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Production of JAy—meson in association with jet in proton—proton collisions is studied at energy s'*>= 8 TeV. Jet pair production at
s'2=7 TeV is considered briefly. Event generator Pythia 8 is employed in the simulations of the reactions. Distributions that depend
on differences of transverse momenta, rapidities y,,;, and azimuthal angles g¢,,; of the meson and jet are calculated. It is analyzed, how
gluon radiation in initial and final states of the partonic processes along with multiple parton interactions influence the observables.
Shapes of (Vj» @ Yin)— and Vs Pr s Yin)—distributions, with pr , (v,,) being momentum (rapidity) of J/y, are shown to differ
substantially for the mesons, emitted in the central and forward regions. The observables, measurements of which will help to impose
severe constraints on used models, are discussed.
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POKJIEHUE YAPMOHHWS U CTPYM B CTOJIKHOBEHMSIX YJIBTPAPEJSITUBAUCTCKHUX ITPOTOHOB
A.B. I[eeB*, B.B. KOTJ]ﬂp**, H.U. Macaos™
* Xapvrosckuil nayuonanvusill ynueepcumem um. B.H. Kapasuna
nn. Ceo600wi, 4, 2. Xapwvkos, 61022, Ykpauna
** Hayuonanvnoiii Hayunweiii Llenmp «Xapwrosckuii @usuxo-Texnuueckuii Mncmumymy
ya. Axademuueckas 1, 2. Xapvros, 61108, Yxkpauna

Poxxnenue J/y Me30Ha COBMECTHO CO CTpYEW B MPOTOH—TIPOTOHHBIX COYAAPEHUSX H3Y4aeTcs MPH YHEPTHH s = 8 THB. Kparko
paccmatpuBaeTcs poXKACHHE Hap CTpyill mnpu s = 7 TsB. [Ipn MomenupoBaHWM pEaKIHH HCIIONB3YeTCsl TEHEePaTop COOBITHIA
IMncusa 8. PaccunTanbl pacnpeneneHus, KOTOPEIE 3aBUCAT OT Pa3HOCTEH MOMEPEYHBIX MMITYJIbCOB, OBICTPOT Y, H a3HMyTalbHBIX
YIJIOB @,,; ME30HA M CTPYH. AHANM3UPYETCS BIHAHHE HA HAOMIONaeMbIe M3ITydEHHs IIIOOHOB B HAYaIbHOM M KOHEYHBIX COCTOSHHUSAX
HapTOHHBIX TPOIIECCOB, a TAKXKE MHOTOKPATHOTO PAaCCESHHs MapTOHOB. JleMOHCTpUpyeTCs, YTO GOpMa (Vujs @y YViry)— U Vmjs D1 st
Yp)-pacupenenenui, rae pr y, (V) €CTh HONMepedHbldl uMmysbc (ObICTpoTa) J/y, CyLIECTBEHHO pa3NMYaeTcss ANs ME30HOB,
POXKIAOIINXCA B LleHTpaJ'[bHOI\/'I 06J'laCTl/l " 110 MaJIbIMH yFJ'laMI/I K oCHu l'ly‘{KOB. I/ICCJ’IQ)Iy}OTCS{ Ha6H}OﬂaeMble, HU3MEPECHUE KOTOPBIX
MOJKET OBITH HOJIE3HBIM ISl TOTYYEHHsI CTPOTHX OTPaHUYEHHH Ha UCTIONb3yEeMble MOJIEIH.
KJIFOYEBBIE CJIOBA: reneparop cobsrtuii [Tudus, vapmonuii, poxneHue cTpyi, IpOTOH—TIPOTOHHBIE CTOJIKHOBEHHUS, bombmoi
anponsbIii komtaiiaep LIEPH, skcnepumentst ALICE, ATLAS, CMS, LHCb

HAPO/UKEHHS YAPMOHISI TA CTPYMEHIB Y 3ITKHEHHSIX YJIbTPAPEJSITUBICTCBKUX ITPOTOHIB
A.B. Jlee*, B.B. Kotasp**, M.1. MaciaoB**
*Xapriscokuii nayionanohuil ynisepcumem im. B.H. Kapasina
ni. Ceoboou 4, 61022, m. Xapxis, Yrpaina
** Hayionanvnuti Haykoeuii Llenmp «Xapxiecokuti @izuxo-Texniunuii [ncmumymy

