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The lepton pair production via the quark—antiquark annihilation subprocess in collisions of beam
antiproton with the proton target at Eheam = 14 GeV is studied on the basis of the event sample
simulated by PYTHIA6 generator. Different kinematical variables which may be useful for the design
of the muon system and the electromagnetic calorimeter of the detector of PANDA experiment at FAIR,
as well as for the study of proton structure functions in the available z—Q? kinematical region, are
considered. It is also argued that the measurement of the total transverse momentum of a lepton—
antilepton system may provide important information about the intrinsic transverse momentum (kr)
that appears due to the Fermi motion of quarks inside the nucleon. Another interesting possibility is
the measurement of the production rate of two or three lepton pairs in one event that can give the
information about the rate of multiple quarks interactions and the proton space structure. The problems
due to the presence of fake leptons that appear from meson decays, as well as due to the contribution
of background QCD processes and minimum bias events, are also discussed. The set of cuts which
allows one to separate the events with the signal lepton pairs from different kind of background events
is proposed.

IIpouecc poxnaeHus JENTOHHBIX II P B pe3y/IbT T€ KB PK- HTHKB PKOBOIO B3 UMOJENUCTBUS ( HHHIU-
JISIUUH) B CTOJIKHOBEHHSX HTUIPOTOHHBIX ITYyYKOB IpU dHeprun 14 I'sB ¢ MpOTOHHOI MUIIEHBIO H3y4eH
H OCHOBE COOBITHI{, CMOJIEJIMPOB HHBIX ¢ Homouibio reaep Top PYTHIA6. P ccmoTpeHs! p 3iau4HbIe
KHHEM THYeCKHe MepeMeHHbIE, KOTOPbIe MOTYT OBITh MOTE3HHI IS MPOEKTHPOB HHS MIOOHHOH CHCTEMBI
U 9JIEKTPOM THUTHOTO K jopumerp 1y gerekrop okcnepuMmeHT PANDA m FAIR, T kxe mg
M3yYeHHs CTPYKTYPHBIX (YHKIHME OPOTOH B JOCTYHHOH x—@Q? KuneM Thueckoii o6n crtu. T Kxe Io-
K 3 HO, 4TO U3MEpEHHUe IOJIHOTO IONEPEeYHOr0 MMITY/IbC JIENTOH- HTWIENTOHHOH CHUCTEeMBl K K LEeJIOro
MOXeT MPEAOCT BUTh B XHYI0 HH(GOPM LHIO0 O BHYTPEHHEM MONEPEIHOM HMITyITbce (k7 ), BOHUK IOIIEM
BCJIe[CTBUE (pepMU-IBUXKEHNS KB PKOB BHYTPU HYKJIOH . JIpyr g UHTEpecH s BO3MOXHOCTb — H3Mepe-
HHE BBIXOJ JBYX WJIM TpeX JIENTOHHBIX I P B OJHOM COOBITHM, KOTOpOE J €T MH(OPM LU0 O JI0ie
MHOXECTBEHHBIX B3 UMOJEHCTBHUIl M IPOCTP HCTBEHHOH CTPYKType HNPOTOH . T KXe p CCMOTpeH Ipo-
671eM TpHUCYTCTBHS (DOHOBBIX JIENITOHOB, MOSBISIOIINXCI K K B PE3YAbT T€ P CII JOB ME30HOB, T K U 3
cueT BKJI A oHoBblx KXJI u minimum bias npoueccos. IIpeanoxeH psan Kputepues, MO3BOJISIOLIMX
OTJEUTH CUTH JIbHBbIE COOBITUS C JIENTOHHBIMU 1T P MU OT (POHOBBIX COOBITHIA.

