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Abstract

We present results on the Central Exclusive Production of charged particle pairs h+h−

(h= π, K , p), pp→ p′+h+h−+ p′, obtained with the STAR experiment at RHIC in proton-
proton collisions at a center-of-mass energy of

p
s = 200 GeV. All final-state particles were

reconstructed, including forward-scattered protons detected in the Roman Pot system.
As a result, the Double Pomeron Exchange (DPE) events were selected and the non-
exclusive backgrounds were efficiently rejected.

Differential fiducial cross sections were measured as functions of observables related
to the central hadronic final state and to the forward-scattered protons. The measured
cross sections were compared to phenomenological model predictions based on the DPE.

We also present preliminary results on the measurement of the same physics process
at higher collision energy

p
s = 510 GeV. The data demonstrate features similar to those

observed at
p

s = 200 GeV.
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1 Introduction

The Central Exclusive Production (CEP) process in proton-proton collisions, p+p→ p′+X+p′,
is experimentally recognized when all particles of the centrally-produced neutral state X (here
denoting a pair of opposite-charge hadrons, h+h−) are well separated in the rapidity space
from the intact scattered incoming protons (p′). At sufficiently high center-of-mass energies
the process occurs mainly through the Double Pomeron Exchange (DPE) mechanism, which
is considered suitable for the production of the gluon bound states (glueballs). In this pro-
cess the hadron pair continuum and regular resonances are produced as well, all interfering
with each other. Additional soft exchanges are also possible between the particles involved
in the process, spoiling the exclusivity of the reaction (so-called absorption and rescattering
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effects). Theoretical complexity of this topologically-simple process makes it a relevant subject
for experimental and theoretical studies [1–3].

2 Results

The STAR experiment [4] at RHIC has performed a high-statistics measurement of the CEP
process in proton-proton collisions at the center-of-mass energy

p
s = 200 GeV [5]. Figures 1a

and 1b show the differential fiducial cross sections for CEP of π+π− pairs as a function of the
sum of the squared four-momentum transfers, |t1+ t2|, and the azimuthal separation, ∆ϕ, of
the forward-scattered protons, respectively. These physics observables, whose reconstruction
was possible thanks to dedicated forward proton detectors mounted in the Roman Pot vessels,
are particularly sensitive to the absorption effects.

Properties of the central hadron pairs were studied with respect to the angular config-
uration of the forward-scattered protons, which provides sensitivity to dynamical effects of
the Pomeron exchange. Figure 2 shows the invariant mass of the π+π− pairs in two charac-
teristic ranges of ∆ϕ angle. Comparison of the spectra reveals significant differences in the
magnitudes of the structures attributed to f0(980), f2(1270), and potential resonance around
2.2 GeV, in the two regions of ∆ϕ angle. Similar effects have been observed in the CEP of
K+K− and pp̄ pairs, for which the differential fiducial cross sections as a function of the pair
invariant mass are shown in Fig. 3.

Differential cross section as a function of the invariant mass of exclusively produced π+π−
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Figure 1: Differential fiducial cross sections for CEP ofπ+π− pairs as a function of (a)
the sum of the squares of the four-momentum transfers in the proton vertices, and
(b) the difference of azimuthal angles of the forward-scattered protons [5]. Data are
shown as solid points with error bars representing the statistical uncertainties. The
typical systematic uncertainties are shown as grey boxes for only a few data points as
they are almost fully correlated between neighbouring bins. Predictions from Monte
Carlo models GenEx [1], DiMe [2] and MBR [3] are shown as histograms.
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Figure 2: Differential cross sections for CEP of π+π− pairs as a function of the invari-
ant mass of the pair in two ∆ϕ regions: (a) ∆ϕ< 90◦ and (b) ∆ϕ> 90◦, measured
in the fiducial region explained on the plots [5]. Data are shown as solid points with
error bars representing the statistical uncertainties. The typical systematic uncer-
tainties are shown as grey boxes for only a few data points as they are almost fully
correlated between neighbouring bins. Predictions from Monte Carlo models GenEx,
DiMe and MBR are shown as histograms.

pairs measured in the fiducial region was extrapolated to the Lorentz-invariant phase space
volume (Fig. 4). This enabled fitting of the spectrum and extraction of contributions from
resonant states and a continuum. The resonance consistent with f0(1500)was observed in the
region ∆ϕ < 45◦, which might suggest that this state contains a purely gluonic component.
Extracted properties of the resonances, including their cross sections, should help constrain
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Figure 3: Differential cross sections for CEP of (a) K+K− and (b) pp̄ pairs as a func-
tion of the invariant mass of the pair, measured in the fiducial region explained on
the plots [5]. Data are shown as solid points with error bars representing the sta-
tistical uncertainties. The typical systematic uncertainties are shown as grey boxes
for only a few data points as they are almost fully correlated between neighbouring
bins. Predictions from Monte Carlo models GenEx, DiMe and MBR are shown as
histograms.
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Figure 4: Differential cross section dσ/dm(π+π−) extrapolated from the fidu-
cial region to the Lorentz-invariant phase space given by the central-state rapidity,
|y(π+π−)| < 0.4, and squared four-momentum transferred in forward proton ver-
tices, 0.05 GeV2 < −t1,−t2 < 0.16 GeV2 [5]. The left and right panels show the
cross sections for ∆ϕ < 45◦ and ∆ϕ > 135◦, respectively. The data are shown as
black points with error bars representing statistical uncertainties. The result of the fit
is drawn with a solid red line. The squared amplitudes for the continuum and reso-
nance production are drawn with lines of different colors, as explained in the legend.
The most significant interference terms are plotted in the middle panels, while the
relative differences between each data point and the fitted model are shown in the
bottom panels.

DPE models.
The STAR experiment collected CEP data also at a higher center-of-mass energy of 510 GeV.

Studies similar to those performed at
p

s = 200 GeV are ongoing, which will enable direct
comparisons of the CEP process at different

p
s. Figure 5 shows the preliminary invariant mass

spectra of exclusively produced π+π− and K+K− pairs at
p

s = 510 GeV. These preliminary
data are qualitatively compatible with the published results at

p
s=200 GeV. However some

differences are visible e.g. the magnitude of the peak at the invariant mass of 1 GeV for K+K−

(Fig. 5b), which require further investigations.

3 Conclusions

Recent results on CEP of charged hadron pairs: π+π−, K+K− and pp̄, in proton-proton colli-
sions at

p
s = 200 GeV (published results) and

p
s = 510 GeV (preliminary results) obtained

by the STAR experiment have been presented. These are currently the highest center-of-mass
energies, at which this process is measured with the detection of the forward-scattered pro-
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Figure 5: Uncorrected preliminary distributions of the invariant mass of (a) π+π−

and (b) K+K− pairs, produced in the CEP process at
p

s = 510 GeV, measured in
the fiducial region explained on the plots. Error bars represent the statistical un-
certainties. Figure (a) shows data separately for ∆ϕ < 90◦ (blue) and ∆ϕ > 90◦

(black).

tons. The obtained results are expected to help in understanding the Pomeron structure and
developing phenomenological models of the DPE process.
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