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Parton distribution effects in the direct photon production at hadron collisions
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Parton distribution functions are crucial to understand the internal kinematics of hadrons. There are currently a large number of distribution
functions on the market, and thanks to today’s technology, performing computational analysis of the differential cross-sections has become
more accessible. Despite technological advances, accurately accessing to the internal structure of hadrons remains a difficult task from
theoretical point of view. In this work, we analyze the impact on the differential cross-sections when updating the sets of parton distribution
and fragmentation functions, for the production of one hadron plus a direct photon at the energy scale of RHIC and LHC experiments.
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1. Introduction In this article, we center our attention on the impact of
the PDFs to predict the production of a direct photon plus

Nowadays, there are different methods to perform the re2"€ hadron including up to NLO QCD correction. This work

construction of the parton kinematics in hadronic collisions,”> base_d on StUd'e_S carried out in Refs. [5—7], where the last
two articles constitutes a step toward a more complete and

which is important to understand their internal structure. In S .

addition, it is necessary to deal with complex mathematica pdated description of the_ phenomenology of thg production
models whose solutions are difficult to obtain analytically. adron plus photon at colliders. More re_cent stud!es [7] make
So, it is recurrent to use perturbative methods to find ap"S€ the latest PDFs to reconstruct the internal kinematics of

proximated solutions. One way to access the internal struc‘:[—he partons using neural network methods m_machln_e learn-
ng. Furthermore, hard photons were considered in other

ture of particles at hadron collisions, is through the stud)) : . .
of the distribution of quarks and gluons inside the originalwOrks n .order to establish pattern.s: (.)f energy .Ioss.m heavy
hadrons. These distributions are called parton distributior" qqlhspns [8]’ analyze the seq5|t|V|ty to .med|um-|nduced
functions (PDF) and are extracted from the experiments b)r/nodlflcatlons in the Fragmentation Functions (FF) [9-11],

using advanced fitting and modelling methods [1]. Itis pos_and other studies. Thus, in Sec. 2, we explain the theoretical

sible to define such distributions for both unpolarized. ( framework applied to calculate NLO QCD correction to the

L . differential cross-section for the procegs — h + . The
spin-averaged) and polarized observables. methodology that we have implemented to distinguish hard

Itis well known that deep inelastic scattering (DIS) ex- photons is based on the smooth isolation algorithm, which al-
periments are not enough to constrain the shape of polarizegws to consistently suppress events with photons originated
quark and gluon distributions [2, 3]. Nowadays, fveton in electromagnetic decays of hadrons. In Sec. 3, we explain
spin crisisis an active topic and the scientific community still the cuts implemented for relevant experiments at RHIC and
did not find the solution. Therefore, haVing a preCiSion de-LHC energiGS, and we compare our results using new PDFs
scription of these parton distributions is crucial to address thigets with respect to the study performed in Ref. [5]. Finally,
problem [4]. In order to find possible solutions to the spin cri-in Sec. 4, we summarize this presentation and explain future

sis and obtain more information about the internal dynamicsirategies to explore the inner structure of hadrons by using
of hadrons, we need to access to the parton level kinematiggadron+photon production.

in the most clean and unperturbed way.

The main problem to access the kinematics of the par2  Computation of cross-section

tons is the presence of a dense and hot medium caused by

QCD particle interactions in high-energy collisions. More- The cross-section calculation relies on the parton model,
over, such states cannot be easily described within the pertuwhich allows to describe the collisions between hadrons in
bative approach. On the other hand, thanks to the low intetthe high-energy regime in terms of fundamental particles.
action that photons have with the medium, the measurememue to the factorization theorem [12], in this kinematic
of hard photons in the final state becomes a good alternativeegime, perturbation theory can be applied. Explicitly, the
for the solution to this problem. cross-section is described by the convolution of the PDF, the
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FF, and the partonic cross-section. Therefore, in the case diiat fulfill certain selection criteria, establishing a separa-
producing a direct photon plus one specific hadron, the crosgion from this particle to any hadron or jet. Usually, dis-

section is described by, tances are measured within the rapidity-azimuthal plane: if
a = (m,¢1) andb = (12, ¢2), then the distance between
da]})IIIRHZ_}M _ Z dzy dzodz féfil)(xl,m) these two points is
ajazas Arab = \/(771 - 7]2)2 + (¢1 - ¢2)2 . (3)
X ftgb) (x27 /-‘I) dEL};) (Za MF)d&(?IIEQHaS v (l)

