Physics Letters B 773 (2017) 300-306

Contents lists available at ScienceDirect

PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

Testing the universality of the Collins function in pion-jet production
at RHIC

@ CrossMark

Umberto D'Alesio *"*, Francesco Murgia ", Cristian Pisano ¢

@ Dipartimento di Fisica, Universita di Cagliari, Cittadella Universitaria, I-09042 Monserrato (CA), Italy
b INFN, Sezione di Cagliari, Cittadella Universitaria, I-09042 Monserrato (CA), Italy
¢ Dipartimento di Fisica, Universita di Pavia, & INFN, Sezione di Pavia, Via A. Bassi 6, I-27100, Pavia, Italy

ARTICLE INFO ABSTRACT

Article history:

Received 10 July 2017

Received in revised form 14 August 2017
Accepted 18 August 2017

Available online 25 August 2017

Editor: A. Ringwald

By adopting a generalised parton model approach at leading order in QCD, including spin and intrinsic
parton motion effects, we study the Collins azimuthal asymmetries for pions within a large-pr jet
produced at mid-rapidity in polarised hadronic collisions. Using available information on the quark
transversity distributions and the pion Collins functions, as extracted from semi-inclusive deeply
inelastic scattering and ete~ — hihy X processes, we compute estimates for the Collins asymmetries
in kinematical configurations presently investigated at RHIC by the STAR Collaboration. Collins-like
asymmetries, involving linearly polarised gluons, are also considered. Our predictions, compared against
available preliminary data, show a very good agreement, even if some discrepancies, to be further
scrutinized both theoretically and experimentally, appear in the transverse momentum dependence of
the Collins asymmetry. These results are in favour of the predicted universality of the Collins function

Keywords:

QCD phenomenology

Polarization effects

Transverse momentum dependent

distributions
Universality

and of a mild, if any, evolution with the hard scale of the asymmetries.
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1. Introduction

Transverse single-spin asymmetries (SSAs) are a long-standing
challenge and a striking issue for collinear leading-twist perturba-
tive QCD. Well-known examples are: the large transverse polarisa-
tion of A hyperons produced in unpolarised pp, pA collisions; the
sizable pion SSAs measured in polarised pp collisions, first at fixed
target experiments and recently at RHIC, at much larger c.m. ener-
gies and pion transverse momentum; the azimuthal asymmetries
measured in semi-inclusive deeply inelastic scattering (SIDIS) and
in eTe~ collisions. These observables and their understanding are
indeed crucial for a full knowledge of the nucleon structure, con-
cerning in particular parton orbital motion and angular momen-
tum, and the consequences for spin sum rules and the violation of
helicity selection rules in high-energy exclusive processes. It is by
now clear that the spin of the proton cannot be explained simply
by the sum of the spins of its constituents, including sea quarks
and gluons, and that a crucial role could be played by parton
orbital angular momentum. The so-called transverse-momentum-
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dependent (TMD) approach, including spin and intrinsic parton
motion, is by now accredited as one of the theoretical formalisms
able to account for many of these spin effects, at least in certain
kinematical configurations (see e.g. Refs. [1-3] for general reviews
on SSAs and TMDs and Refs. [4-6] for the latest theoretical devel-
opments).

For an alternative approach, extending the usual collinear
scheme with inclusion of higher-twist effects and gluon-quark-
gluon correlators, see for example Refs. [7,8] and references
therein.

In the TMD approach the spin asymmetries are ultimately due
to TMD parton distribution (TMD-PDF) and fragmentation (TMD-
FF) functions. The most relevant ones are the Sivers distribu-
tion function [9] and the Collins fragmentation function [10]. The
leading-twist TMD Collins FF describes the asymmetry in the az-
imuthal distribution of an unpolarised hadron around the direction
of motion of the transversely polarised fragmenting parent quark.
It is chiral odd and naively T-odd, and is nonvanishing only if the
transverse motion of the produced hadron (w.r.t. the quark direc-
tion of motion) is explicitly taken into account.

