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Generalized parton distributions determine the transverse distribution of
partons within the nucleon as well as the fraction of the nucleon spin car-
ried by the orbital angular momentum and helicity of the partons. Lattice
QCD calculations of the generalized parton distributions will provide an
essential complement to the experimental determination of the nucleon’s
structure. In particular lattice QCD calculations provide insight into the
transverse distribution of quarks within the nucleon and additionally deter-
mine the elastic form factors, the spin decomposition of the nucleon, and
low moments of the ordinary parton distributions. I will review our ongoing
lattice QCD calculations of the generalized parton distributions of the nu-
cleon and highlight those aspects of nucleon structure best illuminated by
lattice QCD.
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Generalized Parton Distributions from Lattice QCD

What new physics do we learn?

e Spin Decomposition - decomposition of nucleon spin into quark helicity,
quark orbital, and gluon contributions

1 1
5> = 58Xutd T Lutat Jy

e [ransverse Structure - 3D distribution of quarks in a mixed representation:
2 transverse coordinates EL and 1 longitudinal momentum x

Q(xagj_) and Aq(CU,EJ_)



What matrix elements determine the quark angular momenta
and transverse quark distributions?



Generalized Form Factors

e unpolarized and polarized twist two operators
Ogl'”,un — q/LD(,UJl ce ,L'D:un—lfy,un)q
(’jgl"'“” — gz'p(ﬂl . iDNn—lfY/in>fy5q

e Off-forward matrix elements of the twist two operators [1]
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[1] X. D. Ji hep-ph/9807358



Basic Properties of Generalized Form Factors

e moments of parton distributions - (P|O5**"|P) and (P|O4* "+ |P)
A%O(O) = /_11dac " 1qg(z) and A%O(O) = /_11d:1: 21 Aq(2)
e form factors - OF = gy#q and O = gy#~v°q
Al () = F{(t) and Bi,(t) = F3(t)

Al () =G%4() and  Biy(t) = GL(t)



Quark Angular Momenta and Transverse Quark Distributions

e quark angular momenta [1]
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e transverse quark distributions [2]
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[1] X. D. Ji hep-ph/9603249
[2] M. Burkardt hep-ph/0005108



Calculations with Heavy-ish Quarks

Wilson quarks

flavors: Np =2

lattice spacing: a = 0.095 fm
lattice size: L = 1.52 fm

pion masses: M, = 753(10), 835(13), 895(15) MeV



What do we learn about the nature of the nucleon spin~?



Quark Angular Momenta
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Quark Angular Momenta: my, = 895 MeV

e quark helicity, quark orbital, and gluon contributions (modulo
disconnected diagrams)

=  AXutd 4 oputd 4 2J9
+0.682(20) —0.002(3) + 0.320(16)

N~

e quark orbital motion, L¥~% = —0.193(32)
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What do we learn about the transverse quark structure of the nucleon?



Transverse Distributions

e at x = 1 a single quark carries

all the momentum

nmlq(x,ép x 62(b )
€r—

e higher moments Al weight z ~ 1 more heavily

n—oo N

lim Aqo(t) o /deL e L1 0152(b,) = constant

e slopes of A,?,LO should decrease as n increases

° Alo, A30, AQO measure q — q

& Alo, A30, AQO measure q—I—q
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Transverse Distributions: m; = 897 MeV
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Transverse Distributions: Mass Dependence

o slope of A}g? = —1.02+0.03 (GeV) 2

e slope of Aggd = —0.36 + 0.04 (GeV)~2 (factor of 3)

AlQ,Azo,Ago mﬂ=744 MeV _
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Transverse Distributions: Flavor Dependence

e slope of A“"‘d

e slope of A“"’d
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Transverse Distributions: Spin Dependence

e slope of AY{g% = —0.58+0.02 (GeV) 2

e slope of flggd = —0.40+ 0.03 (GeV) 2 (factor of 1.5)
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Transverse Distributions: x Dependence

e transverse rms radius

<b2> _ Jd?b b7 q(z,b)
1) = =
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e transverse rms moment radius
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Transverse Distributions: x Dependence
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e Nnon-singlet radius: \/<bi>( )d = 0.38 fm & \/<bi>( )d = 0.15 fm,

61% decrease

1 3
e singlet radius: \/<bi>iﬁd = 0.46 fm & \/<bﬁ>i_gd = 0.27 fm,

41% decrease



Transverse Distributions: I;L Dependence
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Conclusions

e unambiguous observation of quark orbital motion, L¥~¢ = —0.193(32), for
even heavy pion masses

e the transverse size of the nucleon, \/<r2>, in the heavy pion world, shows
a significant dependence on the longitudinal momentum fraction (x)



Moments of Generalized Parton Distributions

e moments of generalized parton distributions

1 n—1 .
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e transverse momentum transfer, &€ — O

1
/_1d:1: 2" H,(x,0,t) = AL (1)
1 n—1 q
/_1dx 2" By (2,0,t) = B, (t)

e similar results relating the polarized GPDs, Hy(x,0,t) and E4(z,0,t), to
the polarized GFFs, A7 (t) and B} (t)



Calculations with Light-ish Quarks

Kogut-Susskind sea quarks and domain wall valence quarks
flavors: Np =2 +1

lattice spacing: a = 0.13 fm

lattice sizes: L =2.6 fm and L = 3.6 fm

pion masses: M; = 329(15), 564(2), 730(3) MeV



F7 Form

Factor - Mass Dependence

Dirac Form Factor, F_1 - Mass Dependence
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Dirac Form Factor, F_1 - Volume Dependence
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