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Outlook

 Importance of unpolarized functions

e Some challenges extracting unpolarized
functions from SIDIS

e Signals of non-perturbative dominance

e Testing the kinematics where factorization
theorems hold.



TMD physics, rich phenomenology.

Gateway to 3D structure of hadrons
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Input needed : Unpolarized functions

e'e - Tt X SIDIS

Unpolarized TMDFF = Collins TMDFF Jor SO+ p(S)= 0

i dxpdOQ2dz, d*Prdds
3ma’

_ D N 21 |
dz1 dzo d2 P17 d cos 65 25 e h1 haf COS 201 2a? {1 + (1 —y)?
o* 2

do.e+e_—>h1 ho X

ULC _ NU.L.C Rati + S7(1 — y)(sin(¢), + ¢S)F;‘Jif;f¢1,+¢s) _
P — atio
0 DU.L.C

Sin(¢h + ¢S‘)
Asin(Cbh +¢s) Fur h

DY=D .+ _+D__ 4 NY = Nyt g 4 N oo ur F
I vuu
DL :D'/r+7r+ +D7r—7r— N :N7T+7T++N7T_7T_ _
pC—pU o pt NE=NVinNE, Ratio

Ag ULy Double
= 1 4 cos(2¢1)|4, ) Ratio Unpolarized TMD Transversity

AL©O) T i
0 TMDFF & Collins function
&TMDPDF 11




SIDIS Sivers Asymmetry
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How well can we extract unpolarized
TMDs from SIDIS data?
(challenges)



Theoretical Framework: Factorization theorems
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Example:

extraction from global fit
(2013 COMPASS data)
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Some issues with unpolarized
TMDs extraction(SIDIS)
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Some challenges:

Large (spurious) normalizations have to be
introduced to described data

LO
NLO =

0.2 0.25

0.3

A bit counter-intuitive



Some challenges:

Large gT region cannot be described with modern
Collinear PDF sets
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Some challenges:

Matching between small and large qT regions

\ s=17 GeV, Q°=10 GeV?
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Some challenges:

Matching between small and large qT regions

\ s=17 GeV, Q°=10 GeV?
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Some challenges:

Matching between small and large qT regions

\ s=17 GeV, Q°=10 GeV?
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Signals of non-perturbative dominance



Here TMD term describes
data at values
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Formalism only Here TMD term describes
justified up to data at values
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Corrections extend TMD
term up to qT~Q
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One of the issues
with the matching can be
traced to large differences

Between TMD (W) and
asymptotic term at
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Large differences due
to non-perturbative effects.
Here, model with
mass parameter M/Q ~ 0.2
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Testing the kinematics where factorization
theorems hold



Different types of approximations

External momenta kinematics

Partonic
momenta
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Higher order pQCD corrections in large qT
cross section associated to larger values of
virtuality spectator
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The size of these ratios determine partonic
configurations (factorization theorem) and map
to kinematical regions of the observables
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(caveat: Parton momenta have to be estimated,
so this is just an example)
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(caveat: Parton momenta have to be estimated,
so this is just an example)
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Final Remarks

Some progress on TMD extraction from SIDIS (evolution)
Currently, some results are counter-intuitive.

Matching is quite important, it is a non-trivial component
of the TMD formalism (otherwise must cut data)

Must think of solutions to describe the data: Fixed order
large qT region a good starting point.

Does non-perturbative dominance compromises the
validity of the formalism?

Mapping (optimal) regions of applicability of factorization
is crucial (like using R1,R2,R3 shown in this talk.)






