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Extraction of unpolarised
TMDs from experimental data
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The single TMD distributions are given by:
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TMD factorisation (for DY)
At small values of  qT, TMD factorisation applies:
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The single TMD distributions are given by:

TMD factorisation (for DY)

matching onto the collinear PDFs at bT ≪ 1/ΛQCD, 
factorises as transverse (perturbative) and longitudinal 
(i.e. collinear, non-perturbative).  

CS and RGE evolution, 
evolution to large bT, 
perturbative.
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At small values of  qT, TMD factorisation applies:
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The single TMD distributions are given by:

Introduce the b* prescription to avoid the Landau pole, 
introduce fNP to account for the introduction of  the b* prescription, 
fNP “parametrises” the non-perturbative transverse modes, 
fit fNP to data. 4
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TMD factorisation (for DY)
At small values of  qT, TMD factorisation applies:



State-of-the-art calculations are thus necessary to describe this data: 
higher-order corrections (and possibly matching between TMD and collinear).

Measurements of  qT distributions have reached the sub-percent level uncs.:

[Phys.Rev. D97 (2018) no.3, 032006]
[Eur. Phys. J. C 76(5), 1-61 (2016)]

Higher-order corrections
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State-of-the-art accuracy in the TMD region required:

Higher-order corrections



Functional form of  the non-perturbative function: 

a total of  9 free parameters. 

Complete treatment of  the experimental uncertainties: 
correlated systematics (additive and multiplicative) properly treated, 
uncertainties deriving from collinear PDFs also included. 

Fits using all the available perturbative orders: from NLL to N3LL. 
Full integration over qT, Q and y when required: 

no narrow-width nor “middle-point” approximations. 

No ad hoc normalisation: 
fit both shape and normalisation. 

Monte Carlo method for the experimental error propagation.

[Bacchetta et al., JHEP 07 (2020) 117, arXiv:1912.07550]
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PV19 fit: Drell-Yan data
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Only data with qT / Q < 0.2 (TMD factorisation region).

https://arxiv.org/abs/1912.07550
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PV19 fit: Drell-Yan data



PV19 fit 
Fit quality at N3LL
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Clear perturbative convergence.

Order NLL NLL’ NNLL NNLL’ N3LL

χ2 / n.d.p. ~20 3.19 1.62 1.07 1.02

Global χ2 as a function of  the perturbative accuracy:
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PV19 fit 
Perturbative convergence
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Conclusions and outlook
A lot of  effort is being invested on the extraction of  TMD PDFs and FFs: 

wide and precise datasets (LHC and Tevatron exps., COMPASS, HERMES), 

very accurate theoretical computation (N3LL at small qT), 

Current precision of  data does require the most accurate calculations: 
perturbative convergence. 

A sound treatment of  the experimental uncertainties is also required: 
correlated systematics, 

collinear PDF uncertainties. 

Outstanding issues concerning SIDIS data from COMPASS/HERMES. 

Also e+e- annihilation data will be considered to constrain TMD FFs. 

Current experiments have still much to say on TMDs. 

Looking forward to the EI(c)C for more data to constrain TMDs.


