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Introdution | Summary of Umeda's talk | (1)We investigate O(a) improved Wilson quark ation on quenhedanisotropi lattie, in the quark mass region from the hiral limitto around the harm quark mass.Quark ation: SF = Xx;y � (x)K(x; y) (y)K(x; y) = Æx;y � �� �(1� 4)U4(x)Æx+4̂;y + (1 + 4)U y4(x� 4̂)Æx�4̂;y���� Xi �(r � i)Ui(x)Æx+î;y + (r + i)U yi (x� î)Æx�î;y����E Xi �4iF4i(x)Æx;y + r��B Xi>j �ijFij(x)Æx;yr = 1=�(f. Klassen (1998), Chen (2000), CP-PACS (2000): r = 1 )Mean-�eld improvement: �� = ~��=u�, �� = ~��=u�E = 1=u2�u� , B = 1=u�3u� , u� : mean-�eld values in Landau gaugeF � ~��~�� ; 1� = 1~�� � 2(F + 3r � 4) (= 2(m0F + 4))This ation follows the Fermilab approah.El-Khadra et al., Phys. Rev. D 55 (1997) 3933At the tree level, for small quark mass,1F = 1� 0�1 + 13m201A| no linear term in m0 for m0 � a�1� .



Introdution | Summary of Umeda's talk | (2)Numerial simulation2 Gauge �eld: quenhed, � = 4� G size a�1� (r0) [GeV℄ Nonf: (max)5.75 3.072 123 � 96 1.100( 6) 4005.95 3.1586 163 � 128 1.623( 9) 5006.10 3.2108 203 � 160 2.030(13) 6002 Quark �eld:At eah �, � = 0:124 � 0:93 (13 points)(strange � harm quark mass)Nonf = 160 � 600 (lightest mass, � = 6:10 )Tadpole improvement with MF values in Landau gauge InputF : 2 { 4 points ! interpolation to �nd �F s.t. �F (�F ) = �Result: mq dependene is atually small in light quark region,and well �tted to linear form in m2q.
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Goals of this talkWe determined �F (mq) in the region of mq = 0 � mat eah �.Goals of this talk are to examine:2 systemati errors in �F�F = �(prop)F + Æ(stat)F + Æ(O(�a))F + Æ(O(a2))F (+Æ(hiral)F )( Æ(stat)F is at 1 % level.)2 how errors in F e�et on the spetrum! light hadron spetrosopy with �F and 0F = �F + ÆFCalibration steps:(a) Extration of meson energy E(~p) from orrelators(b) Fit to dispersion relation�(PS)F and �(V )F ) �(PS)F and �(V )F respetivelyaverage over �(PS)F and �(V )F ) �FÆ Di�erene of �(V )F and �(PS)F | O(�a) errorÆ Unertainty in assumed form of dispersion relation| O(a2) error() Fit of �F and hiral extrapolation� linear form in m2q� quadrati form in mq! di�erene: error of �F in the hiral limit2 O(�a) and O(a2) errors should vanish as a! 0.2 Error in hiral limit an be improved by statistis.



Systemati errors in alibration (1)Energy of mesons E(~p):�tted to the dispersion relationlinear/quadrati formsE(~p)2 = m2 + ~p2�2F + O(~p4)+fermioni anisotropy�(PS)F , �(V )Ffor eah input F
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Systemati errors in alibration (2)Æ(O(�a))F = �(PS)F � �(V )F| represents typial size of O(�a) systemati error
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Æ(O(�a))F ' 0.05 (� 1 %) at � = 5:75,and tends to disappear at higher �.



