Motivation Moments and Form Factors Results Conclusions and Outlook
000 00000 000000000 o]

Generalised Parton Distributions and Transversity
from Lattice QCD

M. Gockeler, P. Hagler, R. Horsley, D. Pleiter,
P. Rakow, A. Schafer, G. Schierholz, J. Zanotti

QCDSF/UKQCD Collaboration

*Presented by James Zanotti
NIC/DESY Zeuthen

May 19, 2005



Motivation Moments and Form Factors Conclusions and Outlook

000

Motivation

e Unique opportunity for lattice calculations to compliment

experiment
e Assist in the full mapping of the parameter space spanned by

GPDs



Motivation
@00

Motivation

e Unique opportunity for lattice calculations to compliment

experiment
e Assist in the full mapping of the parameter space spanned by
GPDs
q q
2 N




Motivation Moments and Form Factors
oeo 00000

Results
000000000 o]

Conclusions and Outlook

Generalised Parton Distributions

e GPDs are defined through nucleon matrix elements of the

light cone operators
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Generalised Parton Distributions

e The forward limit t = A% — 0 reproduces the parton
distributions, H(x,0,0) = q(x), H(x,0,0) = Aq(x) and
HT(X7 0, 0) = 5q(X)

e [ dx — Dirac, Pauli, axial, pseudo-scalar, tensor etc. form
factors, [dxH(x,&,t) = Fi(t), [ dxE = Fy(t),

[ dxH = ga(t), ...

o FT [dA e ™A1 GPDs H, H and Hr (€ = 0) are
coordinate space probability densities in the impact parameter
by

o [ dxxE(x,0,0) = By(0), — quark orbital angular momentum
contribution to the nucleon spin,
where (x) is the quark momentum fraction
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Generalised Form Factors
e Construct Mellin moments
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e non-forward MEs of tower of local twist-2 operators
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Moments of GPDs

e GPDs are defined through their moments.

/1 dx x" 1 Hq(x,&,t) = Han(§,t)

~1

/1 dx x" 1 Eq(x,&,t) = Egn(&,t)
1

wheregz—n-A,n-f)zl,p:%(p’—l—p) and

Han(€,1) = ZAW, £)(=26)% + Can(t)(=26)"|n even

Eqn(¢; 1) ZBqnzr £)(=26)* = Can(t)(=26)"|u even
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Moments of GPDs Il

e zeroth moment, n=1
1
[ axtiecn = A
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[ aExen = A
—1
e first moment, n = 2
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Impact Parameter GPDs

e Probabilistic interpretation of H(x,¢,t) (and
H(x,&,t), Hr(x,&,t)) at € = 0 due to M.Burkardt

. 1 _F..
q(x,by) = (2W)2/d2Ale bLrBLH(x,0,-A%)

e Also shows H(x,0,t = —A?%) — t-independent for x — 1

= Iim1 q(x,b1) o 6%(b.)
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Ji's Angular Momentum Sum Rule
e Forward limit, t=¢=0

A14(0) = (o) = [

dox (4100 + 0,()

2 (A3(0) + B34(0)) = 4

e J, = Lg+ Sq - angular momentum of quark, q
e [, - orbital angular momentum of q
e 5,-spinofq

1 1t

Sq=508qg=75 [ dx(a(x)—q(x))
2 2 /)4
J=> Jg
q
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Generalised Form Factors, (m. ~ 950MeV)
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Impact Parameter Space, (m. ~ 950MeV)
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Impact Parameter Space

e Flattening of the GFFs —
quark distribution — 62(b;) as x — 1

e Form factors well described by a dipole
e Extrapolate dipole masses to chiral limit

An(t) = —20O0) 7 ) = !

Conclusions and Outlook
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Described By A Dipole
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Generalised Transversity
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Generalised Transversity, (VS 4 Gev?)
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Regge Trajectory?

Regge: /M2 = a+ n/d’ M2 =a+n/d
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Conclusions and Outlook

Lattice provides a useful tool for investigating (moments of)
GPDs

e “Flattening” of GFFs A,o(t) for increasing n
e limy_1q(x,b1) ox §%(by)
Complete Current Analysis

e Increase statistics for 2*4 moment
e Renormalisation

e Finite volume effects

e Chiral extrapolation

e Partially Quenched

Quark contribution to nucleon spin and angular momentum

Compute Hgy(x,0,t) and l:Iq(x, 0, t) via inverse Mellin
Transform
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