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Outline

● Building simple models for TMDs. (phase 1)

● Some challenges regarding TMD-evolution.

● Can current data tell us something about 
TMD-evolution?

An example with HERMES multiplicities.

● Some preliminary results on TMD Transversity and Collins 
functions (phase 1)

● Final Remarks
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Building simple models for TMDs
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Factorized Transverse Momentum dependence 

● Contains all of the statistical information of collinear analyses.
● Evolves according to DGLAP.

● Simple model for the Transverse Momentum dependence.
● No additional “evolution” (Phase 1).
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Factorized Transverse Momentum dependence 

● Contains all of the statistical information of collinear analyses.
● Evolves according to DGLAP.

● Simple model for the Transverse Momentum dependence.
● No additional “evolution” (Phase 1).

Unpolarized SIDIS
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What is so special about Gaussians?

“typical” spectator-like kT and 
pT dependences

Simple Gaussian  kT and pT 
dependences

MULTIPLICITIES
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What is so special about Gaussians?

“typical” spectator-like kT and 
pT dependences

Simple Gaussian  kT and pT 
dependences

● There is perhaps nothing fundamental about Gaussians, they simply reproduce 
the data very well in the low transverse momentum regime.

● This does not mean the TMDs are actually Gaussians, it only means that this 
model is a good way of mapping the transverse momentum dependence. 
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The data leads the way

Simple Gaussian  kT and pT 
dependences

Simple models are useful for 
many reasons:

Quantify correlations between 
kinematical variables

Describe other observables in 
similar kinematical regimes.

Useful as a benchmark in tests of 
fundamental ideas. 
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The data leads the way

Simple Gaussian  kT and pT 
dependences

Simple models are useful for 
many reasons:

Quantify correlations between 
kinematical variables

Describe other observables in 
similar kinematical regimes.

Useful as a benchmark in tests of 
fundamental ideas. 

To really extract TMDs one should include TMD-evolution.

Some aspects of the TMD-evolution are still to be understood.
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Some challenges regarding TMD-evolution
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TMD evolution and SIDIS (using CSS at NLL)

Model Dependence

Resummation 
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TMD evolution and SIDIS (using CSS at NLL)

qT~Q qT>>Q

TMD region Matching region pQCD
qT<<Q

Resummation 

Large Logs                                          are expected to vanish at

q
T
~ Q  →  σres ~ σasy   (In principle, provides a matching  scheme)
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TMD evolution and SIDIS (using CSS at NLL)

Assertion  q
T
~ Q  →  σres ~ σasy  fails. 

No matching seem possible (NLL)qT~Q qT>>Q

TMD region Matching region pQCD
qT<<Q
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TMD evolution and SIDIS (using CSS at NLL)

Standard Choice

● Direct implementation of CSS at NLL does 
not seem to work with current data, 
underestimation roughly by a factor of 
two.

   (standard choice of  C1, C2, C3) 

● Are other choices of these constants 
appropriate?
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TMD evolution and SIDIS

qT~Q qT>>Q

TMD region Matching region pQCD
qT<<Q

What happens if one attempts to use some TMD-
evolution scheme?.

Can one apply the TMD evolution formalism in available data?

Can the data signal TMD-evolution?
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Can current data tell us anything about 
TMD-evolution?

(An example with HERMES data)
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The effect of C1, C2, C3.
(An example only, a 

deceiving one) 

For simple Gaussian fit on this same subset of data
Chi2/pts = 1.77

Ongoing studies on the 
theoretical errors in the 
CSS Formalism.

(Benchmark)
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Keep in mind limitations of data
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Keep in mind limitations of data

● Q2-dependence is “washed out” in the HERMES multiplicities.

● A fit where the Q2-dependence is turned off gives a better fit:  chi2 ~ 1.2

● Absolute cross sections may be more useful to study TMD-evolution.
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Keep in mind limitations of data

In the mean time, one can also try to 
map/update other TMDs, given new data 
releases.
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Some preliminary results on TMD Transversity and 
Collins functions (phase 1).
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Transversity and Collins function

Unpolarized TMDFF

Ratio

Double 
Ratio

. . .

Collins TMDFF

Unpolarized 
TMDFF 
&TMDPDF

TMD Transversity 
& Collins function

 Ratio

e+e- → π π X
(Belle and BaBar)

SIDIS
(HERMES and COMPASS)
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Transversity and Collins function

Collins function

Transversity
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Transversity and Collins function

PRELIMINARY

PRELIMINARY

PRELIMINARY

New Torino-Cagliari Analysis
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TMD-evolution??

Double 
Ratio  Ratio

e+e- → π π X SIDIS

Unpolarized 
TMDFF 
&TMDPDF

Can one apply the TMD evolution formalism in available data?

Can the data signal TMD-evolution?
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TMD-evolution??

Double 
Ratio  Ratio

e+e- → π π X SIDIS

Unpolarized 
TMDFF 
&TMDPDF

● SIDIS data for Collins asymmetry at low Q2.

● Recall issues for the unpolarized TMDs.

● Double ratios may disguise a lot of the Q2-dependence.

● In fact, “turning off” the Q2-dependence in our model still 
gives a satisfactory fit.

Keep in mind that:
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Final Remarks

● Ultimately, the aim is to extract the universal TMDs.

● TMD-evolution is still at a testing stage.

● Simple models are very useful as a map to understand the 
shape of TMDs (Gaussians work remarkably well).

● Simple models can serve as a benchmark when testing 
TMD-evolution (or other fundamental physics)



  28

Final Remarks

● Ultimately, the aim is to extract the universal TMDs.

● TMD-evolution is still at a testing stage.

● Simple models are very useful as a map to understand the 
shape of TMDs (Gaussians work remarkably well).

● Simple models can serve as a benchmark when testing 
TMD-evolution (or other fundamental physics)

● Its difficult  to see TMD-evolution effects in current data, 
only very mild Q2-dependences remain in (double) ratios.

● Absolute cross sections may prove necessary to resolve 
the issues that still prevent us from getting 
“the real picture”.
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Thanks
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Backup
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Spectator models
(inspired by)

Selected data



  32

Factorized Models
(Gaussian in k

┴
, p

┴
)
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Transversity and Collins function

PRELIMINARY
PRELIMINARY
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