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The ¢-mesons production in the relativistic collisions of proton beams with aluminum nuclei
(p + Al, small system) at \/m\, energy of 200 GeV has been studied. The PHENIX experiment
was carried out at the RHIC. The ¢-mesons’ invariant transverse momentum spectra and their
nuclear modification factors were measured in four centrality bins of the range of transverse
momentum (%): 0 — 20, 20 — 40, 40 — 72, 0 — 72. The obtained results were compared with
similar data on the n°-mesons production. The experimental data analysis led to the conclusion
that the ¢-mesons’ nuclear modification factors were equal to one (within the measurement
uncertainties) over all available ranges of centrality and transverse momenta. The findings of
the work testified that quark-gluon plasma did not produce in the performed collisions.
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U3MEPEHUE ®AKTOPOB AAEPHOU MOAUDUKALIUU
¢-ME30OHA B CTOJZIKHOBEHUAX NMPOTOHHbIX NMYYKOB
C AAPAMU ANNTIOMUHUA NMTPU DHEPTUU 200 I'SB

M.M. JlapuoHoBa, S.A. bepdHukoB, A.SA. bepdHukoB,

I0O.M. MumpaHkoG, /].0. KomoG
CaHkT-MeTepbyprckuin NonmMTexHMyecknin yHusepcuteT lMNeTpa Benukoro,
CaHkT-lMeTepbypr, Poccuiickas deaepauus

B pabote u3yueHO pPOXIEHHE (-ME30HOB B PEISITUBUCTCKUX CTOJKHOBEHUSX ITyYKOB
MIPOTOHOB C siApaMu amoMuHus (p + Al, Mamas cucTteMa) MpU 3HEPIUU \/m\, = 200 I'»B,
npoBeaeHHbIX B akcrepumeHTe PHENIX Ha xomnaiinepe RHIC. U3MepeHbl mHBapuaHTHBIE
CIEKTPBl (@-ME30HOB II0 IOMEPEYHOMY MMITYJbCY M WX (haKTOPBI siIEpHON MoauduKamuu
IJIS1 YeThIpeX KJIACCOB COOBITHI 1O LeHTpasbHOCTH, %: 72 — 0 ,72—40 ,40 — 20 ,20 — 0.
[TpoBeneHO cpaBHEHUE TTOJYYCHHBIX PE3YIbTATOB C AaHAJOTMYHBIMU JAHHBIMU IO POXKICHUIO
n’-MEe30HOB. AHAJIM3 MOJyYEHHBIX SKCIEPUMEHTANIbHBIX JaHHBIX MPUBE K 3aKJIIOYEHUIO, YTO
BO BCEX JOCTYIHbBIX OMAaNa30HaxX IO LEHTPAJbHOCTU M IIOMNEPEYHOMY HMITYJIbCY (haKTOPLI
siepHOi MoauduUKaluKU @-ME30HOB paBHbI EIMHMIE B IIpeleaX HeOoIpeAeJIeHHOCTe
usMepeHus. [ToaydyeHHBIN pe3yabTaT CBUAETEAbCTBYET B MTOJb3Y TOI0, YTO B pacCMaTPUBaEMbIX
CTOJIKHOBEHHUSIX KBapK-TJIOOHHAS TIJla3Ma He oOpasyeTcs.

KnoueBble ciioBa: KBapK-TIl0OOHHAs Tia3zMma, 3(Pp@eKT XOJOaHON siepHOoil maTtepuu, (pakTop
siIepHOM MoaudUKaLIIU
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Introduction

Quantum chromodynamics predicts the
existence of a state of matter known as
quark-gluon plasma (QGP), where quarks
and gluons are deconfined. Ultrarelativistic
heavy ion collisions provide an opportunity
for studying the behavior of nuclear matter
at temperatures and pressures sufficient for
QGP production [1]. Exploring the proper-
ties of QGP produced in controlled condi-
tions and its evolution into hadron gas is the
main purpose of the PHENIX experiment
[2] at RHIC (Relativistic Heavy Ion Collider
located at Brookhaven National Laboratory,
USA) [3].