8yn. Akaoemiuna 1, m. Xapxis, 61108, Yxpaina
HapomkeHHst JAy Me30HY pasoM i3 CTpyMeHeM B MPOTOH—TIPOTOHHWX 3iTKHEHHAX BHBYaeThcs mpu eneprii 8”2 = 8 TeB. Crucio
PO3ITIANAECTHCS HAPOMKEHHs Tap crpyMemiB mpu s> = 7 TeB. IIpi MOJEMIOBaHHI peakiiii BHKOPHCTOBYETCS TEHEpaTop MOl
ITigis 8. Po3paxoByIOTbCS PO3MOALIIHM, IO 3aN€XKaTh Bil PISHULb TONEPEYHHX IMITYIbCIB, OMCTPOT V,,; Ta a3UMYyTANbHHUX KYTiB (),
Me30Ha Ta CTPYMEHIO. AHAII3yeThCsl BIUIMB Ha CIIOCTEPE)XXyBaHI BUIPOMIHIOBAHHS TIIIOOHIB B IIOYAaTKOBOMY Ta KiHI[EBOMY CTaHax
NapTOHHUX TPOIIECiB, a TaKO’kK 6araTopazoBOro po3CisHHA NapTOHiB. JeMOHCTpyeThCs, O GOPMA (Vs Pujr V)= T& Wujs PTis Vi)~
posnofinis, ne pr yy, (Vi) € Nonepeunuit iMmynbc (6uctpoTa) J/\y, iCTOTHO BiAPI3HAIOTBCS NS ME30HIB, IO HAPOKYIOTHCA B
LEHTPaJIbHINA 00JacTi Ta MiJ MaJMMH KyTaMH BiIHOCHO OcCi myukiB. JIOCHIMKYIOThCS CHOCTEpE)KYBaHi, BUMIPIOBAHHS SKHX MOXeE
OyTH KOPUCHHMM JIJI1 OTPUMAHHS CTPOrHX 0OMEXEeHb Ha MOJEII, [0 BUKOPUCTOBYIOTBCS.
KJIFOYOBI CJIOBA: reneparop noxit [lidis, gapMoHiii, HApOIKEHHS CTPYMEHIB, MIPOTOH-NPOTOHHI 3iTKHEHHS, EKCIIEPUMEHTH
ALICE, ATLAS, CMS, LHCb, Benukuit komnaiinep agponis LIEPH

In recent years, production of charmonia, including J/y(1S) —meson,
p+p—->J/v(S)+ X, (1)
and of jets
p+p—jet+X ()
is receiving much attention in experiments at the LHC.
© Dieiev A.V.,, Kotlyar V.V., Maslov N.I, 2013
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Production of prompt J/w has been studied by ALICE [1], ATLAS[2], CMS [3,4], and LHCb [5]
collaborations. ALICE has obtained the data for the differential cross section in the central region [y, [<0.9 and
1.3GeV/c < < pr,y, <10GeV/e, where v, (pr,,,) is Iy rapidity (transverse momentum). ATLAS has carried out
measurements for four rapidity bins covering |y, ,, [<2.4 from p;,,, =1GeV/c in 2<y,,, [<2.4 and p;,,, up to
70 GeV/e in 0.75<y,,, [<1.5. CMS data are in five rapidity bins with |y,,, [<2.4 for pr,,, up to 70 GeV/c in
central region |y, ,, [<0.9, and up to 30 GeV/c for 2.1<|y,,, [<2.4. Detailed measurements [5] in the forward region
have been performed by LHCb for five rapidity slices 2, 2.5,... 4, 4.5 and pr,,, upto 14 GeV/c...11 GeV/e.

Discussion of models, used in the calculations of the cross sections for (1), and of interpretation of the data can be
found, e.g. in [6-8], and in the papers cited therein. Thus, it was shown in [8] that the computed cross sections depend
noticeably on the renormalization and factorization scales. The variations due to these uncertainties in the calculations
are substantial for pr;,, <10GelV /c, i.e. in the region of intensive experimental activity.

