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Transverse Momentum Dependent Distributions (TMDs) desdhe spin structure of the pro-
ton. At leading twist spin structure of spin-1/2 hadron candescribed by 8 TMDs. TMDs
reveal three-dimensional distribution of partons insidéagsed nucleon. Experimentally these
functions can be studied in polarised experiments using 8pymmetries in particular Single
Spin Asymmetries (SSAs). We discuss transversity that oreaglistribution of transversely po-
larised quarks in a transversely polarised nucleon andSdistribution function that describes
distribution of unpolarised quarks in a transversely et nucleon.
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Transverse Momentum Dependent distribution functions PE)Mdepend on two independent
variables: fraction of hadron momentum carried by pariomnd intrinsic transverse momentum
of the partonp-.

The quark-quark distribution correlation function is defimas [1, 2]
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with p™ = xP+, P+ = (P9 4+ P%) /\/2 is the big component of proton’s momentu#. is the gauge
link (Wilson line) that assures color gauge invariance eftbrrelator®;;.

Corresponding distribution functions can be obtained loygating the correlator onto the full
basis ofy matrices®l’l = %Tr[d) . Atleading twist (expansion i) the spin structure of the
proton can be described by 8 TMDs (see [1, 2] and referenessith:
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here the projections are done with respect to the quarkarisation,®'! is distribution of unpo-
larised quarksglY" %! is distribution of longitudinally polarised quarks add®” ¥!(x, p2) is the
distribution of transversely polarised quarks.

A powerful tool to study the spin structure is measuremergpifi asymmetries in the SIDIS
proces¥P(Sp) — ¢'hX. A number of structures can be measured in DIS prote&S>) — ¢'X or
in SIDIS with two detected hardor®(Sp) — ¢'hihyX.

In case of SIDIS proces&(Sp) — ¢’'hX two scales exist: virtuality of the photo@? and
transverse momentum of the produced hadignwith respect to the lepton scattering plane. If
the produced hadron has low transverse momer@ans > P% > A2, then Transverse Momen-
tum Dependent factorisation theorem [3] is valid. The cremgtion is written as convolution of
TMDs do®®)=™ 0 5 & fq@ do’~"9%) g Dy, , where stands for convolution of the
transverse momenta. Experimentally TMDs can be measuied 8SA on transversely polarised
target defined a8yt O gtgj . Let us describe some of TMDs.

Transversity
Transversity distribution (x, p2 ) [4] describes distribution of transversely polarised gaanside
a transversely polarised nucleon. Tensor charge measetrésnsverse polarisation of quarks

5ra= [ dx(huq(x) —gtx). ©)

Transversity is a chiral-odd quantity and thus cannot besomed in DIS. In SIDIS transversity
can be measured together with chiral-odd fragmentationtitom Hliq(z, k2) the so-called Collins

fragmentation function [5], the asymmetry. i$(¢“+¢5) O ZQeSh]_q ® Hliq.
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Figure 1: Left panel: extraction of tensor charge [10] compared to et®{ll1]. Right panel: transversity
for uandd quarks [10] compared to models [11].

The “golden” channel to measure transversity is double apyimmetry in future Drell-Yan
experiment with polarised proton and anti-proton beanmsjyet of transversities can be measured
[6] Ann O 5 g €5hig/phigye-

Existing experimental data from HERMES, COMPASS and BELIlofaborations [7, 8, 9]
allow extraction of transversity [10]. In Fig. 1 we plot temsharge and transversity distributions
compared to models. As can be seen from Fig. 1 the extractidmadels agree qualitatively
on theu andd quark transversities, but the experimental precisioniisrgit good enough to
discriminate among models.

Siversdistribution function

fi(x, p2) is the so-called Sivers function [12], it describes cotietabetween orbital angular
motion of quarks and the spin of the protef’ ProSro- This function exists due to the presence
of Final State Interactions of the struck quark and the rethafithe nucleon after the interaction,
the corresponding asymmetryA§T " ® 0 5, €2 fi © Dyq.

This function obeys a modified universality, it changes $sigm SIDIS to Drell-Yan [13]

fllT(X>p%)S|DIS:_f1LT(X>p%)DY7 (6)

the prediction of change of sign based on color gauge symmaett parity and time reversal in-
varianceZ?, 7 of strong interactions. Experimental test of this relati®wery important for our
understanding of QCD.

The first moment of Sivers functiofi; ™ (x) = [ d%k, 2ﬁ2 fi5(x, p3) is related [14] to twist
three Qiu-Sterman matrix elemefit(x,x) [15]

Te(x,%) = 57 (x) . ()

Twist three matrix elements are ingredients of collinearDQG describe spin asymmetries and
the formalism is valid at higif,r >> Aocp. The Sivers function describes the asymmetry at low
values offir > Aqcp.

In Fig. 2 we plot Sivers function extracted from the experita¢ data [17, 8] a three dimen-
sional parton distribution at = 0.01, as can be seen from Fig. 2 the distribution of partons in a
transversely polarised hadron has dipole deformation.
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Figure 2: Left panel: three dimensional parton distribution. Rigahel: extraction of Sivers function [16].

Conclusions

Transverse Momentum Dependent distributions descrilmesspicture of the proton. Experimental
data from HERMES, COMPASS and BELLE collaborations allovrastion of transversity and
Collins fragmentation functions. Sivers functions fndd quarks were extracted from HERMES
and COMPASS data. Future experimental data from JLab wilewiexplored region and refine
precision of extraction of TMDsQ? range at Electron lon Collider will allow to check evolution
of asymmetries, wid&,r range will allow to measure asymmetries in both regions wfiéviD
and collinear QCD factorizations are valid.
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