In the literature, we find several selection criteria for iso-
lated photons, such as the cone isolation or smooth isola-

the partons involved in the process atsd™® the differential tion prescription. Specifically for these two cases, studies
partonic cross-section. The functigféH) (x, 1) represents have been carried out whose conclusions show the differ-

the PDF associated to the collinear emission of a parton cfnces can be minimized or directly neglected for some ob-
flavor a from the hadrond with momentum fraction: at  Servables [14,15]. Due to its theoretical advantages, we used

the initial factorisation scalg;. Analogously,dflh)(z,up) the smooth is?lfﬁtior.] prescription [13]. The selection proce-
represents the probability density function of generating aij”re goes as foflow:

with H; and H, the hadrons colliding in the initial state;

hadronh with momentum fractior: from the partora, at 1. Identify each photonic signal in the final state, and
the final factorisation scalgr. Regarding the scale depen- draw a cone of radius, around it. In this case we
dence, the partonic cross-section includes terms depending  are drawing a cone around each photon, so the photon
onpuy, pr and also on the renormalization scalg;. Equa- position fixes the vertex of the associated cone in the
tion (1) describes a measure of the probability of producing rapidity-azimuthal plane.

promptphotonsj.e. photons that are emitted directly by the
interaction of the originally colliding partons. However, in 2. Ifthere are no QCD partons inside the cone, the photon
real life, detectors cannot distinguish the nature of the pho- is isolated.

ton. Therefore, it is necessary to consider the contribution of
detecting a photon produced by the decay of another parti-
cle. To do this, we must also compute the fragmentation or
resolvedcomponent of the cross-sectiore.

3. If there are QCD partons inside the cone, we calculate
their distance to the photon;, following Eq. 3) and
then we define the total transverse hadronic energy for
a cone of radius as

dof® o= S [ deidwsdzd’ f7 (@, i) Er(r) =) Br,0(r =7;), @)
a1a2a3a4 J
% (SfQ)(Iz, (1) dg’;)(z, uF)ng)(Z', 1r) whereE_Tj _is the transverse energy of theth QCD
parton inside the cone arl denotes the Heaviside
X d&al a2—as a4 » (2) function.

where the partom, generates a photon after hadronization. 4. Define an arbitrary smooth functigf{r) which satis-
Notice the presence of the parton-to-photon fragmentation ~ fies{(r) — 0 forr — 0.

function, dgﬂ)(z,pp). This quantity is not very well con-
strained experimentally, due to non-perturbative and low-
energy effects. This separation of components is not a phys-
ical result. However, the analysis to be performed requires
having a predominant contribution due to direct photons inThis algorithm allows soft gluons in any region of the phase
the final state. The way we attack this problem, is suppressspace, as well as the emission of soft-collinear massless
ing the resolved component by means of so-called isolatioguarks, leading to a IR-safe definition of the cross-section
prescriptions. when higher order corrections are considered. In this way,
the smooth isolation criteria allows to neglect the contribu-
tion due to resolved photons, described in E2). Then,

5. If Ep(r) < &(r) for everyr < rq (i.e. for any point
inside the fixed cone), then the photon is isolated and
the event is selected. Otherwise, we reject the event.

2.1. Implementation of the isolation criteria

In general, the interactions between QCD partons generate a 40 H, Hy—h~y = Z / dxydrydz f$7) (21, )
dense medium of highly energetic particles, which are rapidly arazas
hadronized. When a photon is emitted as a consequence of % féflz)(x%ul) dé’?(zw)d&if‘imw (5)

the decay of hadrons or strongly-interacting particles, it is
expected to be accompanied by a bunch of hadrons. On thepresents the full-contribution to the cross-section when
other hand, when the photon is generated directly from thenly isolated prompt-photons are measured.