Jet production has been also studied in detail at the LHC. Here we mention results [9] of LHCb collaboration on
jet pair production in the forward region, that are discussed below.
The obtained data for J/w and jet production allow to test theoretical predictions, based on perturbative QCD,

computations of processes beyond the leading order, models that intend to treat non-perturbative effects and to describe
fragmentation of partons.
The aim of this paper is to calculate observables in production of J/y in association with jet

p+p—->J/y(S)+ jet+ X, 3)

and of jet pairs p+ p — jet, + jet, + X under conditions of the experiments at the LHC and to analyze mechanisms of
the reactions in various kinematic regions.

FRAMEWORK FOR SIMULATION OF CHARMONIUM AND JET PRODUCTION

The present analysis of (2) and (3) is performed with the help of event generator Pythia 8.170 [10,11]. Within the
used approach charmonia originate from cc — pairs, created in collisions of incoming partons. Color—singlet (a = 1) and
color—octet (a = 8) intermediate cc — states that are included in the calculations are listed in Table 1. Orbital angular
momentum, total spin, and total angular momentum are denoted by L, S, and J. For brevity these processes are referred
below as “charmonium” group.
Prompt J/y—mesons are produced
Table 1. . . .

directly in gluon—gluon scattering

Partonic processes and quantum numbers g+g—->J/p(S)+g 4)

of intermediate cc — states or in decays of color—singlet and color —

24 (a) octet cc —states, e.g. in y,;, > y+J/y and
process J s
a=1 a=8 incc[”L;8)]>g+J/y.
gg —>cc [2S+1LJ (a)lg 3S1 and 3PJ with J =0,1,2 Integral cross sections of the partonic

48— T [2 S+l L(a)]q 3 . 3 s, 1 S, 3Po processes, obtained with. Pythia? a'f total

— Y P; with J =0,1,2 energy x/_= 8 TeV, are displayed in Fig. 1.

99 > el Ly ()] Set of parameters “4C” [11,12], parton
distribution functions CTEQG6LI1 [13] are
used throughout this work. The minimum

value of transverse momentum is chosen to be pz,.i, = 10 GeV/c. Values ¢ =c =1 are accepted for scale parameters

that determine renormalization and factorization scales.
The processes with integral cross section oy (cc,z, py)> 50nb are included in Fig. 1. In addition, cross section

for (4) is shown for comparison. Contribution of this process turns out to be not essential in the current studies. Index t
labels partonic processes. The processes in Fig.1 give more that 90% of cross section

.....

section for J/y production o,

(J/w, pr)=2840nb is visibly lower than o, (cc, p;y) =1.314 ub, as far as the cc — states
not always evolve into the meson.

J/y—mesons also come from decay of b-hadrons, especially from B-mesons. Such non—prompt J/y are
disentangled from prompt ones in experiments [1-5] at the LHC. Essential mechanism of B-meson production,
incorporated in Pythia, is string fragmentation. Since correlations of prompt J/iy with jet in (3), where jet is generated by
a parton in final states of “charmonium” processes, are intended to be studied below, the non—prompt J/y are not dis-

cussed in detail.
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Fig. 2. Integral cross sections of some QCD processes, with
that jet production is simulated.
As seen from Fig. 1, processes with two gluons in the
- initial states bring dominant contributions to o (cc, pr).
—[->
gg»cel’Pi(Dlg The same holds for “hard QCD” processes [10,11], used in
analysis of jet production (2). Some of them, which have
the integral cross sections o, (QCD,7,py)>100 pb, are

shown in Fig. 2. These processes give more than 98% of
gg—-cel’Si(D] g the cross section &, (QCD,ps)= 5.36 mb, where

- o (QCD, pr) involves all included “hard QCD”
processes. Relatively large values of the cross sections for

Fig. 1. Integral cross sections of some partonic processes, processes due to gluon scattering may provide for enhan(':ed
those result in creation of JAy meson. sensitivity of the observables to gluon distribution
functions.

To find jets the generated events are analyzed with SlowJet program, being a component of Pythia 8. In searches
of jets the anti-kr algorithm is employed. The clusters with total transverse momenta, that do not exceed 10 GeV/c, are
not considered as jets. The r—parameter, that determine jet—cone radius in rapidity—azimuthal angle space, is 0.7.
Pseudorapidity region #>6 is excluded from jet searches. This pseudorapidity region corresponds to the polar angles
0 <6 <0.284°. For a particle with energy £ and 3—momentum p =(p,,p,,p,) rapidity y and pseudorapidity # are

defined as
E+ pz

+
LM and 1 P+ p:
2 E-p.’ lp|-p.
The pseudorapidity and polar angle 6 are related by 77 = —Intan(8/2).
Neutrinos and particles, that participate neither in strong nor in electromagnetic interactions, are left out.

