H a d r o n S p e c t r o s c o p y o n A n i s o t r o p i c L a t t i c e

KEK 12 Dec. 2000

I n t r o d u c t i o n

Hadron Physics in Lattice QCD Excited Hadrons, Exotic Hadrons Negative Parity Baryons (L(1405),N*, ) H-dibaryon s(500?) Glueballs

Heavy Quark System

B-Physics B-Factories (KEK, SLAC, etc. ) Kobayashi-Maskawa Matrix Elements

Hadronic Matrix Elements, Decay Constants, Quark Masses Lattice QCD Heavy Quarkonium (J/Yproduction, etc. )

Hadron Physics at Finite Temperature Quark Gluon Plasma (QGP) Phase RHIC Tc Hadron Phase

Hadron (e.g. Mass shift) Signal Chiral Symmetry Restoration

Lattice

Signal t Anisotropic Lattice

(e.g.N-N* degeneracy)

(a) SU(3)f- singletuds state (qqq )

(b)NK bound state (qqqqq )

3 quark state or 5 quark state ? quenched approximation without

Full QCD

Flavor singlet ?L _1(P=-1)L _8(P=-1)

L L N K N K

Lattice QCD Study

J P = 1 2 ¡ LI ;2S = S0;1

L(1405)

A n i s o t r o p i c L a t t i c e

Space Time a¿ a�

» :Renormalized Anisotropy = a� a¿ Merits

Heavy Particle Large Fluctuation cutoff

Finite Temperature Demerit Calibration »

Fig.

- improved quark action Parameter

(Calibration) Light Hadron Spectroscopy Negative Parity Baryons

O(a)

0123424681012

Effective Mass

Effective Mass

GeV

�F = »6

Quark Action - improved quark action O(a) (Clover Action)

S _F = X x;y

„^ (x)K(x;y)^ (y)

K (x;y) = – _{x;y}

¡ • _¿ n (1¡ � _4)U _4(x)– _{x+ ^4;y} + (1+ � _4)U ^y_4(x ¡ ^4)– _{x¡ ^4;y} o ¡ • _�

X n (r ¡ � _i)U _i(x)– _{x+^i;y} + (r + � _i)U ^y_i (x ¡ ^i)– _{x¡ ^i;y} o i ¡ • _�c _E X i� _{4i}F _{4i}(x)– _{x;y} ¡ r• _�c _B X ij 1 2 � _{ij}F _{ij}(x)– _{x;y} i Hopping parameters

• _� = 1 2(m _0 + � _F + 3r) • _¿ = � _F• _�

:spatial

:temporal

� _F :bare anisotropy

Wilson parameter r = 1=» 1 • = 1 • _�

¡ 2(� _F + 3r ¡ 4) = 2(m _0 + 4)

Chiral extrapolation in 1 • Clover coefficients :c _E = c _B = 1 at tree level for r = 1=» Mean-Field improvement

U _4 ! U _4=u _¿; U _i ! U _i=u _� u^¿ = 0:762 u _� = 0:987 in Landau gauge

Note:

�F = » �F Calibration

L a t t i c e S e t u p

Klassen, N.P.B533(1998)557

(1% level)

» = 4 (fl;�G) = (5:75;3:072)

Parameters

Karsch, N.P.B205(1982)285

Gauge Action Anisotropic Wilson Gauge Action

Lattice Size : at Quenched Level

12 ^3 £ 96

Pseudo-Heat Bath

# thermalization = 10000 # separation = 2000

Scale

Static Quark Potential (Wilson Loop)

a ^{¡ 1}_� = 1:000(8)GeV

a ^{¡ 1}_¿ ’ 4GeV p � = 472 GeV

Configuration for Calibration (400) for Hadron Correlator (120)

S = ^Xx 1 2»F

` y(x) ^{24}¡ »2F D 24 ¡ ~D2 + m20^{35} ` (x)

coshE (~p) = 1+ 1 2»2F

(~^p 2 + m20)

»2F =

~^p2 2(coshE (~p) coshE(0)) ¡

C a l i b r a t i o n

Lattice Klein-Gordon Action for Meson Field

Dispersion Relation

H a d r o n S p e c t r u m Two-Point function :

GH(t) = ~x h0jTfOH(x)

OH(0)gj0i = X ~x X n h0jTfOH(x)jnihnj

OH(0)gj0i » e¡ m^0t + X n6=0

e¡ m^nt e¡ m^0t !

