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Unpolarized SIDIS

Differential cross section
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Unpolarized SIDIS

Scales and frameworks

Three physical scales, two theoretical tools
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‘ Do they describe the same dynamics or
two competing mechanisms
in the intermediate region?
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The structure function Fyy, T

From high to intermediate gt

At leading twist and order as in collinear factorization
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Fuu,T given by the convolution of PDFs and FFs with hard scattering coefficients

e e [ % [ (- )

R )or(E) ctis v (7)ot () i s (5) ot () i)

Bacchetta, Boer, Diehl, Mulders, JHEP 0808 (2008) 023




The structure function Fyy, T

From high to intermediate g1 M
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Expansion of delta function for small g7/Q

R collinear PDF
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Extraction of leading behaviour for M < gr < Q
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The structure function Fyy, T

From low to intermediate g1 H

TMD factorization proven for Fyy,7. At leading twist and order of;
T™MD
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The structure function Fyy 1

TMD evolution “
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pQCD

Factorization holds at all orders (with subtracted TMDs, scales set equal to Q)
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The structure function Fyy, T

From low to intermediate g1

In the small-br region, bt < 1/M, to O(as) with pp = bo/br and by = 2e™ 7€
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The collinear PDF £ is evolved from the scale up to Q using DGLAP equation
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We recover the structure function at lowest order in the region M < gr < Q
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Azimuthal asymmetries in SIDIS




Azimuthal asymmetries in SIDIS

Fourier transformed expressions

New expression for the cos ¢ structure function (TMD factorization assumed)
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Azimuthal asymmetries in SIDIS

Wandzura—Wilczek approximation

Wandzura-Wilczek approximation, the pure twist-3 functions with a tilde are
neglected: xft ~fi, xf-~*f

The whole leading term of the low-g7 expansion of the collinear result
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matches the leading power behavior at small g7/Q of the collinear LO results
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Azimuthal asymmetries in SIDIS

From low to intermediate g1

We can obtain the subtracted functions xf~ and D+ at order as
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assuming the same prescription of the twist-2 unpolarized TMDs




Azimuthal asymmetries in SIDIS

From low to intermediate g1

By taking the Fourier transforms and the first derivatives w.r.t. br, we get
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By substituting in the LO TMD expression for the cos ¢ structure function
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we recover the leading power behavior at small qT /Q of the collinear LO results
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Azimuthal asymmetries in Drell-Yan




Azimuthal asymmetries in Drell-Yan
Gottfried-Jackson frame

s _ 2M? DY | FLM)ary p2VF3(xs. b2) — Fo(x1. b2 ’fl(l);’ b2
FUU GI T Q Hpy By X1 (x1, bT) 7 (%2, bT) 17 (x1, b7 )xefy (x2, bT)
Lu, Schmidt, PRD 84 (2011) 114004
B[P =2n Y & /Do dbr by (brar) P (1, b2) B0 b2) + (1 5 2)
3 0

Tepton plane (cm)

In agreement with the known result in the region M? < g% < Q?
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Azimuthal asymmetries in Drell-Yan
Collins-Soper frame
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Logarithmic term absent also in Wandzura-Wilczek approximation




Description of SIDIS and DY with measured gt involves two frameworks:
TMD factorization at low gr and collinear factorization at high-gr

In the region M < g7 < @ both are applicable. Depending on the
observables the leading terms in the two approaches may coincide

We propose a twist-3 TMD factorization formula, based on the parton
model: cos ¢ asymmetries in SIDIS and DY match the results at high gt

We solved the long-standing problem of the resummation of collinear
results at high-gt for the cos ¢ asymmetry for these two processes

Important step towards a full proof of TMD factorization at twist-three
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