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From standard PDFs to 
Transverse-Momentum-Dependent PDFsJRA4

standard PDFs

TMD PDFs
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Where do you access TMDs?
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Overall situation 
o Progress taking place in each task
o Complex WP, with theory and several experiments together
o Already more than a dozen publications, mainly

theory/phenomenology
(note: I will mention in the following only the publications that are more 

closely related to the tasks, but there are other publications)

o Not much money used so far
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Costs
o Personnel: two researchers have been hired (at INFN Trieste and U. 

Montenegro). The goal is to hire 4-5 more researchers for two years, 
using matching funds. Most of the hiring should take place next year. 

o Other costs: participation to a few conferences and workshops, but only
about 3500€ have been spent, also due to Covid
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WP Tasks

oTask 1. Analysis of Drell-Yan data.
oTask 2. Analysis of semi-inclusive DIS data
oTask 3. Analysis of electron-positron data
oTask 4. Quark TMD extractions
oTask 5. Gluon TMD studies
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The analysis of COMPASS (2018 data taking) and CMS (2016 data taking) 
are in an advanced stage. 
Publications expected in 2021. 
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Task 1
Analysis of Drell-Yan (DY) data
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Task 2
Analysis of semi-inclusive DIS data

The analysis of COMPASS (2016 data taking) is in an advanced stage.
்ܲଶ - dependent distributions
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In good agreement with previous deuteron results [COMPASS, PRD97 (2018) 032006]
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Task 2
Analysis of semi-inclusive DIS data

CLAS: the original plan was to do measurements with polarized target. However, it is not 
clear when data taking will happen (see also discussion of milestones). 
Nevertheless, data with polarized beam have been analyzed and publications are 
expected in 2021. 
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Task 3
Analysis of e+e- annihilation

Azimuthal asymmetries at BELLE have been published (arXiv:1909.01857). 
Analysis of hadron multiplicities in progress.
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FIG. 7. Dependence of A⇡
0

12 on Pt1 for four bins in z1 (as labeled), integrating within the overall limits over the kinematics of
the second hadron. Error bars represent statistical uncertainties while the colored bands indicate systematic uncertainties.

bination relevant for the ⇡
0, a scenerio is plausible in

which the ⇡
0 Collins fragmentation is small and the ob-

served signal is due to the term containing the charged-
pion fragmentation functions. This is also consistent with
the vanishing ⇡

0 Collins asymmetries observed in semi-
inclusive DIS [36]. The non-vanishing results for A

⇡0

12
and A

⌘
12 would then mainly be a reflection of the non-

vanishing azimuthal modulation in the denominator of
those double ratios.

VI. Summary and Conclusion

An analysis of azimuthal asymmetries related to the
Collins mechanism has been presented for pairs of back-
to-back neutral and charged pions as well as ⌘ mesons
and charged pions. The analysis substantially di↵ers
from previous Belle analyses in that results are only pre-
sented in the thrust-axis frame without correcting to the
qq̄ axis, the opening angle of the hadrons to the thrust
axis was limited to 0.3 (which e↵ectively corresponds
to a z-dependent upper limit on Pt), and asymmetries
were not corrected for charm contributions. Instead, the

charm fraction is included and its impact can more prop-
erly be treated in future analyses when relevant results
on charm azimuthal asymmetries become available, e.g.,
from Belle II [37]. More importantly, this measurement
significantly expands the scope of previous Belle measure-
ments by a) including ⇡

0 and ⌘ mesons; and b) exploring
the transverse-momentum dependence of the azimuthal
asymmetries. Significant asymmetries for all channels
are observed. Asymmetries mostly rise, within the given
kinematic coverage, with z and Pt. The signal for ⌘ and
⇡
0 mesons agrees within uncertainties. We show the re-

sults for charged-pion pairs agree well with previous Belle
measurements [13, 14].
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Task 4
Quark TMD extractions

Extraction of unpolarized TMD PDFs and FFs from Drell-Yan-like and SIDIS processes
(arXiv:1912.06532).

A theoretical study of the PT-dependent cross sections in e+e- single hadron production 
was presented (arXiv:2007.13674).

Extraction of the quark polarizing fragmentation function for a Λ hyperon
(arXiv:2003.01128).

Phenomenological study of the quark Boer-Mulders TMD (arXiv:2004.02117).
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Task 5
Gluon TMD studies

Theoretical studies of gluon TMDs in quarkonia production were published
(arXiv:1909.05769, arXiv:2004.06740).

Access to gluon TMDs through unpolarized observables and transverse single-spin 
asymmetries for quarkonium production in hadronic collisions was studied
(arXiv:1909.05769, arXiv:1910.09640)

Studies were conducted on quarkonia production in SIDIS (arXiv:2004.06740, 
arXiv:2007.05547, arXiv:2008.07531). A model for gluon TMD was developed, which
can be used for estimates of observables (arXiv: 2005.02288).
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Deliverables
Deliverable name Date

D22.1 TMD data from DY, SIDIS, e+e- 24, 36, 48

D22.2 Parametrizations of TMD PDFs and FFs 48

D22.3 Estimates of quarkonium production in electron-
proton collisions

48

No deliverable was foreseen in the first periodic report, however something has already
been achieved. 
o Azimuthal asymmetries in e+e- were published. 
o Parametrizations of TMD PDFs and FFs have been obtained and will also be made 

available to public through VA2- 3D partons.
o One article with estimates of quarkonium production in SIDIS published. 
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Milestones

Advancement: the longitudinal NH3/ND3 target is under
construction, the transverse HD-ice arget is ready for
the performance validation with the JLab UITF test
beam.

Expected delivery date: the (transverse) target is ready
and should be tested in the next months, with some
delay compared to plans due to Covid-19. However, it
is not clear when it will be installed in the beamline to
take data. This depends on JLab scheduling.

21	Contalbrigo	M.	

HD-ice	Test	Beam	at	UITF	

UITF	beam	line	under	commissioning:	reached	the	target	energy	of	9.5	MeV	
New	target	ready.	First	beam	through	IBC	(empty	target)	expected	within	September.		

	PAC48	dry	run,	25	September	2020	

MS42 was supposed to be
achieved by August 2020
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Expected results
and impact

The amount of TMD data will be significantly increased.

At least two sets of unpolarized TMD PDFs and FFs will
be completed and made available to public, not only
through publications, but also throuh VA2 - 3D partons.

We expect also to obtain other extractions of polarized
TMDs, with less data and accuracy compared to the 
unpoarlized ones.

Results are already being used for studies related to 
Electron Ion Collider.

Impact expected also in comparison with LHC 
measurements and search for new physics.


