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Hybrid calculations with domain wall valence quarks and improved staggered
sea quarks are being used to explore nucleon structure in full QCD in the
light pion regime. Initial results for moments of structure functions, form
factors, and generalized form factors will be presented and compared with

previous results in the heavy pion regime.
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Definition of Generalized Form Factors

e unpolarized and polarized twist two operators
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e Off-forward matrix elements of the twist two operators

n—1

(P!, s’ |Of P sy =T (P, SN Y. AL (DKL(P', P)
1=0
even

n—1
+ 3 BLMOKB(P, P) + 6%enClL(t)KS (P, P)IU(P, S)
1=0

even

n—1
(P!, 8|0 P sy =T (P, SN Y. AL (DKL (P, P)+

1=0
even

n—1
S BLMOKL(P, P)U(P,S)
=0

1=
even



Basic Properties of Generalized Form Factors

e moments of parton distributions - (P|O§**"|P) and (P|Oy* "+ |P)

A%O(O) = /_11d$ " 1qg(z) and A%O(O) = /_11d$ "1 Aqg(z)
e form factors - OF = gy*q and Of = gy*~v°q
Al (t) = F{(t) and Bi (t) = Fi()
Al () =G%(#) and  Biy(t) = GL(t)
e quark angular momenta [1]

e transverse quark distributions [2]
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Full QCD Calculation with Heavy Quarks

e SESAM gauge fields
e Wilson gluons and Np = 2 Wilson fermions
e a = 0.095 fm, L = 1.52 fm

o M. = 753(10), 835(13), 895(15) MeV



Transverse Distributions

e at x = 1 a single quark carries

all the momentum

nmlq(x,ép x 62(b )
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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)
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Transverse Distributions: Flavor Dependence

e slope of A“"‘d

e slope of A“"’d

—1.384+0.03 (GeV) 2
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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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e asqtad staggered sea quarks (MILC)

Hybrid Calculation with Lighter Quarks

e domain wall valence quarks - M = 1.7 with
HYP Smearing - a1 = 0.75, ap = 0.6, a3 = 0.3

asqtad

My L/a | a L masatad amg/\éiv': mPWE | 4
fm fm MeV MeV
0.05 20 ]0.131 | 2.62 | 730(3) | 0.0810 | 725(4) | 107
0.03 20 | 0.132 | 2.64 | 564(2) | 0.0478 | 570(3) | 134
0.01 20 | 0.135|2.70 | 329(1) | 0.0138 | 337(5) | 104
0.01 28 3.78 0.0138 | 333(2) | 131




F7 Form

Factor - Mass Dependence

Dirac Form Factor, F_1 - Mass Dependence
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F71 Form Factor - Volume Dependence

Dirac Form Factor, F_1 - Volume Dependence
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Transverse RMS Radius \/ri

mPWF | L/a | Zy Jr3 (fm)

725 |20 | 1.153(2) | 0.413(14)

570 20 |1.132(3) | 0.501(22)

337 |20 |1.117(27) | 0.551(80)

333 | 28 | 1.108(7) | 0.503(46)
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Axial Charge gy

mz T | Lja | Za Zy 94

725

20 | 1.1282( ) | 1.153(2) | 1.17(2)

570 |20 | 1.1066(6) | 1.132(3) | 1.20(4)
337 |20 |1.0852(8) | 1.117(27) | 1.06(11)
333 | 28 | 1.0838(1) | 1.108(7) | 1.24(9)
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Conclusions

e the transverse size of the nucleon (ri>, in the heavy pion world,

shows a significant dependence on the longitudinal momentum (x)

e g4 and Fy patch smoothly between the SESAM and MILC lattices
and approach the experimental results in the lighter pion world

e continuing with the complete calculation of the generalized form
factors with additional quark masses and extended statistics



