BFQCDEHEZHWEF v —EZ U L DE ST

R FQCDZEF W\ -
FvY—EZ U LDESHR

Kazuki Nochi, Taichi Kawanai®, Shoichi Sasaki

Tohoku Univ., Forschungszentrum Jalich”

RFZ=8a5FEDFR 8/30K)MA=



outline

* [ntroduction

* [attice QCD and variational method
* Evaluation of potential

* Lattice setup

* Numerical results

* Summary and Future work

RFZ=8a5FEDFR 8/30K)MA=



Introduction
®Spectrum of charmonium

otential model

BBEEERF OFvY—LTA—7
N

open threshold I 'F T
E < ijI}J LTWh3

ﬁ MRT> v Il

4500

Pl
~

N
-}
)
-}

(Coulomb+Linear)

open threshold
(PLWW 7 X3 A Ak)

Mass (MeV)
X

3500

box:exp.(identified)

_ ® :exp.(not identified)
3000 — :potential model

JPC

0" 1 1™ 0™ 1™ 27 27" 27 37 2
Stephen Godfrey, Proc. of the DPF-2009 Conference
“Topics in Hadron Spectroscopy in 2009”

RFR=FBEFEDFER 8/3(K)Mx=



Introduction
®Spectrum of charmonium

otential model

1i;slém__(;h_a_erni_UI_'n_S_|l;e_chgm ? BMBEZRDOFv—LITA—7
3% Y(4630) | £
4500 open threshold{ T
EB<RBIILTWS
X(4 ¥ \_._ o
g I . BMRT> > vl
s000lF=E=e = re L Y i (Coulomb+Linear)

——— _._Z( ; 3
—o¢ss7a)1Db 1D 1D

open threshold

(BRND o — 2 ST RK)

Mass (MeV)
X

3500

. . *IRINRE X CH—DIRT I vIL = FE
box:exp.(identified) WD (WA 7

® :exp.(not Identified) *D(ci) or D(Eu)%%@ﬂﬁg'li(fi ?

3000 | — :potential model
PC *NIVF I A—D ORJEEMEIE 7

0" 1 1™ 0™ 1™ 27 27" 27 37 2
Stephen Godfrey, Proc. of the DPF-2009 Conference
“Topics in Hadron Spectroscopy in 2009”

RFZ=8a5FEDFR 8/30K)MA=



Introduction
®Spectrum of charmonium

otential model

BBEEERF OFvY—LTA—7
N
4500 en threshold L' F T
E <EIHLTWS
X(4 \
( BRTVvI)L

N
-}
)
-}

(Coulomb+Linear) |

en threshold
(FL\?# 7 X3 A Ak)

Mass (MeV)
X

3500

S ORF U TIER |

box:exp.(identified)
_ ® :exp.(not identified)
3000 — :potential model

JPC 0" 1~ 1T 0™ 17 2" 2 0 3 2
Stephen Godfrey, Proc. of the DPF-2009 Conference I*Ib#—ﬁ‘iﬁ'lf%fé‘i}s
“Topics in Hadron Spectroscopy in 2009” '9:' —Et= '7A’-RT VY '\7”’7&

RIEHICIEFQCD TRE

BEFRZ=ZEBHFEDER 8/30K)MHEES 1/11



Lattice QCD and variational method

Monte-Calro;

RFZ=8a5FEDFR 8/30K)MA=



Lattice QCD and variational method
QCD and physi' velasieg Sethe Salpeinre]

X AN | ot d .
W anEs st | | .

6 n

(OWnp)) = [ IDUIOWn )"

U, = 6igaAM(n)

I\/Ionte— alro/

Z<¢(T Z+ )¢T( 0)) = Z<o|¢(0 7) o) v e BaT

| _’ o

’% (0] @(0,7) |1) v] o O (T — 00) ’ 7.

FEFZ=FHFEDFKR 8/3(K)HER=



| attice QCD and variational method
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Evaluation of potentials

@ To Potential from BS amplitude (time dependent
HAL’s method)
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Evaluation of potentials

@ Central and spin-spin potential.
T. Kawanai, S. Sasaki, Phys. Rev. D 85 091513( ) (2012).
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Lattice setup

4L attice setup PACS-CS Collaboration.

S.Aoki et al. [PACS-CS Collaboration],Phys. Rev. D79, 034503 (2009)
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Numerical results
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Numerical results

@ Central potential
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Numerical results

@ Central potential
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Numerical results
®Spin-spin potential
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M1 transition

®AM1 transition
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summary and future work
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