According to TMD factorisation theorems, valid for two energy-
scale processes like SIDIS, ete™ annihilation and Drell-Yan pro-
cesses, the Collins FF is expected to be universal and process inde-
pendent [11]. It is responsible for the azimuthal correlation in the
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distribution of two hadrons produced in opposite jets in eTe™ col-
lisions and for a specific azimuthal modulation measured in SIDIS
with a transversely polarised target. In inclusive single-hadron pro-
duction in polarised pp collisions the situation is definitely more
involved, both theoretically and phenomenologically, since, within
a generalised parton model (GPM) approach (a parton model with
inclusion of spin and transverse momentum effects), the Sivers and
Collins effects cannot be disentangled (see Refs. [12,13]). Moreover,
a proof of factorisation in terms of TMDs for such processes (where
only one energy scale is present) is still lacking [14] and poten-
tial factorisation breaking effects could be expected [15]. Testing
of universality is therefore a very non-trivial topic, sensitive to im-
portant aspects of QCD.

On the other hand, the study of the azimuthal distribution of
leading hadrons produced in the fragmentation of a large trans-
verse momentum jet offers a unique opportunity for studying
TMDs as well as factorisation breaking effects in hadronic collisions
and, by comparison with SIDIS and e*e~ annihilations, get infor-
mation on the process dependence of the TMD functions. For in-
stance, a detailed study of the Sivers function in the same process
has been presented in Ref. [16]. In this respect these observables
represent a very powerful testing ground of our understanding of
SSAs and TMD effects.

The Collins asymmetry for the pTp — jet w X process at large
rapidity was first considered in Ref. [17], accounting for parton
transverse momenta only in the fragmentation process and giving
at the same time the proof of factorisation (at least at the lowest
order). The approach was generalised in Ref. [18] including parton
motion also in the initial distributions, within a TMD phenomeno-
logical model, and providing the full leading-twist structure for
azimuthal asymmetries. A detailed analysis for several interesting
asymmetries in kinematical configurations reachable at RHIC was
also presented, while subsequently, in Ref. [19], a short dedicated
review and further phenomenological studies were collected. No-
tice that, while the complete k; treatment adopted in the GPM
approach assumes factorisation and remains to be checked exper-
imentally, it allows a much richer phenomenological analysis, also
in view of testing potential factorisation breaking effects. It is nev-
ertheless true that for the Collins asymmetry this model would
give results similar to those obtained adopting the collinear ap-
proach for the jet production mechanism of Ref. [17].

Since then, the first preliminary data for the Collins asymmetry
in the mid-rapidity region have been released by the STAR Collab-
oration, both at /s = 200 and 500 GeV [20].

Together with data from SIDIS and eTe™ collisions, these re-
sults allow for the first time a direct test of the universality of the
Collins function (as well as of transversity) and the effective role
of its scale dependence.

Therefore, in this letter we apply the TMD GPM approach to
the Collins asymmetry in pion-jet production (as presented in
Ref. [18]), keeping fixed the parameterizations of the transversity
and Collins functions as obtained by fitting the SIDIS and ete™ re-
sults. By imposing the same kinematical cuts as adopted at RHIC,
we give predictions for the Collins asymmetry in ptp — jet w X
processes and compare our results with the new preliminary STAR
data, looking for information on universality and scale dependence
of the Collins function. For completeness, we will also consider
the gluon Collins-like asymmetry, due to the convolution of the
TMD distribution of linearly polarised gluons inside a transversely
polarised proton with the TMD fragmentation function of linearly
polarised gluons into an unpolarised hadron. In such a case we
will show how present preliminary data [21,22] could help in con-
straining the product of these two completely unknown TMDs.
A separate and more direct extraction of the linearly polarized
gluon distribution would be possible by looking at dijet and heavy-

quark pair production in electron-proton collisions at a future
Electron Ion Collider [23].

