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Parton Distribution Functions
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1 dimensional
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1D maps of partonic distribution
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Transverse-Momentum Distributions

f(.CIZ, kJ-)

J dimensional !

Longitudinal momentum

kT = xP™T

!
I

lransverse momentum




3D maps of partonic distribution
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Why do we map partonic distributions?

e Curiosity
e Measure things that we cannot calculate with QCD
® Test things we can calculate with QCD (perturbative and lattice)

e Use to make predictions in hadronic collisions and look for new interesting
physics



What did we achieve so far?
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Factorization and universality
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Factorization and universality
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TMD evolution
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TMD evolution
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First global fit of TMDs
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First global fit of TMDs
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First global fit of TMDs
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First global fit of TMDs
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It's the dawn of TMD global fits era




Comparison with collinear PDFs
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On top of extending data set, many improvements are needed: higher
perturbative orders, matching with high transverse momentum, flavor
dependence, flexible functional forms...
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What are (some of) the open challenges?
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Status of TMD phenomenology

Data, theory, fits: we start being in a position to validate the formalism

quark pol.
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Limited data, theory, fits
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Anselmino, Boglione, D’Alesio, Murgia, Prokudin, arXiv:
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Anselmino et al., PRD87 (13)

Kang et al. arXiv:1505.05589




Status of TMD phenomenology

Data, theory, fits: we start being in a position to validate the formalism

quark pol. Only first attempts
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Twrist-2 TMDs
. : Lu, Ma, Schmidt, arXiv:0212.2031
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New data from JLab

Related to unpolarized TMDs
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New data from COMPASS

Related to polarized TMDs COMPASS, arXiv:1609.06062
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New data from COMPASS

Related to polarized TMDs COMPASS, arXiv:1609.06062
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New data from COMPASS

Related to polarized TMDs COMPASS, arXiv:1609.06062
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Nontrivial universality of Sivers TMD
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Nontrivial universality of Sivers TMD

Sivers function SIDIS = — Sivers function Drell-Yan
Collins, PLB 536 (02)
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Nontrivial universality of Sivers TMD

Sivers function SIDIS = — Sivers function Drell-Yan
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Nontrivial universality of Sivers TMD

Sivers function SIDIS = — Sivers function Drell-Yan

Collins, PLB 536 (02)
1
< [ STAR p-p 500 GeV (L = 25 pb’) *AR
0.8-9.5 <PV <10 GeVic
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0.4f first evidence
0.2 of sign change?
0
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ol prediction with TMD
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-0.5 0 0.3W see talksby J. Drachenberg,

e and M. Boer for PHENIX (Wednesday, WG6)
% Can COMPASS give a similar evidence?

.{.
\ / see talk by B. Parsamyan (Wednesday, WG6)
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Limits of applicability of TMD factorization?

Boglione et al., arXiv: 1611.10329
Collins et al., arXiv: 1605.00671
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Limits of applicability of TMD factorization?
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TMD Monte Carlo tools

from S. Prestel’s talk of this morning
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PQCD evol” dominant uncertainty in resummation/TMD region
Goal of Deductor/Dire/Vincia projects: More accurate & precise showers.

see talk by N. Sato (Thursday, WG6+WG7)
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TMD Monte Carlo tools

from S. Prestel’s talk of this morning

Nonperturbative parts of TMDs
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Higgs transverse momentum
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Impact on high-energy physics

)

EXPERIMENT

W -boson charge W=+ W- Combined

Kinematic distribution P mey P M pi mey

dmy [MeV]
Fixed-order PDF uncertainty [3.1 149 120 142 80 K7
A7 tunc 3.0 34 30 34 30 34
Charm-guark mass 1.2 1.5 1.2 1.b 1.2 1.5
Parton shower pp with heavy-llavour decorrelation 5.0 6.9 50 69 350 6.9
P’arton shower I’DI7 uncertainty 3.6 1.0 2.6 2.1 1.0 1.6
Angular coellicients 5.8 53 hs 03 5.8 b3
Total 159 181 148 17.2 11.6 129

ATLAS Collab. arXiv:1701.07240

see talks by I. Bertram, F. Balli (Thursday, WG4) 29
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Impact on high-energy physics