X

larget :hadron operator OH O _M » „q� _5q O _{M ;k} » „q� _kq PS V O _{B8} » † _{cde}q _c(q ^T_d C� _5q _e) O _{B10;k} » † _{cde}q _c(q ^T_d C� _kq _e) O _{B1} » † _{cde}† _{uds}q _c(q ^T_d C� _5q _e) C :Charge Conjugation Matrix

x 0 1 „q

q q q q x 0 3

2

B a r y o n

0.150.20.250.30.35081624324048

Effective Mass

M e s o n

G _B(t) = (1+ � _4) h c _B+e ^{¡ tmB+} + c _B¡ be ^{¡ (T¡ t)mB¡} i + (1¡ � _4) h c _B+be ^{¡ (T¡ t)mB+} + c _B¡ e ^{¡ tmB¡} i b = +1 b= ¡ 1

:Periodic Boundary

:Antiperiodic Boundary

:Periodic Boundary

G _M(t) = c _M e ^{¡ tmM} + e ^{¡ (T¡ t)mM} h i

! constant (=m_0) at larget

Smearing Gaussian with � » 2a _� m _{ef f} (t) = ln

G _H(t) G _H(t + 1)

0.20.30.40.50.60.70.8081624324048

t

t

0.20.30.40.50.60.70.8081624324048 t

t

mq ^1

mq ^2 m ^{PS}_2

Chiral e x t r a p o l a t i o n

m ^{PS}_2 / mq ^1 + mq ^2 ! 1 •c m ^V = a ^V + b ^V (mq ^1 + mq ^2) m ^B = a ^B + b ^B (mq ^1 + mq ^2 + mq ^3) mu = md = 0 ms m_` m‰ or m_K

mq = 1 2 � 1 • ¡ 1 •c ¶ Quark Mass

Hadron Mass

(CHPT)

R e s u l t s I

0

0.1

0.2

0.3

0.4

0.5

7.9 8 8.1 8.2 8.3 8.4

Latt. fit.data Exp. fitt-line

12 ^3 * 96 b = 5.75 x=4 #conf. =120 Clover quark

Mass*a

t

N S S ^*

L X

X ^* W

D

f K ^*

K r

a ^{-1} = 4.176(59) [GeV] ( r input)

1/k 1 • _c

= 7:913(1)

a ^{¡ 1} = m _{‰;E xp:} m _{‰;Latt:}

= 4:176(59)

m _` m _‰ 1 • _s

= 8:137(7) s-quark

1 • = 1 2 • 1 • _1 + 1 • _2 ‚

1 • = 1 3 • 1 • _1 + 1 • _2 + 1 • _3 ‚ Meson

Baryon t GeV

R e s u l t s I I 0.250.30.350.40.450.57.98.18.28.38.4

N

S

S*

L

X

X*

W

D

1/k

1/a _t = 3.6 [GeV]

1/k = 8.27

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

7.9 8 8.1 8.2 8.3 8.4

L8+ L8- L1+ L1- Exp. fit

L(1116)

L(1405)

L(1670)

L(1800)

12 ^3 * 96 b = 5.75 x=4 #conf. =120

Clover quark

1/a _t = 3.6 [GeV]

1/k _s = 8.27

1/k

R e s u l t s I I I

R e s u l t s IV

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

7.9 8 8.1 8.2 8.3 8.4

N8+ N8- D10+ D10- fit Exp.

12 ^3 * 96 b = 5.75 x=4 #conf. =120

Clover quark

N

S

S ^* X

X ^*

W

D

1/k

1/a _t = 3.6 [GeV]

1/k _s = 8.27

N(1535)

S(1620)

D(1700)

S u m m a r y & O u t l o o k

Anisotropic Lattice

- improved quark action O(a) » fl, dependence Light Hadron Spectrum

Excited Hadron (Negative Parity Baryon) high another baryon operator 5 quark system full QCD fl

Heavy Quark System in progress Finite Temperature in progress