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What Lattice QCD can do?

The expectation value of any observable O is:

(0) = % / dU O det(p)" e SalUu(®)]l (1)
Quenching: det(P)"f =1

Two point function:

Cop(®) = - [ dU (1) 5(0) & 5lUu@) (2

Three point function:

Cape(t, t) = %/dU ST(t) O(t;)S(0) e SglUp(x)]
(3)

Matrix Element:

(S|O]S) = C3pi(t, t;)/Copi(t) (4)

t,t; and t —t; is chosen to be large enough so that
the ground state |S) is dominating.




What Lattice QCD can do?

Example of nucleon 2pt and 3pt functions:
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DWW Fermions

The Domain Wall Fermions are a particular lattice
descritization of fermions.

e Have very good chiral properties

e Have O(a?) errors

e Should have very good scaling properties

e Are particularly useful in studding phenomena
where chiral symmetry is important.

e Used by the RBC group!
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Nucleon Structure Functions

|

e e
g
l'U’VW U
2l z
N (P,S
whv = wilwl Loy}
Wil (z,Q%) = ( g + L )F (z,Q%)
q
+ <Pﬂ — q%gﬂ) <PV _ q%qy) FQ(:CV,QQ)
W(e,Q?) = iemerg, (§<gl<x,Q2) + go(a, Q%))
~ 25 Q2)> (5)

with v =¢q- P, §2 = —M2, r = Q2/2v
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Moments of Structure Functions

1
> /o dra" R (2,Q2) = 3 &D2/Q% g(u)) o (),

f=u,d

S ED2/Q2, g(w) o8P (w),

1
/ dzz" 2 Fs (x, Qz)
0]

f=u,d
1
1
2 [ dea"n(2,Q7) = PILAGLE O]
2 [ dargae, @) = LTS G/Q ) a0
0 92 9 - 2']’L 1 Q,n ,Ll, 7g iu’ n ,Ll,

f=u,d
— D2/Q%, g(w)) P (w)],

where ¢1, ¢» and e, e> are the Wilson coefficients, and v, a,
and d,, are forward nucleon matrix elements of certain local

operators O.
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_Z (P, S|O{u Ll i }|P> S) = QUq(zf)(H)[PmPuz + -+ Py, — traces]

A © <
O ity = > Wy, Dy, -+ - Dy, W — traces

1 1
EZ(P,SK’)?(;M o un}|P, S) = n + 1a$zf)(#)[sapu1puz -+« Py, — traces]

1
) Z P S| 0’{#1 M2 phn }| > ’n,——|—1d7(1f)(:u’) [SUPM1PM2 T Pﬂn o t'races]

5f ) " — AN <~
Oaulp@ i, — 5 \U'YU'Y5 D/,l,z e D/Jn WV — traces
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H(4) mix p lattice operator
zq” 63 no  #£0 Gy1Daa
gt 3? no 0 67748461

32 1q%qu

z2qc 8] yes #O q7{1D1D4}q
-3 Z?—Q ‘?7{7:DiD4}q
x3qc 2 no* #0 q7{1D1D4D4}q

—
+q7{2D2D3D3}q

— (3 & 4)

Aqc 4T no 0 gv°y
4 3q
YN 6; no #0 qv5v{1D3}q
b —

qug) 63 NO 0] q'y5’y{3D4}q
2 + 5. .1
t°Age 4, no  F0 ¢y’v1D3Dgyq
dge 67 no 0 %0349
xdqe 8, no =0 €7’Y503{4D1}q
dq 61" no** 0 q757[3D4]q

dy 8, no** #O0 q757[1D{3]D4}q
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Status and plans

e Plan: Calculate the above matrix elements
In Quenched approximation with DW fermions

e Code for doing the all the structure function
matrix elements has been written.

e Use Non Perturbative Renormalization
Works better with DWF. Wilson calculations used per-
turbative renormalization

e g3 = Au— Ad has been calculated (Sasaki Blum
Ohta)
Result may suffer from finite volume or quench-
ing errors. Further study needed.

e Compute g} = Au+ Ad+ As which involves
disconnected diagrams

11
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94

Experiment: AY = .27(4)

Lattice results A> = .18 — .25 with As ~ —.15

with the insertion of OZ = 757 (code for this calcu-
lation done.)

11

Sum rule: 5 = §AZ—l—?

better: 1 = Ji+ J9

J4, J9 can be related to matrix elements of T} .

K.F. Liu computed JY. 1t is only 60% of the proton
spin.
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SF lattice results

QCDSF  Full QCD(MIT)

Phenomenology

TUc
xd,
TUe, — xd,
r2u,
x2d,
z3u,
x3d,
JAXTH
Ad,
Au. — Ad,
AU,
AN 2
22 Au,
2 Ad,
O,
od.
j%
2

0.452(26)
0.189(12)
0.263(17)
0.104(20)
0.037(10)
0.022(11)
—0.001(7)
0.830(70)

—0.244(22)

1.074(90)
0.198(8)
—0.048(3)
0.087(14)
—0.025(6)
0.93(3)
—0.20(2)

—0.206(18)

—0.035(6)

0.459(29)
0.190(17)
0.269(23)
0.176(63)
0.03(3)
0.07(4)

—0.010(15)

0.860(69)

—0.171(43)

1.031(81)
0.242(22)

—0.029(13)

0.116(42)
0.001(25)
0.963(59)

—0.202(36)
—0.228(81)

0.077(31)

0.284
0.104
0.180
0.083
0.025
0.032
0.008
0.918

—0.339

1.257
0.150

—0.055

0.050
0.016
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Comments on the results

e Quenched and dynamical results are not so dif-
ferent

e Maybe dynamical quark masses are not light
enough

e Finite volume effects have to be studied

e Continuum extrapolation is needed
there are some continuum extrapolations done by QCDSF

group for the g moments
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a. The squares at a = O indicate the experimental values
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Conclusions

Conclusions

e Code for computing any quark bilinear Euclidean
matrix element ready.

e Give us your favorite matrix element and we
will computed!
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