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Parton distribution functions

e They are defined as proton matrix elements of a
certain operator.

e For quarks
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e For gluons, a similar definition.

e Renormalize with the MS prescription with scale pp.



The definition in pictures.

e Here we depict the production of the final state
which illustrates the connection to DIS.
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Fitting parton distributions

e See talk of C.-P. Yuan

e These are fit to data by CT-.

2Q, MMHT, NNPDF, ABMP, ....

e We saw new results from the CT18 fit.

e Not everything is perfect: there can be tensions between
different experiments that are outside of the quoted errors.
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e One can also fit data on nuclei. For example
EPPS, nCTEQ, DSSZ, HKN . ..

e See talk of .

manuele Nocera about NNPDF fit.

e A nucleus is not the same as a bag of non-interacting
protons and neutrons.

e For instance, a small x gluon has a wave function
that extends through much of the nucleus.

e Better knowledge of PDFs in nuclei can inform
us about the nuclear corrections needed for
data on v interactions in iron.



e One can go beyond the inclusive proton PDF's to
consider TMDs, GPDs etc. A major program would
be useful to fit these from data. There was lots
of discussion about this.

e Abha Rajan and Simonetta Liuti discussed steps in
this direction.

e Alberto Accardi updated us on JAM fits to multiple
functions describing hadron structure in one program.

e Tim Hobbs discussed the prospects for combining results of
lattice calculations and results of collider experiments.

e Tommaso Giani tested how to use the NNPDF fitting
procedure to fit lattice data.



e One can also measure spin dependent PDF's.

e Marco Radici summarized measurement of the
transversity distribution.

e This is the probability to find a transversely polarized

quark in a transversely polarized proton.

e The transversity distribution is not so straightforward
to measure.

e Aurore Courtoy described a fit to the transversity
distribution from dihadron production in DIS.



PDFs from lattice

e Here we depict whole operator for the PDF.
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Approximate version of this for lattice calculations

- 3 /:c*
4 ?I

Almost lightlike line becomes line in z direction
in proton rest frame in highly boosted frame.
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e Jian Liang described prospects for a lattice calculation
of the hadronic tensor that describes DIS.

e Jianhui Zhang described calculation of the transversity
distribution on the lattice.
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(Generalized Parton
Distributions

e Jain-wel (Qiu introduced these.

e Built from
1 d*z Lw ) 1 Af| T Z %
Y /(2@4 = A (—3) U (3)

e These can be measured, for example, in deeply
virtual Compton scattering.

p, A)

II



e One feature is that one can look at transverse position
distributions. The key idea is to look at
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where | pt,—b L> » 18 a proton state at a definite
transverse position —b :
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e Abha Rajan and Simonetta Liuti discussed how
GPDs can be extracted from data.

e Anatoly Radyushkin described a method for calculating
GPDs on the lattice.

e Martha Constantinou showed results from lattice
calculations of GPDs.
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Iransverse Momentum
Dependent Parton Distributions

e These give the density of partons as a function
of momentum fraction and transverse momentum.

e Marcus .

Lbert gave us the background for TMDs,

explaining how their multiple formulations match up.

e Ted Rogers explained more about the formalism,
including factorization of cross sections and
issues with how well the formalism works.
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e Evolution of TMDs i1s more subtle than with collinear PDF's.

fi(xv kJ_aluza C) — fz(ajv bJ_a:uza C)
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0log(u)
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e Solve with boundary value v¢(by,1/b7).

. . . 2
e This is non-perturbative for large b7 .
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TMD parton distributions for lattice calculations
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e Michael Wagman discussed lattice calculations of v (b1, u?).
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Parton distribution functions
at small .

e Gerrit Schierholz discussed problems with lattice calculations

//E+

e The quark is outside the proton when it is annihilated.

xP+ = Rp PJr

L7



The view from the proton rest frame

Fast proton Proton at rest

e Note the time ordering.

e We make a color 3 eikonal line and a fast antiquark.
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For r < 1 we get a dipole picture.

/

e The PDF operator creates a color 3 eikonal line and a
high energy antiquark that shoots through the proton.

e This color dipole can develop further according
to vacuum QCD.

O ——

e The proton structure part is about how the dipole
gets through the proton.
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fo/p(x, p*) in the dipole picture

N,
T fyp(T, 1) =~ 3 /dA O(A%p? > 2e/677)

X /db =(b, A)

e 1/A* is the dipole wave function.

e =(b, A) gives the proton structure.

1

A4
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e =(b, A) represents the probability that the dipole
ogets through the proton leaving the proton intact.
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e There are models for this.

e Perhaps one could calculate it on the lattice.
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