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Transverse momentum distributions (TMDs)

Provide information for distributions of partons in hadrons Provide information for transverse momentum of hadron
relative to parent quark
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Factorization Theorems

TMDs are non-perturbative W )
%
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Cross section involves convolution of
non-perturbative and perturbative
transverse momenta

Perturbative and non-perturbative contributions decouple using factorization theorems

TMD FF
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Standard processes

TMD PDFs and TMD FFs
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Nuclear modifications to collinear PDF's

EMC effect was discovered 40 years ago
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Nuclear modifications to collinear FF's

Ejected quark undergoes multiple scattering in the nuclear medium, modifies the fragmentation functions
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Collinear distributions to TMDs

Previous work with collinear distributions absorbed medium effects into parameters
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Available data

Semi-Inclusive DIS for e-A collisions : Drell-Yan production in p-A collusions: Kinematic coverage of the data
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Factorization and resummation

Differential cross section for Semi-Inclusive DIS is given by

do _ 9 bdb bP, | -
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TMDs can be matched onto the collinear distributions
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Large logarithms are are resumed to all orders in the perturbative Sudakov
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Perturbative treatment

nPDF's and nFFs are known only to NLO
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Non-perturbative treatment

Non-perturbative contributions given by
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Description of the data and predictions

We achieve a x?/dof of 1.196 with parameter values ay = 0.016 & 0.003 by = 0.0097 & 0.0007
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Three-dimensional images

Ratios defined for nPDF and nFF
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CLAS measurements

Semi-Inclusive DIS i Measurements have been performed for angular decorrelation
Morén et al. (CLAS Collaboration) Phys. Rev. C 105, 015201 Paul et al. (CLAS Collaboration) Phys. Rev. Lett. 129, 182501
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Medium modified evolution

Previous work has been done in QCD and SCET to derive medium modified evolution equations
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Medium modification can be implemented into the fit, but introduces additional scales. Future work in this community
will involve including the medium modified DGLAP into the fit, as well as calculating the medium modifications to the
RG and Collins-evolution of the TMDs.

o (0w, G) = [C @ f] (w5 i) exp [_Spert (b5 pais 11, Gy C1) — S (b3 Qos 1, Ci,C)}

Matching and evolution are all up for grabs in the future!
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Conclusion

We develop a formalism for approximating broadening effects in Drell-Yan and Semi-Inclusive DIS.
We find that we can absorb medium modifications into the intrinsic widths of the TMDs to define nTMDs.

We perform the first extraction of both the nTMD PDF and nTMD FF from the world data of Semi-Inclusive DIS and
Drell-Yan.

Future work will involve investigating the medium modified evolution effects and extracting purely non-perturbative
quantities, will also investigate the Jefferson Lab data.
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Thank you!