PACS: 12.38.Qk; 13.85.Fb; 13.85.Qk

INTRODUCTION

The measurements of lepton pair production in strong hadron—hadron interactions (see [1]
and [2]) have already demonstrated their great potential for studying the properties of elemen-
tary particles. As for illustration, it is enough to mention the facts of discovery of charmed
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J(J/¥) as well as of beauty T mesons which were done first in hadron—hadron collisions
and confirmed later in eTe™ experiments. Dilepton events may serve as a powerful tool to get
out the information about the parton distribution functions (PDF) in hadrons as it was already
shown in a number of high energy experiments [3] and theoretical papers, devoted to the data
analysis in the framework of QCD [4]. The plans to study this process are included into the
TPR [5] of PANDA experiment at HESR which may provide an interesting information about
quark dynamics inside the nucleon.

This intermediate energy experiment (in the following we shall consider the case of
antiproton beam energy Fpeam = 14 GeV which corresponds to the center-of-mass energy
of the pp system F., = 5.3 GeV) may play an important role because it allows one to
study the energy range where the perturbative methods of QCD (pQCD) come into interplay
with a rich physics of bound states and resonances. The physics of hadron resonances
formation and decay is strongly connected with the confinement problem, i.e., with the
parton dynamics at large distances. Therefore, a detailed and high-precision experimental
study of lepton pair production at PANDA may allow one to discriminate between a large
variety of existing nonperturbative approaches and models that already exist or under develop-
ment now.

To reach the goals declaired in [5], a reasonable modeling of energy-momentum and
angle distributions of the produced lepton pairs has to be done. Such a sort of Monte-Carlo
simulation of pp — {1~ + X process [6] (see Fig. 1)
is also needed for the design of the muon system and
electromagnetic calorimeter. We utilized here, as for
the first step, the PYTHIA event generator [7], which
is based on the ideas of the quark parton model
and is well tested and widely used for simulation
of hadron—hadron interactions. To define the cross
sections of processes, PYTHIA uses the perturbative
QCD/QED amplitude of the g — [T1~ subprocess
which provides a proper account of the relativistic Fig. 1. pp — "7 + X process
kinematics during simulation of different physical
variables distributions specific for ;™ u~- or eTe™ -pair production.

Let us underline that the results obtained here on the basis of PYTHIA simulation in some
sense may allow one to fix the predictions for lepton kinematical distributions which may be
obtained in the framework of perturbative theory approach. Therefore, they may be useful at
the analysis stage for defining the boundary between nonperturbative and perturbative models
predictions.

In Sec.1 we present the kinematical distributions for individual leptons. The set of plots
with energy, transverse momentum and angle distributions are given together with some
«3-dimensional plots» which show different kinds of correlations (like Energy—Energy, Ener-
gy—Angle and Angle—Angle correlations) between the physical variables of leptons produced
via the quark level subprocess qg — [T1~.

In Sec. 2 we present the distribution of the invariant mass and some other physical variables
which are characteristic for the signal lepton pair as a whole system.

The problems connected with the background from fake leptons which may appear together
with the signal lepton pair in one and the same event due to meson decays as well as with the
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background from other than gg — "I~ subprocess are discussed in Sec.3. Also we present
a set of cuts which allows one to separate the background events from the signal ones. The
efficiencies of the proposed cuts are also given.

In Sec. 4 we outline some important physical measurements which can be done by studying
the lepton pair production at the energies available for PANDA experiment.

It is worth mentioning that the results presented here can also be useful for the future
physical analysis of hadron decays at PANDA because the contribution from pp — (T~ + X
events may be one of the main background sources in such a study.

1. DISTRIBUTIONS OF LEPTONS PRODUCED IN pp COLLISIONS

We use PYTHIAG to generate 100 000 «pp — 1~ + X » events which include the 2 — 2
quark level gg — v* — 11~ subprocess. In the following, these events will be called «signal
events», and the muons/electrons produced in this subprocess will be called «signal» leptons.
The fake leptons which are produced in hadron (mainly mesons) decays in the same signal
events will be called «decay» leptons. The simulation is done starting from the assumption
of the ideal muon system and electromagnetic calorimeter covering 360°.

