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QQ in J=0TODERERBICKD NI TOMR

AMQQ — EQQ — 2MQ

SU(3) chiral quark model Quark Disloc/Color-screen model
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Zhang et al(1997) F. Wang et al(1992)

AMQQ — —166MeV AMQQ — 43 + 18MeV
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3 quarks on sites
4
N o gl
L Eudlid gluons on links
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N. Ishii et al, PLB712, 437 (2010)

el K FHALE
FRIZL U 74 mHEEBEZEUR correlator) : mp, = mp,

R(Z, 7, t — to; JT) = e "B1tmB2)0 (0| By (7,¢) Bo(Z, 1) T (to; J¥) |0)
) —AFE,t

AFE., —2\/mB—|—k2 — 2mp

~ AW,
MESE SR, E:
(B EIRRE @?Hadcécué\}%fow\)

82
(mngaﬂ ot

o RT VIV IIDNEERREBUNDHELIARERDOFS
R NTCIRRETH L ATRE
o MEFE /A ANBLSES

11



Experiment Lattice QCD

S=0 S=-1 S=-2 S=-3 S=—4 S=-5 S=-
NN NA, N AALAL S, NE  AESENQ EE  EQ QO
>
EX_P better S/N
rich data e
* rich data for less strange quarks * petter S/N for more strange quarks
* More # of strangeness, * | ess # of strangeness,
more difficult experiment more difficult numerical simulation
due to short life time due to increasing statistical noise
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V.(r) [MeV]

QQ inJ=0COHALICEXDB INFETOHE

Nf=2+1 full QCD with L = 3fm, mr= 700MeV
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M. Yamada et. al.(HAL QCD), PTEP2015
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Numerical Setup

2+1 flavor gauge configurations

* lwasaki gauge action & O(a) improved Wilson quark
e a=0.0846 [fm], a-1 = 2333 [MeV]

* 963x96 lattice, L = 8.1[fm]

* 400 confs x 48 source positions x 4 rotations

Wall source is employed. only S -wave state IS produced

[M eV] ohys. ::smglchorrelator |
o146 8% - HW;HHM H
_____ K 525 6% . ' 1712MeV
N 964 3% <.

Q 1712 2% ol
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SG and K. Sasaki et.al.(HAL), accepted in PRL

QQind =0

“most strange dibaryon”

Nf=2+1 full QCD with L = 8 1fm mn— 146MeV
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SG and K. Sasaki et.al.(HAL), accepted in PRL
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R 1R )38 i ¢ D Conservative estimate

Mr=146 MeV -> 135 MeV, mq=17/12MeV -> 1672 MeV
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conservative estimate:
ValTa v hH—ARERAOEBE=EIE

(BOo D), BEg Preemombly — (1. 6( )MeV, 0.7(5)MeV)
— (1.3(5)MeV, 0.5(5)MeV)
EIFREDHEEAAN -




Kenji Morita (Wroclaw/Riken) 8 Noy, 2017

How HIC Can Tell Us Interaction?

@ HIC at Relativistic Energies@LHC
% K
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NEEEI(Q) (1 No Correlation b
=
NsNp(Q) kOthel‘S Interaction

Interference etc

Measuring Pair Correlation
—>Constrain Pairwise Interaction

Ca(Q) =
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Kenji Morita (Wroclaw/Riken)

8 Noy, 2017

QQ Correlation@LHC

¥ The Small-Large Ratio C,(Q

I | I I I I é\&

CsL(Q)

2

1.5

0.5

0

I

w/ Coulomb, t/a=19 —

40-60% / 10-20%
60-80% / 10-20%
No Strong FSI 40-60% / 10-20%

No Strong FSI 60-80% / 10-20% — —-
l I

0 20 40 60 80
Q [MeV/c]

100 120 140

Response to system
size change

s (Q) = GR(Q)/Cr (Q)

QS (HBT) Correlation
suppresses the ratio

Nevertheless FSI dominates
at low Q
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QQ Correlation: Statistics?
¥ # of pair A(Q)

_5 .

10 I | = To have 100 pairs at low Q:
> 10° -~
> 107 — 1 Acceptance X Efficiency : 0.01
g 8
r 10 Probability of e?ﬁwith more
%Q 10-9 , than 2Q (a t@ g Poisson)
é 10 / ‘\ .12 for 0-10%
z 1° &% 10*for 60-80%
0 10-11 0-10%
o -20N0
a 19 10-20% 10%% — 10%> events : unreachable at
S 10 20-40% LHC
S 10-13 40-60%
+ 60-80%

10-14 | | | | | | | Not impossible at Future

0 20 40 60 80 100 120 140 J-PARC ?(int. rate 108 Hz)
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coupled channels
including all higher partial waves

J | NN NA JAVAN

5 1 1Sg 5D 1S0 °Dg 27plet
0 3S13D;q - 3S1 3D1*B1 D1 "G 10*plet
2 - 351 3D1 9D+ 351 3D*B1 D1 "G+ 35plet
1 1D23D2  952°D23D2°5Go 952 9D2 5Go#B71D2 DGz 27plet
3 - - 5S2 9D °G2 2B D2 "D G 28plet

D3 7G3 7|3 8B3°G3 3D3 3G3

2 - 5D3°G33D33G3s  /S3 D3 'G3 7l3 ¥B32G33D3 3G3 35plet
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platux region in Omg-Omg at phys. point

| fit pot, t=17, finite Src
raw pot, t=17, f
t
t

reconst., t=17, raw pot, 4eigenstates, 96src —e—
reconst., t=17, fit pot, 4eigenstates, 96src —o—

Delta E[MeV]

100 200 300 400 500 600 700 800 900 1000

To extract the B.E. using Luscher’s method,
t/a >1000 is needed
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Correlation from FSI B2 oxp (_ L ) taic/spherical
4 A
Can(Q) — 1 = f drS™ @)y = Lio(@r)P)
(27TR2)3 ¢ Lednicky+ ‘82
Attraction 1 Unitary 1Bound (or repulsive) :
5 Regilme : IRegimel :Regimle | Asymptotic form sm(Qr + 5)/(Qr)
| |
QR=0.2 _
e i i oc - _ |l Shape-independent approx.
| l 1 1 1 0
" ! ! Qcoto = F —regO
| ) 2
|

Small Q: Sensitive to S-wave

FSI Contribution to C(Q)
o
o

|
— — - ’: scattering length ag and less sensitive
0~ | to effective range rq
|
|
0.5 - re/R ¥ 0 Approximately scale with R/a, and QR
|
| | .
-1 Holds in the presence of Coulomb
-4 -2 0 2 4
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QQ Correlation : elements

¥ Wave function

3
spin-averaged , % %\ (2 1 2 2J + 1 2
= —le(I =0 + ) J
(75 (", r")| 16Isv( )| 24716 lo(J))]

FSI+Coulomb+symmetrization Coulomb+(a)symmetrization
H 101 ¢ T T I I I | 3
¥ Source function : 010% 13,0 r |
d 100 L _ 10-20% x1.5 > ]
S(x, k) = my cosh(y — no)ne(u -k, T) . 20-40%
(2x)3 - : M 40-60%
S 107 ¢ 60-80% 3
eXp | — T—=170 2 1072 ¢ ~
2R? S =
% i
—_ = 1073 2 =
yr = ar/R > 107 ™~ 3
. . . . 1074 = =
Boost-invariant, azimuthal symmetric g :
transverse flow 1o-5 [ D2fa: ALJCE Ph+Pb sii=2.76Tey
o 1 2 3 4 5 6 7
Fit to p; spectrum with T=164 MeV pr [GeV/c]
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