The paper is organized as follows: in section 2 we recall the ba-
sic ideas of the formalism, skipping all details of the calculations
that can be found in Ref. [18]; in section 3 we present our theo-
retical estimates and compare them with the available preliminary
experimental results; conclusions and open issues are gathered in
section 4.

2. Formalism

The azimuthal moment of the Collins asymmetry for the
p'p — jetw X process is defined as follows:

: _H
AT (pi 2 k)

[ dos dof sin(ps — o) [do (¢s, ¢7) —do (¢s + 7, ¢ ]

=2
[ desde [do (¢s, pH) +do (b + 7, ¢H) ]

)

(1)

where do (¢s, qu’;’) is a shorthand notation for the invariant differ-
ential cross section

E; do PS.#s)p—jetm(¢f) X
d3p;dzky dk i, dpH dps’

and the numerator in Eq. (1), taking into account that another al-
lowed term becomes negligible upon integration over the partonic
azimuthal phases, is schematically given as

(2)

o A
NIAG S ™21~ (x40, 12.) ® f1(xp, K2 ,) ® AG @ HT (2,12,
(3)

Notice that in the denominator of the SSA, that is twice the un-
polarised cross section, we include all kind of partons, quarks and
gluons.

For all details we refer to Ref. [18]. Here we only recall that
p;j is the jet three-momentum, that will be expressed in terms
of its pseudorapidity #; and transverse momentum pjr; z is the
fraction of the jet momentum carried by the observed pion; k|
is the transverse momentum of the pion with respect to the par-
ent parton (the jet in our leading-order approach), and ¢7¥ is the
azimuthal angle of the pion momentum, measured in the jet he-
licity frame; S is the (transverse) polarisation vector of the initial
proton beam, forming an angle ¢s with the jet production plane
(the x-z plane) in the pp c.m. reference frame. The azimuthal
factor sin(¢s — d),‘j) in the numerator of Eq. (1) singles out the
Collins contribution, given in Eq. (3) as the convolution of the TMD
transversity distribution for quarks inside the polarised proton, h']?,
with the TMD unpolarised distribution for the partons (quarks and
gluons) inside the unpolarised proton, fi1, the Collins function in
the fragmentation process, qu, and the partonic spin transfer,
AG.

If, alternatively, one uses as azimuthal weight the factor
sin(¢gs — 2¢§) then the so-called Collins-like contribution is sin-
gled out, as discussed briefly in the sequel. This term is related
to the convolution of the TMD distribution for linearly polarised
gluons in the polarised proton (which vanishes in the collinear
configuration) with the unpolarised TMD distribution in the un-
polarised proton and the Collins-like gluon FF in the jet fragmen-
tation process (that parameterises the fragmentation of linearly
polarised gluons into an unpolarised hadron). Other possible az-
imuthal asymmetries, like the Sivers effect, will not be considered
in this paper [18].

In the calculations, the TMD PDFs and FFs are parameterised us-
ing a simple form, where the light-cone momentum fraction and
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Table 1

Kinematical cuts adopted by the STAR Collaboration and used in the present theoretical estimates. The values in round brackets for

/s =500 GeV refer to the cuts for the Collins-like asymmetries.

Kinematical cut /s =200 GeV /s =500 GeV
Jet cone radius R=10.6 R=105
Min(p;r) 10.0 GeV 22.7 (6.0) GeV
Max(pjr) 31.6 GeV 55.0 (13.8) GeV
Jet pseudorapidity Inil <1 Injl <1

Pion pr minimum 0.2 GeV 0.2 GeV

Pion pr maximum 30.0 GeV 30.0 GeV

Pion AR =/(¢x — ¢)2 + (Nx — 1j)2 AR >0.1 AR > 0.04
Pion z = [p,|/Ipjl 01<z<0.6 01<z<0.8

Pion jr =k

0.125 <k 7 <4.5 GeV

0.1 <kyrz <2.0 GeV

transverse momentum dependences are factorised, and only the
DGLAP QCD evolution of the collinear parts, choosing pjr as fac-
torisation scale, is taken into account. The main reason is that a
proper TMD evolution framework for such a process is still not
available and could be potentially different from what is usually
adopted in processes like SIDIS. Moreover, it is interesting by it-
self to see to what extent the ordinary collinear evolution is able
to describe the available data, which, even if taken at very differ-
ent pjr values, do not show any significant scale dependence [20].
Further study in this direction would be certainly helpful.