partonic collision, it should produce a clear and isolated sig- Once we have defined our observable, it is time to de-
nal in the detector. By definition, isolated photons are thosecribe the corrections that we take into consideration for this
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work. Here, we are interested in the production of a directwith the parameters, = 1, ro = 0.4 and the photon
photon plus a hadron. In particular, we use fragmentatioriransverse energy).. A mild dependence could be ex-
functions to study the probability of producing a positively pected in case of modifying the functional formé&gf-). The
charged pion. If we consider the Born level kinematic pro-highern, the more restrictive is the selection criteria (because
cess, the interaction is given by &(r) — 0 faster). The studies performed in Ref. [14] suggest
that the cross-section estimation for> 2 is stable. How-
Hy(Ky) + H(K2) — h(Ks) +7(Ka), ©6) ever, forn < 1, the selection criteria becomes very loose and
with K; the four-momenta of the different particles in the the cross-section is artificially enhanced by including events
lab frame. Let us first consider the cross-section calculatiothat are compatible with the fragmentation component. The
with NLO corrections from QCD. We relied on the FKS sub- average of the photon and hadron transverse energy was used
traction algorithm [16] and the smooth isolation criteria in as the typical energy scale of the process,
Eq. (B), obtaining

h 9
_prtp
d&1s0 _ % @ [ pg2—2 MO S H= %a (12)
Taraz—asy = 990 25 2
o2 o MO and we set by defauli; = ur = pug = p. Due to the fact
+ 1 > o dps*—? oF Sa that producing heavy hadrons is suppressed, we focus on the
e 5 process,
ai a M@ +
s — PS> I Ss, (7 pp =y +mh. (13)
T2 on az / 55 o ()

_ _ The cuts used in the MC simulation are those established by
with 3 the partonic center-of-mass energyM(®)|> the  the PHENIX detector from RHIC. Explicitly,
squared matrix-element at Born level anet(!)|? the cor-

responding one-loop contributio; andSs are the measure e Photon and pion rapiditien|, |7™|} < 0.35.
functions that implement the experimental cuts and the iso-

lation prescription for th@ — 2 and2 — 3 sub-processes, e Photon transverse momentum’ GeV < pl. <
respectively. In addition, each of the amplitudes depends ex- 15 GeV.

plicitly on the momentum of the partons and the particles in
the final state, e Pion transverse momentum? > 2CeV.

IMOP2 = | MO 12 (0 Ky, 29 Ko, K32, Ky)

e Azimuth angle differenceA¢ = |¢™ — ¢7| > 2.
IMD12 = | MO 20 Ky, 29 Ko, K32, Ky)
Regarding the center-of-mass energy of the hadron collisions,
we use by defaulZ-y, = 200 GeV, although we also ex-
where we introduce the momentum fractionsandz, for  plored the TeV region accessible by LHC, settifg,; =
the incoming partons, and for the final-state parton that 13 TeV. We are interested in studying the improvements as-
hadronizes intd = 7T. For the LO contribution, there are sociated to new and up-to-date PDF sets (for instance, the one

|-/\/l(0)|2 = |M(O)|2(I1K1,$2K2,Kg/Z,K4,k5), (8)

two partonic channels, developed byNNPDFcollaboration [1]) with respect to the
_ predictions obtained with older distributions [3]. Likewise,
=9, 99774 ) Wwe have suppressed, directly from the MC code, the interpo-
whilst, all the QCD channels contributing at NLO are given lator of the distribution functions and we have carried out the
by, interpolation through the LHAPDF framework [18]. Besides,
~ ~ we implemented the updated set of FB§S2014[17].
9 =799, 499 =799, 997 799 In order to study the partonic distribution effects, we con-
7 — YQQ, qQ — vq¢Q. (10)  sider three possible scenarios. First, we define our default

configuration asr,, where we have implemented the most
recent sets of PDFs. With this configuration, we use the
NNPDF3.1 PDFs [21] andDSS2014 fragmentations [17]

Using a Monte Carlo (MC) integrator, we implement Ef). ( from the LHAPDFframework. In the secqnd scenarice.
and simulate the production of a hadron plus a direct photorf7s» We explore the effects on the hadronization of the pro-
The code as well as other technical details, were presented f§SS- Thus, we take into account the modifications induced
Refs. [5,6]. For the smooth isolation algorithm, we use thePY changing the new FF to the old FF set fr$S2007

