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". TMDs offer an unified description of different experiments => Process

independent

SIDIS > DF and TMDFF

ete—to 2 hadrons .’ S

DY type experiments PDF's
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Factorization theorems with TMDs

Definition of Operators

TMD factorization theorems for SIDIS Self contained definition of TMD

. | ndDY Lype processes 3> Consistent :> - operalors ::::;\: Considered

treatment of rapidity divergences in

Spin (in)dependent TMDs referring to a scattering process

individually in QFT B%}Withou't'

0 ‘Quark and gluon components of the generic TMDs
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0 The soft function renormalizes the rapidity divergences Rfactor
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Factorization theorems with TMDs
Drell-Yan cross section
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: ] \ | :' We write the cross section in terms

//// | of a product of TMDPDFs!

. PIFFERENT POLARIZATIONS!
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Factorization theorems allow us to write cross sections as
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Spin dependent TMD decomposition

- - Hadron matrix elements of TMD operators with open vector and spinor
~ lindices are to be decomposed over all posible Lorentz variants = TMDPD s

. Na’rurally _ /’____7\ AVladimiroy 1610.05791.
s : ] K.Goeke et al. 0504130,
s : deﬁ"ed & Muourzlentum <SIIID)aSC>e A.Béchetta et al. 0803.0227
e - , -space
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Vecomposu’non over Lorentz variants

Unpolarized ' Helicity
quarks : quarks
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Small-b OPE=p Relation between TMD operators and lightcone operators
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Renormalization of TMD operators
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’S'ma]l b OPE Cancellatlon of rapldlty

divergences

0 Small-b OPE for a generic TMD quark operator
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W21 Lorentz structures of
{9 ET vb drx / b }'”Ieadmg dynawmical twist”
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L.orentz structures

9 — ~5 needs a definition
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Larin scheme is more convenient than HVBM because it does not violate Lorentz

invariance, but it violates the definition of the leading dynamical twist
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The NLO calculation is now striaghtforward to the unpolarized calculation in ;

M.G.Echevarria, |.Scimemi, A.Vladimirov: 1604.07869

Matching onto integrated functions
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“Helicvity TMD distribution in the regimé of small-b |
G11(2,8) = [ACyy(b) @ Afy](@) + [ACyy(b) & Afy)(@) + o<b2>
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| e-finite
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At NLO there is not
scheme dependence!
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Lorentz structure and matching :

Usual spinor structure » Common spinor structure

s = Not mixture with gluons
= 50 : at leading twist L= 0'—|—.'u |

Scheme dependent ~ Schewe independent!

Calculating R®P and comparing with the general parameterization
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~ Transversity - Transversity  Pretzelosity - Transversity
- matching | matching




Matching coefficients

. : : Aqrees with
- {Iransversity - Transversity small-b expression | \ A?Bacheﬂa,-

| ha(2,8) = [§Cqcq(b) @ 31, | (2) + O(b?) 15033120
5 NLO matching coeflicient T |
| Cocq=06(2) + a.Cp( — 2Wpdpgy +0(3) (-L2 + 2L, — (o) ) + O(ad)

Cal(.zulations at NNLO are in progress!!

| Pretzelosity - Transversity small-b expression /> Non zero!
Bz (2,0) = [0 Coe(6) @51, (2) + O%) = [ (0+ O(a2)) @ 3£, ()
NLO matching coefficient |
e —4a,CpB°T(~e

This observation is supported by the measurement of
Sln(3¢h — ¢s) asymmetries by HERMES and COMPASS!
| O l.efky A. Prokudm 1411. 0580 "

At NLO the coefficientis ~ € |




Conclusions

o I~We have provided a complete discussion on the matching of TMDs to
~the twist-2=> Small-b OPE =p>complete set of NLLO TMD Inatelnng

- coefficients

The evaluation of the OPE for a general operator restricts the Lorentz
structures => L.eading dynamical twist

