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TMD Factorization

Standard processes:
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TMD Factorization

(]%T
do = H / Alza,briya —yn) X Dz, briyn — yn)

A process with
a single hadron may

offer a cleaner access
to TMD (FFs)

Always two TMDs that have to be
extracted simultaneously




Single-Inclusive Annihilation (SIA)

The transverse momentum of the detected
hadron is measured w.r.t. the thrust axis
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This process is non-standard!! /%\
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Soft Radiation Revealed

" ng,_F
do = H / 2m)? Da(za:01:ya — Yn) X Da(zB, briyn — yB)

...it actually comes from the re-arranging of:

2-h Soft Factor correlating
the two collinear groups
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\ | TMD Parton Distribution and Fragmentation Functions with QCD Evolution
S.Mert Aybat (NIKHEF, Amsterdam and Vrije U., Amsterdam), Ted C. Rogers (Vrije U., Amsterdam) (Jan,

2011)
Published in: Phys.Rev.D 83 (2011) 114042 « e-Print: 1101.5057 [hep-ph]
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Soft Factor
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QCD cusp anomalous dimension: current status
Andrey Grozin (Novosibirsk, IYF) (Dec 10, 2022)
e-Print: 2212.05290 [hep-ph]
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Webs in multiparton scattering using the replica trick

Einan Gardi (Edinburgh U.), Eric Laenen (Amsterdam U. and Utrecht U. and NIKHEF, Amsterdam), Ge
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In the light-cone limit:

K+P

S(br:dn) = Gy \

"Constant" P-term

Studied a lot in Collins-Soper kernel /

TMD factorization...
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The P-terms disappear in the standard TMD factorization...
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...as well as in the standard TMD definition:

| S(c0 — y1) The standard definition is
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TMD factorization.
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A This is a naive proof! Actual proof requires to \the standard cases. J
modify also the unsubtracted TMDs




Soft Radiation in SIA (thrust

Forward

hemisphere
«

Backward #
hemisphere

\

The hadronis detected very close to the axis of the jet.

O Extremely small P;

O Soft radiation affects significantly the transverse deflection of the
hadron from the thrust axis
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The hadronis detected in the central region of the jet.
O Most common scenario
O Majority of experimental data expected to fall into this case
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The hadronis detected near the boundary of the jet.
0 Moderately small Py
O The hadron transverse momentum affects the topology of the
final state directl
- Y Y




The three regions are uniquely determined by the specific role of soft and soft-collinear radiation:

soft soft-collinear collinear Red blobsare TMD-relevant

Blue blobsare TMD-irrelevant

58 TMD-relevant || TMD-relevant || TMD-relevant |
Ky || TMD-irrelevant TMD-relevant TMD-relevant
Hq || TMD-1rrelevant || TMD-1rzelevant | TMD-relevant [

Forward
as hemisphere
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Different decompositionslead to different
factorized cross sections

Factorization works in the same way for all the i
three re_gmns, but it prod u.ces (?Ilfferen.t results Backward
depending on the underlying kinematics hemisphere
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Not same functional form!

No magic this time... S (2, b7 Ywa — Y1)
S(br;y1 — (—00))

We are forced to use the definition* when No extra soft

we go beyond the standard processes % contamination
 More universal

* |Inclusion of P-term effects

Exploration of
new physics!



P-term from definition comparison

From comparing operators:
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P-term from extraction comparison

Central kinematic .
.7 regionof SIA ... "

TMD extraction from be\‘/ond
R — standard process — = P(bp,pu

TMD extraction from
standard process

4 )
Strategy for accessing the

hidden soft effects
N J




P-terms from SIA cross sections are:
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Effectively:
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Making "predictions”

Full treatment of the thrust distribution in single inclusive eTe” = h X
processes

M. Boglione (Turin U. and INFN, Turin), A. Simonelli (Old Dominion U. and Jefferson Lab) (Jun 5, 2023)
Published in: JHEP 09 (2023) 006 « e-Print: 2306.02937 [hep-ph]
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Non-perturbative structure of semi-inclusive deep-inelastic and Drell-Yan Unpolarized transverse momentum distributions from a global fit of Drell-Yan
scattering at small transverse momentum and semi-inclusive deep-inelastic scattering data
Ignazio Scimemi (Madrid U.), Alexey Vladimirov (Regensburg U.) (Dec 13, 2019) MAP (Multi-dimensional Analyses of Partonic distributions) Collaboration « Alessandro Bacchetta (Pavia

U. and INFN, Pavia) et al. (Jun 15, 2022)
Published in: JHEP 10 (2022) 127 « e-Print: 2206.07598 [hep-ph]

Published in: JHEP 06 (2020) 137 « e-Print: 1912.06532 [hep-ph]
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Beware! This would
be an extraction of
an extraction!



Comparison with SV19
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Comparison with SV19
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z-independence V

Keep in mind that:

* Very different functional forms at
numerator and denominator

* Extractions from completely

different data sets (BELLE vs
SIDIS/DY)



Comparison with SV19
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Comparison with MAP22
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Comparison with MAP22
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Comparison with MAP22

z-independence
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Not really constrained
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