3. Phenomenology and results

function [19], keeping the default choice for the PDFs. Finally, we de-
4 fine theo. configuration, where we explore the effects in the
£(r) = ey EY (1_‘708(7)> , (11)  Pparton distributions. Explicitly, we keep the default FF set,

1 —coso but switched tdSTW2008NL@®DFs [20].
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FIGURE 1. NLO corrections to thep7 distribution forpp — pT (GeV)

v+ «t, for PHENIX kinematics Ecas = 200 GeV). In the right

panel, we show the relative difference with respect to the defaultFIGURE 3. NLO corrections to thep7. distribution forpp —

configuration. v+, for LHC kinematics £ = 13 TeV, angular constraints
identical to those used for PHENIX).

x10°°

0.200

10 N A . .
|?| s s - I - For this work, we have also explored the cross-section
N %__,'i'é[:l Sy <pr<iscev distributions for LHC: the predictions are shown in Fig. 3.
_ S We have restricted the attention tg, and o.. Namely,
€ 0125 we explored the partonic distribution effects comparing
£ °H é“l‘l o0 NNPDF3.1 andMSTW2008 whilst keeping the same frag-
& T mentation functions. The differences are arouad, with
—_ L0.075 . .
| e x| ' an reduction of the cross-section fof. ~ 13 GeV for o,
e =2 N 0050 with respect tas... It is worth noticing that we did not use
21 (0.) ot w008 -0.025 DSS2007 for LHC energies because most of the events in-
oS E— 005 volve momentum fractions lying outside the validity range of
6 8 10 12 14 6 8 10 12 14 the Interp0|at0r
p! (GeV) '

FIGURE 2. NLO corrections to thep,. distribution forpp —

v+ «t, for PHENIX kinematics Eca = 200 GeV). In the right

panel, we show the relative difference with respect to the default4, Conclusion
configuration.

In this work, we have studied the phenomenology of the pro-
duction of a direct photon plus a hadron, focusing on the pro-
cesspp — v-+nT calculated with up to NLO QCD accuracy.

The results obtained for RHIC &5, = 200 GeV are
shown in Figs. 1 and 2. In the left side of the plots, we

present the differential cross-section as a functiopjoind Our ai ¢ f X fth dicti h
pr, exploring the range between 5 GeV and 15 GeV for both uraim was to perform a comparison of the predictions when
using the most recent set of partonic distribution functions

momenta. In the right side of the plots, we show the relative .
difference ofg, ando,. scenarios with respect to our default with respect to the results presented in Ref. [5].
configuration. The analysis is performed taking into account ~ As a first step, we update our Monte Carlo by adapting
the NLO QCD corrections. From the right plot in Fig. 1, the LHAPDFinterface and updating the fragmentation to the
we notice that thé1STW2008DF tends to slightly enhance New seDSS2014. We study the impact of changing the PDF
the highpr region {.e. pT. ~ 13 GeV). Whilst, DSS2007 and FF sets in the differential cross-section. In particular, we
gives a larger cross-section for both high and jew From focused on the differences induced in fffeandp,. spectrum
there, we can conclude that the different PDF/FF configural? the range of GeV to 15 GeV. We found reasonable de-
tions lead to approximately the same predictionjfpr~ 9  Viations {.e. O(10 %) on average), although our preliminary
GeV, being the discrepancies enhanced in the low and hightudies suggest a stronger sensibility in ghedistribution.
pr region, reaching a relative difference®{10 %). The results presented in this article suggest that the pro-
On the other hand, we can look at Fig. 2, where weduction of a hadron in association with a hard photon could
present the differential cross-section with respectplo  be useful for imposing more stringent restrictions on both
Here, the right plot shows that the cross-section is abouPDF and FF. Likewise, the studies carried out in this work
12 % bigger when using th®SS2007 fragmentation, and served as the basis for Ref. [7], where advanced analysis
the trend increases with the photon transverse momenturnnere carried out with the purpose of reconstructing the in-
Finally, we also find that the cross-section is smaller for theternal kinematics of the parton-level collisions with the help
default configuration: the relative difference®7 %). of Machine Learning tools.
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