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Cross-section 1o TMDs
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Momenta in light-cone coordinates

A generic 4-vector
a=1[a",a",a;]

Proton momentum (with no transverse component
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Quark momentum
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Quark correlator

¢ — Ligh-cone space-time coordinates
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Gauge link path for SIDIS process: Gauge link (Wilson line):

B Which connects two different space-
10, &)= (0,0,07) = (0,00,07) = (0,00,007) = (0,00,&7) = (0,£7,&2) | time points by all possible gluon field
paths 'A’, coupling to gaurks with

Gauge link path for Drell-Yan process: coupling constant ‘g’

Runs in the opposite direction via co = —oo
~
Sign difference in SIDIS and DY

The TMDs can be written in-terms of these correlators...




diguark spectator model for T-even terms

After inserting complete set of intermediate states and truncating
the summation to a single on-shell spectator state with mass ‘Mx’ gives,
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p is the momentum of the active quark, m its mass, and the on-shell condition (P —p)* = M%
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Therefore, quark-off shell conditionis, p* = 7(z, pr) = L - _Xafm ) + m?

L3 (m?) = zM% + (1 — 2)m? — z(1 — ) M?

Notice that the Proton (nucleon) can couple to a quark (active) and
to a spectator diguark with spin O or 1 as well as isospin O and 1.



Diquark spectator model for T-even tfunctions
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4-vector polarization of the spin-1 vector diquark with momentum P — p and helicity states A,

e’ (P —p, ) Y U(P,S) axial-vector diquark

When summing over all possible polarization states:
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Some results for T-even functions

Unpolarized quark distribution:
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Using the choices (mentioned in the previous slide) for a dipolar form factor,
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Similarly the results for the rest of T-even functions can be obtained....




Diquark spectator model for T-odd functions
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At tree-level, these functions vanish because no interaction between the active quark and diguark (no interference
between the scattering amplitudes); but one can generate such a non-zero conftribution by considering the

interference between tree-level scattering amplitude and One-gluon-exchange between active quark and diquark.
[corresponds T}/éding—’rwis’r one-gluon-exchange operator of the gauge-link]

single-gluon-exchange scattering amplitude in eikonal approximation
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Diquark spectator model for T-odd functions
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Diquark spectator model for T-odd functions
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For dipolar form factor
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Diquark spectator model for T-odd functions
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Also, fransverse-momentum dependent moments can be calculated:
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Numerical Approach

Extracting the unknown parameters by fitting to known distribution functions
(Following are some example data sets)
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» [or un-polarized distributions = ZEUS2002 (zEUS, S. Chekanov et al., Phys. Rev. D67,
012007 (2003), hep-ex/0208023)

» [or helicity distributions > GRSV2000 (M. Gluck, E. Reya, M. Stratmann, and W.
Vogelsang, Phys. Rev. Dé3, 094005 (2001), hep-ph/0011215)




Selected Results

Un-polarized distributions

£ (x, p2) .2 (x, p3)

FIG. 5: The p3 dependence of the unpolarized distribution fi(z, p2) for up (left panel) and down quark (right panel). Different
lines correspond to different values of . The downturn of the function fi' at relatively small x is due to wavefunctions with
nonzero orbital angular momentum.

A. Bacchetta et al arXiv: 0807.0323




Selected Results

first-moments of Sivers distributions
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FIG. 10: The first pr-moment z fllT(l)(w) of the Sivers function; left (right) panel for up (down) quark. Solid line for the
results of the spectator diquark model. Darker shaded area for the uncertainty band due to the statistical error of the quark
parametrizations from Ref. [79], lighter one from Ref. [80].

A. Bacchetta et al arXiv: 0807.0323




LFCQM)

0%. On the other side, the relative weight
— D wave interference terms
reases in the case of the Boer-Mulders
tion, in particular for the down-quark
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Results for the first transverse-momentum moment of the Sivers and Boer Mul-

ders functions for up and down quarks, as function of x. See text for the explanation of
Pasquini et al arXiv:1008.0945

the different curves.
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FIG. 11: The model result for the spin density of unpolarized quarks in transversely polarized protons (see text for the precise

definition) in pr space at = 0.1. Left panel for up quark, right panel for down quark. The circle with the arrow indicates
the direction of the proton polarization.

In a SIDIS experiment, typically P (proton momentum) is antialigned to the z-axis that points in the
direction of the momentum transfer. Hence, if the proton polarization is chosen along the x-axis, the spin
density shows an asymmetry in momentum space along the p, direction, whose size is driven by the Sivers
function. In Fig. 11, we show {1 (0.1, pr) for g = u (left panel) and q = d (right panel). Since the Sivers

function for the up (down) quark is negative (positive), the density is deformed towards positive ( )
values of p,.
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