MULTIPARTON INTERACTIONS, INITIAL—-, AND FINAL-STATE RADIATION
IN PRODUCTION OF J/ y—MESONS AND JETS
In this section we discuss influence of multiparton interactions (MPI), initial-state radiation (ISR), and final-state
radiation (FSR) on observables in production of prompt J/y and jets. Throughout the paper simulation of proton—proton
collisions is carried out under conditions of the LHC experiments at total energy \/_ =7 TeV and 8 TeV.

As shown in Fig. 3, multiplicities of charged particles, obtained with “charmonium” and with “hard QCD” proc-
esses, change qualitatively when MPI, ISR, and FSR are switched on. Inclusion of these mechanisms results in sub-
stantial increase of event number in region s, >50. In calculations with MPI, ISR, and FSR functions

l/Ntotal N(l’l
for n_,, =30...170 . Total number of generated events is denoted by N,,,,;.

) for “charmonium” and “hard QCD” groups of partonic processes do not differ more than about 10%

With inclusion of MPI, ISR, and FSR, jet multiplicities in (2) and (3) vary largely than charged particle
multiplicities in (1) and (2), as it can be inferred from comparison of dash—dotted and solid curves in Figs. 4 and in
Figs. 3. In simulations with “charmonium” (with “hard QCD”) processes, when MPI, ISR, and FSR are not included,
one (two) jet(s) are mainly produced in (3) (reaction (2)). Two (three) or more jets can be created in these reactions,
when MPI, ISR, and FSR are taken into account. In Fig. 4 the multiplicities for (2) and (3), computed without ISR,
FSR, and MPI, are multiplied by 0.6 and 0.5. For (2) N, = while for (3) N, is number of events, in

events total » events

which J/y is found.
Figs. 5 and 6 demonstrate that MPI, ISR, and FSR visibly manifest themselves in spectra for J/y in (1) and jets in
(2) and (3). Reduction of the spectra of J/y in (1) and jets in (2) due to these mechanisms increases with J/y and jet
transverse momenta pr s, and pr .. Ratio of the distribution dN /dp;, Iy (dN /dp; jet), obtained without and with MPI,
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ISR, and FSR, reaches ~6.3 (~7.1) at transverse momenta equal 100 GeV/c. At the same time, production of jets in (3)
is enhanced by these mechanisms, as seen from Fig. 6. The corresponding ratio of the spectrum values is ~3.8 at
Prje=100 GeV/e. In region of the transverse momentum p; ~40...100GeV/c, where distribution dN/dpr ,

decreases more that in two orders of magnitude, ratio of jet spectra in (2) and (3), computed with MPI, ISR, and FSR,
does not deviate considerably from 2, varying from ~1.9 up to ~2.2.

0.4
o
FE
01 f % =8 TeV s .
= ,! i Vs 0.3 0 ,.:"8\‘_\ Vs =8 TeV
Sj ’- 7 ’ \\/'./’?/ “.\.\
= 001} ¢ / A *x0.5
‘§ t [ 7 ) ‘.‘ N,
= EPoy N B °x0.6
~0.001) }
;
104U : 0.0 N Ot reesee e
0 50 100 150 200 0 1 ) 3 4 5
Nch
N jet
Fig. 3. Charge particle multiplicity for (1) (dashed and solid Fig. 4. Jet multiplicities in (2) and (3).
curves) and (2) (dotted and dash—dotted curves). Dotted and dash—dotted curves (o and o) correspond to (2),
Dashed and dotted (solid and dash—dotted) curves are obtained dashed and solid curves (e and A) —to (3).
without (with) ISR, FSR, and MPL. Calculations without (with) ISR, FSR, and MPI are shown
by dotted and dashed (dash—dotted and solid) curves.
A
) N ~ 1
o 01 _ © )
5 Vs =8 Tev S Vs =8TeV
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3 3
= =
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1077 =
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Fig. 5. Transverse momentum spectra of J/y in (1). Fig. 6. Transverse momentum spectra of jets in (2) and (3).
Notation of the curves as in Fig 3. The curves are computed as in Fig 4.