)

EXPERIMENT

W-boson charge W+ W Combined

Kinematic distribution P mey P M p my

dmy [MeV]
Fixed-order PDF uncertainty [3.1 149 120 142 80 K7
A7 tunc 3.0 34 30 34 30 34
Charm-guark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower pp with heavy-flavour decorrelation 5.0 6.9 50 69 50 6.9
P’arton shower I’DI7 uncertainty 3.6 1.0 2.6 2.1 1.0 1.6
Angular coellicients 5.8 53 hs 03 5.8 b3
Total 159 181 148 17.2 11.6 129

Pythia tune containing also intrinsic transverse momentum of partons

ATLAS Collab. arXiv:1701.07240

see talks by I. Bertram, F. Balli (Thursday, WG4) 29
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Gluon TMDs

ep— e jet jet X pp—J/YyX Pp—n. X
luon TMD
luon TMD

gluon TMD

see, e.qg., Boer, den Dunnen, Pisano, Schlegel, Vogelsang, PRL108 (12)
den Dunnen, Lansberg, Pisano, Schlegel, PRL 112 (14)

see talks by J.-P. Lansberg (Tuesday, WG/, Wednesday, WG5)
T. Van Daal (Thursday, WG6+WG7)
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Gluon TMDs
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luon Sivers
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Estimate of asymmetry related to gluon Sivers TMD.

Based also on Monte Carlo input.
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Estimate of asymmetry related to gluon Sivers TMD.

Based also on Monte Carlo input.

see talk A. Szabelsky (Wednesday, WG6)
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Gluon TMDs at low x
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Gluon TMDs at low Xx

P2

Based on CCFM formalism, which should be
valid at low x for gluons only (different
logarithms are resummed)

Often referred to as “unintegrated PDFs” and
"kt tactorization”
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Implies differences also in the integrated
observables
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Gluon TMDs at low Xx

Based on CCFM formalism, which should be
valid at low x for gluons only (different
logarithms are resummed)

Often referred to as “unintegrated PDFs” and
0> "kt factorization”

Implies differences also in the integrated
observables

see talks by K. Kutak (Tuesday, WG4),

M. Serino (Wednesday, WG2),

J. Zhou (Wednesday, WG6)

l. Balitsky, E. Petreska, R. Zlebcik, A. Kusina (Thursday, WGZ2)
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Even higher dimensions?



Longitudinal momentum

lransverse momentum
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_, Jdransverse momentum

Longitudinal momentum < by Tr&znsvrse posifion
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Wigner distributions

,O(CL’, kJ_? bJ-)
5 dimensional

Longitudinal momentum

Flon
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see, e.qg., C. Lorcé, B. Pasquini, M. Vanderhaeghen, JHEP 1105 (

PDFs
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PDFs

Parton distribution
functions (x)
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Parton distribution
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TMDs
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P D F s °°°°° > k | dependence

Parton distribution — b1 dependence
functions (x)

»

Transverse- momentum Impact-parameter
distributions (z, k) ° distributions (z,b )

\ Generalized parton
TM D s 9D Fourior dlstrlbutlons

transform (b ) (z,£ =0, AT

GPDs

see next talk by E.-M. Kabuss
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Parton distribution — b1 dependence
functions (x)

»

Transverse- momentum Impact-parameter
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Generalized TMDs and Wigner distributions

Only way to provide direct access to partonic orbital angular momentum

— —

ﬁg — fdxd2EJ_d2gJ_(bJ_ X kJ_)p%U(gJ_,EJ_,CU)

(kY)Y [GeV/ fm?] (k1) [GeV/ fm?]

-06 -04 -02 00 02 04 06 -06 -04 -02 00 02 04 06
bx/fm by/fm

based on Pasquini, Lorcé, Xiong, Yuan, PRD 85 (12) 36
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Conclusions

* The tormalism works well phenomenologically, but some
issues are still to be addressed

* A good amount of data is already available, more is coming

*\\Ve have some indications about the qualitative behaviour of
some of TMDs (much better than just five years ago), but we
are still tar from precision

* The global fit era has started, much road to be covered to try
to reach PDF fits



