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Quark correlators

 Quark correlators can be written as matrix elements
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 The field combination is non-local



Gauge invariance for quark TMDs

« Gauge links make the nonlocal combinations of fields gauge

invariant ¢
Ujp,e] = P exp (—ig/ ds“AM>
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* Introduce a path dependence
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TMD PDFs

« Distribution functions could be described in terms of parton
distribution functions (TMDs)

« Depending on polarization(s), differerent contributions are required
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distribution functions (TMDs)

TMD PDFs

« Distribution functions could be described in terms of parton

« Depending on polarization(s), differerent contributions are required
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Process dependent

Pretzelocity is T-even
and process dependent



Reflection: comparing descriptions

Differences
B Matrix elements TMDs
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Mellin moments

 Collinear functions
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Moments correspond to local matrix elements with calculable

anomalous dimensions, that can be Mellin transformed to splitting
functions
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Transverse moments

 For TMD functions one can consider transverse moments
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 Due to transverse directions, partonic operators show up. For the
simplest gauge links one finds
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Transverse moments

 For TMD functions one can consider transverse moments
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Transverse moments

* For a general gauge link
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Transverse moments

* For a general gauge link
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T-even T-odd (gluonic pole or ETQS m.e.)
(o (x) = D% () — 9% (2)| |Po(a) = 7 3 (2, 0]a)

« Behavior of TMDs under time reversal symmetry and rank can be
used to identify their corresponding matrix element
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Transverse moments

Generalization for quarks
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Universality

« Some PDFs are non-universal, but they can always be written in the
form
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* Non-universality is isolated in numerical coefficients



Examples of universality

» Different processes give different gauge link structures
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Examples of universality

» Different processes give different gauge link structures

Drell-Yan gq — qq contribution
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 More complicated processes also give h“BZ)
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Part Il: gluon correlators




Gluon correlators

« Similar to quarks, the gluon correlator
can be written as a matrix element.
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« Depending on polarization(s), differerent contributions are required
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Gauge links

For gluons more gauge link structures exist
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More complicated structures arise for complicated processes
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Gauge links

« The simplest gauge links have simple interpretations
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Color structures

« This gives the operator combinations

& &
<= 7 ® t =
----------------------- D .i:():
£ o
U, U] =[-, -] U, U = [+,4]
T2 = (P|Tre (F"(0)Upo,g [GT, F™ (E)] Uge,01) |P)en=0
ér &r
> - () > <% + o «
----------------------- B o e ey YRR SRR
§ s £
[U’ U/] - [_’ +] [U7 U/] - [+7 _]

Pely = (P|Tre (F"(0)U0, g {G7™ F" (&)} Upg,01) 1 P)en=o0

Bomhof, PJM, 2007; Dominguez, Xiao, Yuan (2011); MGAB, A Mukherjee, Mulders, 2013



Color structures

« This gives the operator combinations
ér
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Color structures

* For higher transverse moments, operator structures contain
» Color traces
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 And combinations thereof

* One obtains a finite number of operator structures
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Universality

. Depending on the process, TMDs contain multiple contributions
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Summary and conclusions

« Transverse directions are required

— TMDs
— Polarizations

RN RS,

« Gauge links are required
— TMDs become process dependent
— Universality broken?

« Solving the puzzles
— Linear combination of finite number of TMDs
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