We consider the case where both initial-state radiation (ISR) and final-state radiation
(FSR) were switched on simultaneously'; i.e., the corresponding PYTHIA parameters were
used. Also we have used the CTEQ2L parametrization of parton distributions and the default
value of the parameter, which allows one to take into account the primordial kp-effect (the
effect of quark Fermi motion inside the hadron).

First we consider the distributions of some physical variables which describe the kinematics
of individual leptons belonging to the /7]~ pair. Simulation shows that there is no difference
between ete™ and pTpu~ distributions. In all the following figures, except Figs. 5 and 6, the
vertical axis shows the number of events (per bin) that may be expected per year (107 s) for

the luminosity L = 2 - 1032 cm~2-s~!. The total number of expected events is shown as
«Integral» values in the figures.
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Fig. 2. Distribution of number of signal events versus the energy of signal leptons. a) The energy of
fast leptons E},,; b) the energy of slow leptons E.,

IThis fact would be important for the discussion in Sec. 3.
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Figure 2 includes the set of plots done separately for the signal leptons having the largest
energy Eﬁast in the lepton pair and for the leptons having a smaller energy Eélow in the pair.
We shall call them, correspondingly, «fast» (plot a) and «slow» (plot b) leptons. One can
see that the energy spectrum of the fast signal leptons (plot a) increases rather fast from the
point Ef,_, ~ 0.5 GeV (more than 90% of fast leptons have E} _ > 1 GeV) up to the peak
position at the point El , a2 2.5 GeV and then smoothly vanishes at ., ~ 10 GeV.

In contrast to this picture, the analogous spectrum of the less energetic signal leptons
(plot b) starts sharply from zero and reaches a peak at Eélow ~ 0.4 GeV (where the spectrum
of fast leptons only starts). Then it goes down and practically vanishes at the point Eélow ~
5 GeV. One may see that the spectrum of slow leptons in a pair is more than by half shorter
than that of fast leptons.

The difference between the PL spectra of fast and slow leptons is not so large (see,

correspondingly, Figs. 3, a and 3,b). They differ only by about 400 MeV shift to the left of
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Fig. 3. Distribution of number of signal events versus the transverse momentum of signal leptons.
a) The transverse momentum of fast leptons Pli.; b) the transverse momentum of slow leptons
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Fig. 4. Distribution of number of signal events versus polar (zenith) angle of signal leptons. a) The
polar angle of fast leptons 6}, ; b) the polar angle of slow leptons 6%,
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Fig. 5. Angle-Energy correlations. a) 0L,/ Fl.; correlation for fast leptons; b) 4., /Loy correlation

for slow leptons

the peak position of the slow lepton spectrum. Both of these spectra demonstrate that the
main part of slow and fast leptons has PL > 0.2 GeV.
Figure 4 demonstrates that the polar (zenith) angle (calculated from the z axis directed

along the beam line) spectrum of less energetic leptons Gélow (plot a) is shifted to the higher

values, as compared to the spectrum of fast leptons Gﬁast (plot b). It is seen that the mean

value of slow leptons angle (6%, ) = 38.2° is more than twice the analogous mean value
l

of fast leptons: (f;,.) = 16.5°. Thus, we conclude that all fast leptons fly in the forward
direction (chast < 80°) and their spectrum practically finishes at Géast = 60° (plot @), while
about 17% of slow leptons (plot b) have 6!, > 60°. It is worth noting that about 5% of

slow
slow leptons may scatter into the back hemisphere.

Figure 5 includes the Angle—Energy correlation plots for fast Gfa

/Bl (plot a) and slow

0100/ Eliow (plot b) leptons in a pair. Figure 5, a demonstrates that the value of the polar angle
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Fig. 6. a) Energy-Energy E..,, / EL.. correlations; b) Angle—Angle 6., / 0L, correlations
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0!, of fast leptons drops with the growth of their energy. Figure 5,b shows the kinematic
region in #—F plane which is covered by slow leptons.