The transverse-momentum dependent part is taken to be Gaus-
sian (times proper k; factors) and flavour independent. All free
parameters entering the parametrisation of the transversity dis-
tribution and of the Collins functions are fixed by fitting experi-
mental data for the Collins asymmetry in SIDIS pion production by
the HERMES and Compass Collaborations, and for two-hadron az-
imuthal correlations in ete~ — 7w X processes by the Belle and
BaBar Collaborations.

No additional free parameter is introduced in our analysis, and
the theoretical curves, compared with the preliminary STAR exper-
imental data on the Collins asymmetry in p’p — jetw X, are to
be considered as direct predictions based on a TMD factorisation
scheme.

In the following we will adopt different sets of the quark
transversity and Collins functions, which we will refer to as the
SIDIS 1 [24], the SIDIS 2 [25] sets and the 2013 fit [26]. The rea-
son of this choice is that the SIDIS 1 and SIDIS 2 sets are those
used in our first study [18]: in this respect, by keeping them in
the present analysis we emphasise its aspect of being a natural
extension of our former work, with predictions somehow obtained
directly from there. While they are well representative of the avail-
able extractions of these TMDs and their uncertainties, for the sake
of completeness and to keep our study up-to-date we have consid-
ered the more recent 2013 fit as well. In such a case in showing
our estimates we will also provide the corresponding statistical un-
certainty bands, calculated following the procedure described in
Appendix A of Ref. [27].

A comment on the use, and impact, of the most recent extrac-
tion [28] of the transversity distribution and the Collins FF will be
given below.

These sets, besides some differences in the initial assumptions
and in the data used for their extraction, differ in the choice of the
collinear fragmentation functions. More precisely, for the SIDIS 1 fit
the Kretzer FF set [29] was adopted, while for the SIDIS 2 and the
2013 fits the DSS FF set [30] was employed. The latter, in particu-
lar, incorporates a more sizeable gluon FF w.r.t. the corresponding
one in the Kretzer set, that could play a role in the process under
consideration.

Notice that in all cases the extraction of the quark transversity
distribution is constrained only up to x ~0.3.

3. Results

The STAR Collaboration at RHIC has collected preliminary re-
sults on the Collins and Collins-like asymmetries for the p'p —
jetm X process in the midrapidity range (|n;| < 1) at c.m. ener-
gies /s =200 and 500 GeV [20-22]. Table 1 summarises the main
kinematical cuts relevant for our phenomenological study. We have
implemented all of them in our calculations. Notice that in our
leading-order TMD approach the jet is identified with the final
fragmenting parton coming from the hard subprocesses and that
the STAR Collaboration adopts the anti-k; jet reconstruction algo-
rithm. For detailed studies of the transverse momentum distribu-
tion of hadrons within a jet see Refs. [31,32]. We also remark that
some of the above cuts induce a cos ¢! azimuthal dependence in
the (un)polarised cross sections. We have checked that this depen-
dence cancels out in the asymmetries.

In Fig. 1 we present our theoretical estimates of the Collins
asymmetry for w* production at /s =200 GeV (left panel) and
500 GeV (right panel) as a function of z, compared with STAR pre-
liminary data [20], integrated over the other kinematical variables
and imposing the experimental cuts of Table 1. Our predictions are
given for the sets of the transversity distribution and the Collins FF
discussed above; in particular, for the 2013 fit we also show their
statistical uncertainty bands. The agreement between theory and
data is definitely very good.

