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Part |I: Individual correlators

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



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



Gauge invariance for quark TMDs

« Gauge links make the nonlocal combinations of fields gauge

invariant

* Introduce a path dependence
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Time-reversal couple
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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 a general gauge link
/d2pT p%CI)[U] (x,pr;n) = ég (x) + CgU]CI)%(x)
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Efremov & Teryaev (1982); Qiu and Sterman (1991); Boer, Mulders & Pijlman, NP B667 (2003) 201;
Bomhof, Mulders and Pijlman, EPJ C 47 (2006) 147



Transverse moments

* For a general gauge link

/dsz p%CI)[U] (x,pr;n) = ég (x) + CgU]CI)%(x)
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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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Part |I: multi hadron processes

* One has to take care of gauge links from both the correlators!



Color entanglement in DY

Incorporate gluons from both hadrons
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Drell-Yan

MGAB, Mulders, Phys. Rev. Lett. 112, 092002 (2014)




Color entanglement in DY

* Incorporate gluons from both hadrons
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Color entanglement in DY

Reminder:
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For transvers:e weightings in both correlators:
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Gluons forming the gauge links have to be accounted for



Color entanglement in DY

Tr,
* Naively:
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- For transverse weightings in both correlators:

p‘f‘TpgTdaDy = Ir, [Ui p2|® (1, pr7)U—[p2] (ZDé% [p2]_gA§ [p2]_Gn6 [p2])H*
<UL [pa) (1D [p1] —g A5 1)~ G 1)

* For double gluonic pole term:
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« Gluons forming the gauge links have to be accounted for
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Color entanglement in DY
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Naive color factor

Implications for the actual cross section:

Naively 1
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Drell-Yan results

 (Generalization
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* This affects:
— Double Boer-Mulders
— Double Sivers
— Combinations of Pretzelocity with Boer-Mulders/Sivers/Pretzelocity
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Summary and conclusions

Color flow is important

Due to gauge links, color is entangled in even the simplest hadronic
processes

Due to entanglement, cross sections have other color factors than

one might naively expect
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Multiple correlators at once

» Color entanglement of the process

* Gluons forming the gauge links have to be accounted for

Rogers, Mulders, PRD 81 (2010) 094006



