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Motivation for Transverse Momentum Distributions
(TMDS)

19 MMHT14 NNLO, Q* = 10 GeV?

xT

PDFs, momentum densities along collinear direction.

Goals of TMDs

® Momentum: Provide a 3-dimensional

picture of the motion of the partons in a
hadron.

® Correlation: Are there correlations
between the motion of the partons and
the hadron’s spin?
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Semi-Inclusive DIS for TMDs
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QCD evolution
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® DGLAP evolution provides information on how the xp
dependence of the distributions evolve in Q.

e TMD evolution provides information on how the k| dependence
of the distributions evolve in Q.



The Sivers asymmetry
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Structure functions

Unpolarized structure function in the TMD formalism
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DGLAP evolution from initial scale to ..
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QCD Evolution
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DGLAP evolution from initial scale to .

Perturbative TMD evolution from ., to Q.

DGLAP
® Non-perturbative TMD evolution from initial [ nitial scale(@o) |

scale to Q.




Structure functions
Polarized structure function in the TMD formalism
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® DGLAP evolution for Qiu-Sterman function is not
well-understood.

® This evolution is treated phenomenologically in one of two
schemes.



DGLAP evolution of the Qiu-Sterman function
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® Scheme 1.) Zhong-bo and Jianwei showed in 2009 that at large
xg, the evolution can be treated as a parallel evolution.
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® Scheme 2.) For phenomenological applications, it is common to
treat the evolution to be the same as for the collinear PDF. Can
model this behavior with n = 0. (Anselmino et al 2012)



Fit to low energy data

Collaboration Scattering event Number of points Year

e+P—e+ht 34 2017

e+P—>e+h” 31 2017

e+D—e+mt 12 2008

e+D—e+mt 12 2008

e+D—e+ KT 13 2008

e+D— e+ K 7 2008

e+D— e+ K™ 11 2008

T +P—>y 15 2017

e+P—>e+ K™ 14 2009

f e+P—e+ K" 14 2009

% | e+P— e+ n° 13 2009
_|_

e+P—e+m” 14 2009

e+P—e+m” 14 2009

- e+P—e+m" 4 2011

Jeffersonlab ., . - 1 2011

P+P W7 4l 2015



Signs change of the Sivers function

electron
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Possible sign change between Sivers function in SIDIS and Drell-Yan.

14g,DY 1¢,SIDIS

Collins 02, Boer-Mulders-Pijlman 03, Collins-Metz 04, Kang-Qiu 09



Fit results without RHIC data

x?/d.o.f = 1.032 for 12 parameters and 226 points.
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Unpolarized TMD PDF
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Sivers function

k, (GeV)
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Spin-dependent TMD PDF

, k
fq/p(-xB7kJ_) - Sln(¢s - (Pk)ﬁfljiq/p(xBakJ_)
xp=02 Q% € [2,100] GeV?




Description of the data (RHIC not included in fit)
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Dependence on the DGLAP evolution
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e For SIDIS and COMPASS DY data A7 ~ 1%.
e For RHIC data AT ~ 50%.

2.5

—-— SIDIS+DY
- RHIC
2.0 —— global

X2/Ndata
2

"
e —
" —
T et i — — — — — — -

1.0r

05°=05 o0 25



Global weighted fit (@ = 226/17)

Collaboration Scattering event Number of points Year

e+P—e+ht 34 2017
e+P—e+h 31 2017
e+D—e+nt 12 2008
e+D—e+nt 12 2008

e+D— e+ KT 13 2008

e+D — e+ K° 7 2008
e+D—e+ K™ 11 2008

T~ +P— 7y 15 2017

e+P—>e+ K- 14 2009

" e+P—e+ KT 14 2009
% e+P—e+nd 13 2009
drme e+P—e+nt 14 2009
aes e+P—se+n 14 2009
e+P—se+m 14 2009

— ) e+P—>e+mt 4 2011
Jeftersonlab ., ., - 1 2011

| P+PW/Z 17X 2015



Fit results with RHIC data

x?/d.o.f = 1.482 for 12 parameters and 243 points.
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Description of the data (with RHIC data included)
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Prediction at the EIC/Conclusion
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® Additional data at large Q is needed to reduce the error at large

o
® The same effects should occur for all k| -odd TMDs.