To research into formation the transverse momentum spectra as well as distributions over y,; =y, —»,and

Py =Ps 1y —Pjer> Where v, (@,,,) and y,, (¢;,) are rapidities (azimuthal angles) of J/y and jet, we consider
dN(&n)/dE =114y, [" dv,y, d*N(&.y;,) dédy, ), ()
with &= pr,;, ¥, or ¢,;. The difference of J/y and jet momenta is pz,,; = pr,/, — Pr - Rapidity bins are nume-
rated by n, Ay, =y, —»,_; is width of the bin. In Figs. 7, 8, and in 13,...16 below, curves with label n=1,3,4,...6 are

obtained with y,=n. Rapidity of J/y takes on values y,,, €(n—1,n) in nth bin. Curves for 1<y, <2 lie in between

ones with n=1, 3, which are not well separated. Therefore, curves with n=2 are not displayed. Polar angle 6,,, of the
meson, emitted with rapidity y,,, = 0,1,2,3,...,7 and transverse momentum pz,,, = 10 GeV/c, is 90", 39", 15, 5.5, 2.0,
0.74°,0.27", 0.10’, respectively. With increase of Py up to 100 GeV/c angle 0, grows less than in 5%.

Jet spectra dN(pr,,;)/dpy,, have maxima near pr,,= 0 in simulations of (3) with MPI, ISR, and FSR switched

off. As demonstrated in Fig. 7, peaks in distributions slightly shift into negative area of py,, with increase of J/\y rapidity
Y- Fig. 8 shows that inclusion of these mechanisms enhances the shifting and leads to broadening of the peaks.
However, one can conclude from the Figs. that Jiy—mesons and jets are produced in (3) with the transverse momenta
that are close to each other.

Figs. 9 and 10 indicate that the rapidity distributions dN(y,,,)/dy,,, of Jiy in (1) and dN(y,,)/dy, ofjets in

(2) and (3) rapidly decrease with growth of y,,, and y,, when y;, v, > 3...4. Rapidity distributions in (1) and (3),
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shown by the dashed and solid curves, turn out to be almost insensitive to MPI, ISR, and FSR as opposed to ones in (2)
and transverse momentum spectra in Figs. 5 and 6. Really, the distribution of J/y, created in (1), as functions of y,,
contains contributions of pry, from a region adjacent to pr,s, since dN(pr,,,)/dpr,, is a rapidly decreasing func-

tion. In this region the transverse-momentum spectrum is not affected strongly by the discussed mechanisms, as seen in
Fig. 5. Transverse momenta of the jets and of the mesons in (3) do not duffer significantly, as demonstrated in Fig. 8.
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Fig. 7. Dependence of jet spectra dN(pr.)/dpr,; in (3)

On Momentum pr,.

Notation of the curves is explained in the text. Calculations are
performed at s!2 =8 TeV without ISR, FSR, and MPI.
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Fig. 9. Rapidity distributions of J/y in (1).
Notation of the curves as in Fig 3.

Vmj

Fig. 11. Distributions dN(y,,))/dy,,; for (3).
Solid (dashed) curve is obtained with (without)
ISR, FSR, and MPIL.

S 0.01
Q

Q

&
§ 10-4
= 5
S 6
$107¢
=
~

10-8
-30 ~20 ~10 0 10 20

DPTmj, GeVc

Fig. 8. The same as in Fig. 7.
The spectra are computed with inclusion of ISR, FSR, and MPI.
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Fig. 10. Rapidity distributions of jets in (2) and (3).
Notation of the curves as in Fig 4.
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Fig. 12. Distributions dN(9,,)/dp,,; for (3).
Curves are computed as in Fig 11.

