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Study of the transverse component of the momentum vector of charged pions and protons
in p? +C interactions at the momentum of incident protons with 4.2GeV/c
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Abstract: To obtain information on collective phenomena, such as the formation of A%-baryon resonances,
the properties of negative m -mesons and protons are studied using comparisons of pC - and pp -
interactions at 4.2 GeV/c. For comparison, the value of R (pr) as a function of the transverse momentum
is used. The data were obtained from a 2-m propane bubble chamber of the Joint Institute for Nuclear
Research (Dubna, Russia).
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1. Introduction

The transverse momentum of a particle, which is a Lorentz-invariant quantity, has been
accepted as a useful parameter in the study of strong interaction dynamics [1].

From the study of proton-proton, proton-nucleus interactions at the energies of
Relativistic Heavy-lon Collisions (RHIC), it is clear that the production of baryons is enhanced
and this is believed to be due to the multi-nucleon scatterings of initial partons [2]. The
production of negative hadrons and protons has also been calculated, which shows that as the
mass of the incident particle increases, the multiplicity (average number of negative particles) of
negative particles also increases as a result of proton-proton and proton-nucleus interactions [3].

The particles with high transverse momentum at low energies, /Sy, = 17.2GeV, show
Cronin enhancement [4], which is related to the multiple nucleon scatterings of the partons
inside the substance. At higher energies, /Sy, =62.4GeV, in central collisions, there is no

Cronin enhancement and high-pr particles suppress at very high energy, i.e. /Sy, =200GeV.

The suppression of the particles varies with the particle mass at /S, =200GeV, i.e. particle with

higher mass suppresses less and vice versa. The nuclear modification factor, a term used for the
observation of an increased amount of particle production at high pr, decreases with increasing
energy. One interpretation of no Cronin enhancement at forward rapidity is that coalescence
decreases it.

At the QM2005 conference, calculations of high-pr hadron suppression at the Super
Proton Synchrotron (SPS) were presented for neutral short-lived K -mesons Rcp (pT), positive
and negative m-mesons and protons [5] in comparison with radiative energy loss calculations.
The introduction of energy loss in a medium, with charged hadron multiplicity scaling as
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dNch/d7 (the density of charged particles per unit of n, where n is the pseudo-rapidity) leads to
good agreement between calculation and data. These data solve the high transverse momentum
suppression puzzle at the SPS: the medium densities inferred from bulk multiplicity and high-pr
inclusive hadron measurements are consistent. However, significant theoretical uncertainties
remain due to the potentially high Cronin effect at lower energies.

The neutral pion spectra are measured [6] in pC and pPb collisions at the energy of /S,

= 17.4GeV in the range of 0.7<pt<3.5GeV/c. Based on these spectra, the nuclear modification
factor for PbPb collisions at CERN SPS energies has been determined using a measured pA
reference. In very central PbPb collisions (0 -1%), a significant suppression of high-pt neutral
pions is observed (= 0.5), which is reminiscent of the high-prt hadron suppression observed in
CuCu and AuAu collisions at RHIC. The pion suppression, together with the results at higher
energies from RHIC, will allow constraining the energy dependence of hadron suppression.

A study of transverse momentum spectra for positive and negative pions, protons, and

antiprotons from gold-gold and copper-copper data at the energies /Sy, = 200 and 62.4GeV as a

function of collision centrality and by comparing these measurements with pp and dAu data
shows [7] that the suppression of the charged pions at high-pr allows us to conclude that the
partons undergo a large energy loss due to a hot, dense medium created during the collisions.
Analysis of protons and pions indicates that the partonic energy loss is similar for both the
gluons and quarks.

2. The Experimental method of pC —interactions

The experimental data were obtained using the 2m propane bubble chamber of the
Laboratory of High Energies of Joint Institute for Nuclear Research (JINR) (Dubna, Russia)
exposed to a beam of protons, helium, and carbon nuclei at the momentum 4.2AGeV/c per
nucleon at Dubna Synchrophasotron [8]. In Table 1, specifications of pC and pp —interactions are
given. In this experiment, the impurity of the charged strange particles does not exceed 1%.
Therefore, all negative particles, except for identified electrons, were considered as negative
pions. The impurity not identified electrons in studied collisions are practically absent. The
average density of 6 -electrons on tracks of protons with a length of a trace more than 5 mm
made 0.021 + 0.001cm™.