Systemati errors in alibration (3)Unertainty due to assumed form of dispersion relation| represents typial O(a2) systemati errorWe adopt the relativisti dispersion relationE(~p)2 = m2 + 1�2F ~p2 + O(~p4)Comparison with lattie Klein-Gordon dispersion relation:oshE(~p)� oshE(0) = 1 + 1�2KG~p2 +O(~p4)
2 For large m, relativisti dispersion relation properlyinorporate quark mass dependene.2 For small m, �F (KG) = �F �1 +O(m2)�Di�erene: 3, 2, and 1 % at � = 5.75, 5.95 and 6.10| tends to disappear as a! 0.
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Systemati errors in alibration (4)Systemati error in the hiral extrapolationWe �t �F to funtions of mq1�F = �0 + �1mq + �2m2q; mq = 12� 0�1� � 1�1A� linear form in m2q� quadrati form in mqDi�erene of �0 with two �ts: estimate of Æ(hiral)F! Æ(hiral)F is at 1% level.� �t-type �0 �1 �2 �F (mq = 0)5.75 linear 0.2558(9) | 0.230(12) 3.909(14)quad. 0.2564(23) �0.007(28) 0.247(68) 3.901(34)5.95 linear 0.2490(8) | 0.189(15) 4.016(13)quad. 0.2465(18) 0.036(23) 0.095(61) 4.057(30)6.10 linear 0.2479(9) | 0.143(14) 4.034(14)quad. 0.2493(18) �0.022(24) 0.200(63) 4.011(28)
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Systemati errors in alibration (5)Summary of systemati errors in �F�F = �(prop)F + Æ(stat)F + Æ(O(�a))F + Æ(O(a2))F (+Æ(hiral)F )Æ(O(�a))F  di�erene of �(PS)F and �(V )F� 1 % at � = 5:75, and almost vanish at higher �.Æ(O(a2))F  relativisti and lattie K-G dispersion relation� 3, 2 and 1% at � =5.75, 5.95 and 6.10, respetively.Æ(hiral)F  two types of �t: linear in m2q and quadrati in mqAt 1% level at eah �All systemati errors are under ontrol in the ontinuum limit.E�et on the meson masses:| 2 % error in F auses errors in masses less than 1 %.
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Light Hadron Spetrosopy (1)Light hadron spetrum is obtained with standard proedures.Gauge parameters: are same as in alibration.Quark: 4 �'s in the strange quark mass region,with �F in the hiral limit.� size � F a�1� [GeV℄ Nonf:5.75 123 � 96 0.1210, 0.1220, 0.1230, 0.1240 3.909 1.100( 6) 2005.95 163 � 128 0.1230, 0.1235, 0.1240, 0.1245 4.016 1.623( 9) 1006.10 203 � 160 0.1230, 0.1235, 0.1240, 0.1245 4.034 2.030(13) 100Sale:2 Hadroni radius r02 K� meson massQuark masses mn (u and d) and ms are set by m� and mK.Chiral extrapolation: in terms of m2PS.

0.000 0.005 0.010 0.015
< mPs

2
(mi ) >

0.10

0.15

0.20

0.25

m
as

s

  Vector meson
  Octet baryon
  Decuplet baryon

β=6.10 (r0  scale)



Light Hadron Spetrosopy (2)Spetrum for physial quark masses (sale set by r0)| Compared with the result on isotropi lattie (in a! 0)UKQCD Collab., Phys.Rev. D 62(2000) 054506.
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Light hadron spetrum is onsistent with the results on isotropilatties.



Light Hadron Spetrosopy (3)E�et of systemati errors on the spetrum:the same simulation at0F = �F + ÆF ÆF = 0:1 (2.5% shift)
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The hange of spetrum for physial quark masses is less than1%.



Conlusion and OutlookConlusionWe implemented the O(a) improved Wilson quark ationon the quenhed anisotropi lattie at three � in the quark massregion from the hiral limit to the harm quark mass region.2 Systemati errors are totally a few perent, and dereasetoward the ontinuum limit.2 Light hadron spetrum at physial quark mass:onsistent with results on isotropi lattie.hanges 1 % for the 2 % hange of bare anisotropy.| The systemati unertainties due to the anisotropy areunder ontrol.
Outlook2 AppliationsFinite temperature QCD (f. Nomura's poster)Heavy-light systems (deay onst., exited states, et.)Detailed studies of hadron struture2 Further implementationWith dynamial quarkNonperturbative renormalization


