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Introdu
tion� Systemati
al Study of Hadron Spe
trumin Latti
e QCD Simulation� mass spe
trum of several kinds of hadronsby CP-PACS, UK-QCD, et
.
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CP-PACS Collaboration, Phys. Rev. Lett. 84(2000)238Æ Quen
hed Level Cal
ulation
 OUR AIMHadron physi
s based on QCDInvestigation of baryons properties
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Mass di�eren
ebetween O
tet and De
uplet Baryons� Nonrelativisti
 Quark Modelin One-Gluon Ex
hange Pi
tureM. Oka and K. Yazaki, Prog. Theor. Phys. 66 (1981) 556; ibid.572N -� splitting is mainly due to spin-spin intera
tionM� �MN /Xi<j 1mimjm: 
onstituent quark mass=) Mass di�eren
e de
reaseswith in
reasing quark masses.� Latti
e QCDQuark mass is arbitrarily 
hosen{ Same behavior or not?
 Stru
ture of Negative Parity Baryon �(1405)in terms of quarks� �(1405) LI;2S = S0;1, JP = 12�(a) SU(3)f - singlet uds state (qqq)(b) N �K bound state (qqqq�q)� Latti
e QCDUsing Quen
hed level 
al
ulation,! quark-level 
onstitution is 
lear{ 3 quark state or 5 quark state{ Flavor singletWe investigate the 
avor-singlet baryon spe
trum withspin 1=2 and negative parity.
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Anisotropi
 Latti
eISOTROPIC LATTICE ANISOTROPIC LATTICE

Spatial

T
em

po
ra

l

a� a�a� a�
� = a�a� : Anisotropy� Anisotropi
 latti
eTemporal latti
e spa
ing a� is �ner than spatial one a�.� Advantage� Extra
t detailed informationon the 
orrelators in temporal dire
tion{ EÆ
ient for ex
ited hadrons, et
.(for those 
orrelators noise grows rapidly againstsignals of 
orrelators)� Keeping the size of latti
e 
omparatively modest.
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Latti
e setup� Gauge A
tion� Anisotropi
 Wilson Gauge A
tionKars
h, N.P.B205(1982)285� Latti
e Size : 123 � 96 at Quen
hed Level� Latti
e Parameters : � = 4, � = 5:75� S
ale :a�1� ' 1GeV : Spatial String tensiona�1� ' 4GeV : Temporal p� � 427MeV
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� Quark A
tion� Anisotropi
 O(a)-improved (Clover) Quark A
tion
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Hadron Spe
trum� Two-Point Correlator :GH(t) = X~x h0jTfOH(x)OH(0)gj0i= X~x Xn h0jTfOH(x)jnihnjOH(0)gj0i� e�m0t +Xn6=0 e�mnt! e�m0t at large tm0 : Ground State MassOH : Hadron Operator� Hadron OperatorsMESON Pseudos
alar �q

5q
Ve
tor �q

kq
BARYON O
tet �ab
qa(qTb C
5q
)De
uplet �ab
qa(qTb C
kq
)Singlet �ab
�udsqa(qTb C
5q
)C : Charge Conjugation Matrix
x                             0 x                             0

