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ee++ee-- scattering processes scattering processes

TASSO, MARKII data available 
for unpolarized e+e- → h X
 

p
T
 distributions

Different energies

Integrated over z

No charge separation

Recent data on Collins 
azimuthal asymmetries from 
BELLE, BaBar and BES III

No modern data available (yet) 
on unpolarized cross sections 

Direct observation of the 
hadron momentum 
component, transverse 
to the fragmenting 
parent parton (jet axis)

TMD evolutionTMD evolution

Big limitationBig limitation
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Unpolarized cross sectionUnpolarized cross section

Calculable within Calculable within 
perturbative QCDperturbative QCD

Non-perturbative Non-perturbative 
informationinformation
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Modeling the cross sectionModeling the cross section

Assuming factorization ... 

Use this ...

To get information 
about that ...

To leading order 

Issues to investigate:Issues to investigate:

Appropriate functional form for g
j/p

Scale evolution induced by g
k

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86 
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Modeling the cross sectionModeling the cross section

Identify the region where Identify the region where 
TMD effects are dominant TMD effects are dominant 

We start by concentrating 
on a restricted range:

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86 
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Modeling the pModeling the p
┴┴
 dependence dependence

Gaussian p
┴
 dependence

Power law p
┴
 dependence

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86 
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Modeling the pModeling the p
┴┴
 dependence dependence

Fit of TASSO data, 
using power law p

┴ 
dependence 

Fit of TASSO data, 
using gaussian p

┴ 
dependence 

Normalization 
problematic !

Tension between the shape of 
the peak and that of the tale

Boglione, Gonzalez-Hernandez, Taghavi, 
Phys. Lett. B772 (2017) 78-86 

1)1)

2)2)

α extracted separately for each √s value1)1)
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Interpreting our results ...Interpreting our results ...

MODELMODEL TMD scheme TMD scheme 
(under the assumption that integration over z does not alter 
the structural form of the non perturbative exponential)
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Boglione, Gonzalez-Hernandez, Taghavi, 
Phys. Lett. B772 (2017) 78-86 

Power-law fits can be 
Extended to much larger p

┴
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Interpreting our results ...Interpreting our results ...
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Interpreting our results ...Interpreting our results ...

MODELMODEL TMD scheme TMD scheme 
(under the assumption that integration over z does not alter 
the structural form of the non perturbative exponential)

There are caveats on this interpretationThere are caveats on this interpretation:

it is consistent with theoretical expectations but it 
is not unique.

Lack of information on z-dependence of the TMD 
FF in the TASSO and MARK II measurements (and 
possible correlations between Q and z of different 
origin) hinders a more solid conclusion about TMD 
evolution effects in these data sets.
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ConclusionsConclusions

Phenomenological studies of TMD factorization and evolution have come a long way. 

Some issues remain open and need further investigation, especially as far as phenomenology is 
concerned:

Difficult to work in b
T
 space where we loose phenomenological intuition

P
T
 distributions of SIDIS cross sections over the full P

T
 range will have to be further investigated

(matching and all that).

Similarly, we need to study e+e- cross sections over the full p
┴
 range 

Simultaneous fits of SIDIS, Drell-Yan and e+e- annihilation data are recommended, but they should 
be performed within a consistent and solid framework where they can be implemented. 

Data selection is crucial in global fitting: 
➔ not too many 

(only data within the ranges where the TMD evolution schemes work should be considered) 
➔ not too few 

(too strict a selection can bias the fit results and neglect important information from 
experimental data) 
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Back-up slidesBack-up slides
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Counter-exampleCounter-example

Start from a simple picture in which:

Account for z integration by some average value <z>:

Obtain a good description of data by using the measured <z> values, 
which exhibit  a seemingly logarithmic behavior.

In this way correlations between z and Q are not related to TMD factorization, 
but rather of a different origin.  
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Interpreting our results ...Interpreting our results ...
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