
� �

21

�� �� �� �	 �
 �� 
 � �� � �

———————————————————–

QCD πK

�� �� �� �
: HADSCAT�� �
:

�� � �
(

 ! " #$ %

)&' () :

* + ,-
(

./ $ %

)01 2
(

./ $ %

)3 4
(

 ! " #$ %

)

for PACS-CS Collaboration

1



�' � � � � �� '� �� � �� 	
 � �� 	 �� 
 �� �� �

QCD

� 	 � �� �� � � �� �� � � � � � !" # $ 
 %& ' � � �( � ( annhilation

)* + �, -. / �

)

01 2 �3 45 6 � � � �7
ex.) I = 0 S-wave ππ system :

t

π π

π π

π π

π π

π π

π π

π π

π π

gluon exchange quark exhange annihilation annihilation8� . / � 2� 3 45 � � 9: � � ;( � < =� �� � � 
 > � �? @ AB C �

⇒ S-

�

πK

2 
 DE � C � �
( 2 isospin channels, I = 3/2, 1/2 )

*

FG HI JK � LM N	 ( � I = 3/2

 � ' � � O1

I = 1/2


 � ' � � 01
* I = 1/2


 � ' � � P� Q � � R� ST �U V �� � � �

2



�� �� � �� �� 	 & ) 


PACS-CS Collaboration


 . 4� � �� � �K 
� � �� 	

Aoki et al. [PACS-CS], Phys.Rev.D79 (2009) 03504

* Iwasaki gauge + NP O(a)-improved Wilson ( Nf = 2 + 1 )

β L3 × T cSW a−1 [GeV] La [fm]

1.90 323 × 64 1.715 2.176(31) 2.902(41)

κud κs mπ [GeV] mK [GeV] Nconf # of source

0.13770 0.13640 0.2949(23) 0.5925(17) 800 3
0.13754 0.13640 0.4110(16) 0.6348(13) 450 4
0.13727 0.13640 0.5699(13) 0.7131(12) 400 4
0.13700 0.13640 0.7010(12) 0.7887(12) 400 4

* Dirichlet ( Periodic ) BC for temporal ( spatial ) direction

* coulomb gauge fixing + wall source

* source : t0 = 12 ( pion ), t0 + 1 = 13 ( Kaon )

* sink : t1 = 53 ( Kaon )

* statistical errors ⇐ jackknife method ( binsize : 125 MD times )

* PACS-CS ( 128PU, 3600 h ), T2K-Tsukuba ( 8node, 2500 h ), TSUBAME ( 8node, 7920 h )
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@ mπ ≃ 0.29 GeV )
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:
a0 = limk→0 tan δ0(k)/k

⇒

� FG HI JK �� �� 
 �� �

tan δ0(k)/k [fm] :

I = 3/2 I = 1/2

mπ [GeV] k2 [GeV2] tan δ0(k)/k [fm] k2 [GeV2] tan δ0(k)/k [fm]

0.29 0.00272(16) −0.1205(61) −0.00678(48) 0.524(59)
0.41 0.00323(22) −0.1402(82) −0.01001(77) 1.08 (18)
0.57 0.00307(20) −0.1340(76) −0.0205 (28) −5.9 (69)
0.70 0.00308(16) −0.1343(62) −0.063 (10) −0.833(90)

* I = 3/2 (I = 1/2)
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( ChPT fit )

mπ ≥ 0.57 GeV

� � K � �, � � � χ2/Ndf

� �( �� 
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⇒ mπ ≤ 0.41 GeV

� �� B � ππ(I = 2), KK(I = 1)
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O(p4) SU(3) ChPT :
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L ≡ 2L1 + 2L2 + L3 − 2L4 − L5/2 + 2L6 + L8
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see V.Bernard, N.Kaiser and U.G.Meissner, Nucl.Phys.B357 (1991) 129
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( ChPT fit )

µ = 0.770 GeV
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( χ2/Ndf = 1.8 )
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