One method for studying the properties of
QGP experimentally is measuring final-state
particle yields. In particular, ¢ mesons have a
range of distinctive properties, such as small
cross section for interaction with non-strange
hadrons and much longer lifetimes (42 fm/c)
than those of QGP [4]. Thanks to these prop-
erties, hadron interactions have less effect on
¢ meson production at the late stages in the
evolution of the system formed in heavy ion
collisions; furthermore, ¢ meson daughter
particles are not rescattered in the hadron
phase.

Thus, the properties of ¢ mesons mainly
depend on the conditions in the early parton
phase, and measuring ¢ meson yields can be
regarded as a clean test for the behavior of
the matter produced in collisions of relativ-
istic nuclei.

Measuring ¢ meson yields can be used
to study the so-called cold nuclear matter
(CNM) effects in small collision systems [5].
Cold nuclear matter effects are understood
as modifications of parton distributions in
the nucleus [6], the Cronin effect [7] asso-
ciated with multiple rescattering of incoming
partons inside the target nucleus, and other
effects.

Analysis of CNM effects by measuring ¢
meson production in small systems can ex-
plain whether the effects observed in heavy
ion collisions are connected with the effects
of cold or hot nuclear matter. In particular,

136

results of such studies can help understand
the difference between nuclear modification
factors of n” mesons, ¢ mesons, and protons
obtained in collisions of gold (Au+Au), cop-
per (Cu+Cu), copper-gold (Cu+Au) nuclei
at %: 200 GeV, as well as uranium nuclei
(U+U) collisions at Vs, = 192 GeV [8, 9].

Measurement procedure

We used the measurement results obtained
with the PHENIX detector at RHIC.
Our goal consisted in reconstructing the
production of ¢ mesons decaying into charged
kaons (¢ — K*K") in collisions of proton and
aluminum nuclei (p+Al) at Vs,, = 200 GeV.

We primarily focused on obtaining invariant
transverse momentum spectra and nuclear
modification factors R, , for ¢ mesons in p+Al
collisions.

As kaons produced in ¢ meson decay are
indistinguishable from other kaons, so all
kaon tracks from each event are combined
into unlike-sign pairs. The components of the
three-momentum vector p for each track were
measured using the drift chamber. Invariant
mass and transverse momentum are calcu-
lated for kaon pairs based on two-body decay
kinematics.

The invariant mass spectrum for unlike-sign
kaon pairs contains both the signal of ¢ me-
sons and the combinatorial background. The
latter includes two components: correlated
and uncorrelated background. The event-mix-
ing technique is used to estimate combina-
torial background [12]. After subtracting the
uncorrelated background from the total spec-
trum, the correlated background is estimated
by fitting the invariant mass distributions to
a Breit-Wigner distribution convoluted with
a Gaussian (where the dispersion equals the
experimental mass resolution of the detector)
to describe the signal, plus a polynomial to
describe the background.

The experimental mass resolution of
the detector is estimated by Monte Carlo
simulation of the spectrometer with zero
width for ¢ — K*K°, where ¢ mesons have
infinite lifetimes. We obtained ¢ meson yields
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by integrating the invariant mass distribution
within £9 MeV/c? of the ¢ meson mass (1.019
GeV/c? [13]) after subtracting the combinato-
rial background.

The invariant spectrum of ¢ meson produc-
tion is calculated as follows in each transverse
momentum bin:

1 d°N
2mp; dprdy 0
1 1 1 N(Ap;)

2TEpT NeventBr geff (pT) ApTAy ,

where p,. and Ap, GeV/c, are the meson
transverse momentum and its bin width re-
spectively; y and Ay are the rapidity and its
bin width; N(Ap,) is the number of mesons
reconstructed with the experimental detector
(meson yields); N, is the total number of
events reconstructed in the given centrality
bin; Sef/(l’r) is the ¢ meson reconstruction
efficiency obtained using Monte Carlo
models of decay, passage and regeneration
of mesons in the PHENIX experiment; Br is
the probability of meson decay via the given
channel.

Suppression of particle yields in relativis-
tic heavy ion collisions is studied by finding
the nuclear modification factors R,,, calcue
lated as a ratio of invariant particle yields
measured in relativistic heavy ion collisions
to the yields of the same particles measured
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in elementary collisions of protons (p+p).
The yield for A+B collision is normalized
to the number of inelastic nucleon-nucleon
collisions.