Notice that, both at 200 and 500 GeV energies, the average
momentum fraction of the quarks inside the polarised proton (as
well as inside the unpolarised one) is around 0.2. That means
we are probing the valence region of the transversity distribution
and, more importantly, the region where it is well constrained by
SIDIS data. Almost no energy dependence appears (see also the
comments below on the explored kinematical region). The differ-
ences between the estimates obtained adopting the SIDIS 1 set
w.r.t. those obtained with the SIDIS 2 set and the 2013 fit are al-
most completely due to the fact that the unpolarised cross section
computed with the DSS FF set (associated to the SIDIS 2 fit and the
2013 fit, and entering the denominator of the SSA) is bigger than
the one computed with the Kretzer set, in the medium and large
z region. This, in turn, can be traced back to the large leading-
order gluon FF of this set, essentially driven by its extraction from
a global fit including also pp — 7 X data. We have to note that
the corresponding next-to-leading-order extraction, not used here,
would be more stable.

In Fig. 2 we present our predictions for the Collins asymmetry
for 7% production as a function of pjr at /s =200 GeV compared
with STAR preliminary data. Here we notice a different behaviour,
w.r.t. what discussed above: at large pjr > 20 GeV, in fact, the
SIDIS 2 set gives asymmetries larger than those obtained with the
SIDIS 1 set and the 2013 fit. The reason is twofold: since the av-
erage value of x,; in the polarized proton increases with p;r (for
instance at pjt =~ 20 GeV (xg) ~ 0.3), from one side the transver-
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Fig. 1. The Collins asymmetry Ay

) for the process p' p — jetr® X, as a function of z, at c.m. energy /s =200 GeV (left panel) and 500 GeV (right panel), compared

with STAR preliminary data [20]. Estimates are obtained by integrating over the other variables, imposing the experimental cuts as summarised in the legend (see also
Table 1) and adopting three different parameterisations: the 2013 fit (red solid lines), with their statistical uncertainty bands, the SIDIS 1 (green dashed lines) and SIDIS 2

(blue dotted lines) parameterisations.
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Fig. 2. The Collins asymmetry Ay

) for the process p' p — jetw* X, as a function of pjr, at c.m. energy /s =200 GeV, separately for forward (left panel) and backward

(right panel) rapidities, compared with STAR preliminary data [20]. Estimates are obtained as in the previous figure.

sity function is probed in the large-x region where it is basically
unconstrained. In particular, in the SIDIS 1 set as well as in the
2013 fit it results accidentally more suppressed than for SIDIS 2.
From the other side, the role of gluons, both in the distribution
and fragmentation functions, becomes less relevant, reducing the
differences between the FF sets.

In Fig. 3, left panel, we show our estimates for the Collins
asymmetry for 7% production as a function of the intrinsic trans-
verse momentum of the pion w.r.t. the jet direction compared with
the STAR preliminary data, still adopting the TMD sets discussed
above. For completeness (see also the discussion below), as an ex-
ample, in the right panel we show the corresponding unpolarised
cross section for 7w production using the DSS FF set.

We notice that at relatively large k, , our estimates for the sin-
gle spin asymmetry are in fair agreement with the data, while
at lower values some discrepancies appear. More precisely, tak-
ing into account the status of the data, still preliminary, and the
fact that one would expect a better agreement in the low k, , re-
gion, among the possible sources of these discrepancies we could
mention: i) a narrower k;, dependence of the Collins functions
(w.r.t. the ones adopted here), with or without a narrower Gaus-
sian width for the unpolarised TMD FFs; ii) a different k; , be-
haviour for favoured and disfavoured TMD FFs; iii) an explicit z
dependence in the widths. These changes indeed could shift the
maximum of the asymmetry to smaller k, , values, differentiating
also its behaviour for 7 and 7~ production, with a slight im-

