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Motivation
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P.+ must couple to J/yp p
—pest to consider the 2-body J/wp scattering without
the spectator K-

—such an experiment unaccessible
—lattice QCD

HAL QCD method

to compute a potential faithful to the QCD S-matrix

N. Ishii et al.. PRL99. 022001 (2007)
S.Aoki et al., PTP123.89 (2010)
N. Ishii et al.. PLB712. 437 (2012)




HAL QCD method

¢ Method introduced by the HAL QCD collaboration

C(t,7) = (M(t, 7+ Z)B =) (7 E,)A

/

sin (kr — I /24 0(k)) is50r)
N €
kr

faithful to QCD S-matrix: ¥(7)
k2 \V&
{QM 24

T — OO

} G Bn) = [ VT B = Vi B

[N.Ishii et al., PRL99 '07] [S.Aoki etal., PTEP123, 89 '10]

| ¢ Time-dependent method avoids excited-state contamination

R(t,7) = C(t,7) /e~ (mrtma)t
0 VQ s —y — —y 7.2
(% R(t,’r) = /dr V(r, ) R(t,7) upto O(k*)

[N.Ishii etal., PLB712 '12]




Coupled Channels

¢ Extension to coupled-channel systems is straightforward

S channels to consider s | ¥ 4525MeV
for S-wave JP=3/2- 5] D -M60MeV

x | 7y .4382MeV
.+ D

Ak 4293MeV
Ac 1T _D

Coupled-channel potentials

v

Search for resonances

N + J /w 4035MeV

... Saved for the future
Let us discuss the charmonium-nucleon single-channel interactions

( ne-N and J/p-N)



Effective Central Potentials |9

The ne-N and J/y-N couples via the S-D mixing

o> We calculate the S-wave effective central potential

Vesr

“H+ @] +




V(r) [MeV]

Previous Lattice Result

X

[T.Kawanai and S.Sasaki, PRD82 '10]
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1. Both attractive; J/WP-N is slightly stronger than nc-N
2. Not strong enough to have bound states
3. Moderate quark mass dependence

To be improved:
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& Dynamical fermions

& Use of the time-dependent method



Numerical Setup 9/4

e 2+1 flavor full QCD configuration by CP-PACS+JLQCD (163x32)
-Actions:
RG improved gauge action (=1.83)
Non-perturbatively O(a) improved clover quark action (csw=1.7610)

NOT using the Relativistic Heavy Quark (RHQ) action for charm
(statistical error may possibly exist)

-Lattice size:
a=0.1209 fm, a-1=1.632 GeV = La=1.93 fm

-Hopping parameters:
Kug=0.13760 = M=874 MeV, mn=1816 MeV

Kc =0.11660 = Mnc=2995 MeV, my;,=3088 MeV
(c.f. mp(Phys)=2983 MeV, m,(Phys)=3096 MeV)

-Statistics:
700 configurations x 16 source points



Result: The Potentials
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Ve ff [MGV]
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Qualitatively same behavior as the previous results



Elastic-State Saturation 2.,

20 T T T T T T T T 20
0r 0
-20 -20
-40 -40
-60 -60
-80 . -80 s
-100 | J/W-N: J1/2 | -100 | J/W-N: J3/2 |
t=15 m— t=15 m—
-120 t=14 s -120 t=14
=13 =13
t=12 t=12
_140 | | | | | | | | _140 | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
20
of o V2
—— 4+ — | R(t,7) =V (r)R(t,T)
- L Y 9
20 [ ot 2u ] —
40 b
_60 L

& [The potentials are t-stable

-80 -

neN ... saturation achieved
i @t=12

I ! ! ! ! ! ! \t=12 !
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

-140




o[deg]

Phase Shift

Pt

Schrodinger eq. (S-wave) <

40 |

R,

30

20

10

t=13 ——

t=12 —— |

0 50

100

ECM [MGV]

150

200

v

o(r; E) — !

) o

i) = Vegs (r)o(r: E)

2

JIw-N (J=1/2)

a = (.08 -

@t=12
- 0.44 fm

T = 1.04:

J/Y-N (J=3/2)

Ne-N

- 0.03 tm

- 0.42 tm

a = 0.03 -
r=1.11 -
a = 0.44 -

- 0.03 tm

- 0.34 fm

r = 1.33 4

- 0.06 tm

(hg—>(kr) _ so(k)h<+></<;r))



14

¢ We have calculated the effective charmonium-nucleon
interactions by the time-dependent HAL QCD method

¢ The difference between the J/W-N(J=1/2) and J/W-
N(J=3/2) potentials is very small, which is compatible
with the heavy quark symmetry

¢ The results are consistent with the previous study

within statistical errors. |
on-going!

¢ Improve statistics \

¢ RHQ action for charm / mr dependence

Future plans

¢ Tensor forces of the J/W-N

¢ Coupling to the other channels
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Another Lattice Result 14

-100

mL=32 51

B L=
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] || I|
32
(6 9)

Nn. dn. ppn. °Hen. “Hen. *Hel/y

[S. Beane et al., PRD91 114503 '15]

Both ssPar and ccbar are
deeply bound to N
with BE~20MeV

There's a conflict between
the HAL QCD method
and the Luscher's method

(NPL collaboration)

see [I. lIritani et al., PRD96, 034521 '17]
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Time-Dependent Method 14
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Ground-State Saturation: effective mass of nc
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Ground-State Saturation: effective mass of J/ ¢
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Ground-State Saturation: effective mass of N
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our result

. Uscher's formula
[T.Kawanai and S.Sasaki, PoS LATTICE2010 156]
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LUscher's formula
[T.Kawanai and S.Sasaki, PoS LATTICE2010 156]
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