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Unpolarized TMDs: 
phenomenological status
Ignazio Scimemi



The TMD new perspective

The data taking on Drell-Yan and SIDIS spectra started a long ago…
What has changed?

In the last years several new papers dedicated to unpolarized TMD phenomenology:
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V. Bertone et al., JHEP 1906 (2019) 028
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TMD universality proven phenomenologically
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Factorization for 
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Currently power corrections are included only in kinematical factors (Bjorken variables)



Evolution: definition and 
perturbative/non-perturbative aspects
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TMD evolution

Perturbative series 
 truncation leads  

to path dependence  
of the solution
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The transition to the  
non-perturbative regime is fixed 
at µ0
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Evolution: definition and 
perturbative/non-perturbative aspects
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TMD evolution

Path in-dependence is restored 
changing higher orders in �F
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The optimal initial condition is identified when D(µsaddle, b) = 0

�F (µsaddle, ⇣saddle) = 0
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The optimal TMD is scaleless

⇣-prescription
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Message: One cannot achieve a description of the 
whole TMD spectrum with a unique effective theory

For the spectrum  we have two factorization theorems:

Q ⇠ qT � ⇤had : d� ⇠
Z

H(Q, qT , µ)f1(x1, µ)f2(x2, µ)
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For the intermediate regions we have  just phenomenologically based 
approaches (Y-terms, bmin, interpolations..) . 

A different understanding is required (operators, eft, …)

The intermediate region does not provide clear details on PDF and 
TMDPDF.

Q � qT ⇠ ⇤had : d� ⇠
Z

e
�iqT·b

H(Q,µ)f1(x1,b, µ, ⇣1)f2(x2,b, µ, ⇣2)
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TMDPDF: Lattice

Slide from A. Vladimirov



TMDPDF: Extraction with 
modeling (                    )

NNLO 
T. Gehrmann et al. JHEP 06 (2014) 155,

M.G. Echevarria et al. Phys. Rev. D93 (2016) 011502, JHEP 09 (2016) 004

M. X. Luo et al. arXiv:1912.05778NNNLO 

PDF are part 
of the model

⇣-prescription
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LHC can fill the empty space  with an improved triggering at low qT!
EIC is expected to fill the empty space.

Both LHC and EIC are necessary to check the universality of TMD!

LHC?EIC!



TMD validity range

SV17, DY Pavia19, DY SV19, SIDIS

The range of validity of TMD is independent of models, implementation, perturbative order, experiment type



Evolution kernel (differences in the 
schemes, lattice,..)

Preliminary results on lattice do not predict a steep raise ..

Slide from A. Vladimirov



Evolution kernel (differences in the 
schemes, lattice,..)

Preliminary results on lattice do not predict a steep raise ..

I. Stewart at REF2019



Fit results 2019



Fit results 2019

DY+SIDIS:1912.06532 F. Hautmann, I.S., A. Vladimirov, Preliminary

The parameters of the evolution kernel should be uncorrelated with the rest

⇣-prescription
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Pavia2019:1912.07550

DY

Better the PDF set better the uncorrelation!



Convergence of the perturbative 
series

⇣-prescription
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“Dancing like a quark in a hadron”

Fragmentation

TMDPDF



Conclusions

We have reached a unified understanding of DY and SIDIS spectra 
(universality) using TMD both in theory and data: 

we are ready for EIC era!

Many constraints from LHC data: Triggering should be changed to 
prepare EIC (low transverse momenta should be studied!)

PDF extraction can strongly benefit from TMD analysis: 
joined fits? N3LO perturbative calculations for TMD are ready.

Gluon TMD are still very elusive in data: theory well developed 
(NNLO and NNNLO)

Lattice preliminary results are starting to be available



Back up



Higgs spectrum

The cross section depends on unpolarized and
Linearly polarized gluons 

NNLO for linearly polarized gluons
Leal-Gomez et al. 1907.05896

Luo et a. 1908.03831



Toy-Higgs(preliminary tests)



Back up: SIDIS
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