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Moments of Structure Functions
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e RHIC spin program



G PDs and Form Factors

q q
Deeply virtual Compton scattering:
p P

<P/|O§,u1,u2...,un}|P>

N/dxx”_l[H(x,f,t),E(x,ﬁ,t)]
— Api(t), Bpi(t), Cp(t)

Euclidean Matrix elements:



Lattice problems

higher moment operators mix with lower dimensional op-

e Broken Lorentz svmmetr 1L erators. Operators belonging in irreducible representations
Y Y of O(4) transform reducibly under the lattice Hyper-cubic

group.
Continuum/Chiral extrapolation

e Continuum extrapolation (a — 0).

e Chiral extrapolation (mg — 0).

Applicable at a = 0 for Wilson or KS fermions
There exists modified xPT for a #0
Regular xPT at a = 0 for domain wall fermions



[attice SF calculations

[Phys.Rev.D53 ‘96, Phys.Rev.D63 ‘01, hep-ph/0304249]
Structure Functions/Generalized PD and Form Factors
Wilson Fermions and Wilson/Clover
Quenched and Dynamical (with )
Starting chiral fermions
[hep-1at/0201021, hep-lat/0312014]

Structure Functions/Generalized PD and Form Factors
Wilson Fermions
Quenched and Dynamical
Now doing DWF with dynamical Kogut-Susskind

[hep-1at/0209137, hep-lat/0309113]
Structure Functions and Form Factors

First to use Domain Wall Fermions

Reduced discretization errors
Can work close to the chiral limit

Quenched and Dynamical



Summary

e Review work done with RBC

e Show some results from LHPC



Domain Wall Fermions for QCD

Formulate the 5D Wilson fermions with mass M # 0 in se[1l, Lg]

A

qL)

\/.4

For —2 < M < 0O, light chiral modes are bound on the walls.
Only one Dirac fermion without doublers remains.

A<

o) Fermion mass is introduced by
explicitly coupling m of the

-l
walls. [Shamir,Furman & Shamir]




Why Domain Wall Fermions

Excellent chiral properties
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Finite Volume Effect
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e Volumes: 1.1fm - 2.4fm

{ Blum Ohta KO Sasaki ‘03 |



Nucleon Axial Charge
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® Finite volume effect

® Experimental value: 1.2695(29)
® Quenched DWEF: 1.212(24)stat (27 )norm (linear fit)

® New dynamical result on the way (2 flavor and 2+1) [Blum, Lin, Sasaki, .... |
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(393 + 1)m?2 m?2
(Tyu—a ~ a1|1- (mefﬁ)z In (m% it MQ)] +bym?2.

Where y = 550MeV

[Detmold et.al. Phys.Rev.D87 2001]



RBC calculation
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e Unrenormalized
e No curvature

e Use NPR for renormalization
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Renormalization

<N|O|N>ren(,u) T ZO( M)<N|O|N>lat( )

Zn(p) can be computed:

e Perturbatively in MS

e Non-perturbatively (ex. RI/MOM), perturbative matching to MS

Broken symmetries (ex. Lorentz, chiral symmetry) —= operator mixing

NPR needed when mixing with lower dimensional operators occurs.



In Landau gauge we compute off-shell matrix elements of the O.

Zo
TrVin(p2) A
r O(p ) ‘pQZ,UJQ Zq

P
P/ \ O V@(pQ) the amputated vertex
e [ A projector

T his defines the MOM scheme. Extrapolate to my — O and we have
the RI scheme.