Next we consider how J/y and jets, emitted in (3), are separated in rapidity and azimuthal angle. With this aim the
distributions N(y,,) and N(g¢,,;) that depend on y, and ¢, are calculated. The distributions N(y,,) satisfy

N(Yy) = N(=y,,). According to Fig. 11 functions N(y,,) have maxima at y,, #0. As displayed in Fig. 12, N(g,,)
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peaks at ¢, ~180°. The transverse momentum vectors pr,,, and pr ., of J/y and jet, created in (3), are essentially

oriented in opposite directions. Due to invariance with respect to rotations about the beam line and space inversion
functions  N(¢,;) depend on  pr,,, - Pr;- The functions meet relations N(@,;)=N(-9¢,),

N(z-@,;)=N(z+¢,,), etc. MPL ISR, and FSR affect the distributions differently. Inclusion of these mechanisms
results in N(y,,) sharpening, but leads to broadening of N(¢,,).

Character of y,,; —distributions depends on the rapidity y,,, of produced J/y—meson, as seen in Figs. 13 and 14.
With increase of the meson rapidity y,,, distribution dN(y,,,»,,,)/dy,,; becomes broader and attains its maximum
at larger values of y,,. In the forward region, when y,,, ~5...6, minimum at y, ~0 is most pronounced. Neverthe-
less, the cross sections in this region are about 10* times smaller than in central region for y, sy ~1...2. Neither MPI,

ISR, nor FSR alter significantly the shape of N(y,,;,,,)-

0.01 0.1 1
£ S 3
Z 0.001 < 001
E E 4
= = 6
= 10 = 0.001 \ 5
10-3 10# \
2 4 6 8 10
Ymj Ymj
Fig. 13. Distributions dN(y,,,n)/dy,, for (3). Fig. 14. The same as in Fig. 13.
Notation of the curves as in Fig 7. Curves are computed as in Fig 8.

The shape of distribution dN(@,,;,,,,)/d@,,; is not recast in the considered interval of rapidity y,,, as illustra-
ted by Figs. 15 and 16. Note, the distributions are symmetrical with respect to transformation nz-g,,; = @,; —n7z,
where 7 is an integer. Being calculated without MPI, ISR, and FSR, the distributions exhibit a ridge at ¢,,; ~180" and
are localized at ¢, =180°£40°. Within this approximation creation of more that one jet is strongly suppressed, as
Fig. 4 shows, and single jet (if any) is ejected with the transverse momenta py ,,,directed in opposite direction to
momentum py,,, of the meson. Such feature of the oversimplified picture in production of J/y—jet pairs does not
survive in simulations with MPI, ISR, and FSR switched on. Fig. 16 demonstrates, that dN(¢,,,v,,,)/dp,; with

@y =7 L@ turns out to be a slowly decreasing function for 0 <@ <7 /2.

1 0.500
1 3
01 ‘ ™
S S 4
3 0.0 $0.100 //
= =
S 1074
§ § 0.010
1073
0.005 6
1076
100 120 140 160 180 100 120 140 160 180
@y, degrees @m)» degrees
Fig. 15. Distributions dN(9,,,y,)/d,,; for (3). Fig. 16. The same as in Fig. 15.
Notation of the curves as in Fig 7. Curves are computed as in Fig 8.

Distance r for jet—pair production is about 2.5 both in (2) and (3), as one can see by comparing the dash—dotted

1/2

and solid curves in Fig. 17. The quantity r is defined as r = (Ay2 +A(p2) , where Ay=y,—y,, Ap=¢;,—¢,, with

y; and ¢, being the rapidity and the azimuthal angle of jet with number i. Since distances » between jets in J/y and jet
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production take on close values, one can hope that the jet, created in association with the meson, can be disentangled
from other jets. Dashed curve in Fig. 17 corresponds to very rare events, when more than one jet is produced in
simulation of (3) without MPI, ISR, and FSR. Noticeable difference between solid and dashed curves stresses once
more great significance of MPI, ISR, and FSR inclusion into calculations.

Our results for a spectrum in jet—pair production are compared with the recent LHCb data [9] in Fig. 18. In the
LHCb experiment distribution of jet—pair invariant mass has been determined for jet pseudorapidities 2 <#,,77, <4.5

and azimuthal angles ||¢, —¢, |—7 |<0.7. Transverse momenta of jets are restricted by pp,, pr, 220 GeV/c. From
Fig. 18 one can conclude that both LHCb and our simulations with Pythia 6.4 and 8.170, performed with the parton

distribution functions CTEQ6L, reproduce the invariant mass dependence of the measured spectrum.

