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● Comments on high precision TMD Extractions:

● Theoretical limitations
● Data precision

● Sivers function in Generalized Parton Picture
(new COMPASS analysis of Sivers asymmetry)

Outline
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Sivers asymmetry in SIDIS

Echevarria, et al. Phys.Rev. D89 (2014) 074013             (extraction with evolution SCET) 

Anselmino, et al. Phys.Rev. D71 (2005) 074006

Anselmino, et al. Phys.Rev. D72 (2005) 094007                        (Generalized Parton Picture)

Anselmino, et al. Eur.Phys.J. A39 (2009) 89-100

Anselmino, et al. Phys.Rev. D86 (2012) 014028             (discussions on pheno/evolution)

Anselmino, et al. JHEP 1704 (2017) 046    (sign change)

Aybat, et al. Phys.Rev. D86 (2012) 014028             (Theoretical framework/evolution)
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Sivers asymmetry in SIDIS

● New COMPASS analysis:   Q2  binning of azimuthal asymmetries.

Phys.Lett. B770 (2017) 138-145

● Results on new phenomenological analysis by Torino-Cagliari collaboration:

M. Boglione, U. D'Alesio, C. Flore, JOGH

JHEP 1807 (2018) 148
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Sivers asymmetry in SIDIS

Generalized Parton Picture (no evolution)
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Sivers asymmetry in SIDIS

see Aybat, et al.   Phys.Rev. D86 (2012) 014028

Generalized Parton Picture (no evolution)

TMD evolution (CSS)
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Sivers asymmetry in SIDIS

Generalized Parton Picture (no evolution)

No constraint
from collinear
PDF

Gaussian ansatz 
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Sivers asymmetry in SIDIS

Using results from Anselmino, et al. JHEP 04, 005 (2014),1312.6261



9

Combined fit of HERMES COMPASS (reanalysis) 

and Jlab data (excluding K-  ).

What flavor information 
can we extract ?

Reference fit
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Varying
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First moment

Sivers TMD at
 fixed value of x
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Better assessment of errors at low-x using alpha
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Signals of scale dependence (first moment)

J.B. Kang and J.W. Qiu, Phys. Rev. D 79 (2009) 016003

W. Vogelsang and F. Yuan, Phys. Rev. D 79 (2009) 094010

V.M. Braun, A.N. Manashov, B. Pirnay,  Phys. Rev. D 80 (2009) 114002 

Z.B Kang and J.W. Qiu, Phys. Lett.  B713 (2012) 273-276
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Signals of scale dependence

g2 here to “mimic” 
TMD evolution



18

Sivers asymmetry in SIDIS

Studies on asymmetries strongly depend on our 
Knowledge of the unpolarized TMDs.
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Studies on asymmetries strongly depend on our 
Knowledge of the unpolarized TMDs.

Different assumptions about the unpolarized functions
Have dramatic effects on other extractions
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To proceed to a high precision stage

we first need reliable extractions for unpolarized functions.

The more constraints from first principles the better.



21

Ultimately, we want to extract TMDs  (in all their glory)

Fourier Transform of:

Unpolarized TMD FF

Unpolarized TMD PDF
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Drell Yan

LO, NLO, NNLO analysis
Eur.Phys.J. C78 (2018) no.2, 89
Ignazio Scimemi, Alexey Vladimirov

High precision 
phenomenology:

Still Some trouble at low energies
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Drell Yan

SIDIS

PDFs
Fragmentation
Functions

LO analysis
A. Bacchetta, F. Delcarro, 
C. Pisano, M. Radici , A. Signori
 JHEP 1706 (2017) 081

Global Fits? First attempts
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SIDIS variables:

        
Often useful to consider:
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Hard gluon radiation

Non-perturbative 
Transverse Momentum

qT~Q

Matching region
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Small transverse momentum: 
   
         Harder to reproduce data as compared to simple gaussian model
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Large transverse  momentum:
 
         One would expect to be able to describe data with F. O.

         At LO, F.O. is roughly an order of magnitude smaller than data

         Try NLO ...

         



29
JOGH, Rogers, Sato, Wang 
arXiv:1808.04396 (submitted to PRD) 
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This is probably preventing us from successfully match 
TMD and large qT regions.

We Need to understand the different regions in order to
trust TMD extraction
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We need more studies on these to move to the next 
Stage (low energy SIDIS and Drell-Yan).

And come back to this
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       And this!
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Conclusions.

New analysis on Sivers asymmetries was presented.

Sivers function in u/d channels compatible with previous extractions

Need more data to constraint d (sea)

TMD evolution effects are hard to observe in the data

Scale dependence due to Twist-3 related may be visible from data

Need to continue improving on unpolarized function (low energies):

     Understand large qT behavior
     Successful matching to TMD region 
     
Good progress, hopefully more studies will come in the near future
that allow to move from exploratory to high precision (low energy)
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Thank you.
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Back up
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JHEP 1404 (2014) 005 Anselmino, Boglione, Melis, JOGH, Prokudin

Different widths
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Matching is crucial, cannot afford to miss any constraint.
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Historical note
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Historical note
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More recently

P.J. Mulders  AIP Conf.Proc. 588 (2001) 75-88
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A real-life example

Rapidity distributions
can be extremely useful 
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