After discussion of distributions of individual leptons let us turn to the distributions that
characterize the produced pair of leptons as a whole system. Figure 6 shows the Energy—
Energy E!\ . /EL.. (plot a) and Angle-Angle 6., /6L . (plot b) correlations.

Data taking of searched signal events is strongly influenced by the cuts on lepton energies
which are imposed from below to suppress the electronic noise and other detector effects which
provide the instrumental background. The analysis of Fig. 6, a is summarized in Table 1. It
demonstrates the loss of signal events after application of the cut Ef E! > E.. which

ast? slow
sets the lower limit E., on the value of lepton energy.

Table 1. Efficiency of the EL._., E'\ow = Feut

Ecut, GeV | The loss of signal events, %

0.5 24
1.0 45

The efficiency of collection of signal events which contain leptonic [T/~ pairs depends
on the angle coverage by the muon system or the EM calorimeter. Figure 6,b shows the
Angle-Angle 0%, /6L . lepton correlation. The results of its analysis are given in Table 2,
which demonstrates what part (in %) of signal events would be lost by imposing the upper
limit 6.4t on the size of muon system or EC.

Table 2. Efficiency of the 6., , 6. < cut cut

0 1ows Otasy < Ocus, © | The loss of signal events, %
20 80
40 39
60 17
90 5

The last line of Table 2 shows that even in the case that the muon system or the EM
calorimeter would cover the angle region A < 90°, about 5% of the events containing the
[T~ signal pairs would be lost.

2. SOME LEPTON PAIR VARIABLES FOR THE ¢g — v* — [Ti~ SUBPROCESS

We consider here a set of physical variables which characterize a produced lepton pair
as a whole system. These variables are constructed from the components of the total
4-momentum of initial-state quark—antiquark system P27 = P4 + PI (o = 0,1,2,3) and
its analog Pt~ = ng + P! for a lepton pair. Thus, Figs.7,a,b show, correspondingly,
the distributions of the invariant masses of initial-state quark—antiquark pair

M = \/(P93)2 = 1, (1)

inv

and the invariant mass of the final-state lepton—antilepton pair

MU =\ /(P2 =, Q*= (P + Pl )2 )
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Fig. 7. Distribution of number of signal events versus the invariant mass. a) The invariant mass of
initial-state quark—antiquark system AMX?; b) the invariant mass of final-state lepton—antilepton pair
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Both invariant mass distributions look rather similar. They are rather short and drop fastly.
The distribution of the invariant mass M{% of the initial-state ¢¢ sytem sharply starts at the
point M9 = 1 GeV and finishes at M = ML'!" ~ 2.5 GeV. Such behaviour at the left
boundary point is due to the internal PYTHIA restriction on the lowest value of the invariant
mass of the initial-state two-body system of any fundamental quark—parton 2 — 2 subprocess.

Different to the spectrum of the invariant mass of the initial-state qgq sytem, the invariant
mass Mil;Vl_ of the final-state /7]~ system has a very small tail at smaller than 1 GeV values

ML= < 1 GeV (see Fig.7,b) (this left tail of M!"!" may appear due to the final-state

radi;tion (FSR) of photons by the produced leptons).

The spectrum of the total lepton pair energy B!’ = E!" + E' is shown in Fig.8,a.
It is seen that the lepton pair total energy disribution is by about 2 GeV longer than the
spectrum of the fast leptons energy Efast (see Fig.2,a).
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Fig. 8. Distribution of number of signal events versus: a) the total lepton pair energy E' ' ; b) the
+- .
total transverse momentum P4 ' of the lepton pair
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The mean value of the total energy of the lepton pair, as seen from Fig. 8, a, is about
5 GeV. From the same plot of Fig. 8 it is clearly seen that in more than a half of events the
lepton pair energy lays in the interval 4 < E'''~ < 12 GeV. So, one can conclude that the
produced lepton pairs are rather energetic and they can carry away quite a noticeable part of
the total energy of the colliding pp system.