1.4 N
1.2 / \

Vs =8 TeV

Spectra in (2) and in p+ p —> jet; + jet, + X
under conditions of the LHCb experiment are
sensitive to the gluon density in a region of Bjorken x,
characterized by the dashed and solid curves in
Fig. 19. For comparison dash—dotted curve, obtained
in simulations of (1), is displayed as well. Values of
x, at which the distribution of x attains its maximum,
are shown in this figure. The smaller x from two
values of x for 2 — 2 partonic processes is selected.

At rapidity y,,, ~2,..2.5 the spectra in (1)

depend on gluon distribution at x ~107-...107". In

10 the same region of pseudorapidities 7,,, spectra for
r the jet production are determined by gluon
Fig. 17. Distance r between jets in (2) and (3). distribution at larger values of x. In the forward
Curves are computed as in Fig 4. region observables in processes with jets are affected
by gluon density at much smaller x.
- ~ ' ' ] 4.0 ,
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Fig. 18. Dijet spectrum as a function of dijet invariant mass.
Circles (triangles) — results [9] of LHCDb
measurements (MC simulations) at s> =7 GeV.

The curve is computed in the present paper.

Fig. 19. Dependence of Bjorken xp; . 0n values of &,
where & =, or y, for jet or the meson production.
Calculations are performed at s =7 (8) GeV
for jet (charmonium) production.

PROPERTIES OF SPECTRA IN J/¥ AND JET PRODUCTION
IN SPECIFIC REGIONS OF THE PHASE SPACE

Above discussed distributions N(pr;,,), N(Vu): N(@,), N(yy»¥,0), and N(@,,,v,,,) vary quantitative-

ly with inclusion of MPI, ISR, and FSR, but keep qualitative features of their forms unchangeable. In this section we
discuss how shapes of distributions

A*N(yo&in) /dy,y dE =110y, [17 dv,, AN (3n&a ) dyy dE dy .

where &= pr;,, and g, are affected by these mechanisms.

(6)

Fig. 20 gives in detail the (y,;, ¢.;) area of interest. Taking into account the symmetry properties of the distribu-
tion, the region, shown in the Fig., is reduced to ,,>0 and ¢,;<z. The curve with label n corresponds to ¢, in bin

(@u-1>9,), where @, =7zn/20 with n being an integer. For ¢, <@g and 27 —¢g <@, <27 +¢, the curves have a
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minima at y, =0 and maxima at y,; ~£(1.5...1.6). With increase of ¢, in interval ¢g <¢,, <27 —¢, the minima
are filled and the functions gain a peak at y,; =0. Height of the peak goes up, when ¢ <¢,; <@q, then falls in
@3 < @, <@y, and growths again in ¢, <¢,,; < 7. The same structure also manifests itself, but less distinctively, in
distribution dzN(ymj,go"U)/dymj de,,; = zndzN(ymj,(omj;n)/dymj dg,,, that collect contributions from all slices of J/y
rapidity.

0.030

e
=)
o
G

Y

0.020 Vs =8TeV

0.015

1/Nevenss d°N/(dy,,

Ymj

Fig. 20. Distribution d’N(v,;, .., 1)/(@,,dp,y;) for (3).
Labels on the curves are explained in the text.

Fig. 21 (a) and (b) show, that switching the mechanisms on fills in gap in vicinity of y,,~0, ¢,,~m. These mecha-
nisms smear the sharp peak, inherent to ¢,—dependence in Fig. 21(a). The stretching is similar to that observed in
Figs. 12, 15, and 16. Wings of the spreading peak acquire a structure visible in area of |y,,| < 5, |@,,|<2n/3. The behavior
of distribution (6) as a function of y,; with & =g, and rapidity of the meson in central region y,;,€(-1,1) substantially

depends on values of ¢,,,;.
[/Nevcnls dgN(yng/’ 55177/; 77=1)/(d)’,w d;p,,z/) I/Nevems dzN()/’m/y 5477]f I/I:[)/(dym] dffm/)

8 —~—
Yimg 4//\ T
0 T
/‘/ / o

Fig. 21. Distribution @N(V,, @y, 1)/(dyde,y) for (3) with y, in interval (0,1) ats'* =8 GeV.
(a) — without MPL, ISR, and FSR, (b) — with inclusion of these processes.