L Z(p)
T oWw?)
e C'(1?) the operator running ( )
® Z,q4; SCale invariant if

Z,

Nocp K ,LL2 < a !

e Requires perturbative matching to MS

Introduced by Martinelli et.al. Nuc.Phys.B445 81 (1995)



1.5

AU‘
* 1.0 —9

0.5

Renormalization factors

N 0.5 — e

1 1 2 3 0 1 2 3

® Chiral Symmetry implies equality



Ratio of first moments

(polarized andl unpoelarized)
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® No curvature observed down to 400MeV pions (Quenched)
® Renormalization constant cancels in the ratio for DWF

® Ratio agrees with experimental expectations



Chiral Log
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The g> structure function

Uit
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> 18, (1P /Q%, g(m))d) (1) =26, (12/Q?, g(1))

q=u,d

1
2/ d:pxngg(a;,QQ) =
0

—  Twist 2
di(u) — Twist 3

d}, (1) estimations:

e Negligible =— Wandzura - Wilczek relation of g7 and g»

e Need not be small in a confining theory [saffe and Ji Phys.Rev.D43,91].
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Twist Three

1
(P, S| RIS = B 1d%(,u)[(SUPM—SMPJ)PMQ---Pun—l—---—traces]
i\ — Eet

Measure:

i

= 2675 [73 Da —va D3|q — di

Hyper-cubic group representation: 61"
Momentum: P = 0

Renormalization: Multiplicative ( )

chiral symmetry breaking causes mixing with

= Q503449



0.5

0.0 =

—0.9 —

-1.0 —

O up dwf

¢ down dwf

Note:

Unrenormalized
Disagreement with
the Wilson results

[LHPC-SESAM: hep-1at/0201021]
Small at chiral limit

|[Blum KO Ohta ‘05]

plateaus
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e Linear extrapolation: 1.193(30) at 2GeV MS



LHPC collaborators (SF project)

e R. Edwards (Jlab)

e G. Fleming (Yale)

e P Hagler (Vrije Universiteit)
e J. Negele (MIT)

e A.Pochinsky (MIT)

® D. Renner (UofA)

e D. Richards (Jlab)

e W. Schroers (DESY)



THE HYBRID ACTION PROGRAM

e Domain wall fermions for valence (with hyp smeared links)
e Chiral symmetry (O(a?) errors better scaling)
e Ward Identities (renormalization, power divergent mixing)
e Kogut-Susskind 2+1 Dynamical flavors
Y Impr oved KS action (Asqtad: 0(44, gzdz)) [KO, Sugar, Toussaint ‘99l
e MILC has generated lattices: Ready to milk the MILC

e Light quark masses: Lightest pion m_ - 250MeV

® Volumes: 2.6 to 3.2 fm

e Future: Continuum extrapolation
e MILC lattice spacings: a=0.125fm, 0.09fm
® 3-0.06fm in I - 2 years



Chiral symmetry breaking

AL (AL ()O) = 2 my (JE(2)O) + 2(JE,(2)O) + (550}

The size of (J5,(z)O) measures chiral symmetry breaking
Let’s use for the operator  © = J5(0)
Assume at long distances /5, ~ /5

The proportionality constant is the residual mass

Z:c,y<<]gq(ya t)Jg’(ZU, 0))

Myes =

Zx,y<‘]g(y7 t)‘]g(aja O)> >t -

LIITRLTE



Residual Mass
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Residual Mass vs Ls
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Residual Mass

Residual Mass vs Ls
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The 4D effective operator

With a little algebra we get
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e Overlap:
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Locality of the 4D action

Localization: ~ 1.5a

4D couplings
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Locality of the 4D action

Localization: ~1.3a

a=0.09fm

4D couplings

20 40 60 80

distance



The DWF quark masses
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IsoVector scalar correlator
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FK/Fn

Beane, Bedaque, KO, Savage in preparation

1.3
Gasser-Leutwyler:
5 1 3 8 '
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Result comparable with MILC i = 1.210(4)(13)

f7T MILC

Need much higher precision to see effects of Mixed xPT Baer et.al.’03



STRONG [SOSPIN BREAKING

Beane, KO, Savage hep-lat/o605015
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Nucleon Axial charge
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e Non-perturbatively renormalized

® g(m=140MeV) = 1.22(8)



Quark momentum fraction ratio <x>g—d /(w}ZEd
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Future

e Approach the chiral limit: Resolve the puzzle!

e Few moments of GPDs computed with
dynamical fermions
LHPC in preparation / QCDSF clover/Wilson

e Precision calculation of axial and tensor
couplings

e Wilson fermions? (improved dynamical algorithms)