The distribution of the longitudinal component leﬂ— = PZl+ + PL of the total 4-mome-
mtum of lepton pair system (not shown here) has a shape which is very similar to the energy
BT spectrum. The explanation of this fact follows from the shape of the distribution of
the modulus of lepton pairs total transverse momentum

PLU = PR = PY + PL |, 3)

which is presented as Pgl_ in Fig. 8,b. One may see that the transverse component distribu-
tion is much more narrow than that of the E'' ' and its mean value is about 1 GeV. For this
reason, the main contribution to the value of lepton pair energy comes from the longitudinal
component P11

3. CUTS FOR BACKGROUND REDUCTION

To extract the information about the signal events, one needs to suppress the background
contribution. The first type of the background are the «fake» leptons which originate from
the hadronic decays at the same signal process'.

It is found that the following cuts (applied to the sample of signal events):
1) we select the events with the only 2 leptons with E; > 0.2 GeV, Pr, > 0.2 GeV;
2) these 2 leptons must be of the opposite sign;

3) the vertex of lepton origin lies within the R < 15 mm from the interaction point,
allow one to select a subsample of signal events including practically a negligible fraction of
events containing fake leptons: 0.008% for the case of electron pair production and 0.001%
for the muon pair production. The loss of the signal events due to application of cuts 1)-3) is
shown in Table 3, from which one sees that it is possible to select the signal events which are
almost free of background fake leptons at the cost of diminishing of the signal events sample
by = 14% for ete™ and ~ 17% for u*p~ production.

Table 3. Loss of signal events after application of cuts 1)-3)

N of cuts | eTe™ production, % | pu*pu~ production, %

1 14.330 16.525
1&2 14.340 16.805
1&2&3 14.341 17.108

IFor detailed distributions of such fake leptons see [6].
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The other source of the background is the leptons produced in the minimum bias (low-Pr
and single diffractive scatterings) events and QCD (mainly ¢ +9g — ¢+9g, 9+9 — g+ g
and g+ ¢ — g+ ¢’) processes where the possibility of appearance of two (and more) leptons
in the final state is very high. The generation of the sample of 2 - 108 pp inelastic scattering
events was done by PYTHIA with the account of the contribution of minimum bias and QCD
parton subprocesses, including the signal ¢+ ¢ — [ 41~ subprocess. According to PYTHIA,
the total cross section of pp — X inelastic scattering is equal to 50.17 mb which is about
107 times higher than that of the signal pp — [T1~ + X process based on the quark-antiquark
annihilation ¢ + § — [T 4+~ subprocess (¢ = 5.57 - 1076 mb).

Figures 9-14 include the plots which show the distributions of kinematic variables of
background leptons originating from hadron decays in minimum bais and QCD events sample.
All these distributions are obtained without application of any cuts.

Figure 9 includes the distributions of the number of final-state background decay leptons
(N for electons and Nlﬁfkg for muons) which may be produced in a single inelastic pp —
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Fig. 9. Distribution of the number of final leptons per event in the background processes: a) electrons;
b) muons
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Fig. 10. Distribution of the background muons versus: a) EY_ . spectrum; b) Pj‘fdeC spectrum
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Fig. 11. Distribution of the background electrons versus: a) Eg,. spectrum; b) P, spectrum
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Fig. 12. Angle distribution of the background: a) electrons; b) muons

X event. One sees from Fig.9,a that most of events (= 96%) have no electrons at all.
Analogously, it is seen from Fig. 9, b that the fraction of events without muons in the final
state is about 60%.

The energy Fqe. and tansverse momentum Prqc. spectra of the background decay leptons
are presented in Fig. 10 for muons and in Fig. 11 for electrons. From Figs. 10,5 and 11, b one
sees that the cut P, > 0.2 GeV (see cut 1) can kill most of eTe™ backgrond and about 70%
of pu+u~ background.