pact on the k ;-integrated predictions shown in the previous fig-
ures. On the other hand, the same changes should also be checked
against the SIDIS and ete~ data, from which the Collins FFs have
been extracted. This is certainly an important study that, imply-
ing the use of an increasing number of free parameters, could
be performed only in future extractions of TMDs. For the time
being, it is worth reminding that we still do not have at our
disposal precise data on the k; dependencies of the unpolarised
cross sections and the azimuthal asymmetries in eTe~ processes,
and therefore an accurate knowledge of the explicit transverse
momentum dependence of the unpolarised and Collins TMD FFs
is still missing. For this reason data on unpolarised cross sec-
tions for the process under study here and their comparison with
the estimates shown in the right panel of Fig. 3 could be very
useful.

One has also to recall that available information on this de-
pendence is based on the analysis of SIDIS processes (namely
multiplicities and azimuthal asymmetries), where it appears to be
strongly correlated with the corresponding transverse momentum
dependence in the TMD parton distribution functions (see, for in-
stance, Ref. [33]). A preliminary study of the impact of the Gaus-
sian widths in the analysis of SSAs is in progress [34] and, due to
its relevance in the context of the universality issue, more efforts,
both from the experimental and the phenomenological point of
view, are definitely necessary. For these reasons the results shown
in Fig. 3 deserve further attention.
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) for the process p' p — jetw® X (left panel), and the unpolarised cross section for 7+ production (right panel), as a function of k,

(the intrinsic transverse momentum in the fragmentation process, also denoted as jr), at c.m. energy /s = 200 GeV. Preliminary data are from the STAR Collaboration [20].
Estimates for the asymmetry are obtained as in the previous figures, while the DSS FF set is used for the calculation of the unpolarised cross section. In such a case we show

the uncertainty band obtained varying the factorisation scale between pjr/2 and 2pjr.

Some more general comments are in order:

e In our calculations the average intrinsic transverse momen-

tum in the FF, (ki), is in the range 0.4-0.5 GeV at 200 GeV
and 0.3-0.8 GeV at 500 GeV; moreover, the average transverse
momentum of the jet, (pjr), is around 12 GeV at 200 GeV
and 25-27 GeV at 500 GeV. This means we are in the proper
regime to apply the TMD approach and that one should be
sensible to scale evolution effects. Notice that the angular cuts,
characterised by the minimum distance of the charged pion
from the jet thrust axis, have been chosen to sample the same
xr values (xr = 2pjr//5).

From this analysis we can conclude that the Collins function
manifests its universality not only in SIDIS and ete~ pro-
cesses, but also in the azimuthal distribution of pions within
jets in hadronic collisions. No compelling factorisation break-
ing effects emerge.

The fact that the ordinary collinear evolution with the hard
scale, as adopted in the extraction of the Collins functions and
in the current predictions, is able to describe fairly well the
experimental data at very different energy scales suggests a
very small role of the more complex TMD evolution. This could
be related to a partial cancellation of its effects in a SSA, that
is a ratio of cross sections.

The apparent tension between the poor description of the
very low k,, behaviour of the asymmetry for 7+ produc-
tion (Fig. 3) and the overall good agreement with the data as
a function of z and pjr can be ascribed to the fact that the
k. -integrated observables are less sensitive to the transverse
momentum dependence of the Collins functions.

Concerning the use of the latest extraction [28] of the transver-
sity distribution and the Collins FF, within the same scheme
(that is including only the DGLAP scale evolution), this would
give smaller results for the Collins asymmetry. This is mainly
due to the lower value of the Gaussian width for the TMD-
FFs adopted in that analysis. This is a delicate issue and a
detailed study of the impact of the Gaussian widths in the
phenomenological analysis of the Sivers and Collins effects is
under way [34].

Another set of data [20] (lower plot of their Fig. 4), exploring a
much larger pion intrinsic transverse momentum w.r.t. the jet
axis, is almost compatible with zero and consistent with our
estimates (not shown here).