q

q

q1

q2

q3MESON BARYON
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� Correlators on the Latti
e�Meson GM(t) = 
M he�tmM + e�(T�t)mMi:Periodi
 Boundary Condition=) mM : meson mass
� BaryonGB(t) = (1 + 
4) h
B+e�tmB+ + 
B�be�(T�t)mB�i+ (1� 
4) h
B+be�(T�t)mB+ + 
B�e�tmB�ib = +1 : Periodi
 Boundary Conditionb = �1 : Antiperiodi
 Boundary Condition
Combination of 
orrelatorswith either boundary 
ondition.=) mB+ : Positive parity baryon massmB� : Negative parity baryon mass
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Numeri
al Results of Hadron Spe
trum�Mesons� Pseudos
alar�(u �d; �ud; : : :), K(u�s; �us; : : :),. . .� Ve
tor�(u�u; d �d), K�(u�s; : : :),�(s�s)� Baryons� Positive Parity Baryon� De
uplet�(uuu; : : :),��(uus; : : :), ��(uss; : : :),
(sss)� O
tetN(uud; udd),�(uus; : : :), �(uss; : : :),�(uds)� Singlet� Negative Parity Baryon� De
uplet� O
tet� Singlet �(uds) ! �(1405)?
} Result 1Æ O
tet and de
uplet positive parity baryonsÆ Mass di�eren
e} Result 2Æ Flavor-Singlet Negative Parity Baryon
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O
tet and De
uplet Baryon spe
tra
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Æ u,d-quark masses are zero in 
hiral limitÆ S
ale and s-quark masses are determined by �tting theinter
ept to experimental data.
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Mass Di�eren
e between O
tetand De
uplet Baryons
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Æ O
tet-de
uplet mass di�eren
e de
reases as quark mass in-
reases.! 
onsistent with the one-gluon-ex
hange
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� baryons spe
trum
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We have 
al
ulatedÆ both parti
les (positive & negative parity); P = �1Æ both singlet and o
tet ; �1,�8
Æ Mass of �1(�1) is bigger than �(1405)Æ Degenera
y of �1(�1) and �8(�1)
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Summary & Outlook� Latti
e QCDAnisotropi
 Latti
eO(a)-improved quark a
tionLatti
e size : 123 � 96, � = 5:75, � = 4� Light Hadron Spe
trum� De
uplet,O
tet and Singlet Baryons� Positive Parity BaryonsN , �, �, �, �, ��, ��, 
� Singlet & O
tet � Baryons� Mass Di�eren
e of O
tet and De
uplet Baryon� Behavior is 
onsistent with OGE explanation.=) determination of model parameters (future)� Ex
ited Hadron (Negative Parity Baryon), �(1405)� Mass of �1(12�) is bigger than �(1405).� Degenera
y of �1(12�) and �8(12�)=) 
omparing with a 5 quark state (future)(! full QCD 
al
ulation)
=) need 
al
ulations on �ner latti
es
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Calibration� Latti
e Klein-Gordon A
tion for Meson Field
S =Xx 12�F �y(x) h��2FD 24 � ~D2 +m20i�(x);where m0 is in the unit of a�.� Dispersion Relation


oshE(~p) = 1 + 12�2F (~̂p2 +m20):
�2F = ~̂p22(
oshE(~p)� 
oshE(0))
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Latti
e setupGauge A
tion� Anisotropi
 Wilson Gauge A
tion Kars
h, N.P.B205(1982)285� Latti
e Size : 123 � 96 at Quen
hed Level� Parameters Klassen, N.P.B533(1998)557for � = 4, (�; 
G) = (5:75; 3:072) (1% level)� S
ale Stati
 Quark Potential (Wilson Loop)p� = 427 GeV a�1� = 1:000(8)GeVa�1� ' 4GeV� Con�guration for Calibration (400)for Hadron Correlator (120)Pseudo-Heat Bath # thermalization = 10000# separation = 2000
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Quark A
tionO(a)-improved Quark A
tion (Clover Quark A
tion)SF =Xx;y � (x)K(x; y) (y);K(x; y) = Æx;y � �� n(1� 
4)U4(x)Æx+4̂;y + (1 + 
4)U y4(x� 4̂)Æx�4̂;yo���Xi n(r � 
i)Ui(x)Æx+î;y + (r + 
i)U yi (x� î)Æx�î;yo���
EX i�4iF4i(x)Æx;y � r��
BXij 12�ijFij(x)Æx;y:� Hopping Parameters�� = 12(m0 + 
F + 3r) : spatial 
F : bare anisotropy�� = 
F�� : temporal�Wilson Parameter r = 1�! 1� = 1�� � 2(
F + 3r � 4) = 2(m0 + 4)Chiral extrapolation in 1�� Clover CoeÆ
ients
E = 
B = 1, at tree level for r = 1�
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O
tet & De
uplet baryon spe
tra

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

0 0.05 0.1 0.15 0.2

Octet  P = + 1
Octet  P = − 1
Decuplet   P = + 1
Decuplet   P = − 1
Latt. Data (fit)
Exp. data

B
ar

yo
n 

M
as

s 
  [

G
eV

]

m
q 

 : quark mass [GeV]

N

Σ

Σ∗
Ξ

Ξ∗

Ω

∆

N(1535)

∆(1700) Σ(1620)

We have 
al
ulatedÆ both parti
les (positive & negative parity); P = �1Æ both singlet and o
tet
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Pseudos
alar meson squard vs. quark mass
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