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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:

A. Bacchetta et al., arXiv:1912.07550 DY
I.S., A. Vladimirov, arXiv:1912.06532 DY+SIDIS} cnclude LEIE dota N3LE-NNLO

V. Bertone et al., JHEP 1906 (2019) 028 DY

S. Camarda et al. arXiv:1910.07049 DY

Bermudez Martinez et al., Phys.Rev. D99 (2019) no.7, 074008, Phys.Rev. D99 (2019) no.7, 074008 DY
A. Bacchetta et al., Phys.Lett. B788 (2019) 542-545

P. Sung et al., Int.J.Mod.Phys. A33 (2018) no.11, 1841006 DY

[. Scimemi, A. Vladimirov Eur.Phys.]. C78 (2018) no.2, 89 DY

A. Bacchetta et al. JHEP 1706 (2017) 081, Erratum: JHEP 1906 (2019) 051 DY+SIDIS

M. Boglione et al. JHEP 1502 (2015) 095  SIDIS

U. D’ Alesio et al., JHEP 1411 (2014) 098 DY

M. Anselmino et al., JHEP 1404 (2014) 005 siDIS

TMD universality proven phenomenologically



Some notation
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Currently power corrections are included only in kinematical factors (Bjorken variables)



Evolution: defimion and
perturbative/non-perturbative aspects
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Evolution: defimion and
perturbative/non-perturbative aspects
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The optimal initial condition is identified when D(us4q41e,0) = 0

Path in-dependence is restored
changing higher orders in VF vl G
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The optimal TMD is scaleless
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Message: One cannot achieve a description of the
whole TMD spectrum with a unique eftective theory

For the spectrum we have two factorization theorems:

OB / HO )

Q> qr ~ Apga:  do ~ /€_iqT'bH(Q>M)f1($1,b>M>C1)f2($2,b,u, (2)

For the intermediate regions we have just phenomenologically based
approaches (Y-terms, b, interpolations..).
A different understanding is required (operators, eft, ...)

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



TMDPDEFE: lLatuce

There was a set of works on measurement of CS kernel on lattice
» Ji’s group [1801.05930][1910.00800][1911.03840] ..most enthusiastic
» MIT group [1811.00026]|[1901.03685][1910.08569]
» Regensburg™™ group [1111.4249][1506.07826][2001.in prep] ..most conservative

Lattice restrictions
» Equal-time correlators only
» Very small energies (PT ~ 3GeV, is an absolute maximum nowadays)

» Not too small distances (lattice artifacts)

» Not too large distances (lattice sizes)

v
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TMDPDEFE: Extraction with

mode]ing (C—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!



TMD vahdity range
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S5V17, DY Pavial9, DY SV19, SIDIS

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



Evolution kernel (differences 1n the
schemes, lattice.,..

Recent extractions

Name Order Data set Model Comm.
Pavial? | LO DY+SIDIS Dpert (14, b) + g2 % bmaX_prescription
SV17 NNLO DY Dopert (i, b) + cob” ¢-prescription
SV19 NNLO/N°LO | DY+SIDIS Dresum (i, b*) + cobb* ¢-prescription
Pavial9 | NNNLO DY Dpert (i, b) + g2 % + gop % b 8X_prescription

- Dyp(br, = 4GeV) )/

06} /

-

4T T et SVI9 [1912.06532)
SV17 [1706.01473]
02} ——— Pavial9 [1912.07550]

Pavial7 [1703.10157]
——— Pavial9 with b,,;,

7 1 2 3 4 5

br[GeV ]

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



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

Lattice Results for Rapidity Anomalous Dimension
Ongoing work by P. Shanahan, M. Wagman, Y. Zhac

I. Stewart at REF2019

Exploratory quenched (n+= 0) simulation

Exploits universality: uses 1.2 GeV pseudoscalar meson
Includes renormalization
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Preliminary results on lattice do not predict a steep raise ..



it results 2019

PDF x*/d.o.f.
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Fit results 2019

THE PARAMETERS OF THE EVOLUTION KERNEL SHOULD BE UNCORRELATED WITH THE REST

DA L 5IDIS: 1912 06532
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Better the PDF set better the uncorrelation!
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Convergence of the perturbative

Ser1es
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Dancing like a quark in a hadron
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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
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Higgs spectrum

The cross section depends on unpolarized and

: ) arTeMiDe vs Pythia: pp - H + X
Linearly polarized gluons 10
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T()y' ng g S(preliminary tests)
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Back up: SIDIS
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