Nuclear modification factors of particles
in collisions of different nuclei are used to
account for the collective effects governing
the transverse momentum spectra of particle
production, and are calculated by the formula:

R (p ) — ﬁ’ia‘&'ci:l;[ dNAB (pr) (2)
w ! Ncoll dep (pT) ,

where

1 d’N ( p )
dN — AB T
wlpr) 2np,  dp,dy

is the invariant spectrum of meson production
in heavy ion collisions;

2
1 dep

2np, dpdy

is the invariant differential cross-section for
production of these particles in p+p collisions
at the same center-of-mass energy; f, is the
Bayes factor correcting for the bias in centrality
measurements; c’;’;’ = 42.2 mb is the cross sec-
tion for inelastic proton-proton scattering; N_,
is the number of binary collisions in the given
centrality bin.

If R, (pT) = 1, collective effects are
probably absent in heavy ion interactions,
and the interactions may be represented by
superposition of individual nucleon interactions.

dcpp (pT) =
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Fig. 1. Invariant transverse momentum spectra of ¢ meson production in p+Al collisions
at \G;v = 200 GeV in four centrality bins, %: 0—20 (1), 20—40 (2), 40—72 (3), 0—72 (4).
The dotted curves were fitted with the Lévy function.

Bars and boxes correspond to statistic and systematic uncertainty, respectively
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Fig. 2. Distributions of nuclear modification factors as function of transverse momentum

for ¢ meson production in p+Al collisions at Vs,, = 200 GeV in four centrality bins, %:
0—20 (a), 20—40(b), 40—72(c), 0—72(d); y| < 0.35
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Fig. 3. Distributions of nuclear modification factors as function of transverse momentum
for ¢ and n° meson production in p+Al collisions at \/3;, = 200 GeV in four centrality bins, %:
0—20 (a), 20—40 (b), 40—72 (¢), 0—72 (d); |[y| < 0.35
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If R (pT) < 1 (> 1), particle yields are
supressed (or, respectively, excessive), which
may confirm the presence of collective effects
in heavy ion interactions.

Experimental results and discussion

Fig. 1 shows invariant transverse momentum
spectra of ¢ meson production in p+Al
collisions at M = 200 GeV. These spectra
were measured in four centrality bins, %:
0—72, 0—20, 20—40 n 40—72, with transverse
momenta ranging from 1.0 to 4.0 GeV/c, and
fitted with the Lévy distribution:

I dN _m
2np, dp;dy 2m

(n—1)(n-2) k+Joim | ©

><(ker(p(n—l))(k+mw) k+m, ’

where m, GeV/c?, is the invariant mass of the
¢ meson, k, m, n are free parameters.

The transverse momentum spectra obtained
were used to calculate nuclear modification
factors of ¢ mesons in p+Al collisions at
m = 200 GeV.

Fig. 2 shows the distributions of nuclear
modification factors R depending on

AB
transverse momentum, measured for ¢
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mesons in p+Al interactions at m = 200
GeV in different centrality bins. Evidently,
the nuclear modification factors R,, for
¢ mesons equal unity in all centrality bins
over the entire range of transverse momenta
within uncertainties.

Fig. 3 shows a comparison of nuclear
modification factors for ¢ and n° mesons in
p+Al collisions at m = 200 GeV. Apparently,
the nuclear modification factors for ¢ and =°
mesons take the same values in all centrality
bins over the entire range of transverse momenta
within uncertainties. This may indicate that
CNM effects have no impact on the difference
between the nuclear modification factors for
¢ and n° mesons in collisions of gold, copper
and uranium nuclei (Au+Au, Cu+Cu, Cut+Au,
U+U) [8, 9].

Conclusion

We have measured the invariant transverse
momentum spectra and nuclear modification
factors for ¢ mesons in p+Al collisions at
\/%V = 200 GeV.

The nuclear modification factors for ¢
mesons equal unity in all available centrality
bins and over the entire range of transverse
momenta within the uncertainties. The results
obtained confirm that the collisions under

consideration produce no quark-gluon plasma.
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