Table 1
Features of the experiments
The No. of
Type of momentum of . .
. . Accelerator year inelastic
interaction the beam, interactions
GeVic
Synchrophazotron,
pC 4.2 LHE, JINR, Russia | ~07° 0736
pp 4.2 Synchrophazotron, 1976 4753

Positive particles contain positive pions, protons, and heavier single-charged fragments
of nuclei (deuteron, tritium). The observed fragments with Z > 2 were fragments of a nucleus
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projectile. Different procedures were used for the allocation of fragments from a set of all
positively charged particles. Using them, it has been obtained, that a fraction of positive pions in
the total number of positive particles in the momentum range of pr+= (0.5-2.0)GeV/c did not
exceed 13.5 %.

Protons, deuterons, and heavier fragments in a propane bubble chamber can be possibly
divided for the ionization density along the tracks only in a momentum range of (1.0-2.0)GeV/c.
Experimentally certain value of the contribution of deuterons and heavier fragments in the total
number of fragments was equal to ~2.2% in a considered momentum range. In our experiment, it
allows us to assume that the positively charged particles (except for identified positive pions) are
mainly protons. Protons used in the work were taken with p>0.15GeV/c and negative pions with
p>0.08GeV/c, since 0.15GeV/c and 0.08GeV/c are the average lower momentum thresholds for
proton and pion registrations, respectively, in propane chamber. Below these threshold values
the efficiency of registration of these particles is very low. So-called stripping protons (spectator
protons from projectile-nucleus) with p>3GeV/c and 6 (emission angle) <4 degrees (in
laboratory frame) for interactions at initial momentum of 4.2AGeV/c were excluded.

We have analyzed 4753 inelastic pp -interactions at energy 4.2GeV/c and 6736 inelastic
pC -interactions at 4.2GeV/c. To obtain information on collective phenomena, such as the
formation of A%-baryon resonances, the properties of negative © -mesons and protons are studied
using comparisons of pC - and pp -interactions at 4.2 GeV/c. Particle yield dN/dpr is calculated
and then nuclear modification factor R is established by comparing pA yield with pp yield.

Now let’s present the experimental results from proton-carbon interactions taken from
2m propane bubble chamber. The Nuclear Modification Factor has been used to analyze the
results. Its general formula is the following:

CIUNE (AN, OP)T
WNEhe (N /BRI

It should be noted that integration of the nominator (and denominator) gives us the mean
multiplicity (it is the number of particles per event) of pC and pp -interactions. The mean
multiplicity is one of the important features for obtaining important information from hadron-
nuclear and nuclear-nuclear interactions.

2.1. The experimental results for protons

In Figure 1, the values of R for protons are given. The momentum of the incident protons
is 4.2GeV/c. It is seen that:

1. Inlow ptregion (pt<0.3GeV/c), a peak at pr>0.15GeV/c is seen;
2. There is a weak enhancement in the high-p: region (pr>1.2GeV/c).

2.2. The Experimental results for negative pions

In Figure 2, the values of R [N s (AN /0PI negative pions are given. The
igure 2, the values = gative pions are given.
[N (AN /dp)]™

momentum of the incident protons is pp= 4.2GeV/c. It is seen that:
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1. There are two different regions for the emission of m~ -mesons: p1<0.45GeV/c and
pr>0.45GeV/c. The value of R in both regions increases;

2. At pt=0.45GeV/c, one can observe a minimum that could be used in order to distinguish
low and high-pr regions for pions;
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Fig. 1. The ratio R (protons) for pC -interactions at 4.2GeV/c