> Different schemes for’y in DR => Larin scheme does not support 1 the |
~ condition of leading dynamical twistzs Larin® zs At NLO the |

i dlfferenee between schemes arises only in the ¢ -suppressed terms

Pretzelosrty has e-suppressed matching coefficient = non zero at NNLO
i Natural explanatlon of 1ts smallness n phenomenologleal analyses ' |

2 CO:Inplete e-dependent expressions == Open the path to the NNLO
‘evaluation (work in progress!) and phenomenological studies (fits
| .p_lanned!; for unpolarized fits see A. Vladimirov tall;)»
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RESUMMATION, & For anv question 2.
EVOLUTION, @"‘QOI Yq | as
FACTORIZATION >

REF 2017 is the 4th workshop in the series of workshops on Resummation, Evolution, Factorization. The ‘ I Ou C a I I S e e t | I e i ~ e b p age »

workshop wishes to bring together experts of different communities specialized in nuclear structure;
transverse momentum dependent distributions; small-x physics; effective field theories.

The topics of this workshop include: transverse momentum spectra in vector/scalar-boson production ° ° : =

and semi-inclusive DIS; jet and heavy-quark production near the back-to-back region; TMD parton h tt 0// b ﬁ /REF201 7/

density functions and fragmentation functions; new approaches to Monte Carlo parton showering; non- D ° ] aCO 1 ° S ° ucm ° e S . : ;
3B J S S

perturbative effects and power corrections; TMDs and multi-parton interactions; spin, color and azimuthal
asymmetries; applications to LHC, JLab, RHIC and EIC.
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Also you can send an email to

dangut01@uecm.es
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Drawback of schemes Z5 renormahza‘uon
constant

Drawback of both schemes &> Violation of Adler-Bardeen theorem=y>Non ‘renormali.z.ation. =

of the axial anomaly

Fixed by an extra renormalization constant, qu =t Derived from a external condition

8.A. Larin 9302240, YMatiovine et al 076002, VRavindran et al. 0311304

Only affect to the quark-to-quark part

© At large g7 TMD factorization reproduces collinear factorization = It is natural to normalize -
Hehclty TMDPDF == [t reproduces polarized DY which is normalized to unpolarlzed DY

” © Equwalent in TMDs mt" Equality in polarized and unpolarlzed coefficients
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- Transversity and pretzelosity matchings at e

NNLO

We have some preliminar results for the transversﬁy matching at NNLO

| ~ forthe 9 5 q and 9 < G cases. .
We show part of the the ¢ <— q result for the T, N; part written in the form

Gc Z(S C\2 ’f’

& 6 4?0 4, .
TNf‘ —— + - + xnx+§xnaﬁ ; +4(x) | =+

i 2 5.9 1-x2)4 3

For the pretzelosrcy matchmg at NNL.O we have only a preliminar result
| for the g < g case. |

lt1s different for zero!




i At € — 0 we have the NLO coefficients
B (=D + aSC’F( BN R (—Li +2L,1; — (o) ) + Ofa |
: ACq<_g = aslF (_QLuqug + 4T) + O(ag)

ACy«q = ;0 (—2L,Apyq — 47) + O(ay)

’_A-Cg&g Lo aSCA( 9L, Ap,, — 8T+ 6(z) (L2 1oL 0 - ) + Ofag) =

;‘Where Apij =2> Splitting kernels + anomalous dimensions

:These results agree wi’rh the obtained ivi
M.GEchevarria et al. 1502.053%54
- ABachetta A.Prokudin 1303.21291




S‘rﬁalleb expression for the linearly polarized gluon TMDPDF

hi(x, b) = [65Cyeq(b) @ £,](x) + [6Cyq(b) ® £,)(z) + OB?)

E e - —4a,SC'A% £ O(a?)

These resuHs agree with the‘obfained in
T. Becher etal. 12 l 2.26214




