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Outline
. “control” quantities: nucleon mass, axial
charge and isovector momentum fraction
. spin structure of the nucleon
. electromagnetic form factors F, and F,
. generalized form factors and their radii

. conclusion.
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Lattice QCD

Dynamical variables: U, (x) = ¢4 ™

Wilson action (1974):
Sg = é Zx Zy.;éu ReTr{l - P/»“’(‘x)}

Euclidean time: 7 = —ir
Continuum limit: go ~ 1/log(1/a)

Quarks:
e Grassmann variables: ¥ 1y, = —,1

e quadratic action =

B)Y) =M~ ([U];x,y)



“Control” quantities

My, g4y (X)y—a
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Quark-mass dependence of the nucleon mass

My(My) = My — 4ciM> + cxaMy 4 caMy + chaMy log M + ceMS
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The axial charge ga
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g4a: LHPC mixed-action calculation
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e new, more accurate results tend to be lower than previously

o chiral logs could make g4 bend up sharply as m, = mPs



Isovector Momentum Fraction (x),_,
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e pion mass dependence similar in all calculations (very flat)

e quite a spread in the absolute normalization

¢ unclear whether/how data points will converge to the MRST 02 value.
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Isovector Helicity Fraction (x)A,_ay

0.4 T T T T
0.4
0.35F Dk%u-m E
SR B Lo
03f & ] 5 34 - '
$ Foax
0.25F ] 4
® 27fm
experiment m 18fm 0.1
02F % ]
0.0
0155 X 02 03 04 05 et o8
m:[GeVZ] GV
RBC-UKQCD 1003.3387 LHPC 1001.3620 (CBChPT fit)

e pion mass dependence quite flat
e reasonable agreement with the HERMES result [Phys. Rev. D75, 012007].
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contributions to nucleon spin
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Spin Structure of the Nucleon
0.8~
o4 AS/2 o4l
0.2
02 f‘x‘“‘\‘ 7777777 *‘*w—;lf,m,,\ ]
0 0.2
U SN —-04f
0.2}s ot AxY2 T_“
0.2 0.4 0.6
m? GeV?

e non-singlet J/ = L + S renormalizes multiplicatively

e spin conserved = large change in L
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’ disconnected diagrams remain to be calculated for non-isovector quantities ‘

[LHPC, Phys.Rev.D77:094502,2008; 1001.3620]

one-loop evolution of %AE,H; and L,_4
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Electromagnetic Form Factors

', 5"V p,s)e = g ()T (¢ )us(p) ,

I'(¢) =7"Fi(q*) + iU”"qu"an(qz)




Nucleon isovector Dirac form factor F;
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e new level of accuracy achieved
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e pion mass dependence is (very) weak between 500 and 300 MeV.
o dipole form 1/(1 4+ Q*/M})?* provides a good fit up to 0* ~ 1GeV-.



A test of vector-meson dominance
The approximate dipole behavior of the FF F,(Q*) = W can be
understood as being due to the contribution of two nearby vector meson
poles with opposite residua, [Perdrisat, Punjabi, Vanderhaeghen, Prog Part Nucl Phys 59 (2007) 694]
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Nucleon isovector Pauli form factor F,
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e extrapolation to Q> = 0 using dipole form =
magnetic moment «, = F»(0).



Generalized Form Factors



Generalized Form Factors (unpolarized, isovector case)
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Transverse radii in the infinite-momentum frame
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Unpolarized case

Polarized case

e transverse radii decrease with n, as expected — most of the contribution
to higher moments comes from the large-x region; a parton carrying by
itself most of the nucleon’s momentum must be located near the center

of mass in the transverse plane

e for n > 2, the radii are weakly dependent on the pion mass and similar in
the polarized and unpolarized case [LHPC 1001.3620].
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Conclusion

« many (isovector) nucleon observables now known quite
accurately for 300MeV < m, < 800MeV

« general observation: very mild pion mass dependence;
much milder than suggested by chiral perturbation theory

« contact with the non-analytic behavior at small m,.
remains to be established

« transverse structure: transverse mass distribution of
nucleon is more compact than the transverse charge
distribution, R%=2 /R~ ~ 1.4.
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Example of disconnected diagrams: strangeness form factor
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These Figs suggest disconnected diagrams contribution < 0.01 = negligible at low Q2.



Nucleon mass: LHP mixed-action calculation
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The isovector electric form factor Gz (¢?) = F1(¢?) + Ly F>(¢?)
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