Before concluding this section we would like to comment fur-
ther on the impact of the lack of knowledge of the transversity
distribution at large x. This, for instance, could be relevant in or-
der to properly assess potential factorisation breaking and/or TMD
evolution effects. To this end in Fig. 4 we show some estimates
obtained by sampling the parameter controlling the large-x be-
haviour of the transversity distribution, as described in Ref. [12].
Notice that in such a case the shaded areas (referred to as scan
bands in Ref. [12]) represent only the envelope of all possible val-
ues of the asymmetry obtained following the above procedure.
They are smaller than the corresponding statistical uncertainty
bands shown in the left panels of Figs. 1 and 2, showing that
such bands are not only due to the uncertainty on the transver-
sity distribution at large x. Without entering into further details,
and taking into account the above considerations, these results al-
low us to confirm once again our conclusions on the universality
of the Collins function and on the almost negligible role of TMD
evolution effects.

3.1. Collins-like azimuthal asymmetry

Following the general results presented in Ref. [18], that show
how to correlate different angular modulations to different TMDs,
STAR has extracted several other angular modulations [21,22]. One

: _o4H
example is the Collins-like asymmetry Ai}l}(d’s 297) 35 a function

of z, integrated over the full acceptance and separated in forward
and backward scattering relative to the polarised beam. In Fig. 5
we present these STAR preliminary data, almost compatible with
zero, together with our maximised estimates obtained by saturat-
ing the positivity bounds' of the two unknown TMDs related to
the linear polarisation of gluons (inside the polarised proton and
in the fragmentation process). It is worth noticing that for this data
set the average value of the momentum fraction inside the protons
is around 0.05 and (pjr) =7-8 GeV.

As one can see, the maximised prediction suggests a possi-
ble upper limit of ~ 2% (independently of the FF set), while the
present data fall well below this maximum, with the best pre-
cision at lower values of z. Thus, these data represent the first
phenomenological constraint on model predictions utilizing lin-
early polarised gluons, beyond their positivity bounds. We can

T We maximise the first k; -moment of the transverse momentum dependent fac-
tor and use for the x and z dependent parts the corresponding unpolarised gluon
PDF and FF.
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safely say that these experimental results imply that the product
of these two unknown linearly polarised gluon TMDs cannot be
larger than 20-25% the product of their positivity bounds (focus-
ing on the lowest z bin).

4. Conclusions

In this letter we have studied the Collins and Collins-like az-
imuthal asymmetries in the distribution of hadrons within jets
produced in polarised proton-proton collisions. By applying a TMD
approach at leading order, with inclusion of spin and transverse
momentum effects, we have shown how the preliminary data of
the Collins asymmetry collected by the STAR Collaboration at RHIC
could be described in terms of a universal Collins function, with
only some discrepancies in the description of their k;, behaviour.
If confirmed by data, this would require a better understanding
of the k; dependencies of the unpolarised and the Collins TMD
FFs as extracted from current phenomenological analyses. These
results, obtained adopting available estimates of the transversity
distribution and the Collins FF, as extracted from independent fits
of the azimuthal asymmetries observed in SIDIS and ete~ pro-
cesses, with standard DGLAP QCD evolution, give indeed an overall
good description of the STAR data in different kinematical con-
figurations. No indication of universality-breaking effects emerges

and, quite interestingly, no compelling TMD evolution effects ap-
pear. With some caution, this could be considered as the first
phenomenological evidence for the universality of the Collins func-
tion in hadron-hadron collisions.

The Collins-like asymmetry, involving linearly polarised gluons,
both inside the polarised proton and in the fragmentation process,
has also been considered. In such a case the STAR preliminary data
allow for the first phenomenological constraint on the size of these
TMDs.

Further study is certainly necessary, but these results open a
new window in the field of TMD effects in hadronic collisions.

Upon completion of this analysis we became aware of a similar
study, including also TMD evolution effects, performed in Ref. [35].
Their results, in agreement with our findings, support our conclu-
sions.
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