3. There is a tendency in the increase of the mean multiplicity of negative pions in the low-
pt region (pr<0.45GeV/c) in pC -interactions compared to pp -interactions at the same
incident energy (4.2GeV/c).
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Fig. 2. The ratio of R (negative pions) for pC -interactions at 4.2GeV/c.
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3. Conclusion

In R(pt) dependence, the mean multiplicity of negative pions increases in the high- pr
region (pr>0.45GeV/c). These are not correlated with the slow protons (p1<0.3GeV/c), which do
not participate in the interaction. That’s why these high-pt pions and slow protons are direct
particles. But in R(pt) dependence, in the high-p; region (pr>1.2GeV/c) for protons, the
enhancement is observed. This enhancement is due to the collective phenomena, i.e. because of
the contribution from central-central collisions, where the pt enhancement can be explained to be
due to the processes of hard scattering in central nucleus-nucleus collisions. High-pt protons are
correlated with the low-p: negative pions (pr<0.45GeV/c). The dominant mechanism for the
emission of the low-pr negative pions and high-pr protons is the A° -baryon resonance decay.

By studying the multi-nucleon phenomenon in hadron-nucleus and nucleus-nucleus
interactions one can get useful information about collective phenomena. Our results can be used
in other hadron-nucleus and nucleus-nucleus interactions with different incident particles and
energies, as well as in heavy-ion collisions, especially in SPS, RHIC, and Large Hadron Collider
(LHC) experiments.
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N3YYEHUME NIONNEPEYHEI'O KOMIIOHEHTA BEKTOPA UMITYJIBCA
3APSKEHHBIX IMOHOB U ITIPOTOHOB B p'? +C B3AUMOJIECTBUSAX ITPU
NMITYJBbCE NAJAIOIIUX IMTPOTOHOB C 4,2I3B/c

A.I'. I'yceiinanues
Pestome: UToObl 110TyInTh MHPOPMALMIO O KOJUIEKTUBHBIX SBJIECHHUSX, HanpuMmep, o poxaenun A’ —

0aprMOHHBIX PE30HAHCOB, CBOWCTBA OTPUIATENILHOTO T —ME30HOB M TIPOTOHOB W3YYEHBI C
ucrosib3oBaHueM cpaBHeHuil PC - u pp —B3aumozelcTBuid npu umiyiasce 4,213B/c. ns cpaBHeHus,
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UCIIOJIb30BaHa BedndnHa R (P1), Kak (QYHKIMS MOMEPEYHOro HMMIyJbca. JlaHHBIE MONy4YeHbl M3 2-X

METpPOBOM TPONAHOBOI IMy3bIppKOBOM KaMepbl OO0wnenmnuHEéHHOTO MHCTHTyTa Snepusix MccnemoBaHwmii
(Hdy6na, Poccus).

Knrouesnle cnosa: mpoToH-yTIepoaHOe B3anMoelicteue, 4.21'3B/c, monepeyHslii KOMITOHEHT UMITYJTbCa,
KOJUICKTUBHBIC SIBJICHUS

4.2QeV/c IMPULSLU DUSON PROTONLARIN p'? +C QARSILIQLI TOSIRLORINDO
YUKLU PION VO PROTONLARIN IMPULS VEKTORUNUN ENINO
TOPLANANININ OYRONILMOSI

Y.H. Hiiseynoaliyev

Xiilasa: Kollektiv hadisalor, masalon A° —baryon rezonansin amologalmasi haqqinda molumat almagq {igiin
4,2GeV/c impulslu pC va pp qarsiligh tasirlorinds yaranan proton vo monfi yiiklii £ —mezonun xassalori
Oyranilmisdir. Miiqayisa {iglin, impulsun enina toplananinin funksiyasi kimi R (pr) kamiyyatindan istifado

olunmusdur. Verilonlor, Birlosmis Niiva Todgiqatlar1 Institutunda, propanla doldurulmus 2 metrlik
gabarciqlt kameradan (Dubna, Rusiya) alinmisdir.

Acgar sézlar: proton-karbon garsiligl tasiri, 4.2QeV/c, impulsun enina toplanani, kollektiv hadisalor
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