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TMDs: rich quantum correlations
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Besides unpolarized TMDs: Sivers and Collins

§ Sivers function: non-universal

§ Collins function: universal
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TMD factorization in a nut-shell

§ Drell-Yan:

§ Factorized form and mimic “parton model”
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TMD evolution in b-space

§ TMDs contain collinear and rapidity divergences: two evolutions

§ The well-known Collins-Soper-Sterman (CSS) solution

§ TMD evolution contains non-perturbative contributions
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TMD global analysis

§ Outline of a TMD global analysis: numerically more heavy
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Different fits to date: unpolarized quark TMDs
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Taken from Bacchetta, Wednesday

ü It is easier to fit either SIDIS or DY, but quite difficult to fit both
ü Pavia group tried very hard, to fit both SIDIS and DY



New fit: Pavia group
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§ Is this really an experimental issue, or 
theoretical issue (e.g., power corrections at 
low Q)? 

§ It would be great that COMPASS releases 
the updated data

Taken from Bacchetta, Wednesday



§ Within the region constrained by the experimental data, the spin-
dependent TMDs seem to be rather consistent among different 
groups

§ TMD evolution cancels between the ratios?? Need more data on 
the absolute cross section

§ However, the extrapolations can be very different

Sivers and Collins extraction: Status
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Drell-Yan process

§ First experimental hint on the sign change in Drell-Yan

§ Different TMD extrapolations: differ by a factor of several
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Experimental evidence of sign change

§ STAR measurements: the data favors sign change

§ Both theory and experiment has large uncertainty: hope to be 
improved in the 2017 run
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TMD hadron distribution inside the jet

§ Definition

§ Factorization formalism within SCET

§ Re-factorization of semi-inclusive fragmenting jet function
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Characteristics: hadron in the jet

§ Soft radiation has to happen inside the jet
§ Only the soft radiation inside the jet can change the hadron transverse 

momentum with respect to the jet axis

§ Restricts soft radiation to be within the jet
§ Cuts half of the rapidity divergence

§ Rapidity divergence cancel between restricted “soft factor” and TMD FFs
§ At least up to this order, the combined evolution is the same as the usual TMD 

evolution in SIDIS, e+e-; justify the use of same TMD evolution here
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TMD + DGLAP evolution

§ Evolution structure

§ TMD FFs thus are related to the usual TMD FFs in SIDIS at scale 
pT*R

§ Thus hadron TMD distribution inside the jet could be used to test 
the universality of TMD FFs from SIDIS, e+e- processes

14

Resum ln(R)

Evolve TMD FFs from 𝝁b to pT*R

µJ ⇠ pT ⇥R

µ ⇠ pT

µb ⇠ 1/b
TMD evolution

DGLAP evolution z

(zh, j?)



Hadron TMD distribution inside jets

§ Unpolarized p+p collisions: very sensitive to gluon TMDs

§ Issue of non-global logarithms (NGLs)?
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§ It can be studied through the azimuthal distribution of hadrons 
inside a jet in p+p collisions

§ Such an asymmetry has been measured by STAR at RHIC
§ Could be used to test the universality of the Collins functions

Collins asymmetry in p+p
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Calculated Collins azimuthal asymmetry
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§ Universality of Collins function between e+p, e+e, and p+p
§ Test TMD evolution



TMD study

§ Study on TMDs are extremely active in the past few years, lots of 
progress have been made

§ With great excitement, we look forward to the future experimental 
results from COMPASS/RHIC, as well as Jefferson Lab, of course 
also LHC, most importantly, the EIC

§ Better strategy for fitting, more observables/channels for TMDs
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Thank you!


