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What do I do (in case i forget myself..)

» WHAT do I study: TMDPDFs :
(naively) an extension of (collinear) PartonDistributionFunction
that captures the total momentum distribution of the hadron
among its constituents (partons).
TMDs are Transverse Momentum Dependent PDFs.
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What do I do (in case i forget myself..)

» WHAT do I study: TMDPDFs :
(naively) an extension of (collinear) PartonDistributionFunction
that captures the total momentum distribution of the hadron
among its constituents (partons).
TMDs are Transverse Momentum Dependent PDFs.

» HOW do I get them:
TMDs can describe the cross section of hadronic scattering events
—> Method = parametrise and fit.
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Example: III The Drell Yan process

A clean process:
ha+hg — l+1+X

Two colliding hadrons — two parton distribution functions necessary.

time
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Example: III The Drell Yan process
A clean process:
ha+hg — l+1+X

Two colliding hadrons — two parton distribution functions necessary.

» only PDFs involved

» momentum of lepton pair ¢
= momentum of virtual boson
= momentum of colliding quarks

time
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Example: III The Drell Yan process

A clean process:
ha+hg — l+1+X

Two colliding hadrons — two parton distribution functions necessary.

» only PDFs involved

» momentum of lepton pair ¢
= momentum of virtual boson
= momentum of colliding quarks

» small transverse momentum gqp of
photon ~ notion of small transverse
motion of quarks

time
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PDFs and TMDs: operators

» TMD distributions and operators
d .
ol (2,0) = [ SZ e (P ST [an+ b+ % 0,0] [P, )
m

o n (light-cone vector) ~ hadrons large momentum P
o b is the transverse (to scattering plane) distance ~ g7 (Fourier)
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PDFs and TMDs: operators

» TMD distributions and operators
d .
ol (2,0) = [ SZ e (P ST [an+ b+ % 0,0] [P, )
m

o n (light-cone vector) ~ hadrons large momentum P
o b is the transverse (to scattering plane) distance ~ g7 (Fourier)

» PDF distributions and operators

dz —1TZD+ —
Do) = [ e (P,5|q[zn,0)qIP, 5)

(Ml (z) ~ 11m<I> I(z,b)
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8 TMD distributions

quark polarization

q
N v L r Parametrised forms of TMDs
_ include 8 functions.
v e
Polarisation of quark

~ spinor operator (I")

Posalisation of hadron

& @ | ~ exterior state
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Nulceon polarization
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PDFs and TMDs: independent yet related

How do we "construct" the TMDPDFs:

Fp(a,b) = (Crp ® ) (2, 0) - flip (2, b)

— use perturbative expantision in collinear PDFs multiplied by NP
parametrisation for large distance decay
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TMD cross section

..on the example of v* production in DY

do 210, (Q)
dQQdyqu_ 3N,.s50Q? ( 2@2)ZCDY(Q)
00 2 \2D(b,Q)
xfo dbbJo(bQT)(CQ(b)) g, 0)f 7(22,b)
Schematic:

o= Hport. ® I'np

Scale dependence of TMDs — both pert. and NP.
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Scale dependence of TMDs:

PDF f(z;/1) — TMDPDF f(z, b; 1, )
Evolution equations

d
'qu_MQf(x’ b,M,C) = %M’C)f(xa ba/-/'aC)

Cd;d(f(a% b7 Ky C) = _D(bnu)f(:l:? b)M? C)

.

1 evolution is perturbative v
¢ evolution is not:

Parametrisation of TMD Evolution: (Collins-Soper kernel D)

D(b; M) = Dsmall-b(b*a M) +DNP(b)

/

* * l’L d
:Dsmall—b(b y 1 )+ \/;L* M_/,frcusp(,u/) +DNP(b)
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Kinematic range of included data that constrains the

nucleon...

107 107 1072 107! 1
1000 - ! ! ! : : 1000
400 - CDF + DO 400
(¥-boson) Features:
» large range of resolution
100 100
scale: 1 GeV — 1 TeV
S ol LHCb /. CDFDO /1 . .
8 » W production in DY
< E605
: > % <0.25 (TMD region!)
10 -1 10
O PHENIX
4 44
Dy 627 COMPASS
SIDIS 582
Total 1209 data points HERMES
IE I I I I =R

107 107 1072 107! 1
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Q[GeV]

QIGeV]

and the pion

01

Phase space covered by - differential
data selected for the fit analysis

ES537: 40 data

E615 : 42 data

o1

01

Phase space covered by
two limiting data points
differential in

Q
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Pion TMDPDFs

Features:

» small range of resolution

scale: 4 GeV — 8 GeV

» small range of momentum
fraction x: 0.2 - 1.0

» basically only valence
quark ( @ contribution
dominates 7~ + p/n)

> %T < 0.25 (TMD region!)
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Let me flash a few results...
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me flash a few results... the extracted distributions
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me flash a few results... the match to data
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me flash a few results... the match to data
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I showed you

WHAT physical function we extract (unpol. pion TMDPDFs)
and HOW we do it ( DY data + parametrisation (intuition) + fit)

and showed a few details and a few results.
A paper should appear soon on the arXive.
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