Figure 12 demonstrates the polar (zenith) angle 64, distributions of electons (plot a) and
muons (plot b). The shape of these distributions is very close to the shape of the polar angle

distribution of slow leptons, Gélow, shown in Fig.4,b.

The distributions of lepton production vertices in the z- and z-plane are presented
in Figs. 13 and 14 for the electrons and the muons, correspondingly. By comparing Fig. 13
with Fig. 14 one clearly sees the essential difference between the muon production vertex dis-



514 Skachkova A.N., Skachkov N. B.

N,

v : | Entries 37885 Entries 37885
1012 et Mean -0.8629 v : : | Mean 217
E RMS 205.8| 1012 frooi “| RMS 968.1
[ ia Underflow 0 b ¢ | Underflow 1.148e+11
1011 & Overflow 0 : | Overflow 0
3 Integral 3.8et12] QU frooreires | Integral  3.686e+12
1010 ;_ ........................... ...... :
g 1010 B F . P e
109 - P PP PPN H
E 10° B
—4000 2000 0 2000 4000 0 2000 4000 6000 8000 10000
inlcc’ mm VZ(:icc’ mm

Fig. 13. Distribution of the background electron production vertices in the X plane (a) and Z plane (b)
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Fig. 14. Distribution of the background muon production vertices in the x plane (a) and z plane (b)

tribution and the analogous distribution of background electrons which are produced mostly
very close to pp interaction point (see [6] for details).

To reduce background contribution from the minimum bias and QCD events, we added
two new cuts to the previosly used cuts 1)-3):

4) My (I7,17) > 0.9 GeV;

5) lepton isolation criteria: the summed energy Fg,m, of all particles around the lepton
within the cone of the radius R = /A2 + A2 = 0.2 in the 7 —  space is not higher than
Egum < 0.5 GeV!.

Here A, = ¢;— ¢, is the difference of the azimuth angles ¢ of the lepton (1) 3-momentum

and the 3-momentum of the particle (p), contained in the cone around the lepton. Analogously,
A, =m — np is the difference of the lepton and the particle pseudorapidities.

IThe azimuth angle ¢ and the polar (zenith) angle © spherical coordinates are used to determine the direction of
the 3-momentum of any particle. 7 is the particle pseudorapidity, defined by the formula n = — Intg (©/2) where
© is the polar (zenith) angle.
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The results of the sequent application of all five cuts to the sample of inelastic pp — X
events which includes the minimum bias and QCD events are collected in Table 4.

Table 4. Cuts influence for background events

N of cuts | S/B for u+p~ production | Efficiency | S/B for ete™ production | Efficiency
1 1.41-107° 0.007 5.34-107* 1.78 1074
2 2.12-107° 0.665 5.41-107* 0.98
3 9.94-107° 0.002 5.47-107% 0.99
4 0.123 0.08 9.27 - 1072 0.006
5 Background = 0 — 3.8 0.024

One can see from Table 4 that the last lepton isolation cut, i.e., the choice of only the
events with the final-state leptons having the restricted value of the summarized energy (not
greater than FEg,,, = 0.5 GeV) of other particles contained within the cone of some fixed
radius R = /92 +n? = 0.1,0.2,0.3... around the direction of lepton momentum, allows
one to achieve the value of signal-to-background ratio S/B = 3.8 in eTe™ production case
and to get rid completely of background in uT = case. In both cases the loss of signal events
is about 8%.

Let us note that the same criteria, but with the use of a more restricted form of
the forth cut M, (eT,e™) > 1.0 GeV, allow one to increase the signal-to-background
ratio up to S/B= 9 in eTe™ case at the cost of additional loss of 8% of the signal
events.

4. REMARKS ON
PHYSICS POTENTIAL OF
LEPTON PAIR PRODUCTION PROCESSES

In addition to the opportunity, already mentioned in Introduction, of getting out the
information about parton distributions, let us also mention here two other ones which may be
useful for studying quark dynamics in proton and its PDFs.