As one can see from Fig. 21 (b) and Fig. 22 (a), (b), with growth of y, the distributions become wider in y,,;, peak
at y,,~0, @,~m splits and pronounced gap appears instead at the same place. The similar behavior is inherent to the dis-
tributions dN(y,,;;n)/dy,,;, displayed in Fig. 14. Indistinct maxima at ¢,,,~37/8 and 27-¢,,, in Fig. 21 (b) disappear in

Fig. 22 (b).
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1/Nevenss dzN(ym]y Smjs n:5)/(dym] d%’m]) 1/ Neverss dZN(ymjv Cmjr ”'=6)/(dym, d%n])

Fig. 22. The same as in Fig. 21 (b),
(a) — for y,, in interval (4,5), (b) — (5,6).

The surface transformations with increase of the meson rapidity are followed by strong downfall of the distribution
values that causes, inter alia, the short-range dithering outside of the peaks in Fig. 22. During simulation these areas
receive smaller number of events, than regions in vicinity of maxima or in the central rapidity region.

In addition to scrutinizing the angular distributions, we examine properties of distributions (6) which depend on
the transverse momentum pry,, of emitted J/y—meson. Transformations of the surface N(vyy, Vmi P/, When y, is
running from the central into forward region, have much in common with those, observed in Figs. 20 and 21 for N(y,,
Vuwj, ®mp)- The gap between two peaks in region | y,; | <5, |pzy, | < 5 GeV/c deepens appreciably. The peaks, being
partitioned to a small extent at y,;;, €(0,1), become well separated at y,, €(5,6).

I/Nevcnrs dzN(ym]r Priy, n:])/(dym] deJ/;//) I/NEVL’U/S dZN(ym], PTJ/;//; n:‘)-)/(dym/ deJ/w)
10

Fig. 23. Distribution @’N(¥,, prss,,m)/(@vuyd prs,) for (3) at s> = 8 GeV, computed with MPI, ISR, and FSR.
(a) — for y,, in interval (0,1), (b) — (4,5).

From comparison of the distributions in Figs. 23 and 24 (a) one can see that the spectra, as a functions of pyy,,, fall
down more steeply with rapidity growth. The splitting of peaks is hardly noticeable in the distributions summarized
over the rapidity slices. Figs. 23 (b) and 24 (b) indicate that the observable is considerably influenced by MPI, ISR, and
FSR, changing the form of the surface at y,;,~0 in the forward rapidity region.
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Fig. 24. The same as in Fig. 23,
(a) — with MPI, ISR, and FSR for y, in interval (5,6),
(b) — with these processes switched off for y, in interval (4,5).

CONCLUSIONS
Simulation of J/y production in proton—proton collisions is carried out with event generator Pythia 8.170. Events,
in which the meson is created in association with at least one jet, are analyzed. The SlowJet program, included into
Pythia 8 code, is employed for jet finding. Calculations are performed with set of parameter “4C” and parton
distribution functions CTEQ6L1.
The observables, that are functions of J/y and jet transverse momenta, rapidities, and azimuthal angles, are
calculated at /s =8 TeV. Invariant mass spectrum in jet—pair production is computed at s =7TeV. The results for

the spectrum are in quite a good agreement with the LHCb data in the forward region.

It is shown that the observables in creation of J/y—jet pairs are strongly sensitive to initial- and final-state
radiation of gluons, as well as to multiparton interactions. Qualitative features of these distributions are studied both in
the central and forward regions of the meson emission. The distributions, those depend on differences of the J/y and jet
rapidities y,,, on differences of the azimuthal angles ¢,,, and on J/y rapidity y,,, or on y,. J/y transverse

momentum pr,,,, and y,,,, ie. being functions of v, .¢,,,v,,,, and y,.,pr;;,,.Y,,,, vary substantially, when
J/y rapidity passes from central into forward region. Surface shapes of the observables in the variables y,,.¢,,; and
Yy P11y, undergo fairly large changes.

Measurements of the correlation observables in J/y—jet pair production prove to be within the potentialities of the
detectors at the LHC. New data may serve as a sensitive testing ground for predictions, based on perturbative QCD, and
for the approaches, which simulation of initial—, final-state radiation of gluons, and multiparton interactions is based on.
The data allow one to infer the validity of models that aim to elucidate mechanisms of heavy—quark pair production and
to place severe constraints on them.
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