Phys. Rev. C 66, 047001(2002)
p-p — Mod. Phys. 39 (1967) 584
p-A— Phys. Rev. Lett. 83, 3138(1999)
AA— Phys. Rev. C 66, 024007(2002)

AA— Nucl. Phys. A 707 (2002) 491 13



*R Discussion on H-signal from model

M Assuming that H dibaryons are stable against strong decay of Lambda,
and are produced through coalescence of Lambda-Lambda pairs:

d*Ny/2nprdprdy = 16B(d*Ny/2nprdprdy)?
The integrated yield: dNg /dy = (1.23 4 0.47 44 + 0.614,5) x 107

Expected H signal [4 On the basis of (ao,re)
10| ' ' ' from current data, the
' existence of H-particle as
bound state of Lambda-
= Lambda is not preferred.
S 0.9
o [4 On the resonance pole:
STAR (0-80%) —— high statistics is
o) :
% (€, T, J=(14 MeV, 4.5 MeV), x fit o necessary to c.onflrm or
0.8 T (1.8 MeV, 1.5 MeV), x 2 rule out the existence at
0 100 200 300 400 500 low Q region.
Q (MeV/c)

K. Morita, T. Furumoto and A. Ohnishi, Phys. Rev. C 91, 024916(2015)
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e H-dibaryon invariant mass distribution

(Z[Topological reconstruction of Apz to P
look for H H—=A+p+m
91\ o -+
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g{pﬁ,.w;"f "%A 5
g, By ..\.g:—”-—) Py
o T,
N. Shah for STAR Col. Nucl. Phys. A 914 (2013) 410 , by Vi

Au+ Au collisions at . /sy ny = 200 GeV.
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R STAR effort on the Y-N interaction measurement
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[4 A precise determination of the lifetime of hyper triton provides direct
information on the Y-N interaction strength

[ High statistics data from STAR show a short lifetime compared with the
free Lambda’s
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*R Summary

M AA interaction is indeed attractive

[4 Attraction is not strong enough to form stable H-dibaryon

M Interaction parameters: 1/ap < -0.5 fm™! and ref > 3 fm

[ Measured interaction parameter gives indication towards
non-existence of AA resonance below the N= and XX

threshold

[ On the hypertriton part: v =123+2 =10 ps is obtained, which
is significantly shorter than the value from free Lambda’s

17



*R Outlook

[4 Observation of di-baryon in Delta-Delta system from WASA-at-
COSY : stimulated new interest in di-baryon structure within the
QCD framework

[MN-Omega potential may be attractive for a bound state (HAL acD
Col. Nucl. Phys. A 928 (2014) 89)

[4 Xi-Xi: a bound state analogous to deuteron (G.A. Miller, Chin. J. Phys. 51
(2013) 466)

[F Extend correlation measurement to these systems

[4 Shed light on hyperon-interactions, which is important to
constrain the equation of state for nuclear matter including strange
quark degree of freedom which is essential to understand the
neutron stars

Thank you! ¢



Back-up slide

AA scattering parameters

16
14 ¢ ';\llll:g ok
12 -pégr:;‘ggg e -.
g0 e = o
~ 8 ESC08 ¢ ¥
6 HKMI\=($ o ‘@
4 | STAR —e= @)
(2) I ‘ “w\s"v

7 6 5 -4 -3 210 1 2
1/a, (fm™)

FIG. 1. (Color online) A A interactions and scattering parameters
in the (1/ag,re) plane. The AA interactions favored by the AA
correlation data without feed-down correction are marked with big
circles. The thin big and thick small shaded areas correspond to the
favored regions of scattering parameters with and without feed-down
correction, respectively, which show stable and small x? minimum
(see text). The results of the analysis by the STAR Collaboration
1s shown by the filled circle [15], together with systematic error
represented by the surrounding shaded region.
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