The first one is connected with the processes of two

pp— Il + 1l + X 4

or even three lepton pairs

pp— T + 15y +150 + X (5)

production in one event.

Both of them go through the quark annihilation gg — [T/~ subprocesses and have smaller
cross sections as compared to the pp — [f1] + X process. Nevertheless, they may contain
interesting physical information which can be more easily extracted at an intermediate energy
than at a high one. Thus, the measurement of the characteristics of the system of other than
lepton pairs particles, produced in the process (4), shall give us the information about the
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so-called «underlying» event, while the study of analogous distribution in the process (5) may
give us the information about gluon content in the proton. The understanding of the physics
of the «underlying» event, i.e., the interaction of partons which do not participate in the hard
subprocess qg — [T1~, is very important for the interpretation of the results of the present
Tevatron and future LHC experiments.

Another opportunity, provided by the processes (4) and (5) is the study of the so-
called multiple parton interaction processes in pp and pp interactions which are also widely
discussed in connection with the problem of a proper account of background contribu-
tion to the processes which are planned for studying the New Physics at Tevatron and
LHC.

The third opportunity is connected with the possibility of measuring the characteristics of
internal quark motion in the proton. This possibility is based on the fact that the shape of the
distribution of the modulus of the vector sum of quark and antiquark transverse momentum
vectors

PiT = |P¥| = |P% + PY| (6)

practically coincides (due to the transverse momentum conservation law) with the shape of the

. B . . . 1t
above-considered distribution of the modulus of the lepton pair transverse momentum Pp * ,
shown in Fig. 8, bl.

The variable Pf? is of special interest because it contains the information about two
important physical features of quark dynamics inside the hadron. Indeed, in our case when a
beam antiproton is directed along the z axis and it scatters over the proton fixed target, there
may be only three sources of transverse motion of quarks in the initial state®:

A) The internal Fermi motion of quarks (with some transverse velocity) inside a proton,
i.e., the so-called «kp-effect»;

B) initial-state radiation (ISR) of gluons or photons from quarks before hard quark—
antiquark annihilation;

C) final-state radiation (FSR) of photons from quarks after hard quark—antiquark annihi-
lation.

Let us mention that the effect of the process C) is expected to be very small due to its
electromagnetic nature as compared with the contribution from the first two A) and B) which
are caused by strong interaction.

The importance of the first two effects A) and B) was recently discussed [8] in con-
nection with the interpretation of prompt photon production study in the E706 experiment
at Fermilab [9] and also with the study of «y + jet» events at the LHC [10] and Teva-
tron [11].

Recall (see Sec. 1) that all plots in Fig.8 are done for the case that «Fermi motion» (or «kp-effect») and ISR
were switched «on».

2The values of transverse momenta of constituents in a target proton (which is at rest), as well as of those inside
a beam antiproton (which moves along the z axis), are invariant under Lorentz transformations along the z axis.
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CONCLUSION

The set of kinematic distributions are presented which allow one to estimate the en-
ergy, transverse momentum and angle ranges that may be covered by lepton pairs pro-
duced in quark—antiquark annihilation process. They may be useful for proper design of the
muon system and the electromagnetic calorimeter for the detector of the PANDA experiment
at FAIR.

It is also argued that a lot of interesting physical information about proton quark structure
functions and quark dynamics (intrinsic Fermi motion of quarks inside the proton, multiple
quark interactions, gluon content in the proton) can be extracted by the analysis of the
corresponding future data of the PANDA experiment.

An important problem for this study is the estimation of the size of a possible background.
The set of cuts are worked out here which may allow one to suppress effectively the back-
ground contribution. The account of the instrumental effects by the detector Monte-Carlo
modeling would be the subject of the following publications.

The authors are grateful to G.D. Alexeev for the suggestion of this topic for study, the
interest in the work and multiple stimulating discussions of the questions concerned.
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