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1. Introduction

The STAR experiment [1] at RHIC reports a high-statistics measurement of the Central Ex-
clusive Production (CEP) process in proton-proton collisions, p + p — p’ + X + p’, based on the
data collected at the center-of-mass energy /s = 200 GeV [2]. The process is 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 beam (or target) particles
(p’). In the limit of high center-of-mass energies the process occurs mainly through the Double
Pomeron Exchange (DPE) mechanism. The QCD representation of the Pomeron as a pair of gluons
in the color singlet makes the process potentially suitable for the production of the gluon bound
states (glueballs). However, in this process also regular mesons (resonances) are produced, accom-
panied by the direct hadron pair production, all interfering with each other. On top of this some
additional soft exchanges are possible between the particles involved in the process, spoiling the
exclusivity of the reaction (absorption effects). Theoretical complexity of this topologically-simple
process makes it an important object of experimental and theoretical studies [3-5].

2. Event selection

The data used for the measurement were collected with a dedicated trigger, which required
coincidence of the trigger signals in Roman Pot (RP) detectors [6] on two sides (East and West) of
the interaction point (IP), accompanied by the trigger signal in the Time-of-Flight (TOF) system
(In] < 0.9) and a veto on activity in the Beam-Beam Counter (BBC) scintillators (3.3 < |n| < 5).
In the offline analysis exactly two good-quality RP tracks were required, one per each side of the IP.
The tracks of forward-scattered protons were required to lie within the fiducial region described as a
function of transverse momentum components (Fig. 1a). As shown in Fig. 1b, the four-momentum

S L U B T 700’>‘N x103, , , ,
3 o 4L STAR JI ° 3 STAR +pop+h’h+p’ (S = 200 GeV
O, 0.4_— 1600 E o 157 ptp-p p = g
= 1 < 3 < P (p, +0.3 GeVy + p2 < 0.25 GeV?
0.2k J5500 x o U 0.2GeV <|p | < 0.4 GeV
1 > 10l - p,>-0.2 GeV 1
ok __ Forward proton p+p —p'+h'h+p’ _-_400 = g
[ fiducial region {5 =200 Gev {1 2 o . - Data (east RPs)
—0.2F —— ] ; © 4~ Data (west RPs)
2 14200 € 5 - :
[ ] g -
-0.4f J4100 ¥ o
r T =
T R B P | '_0 0 L ) . oy
-04 -02 O 0.2 04 0.05 0.1 0.15 0.2
p, [GeV] It] [GeV?]
(a) (b)

Figure 1: (a) Merged distributions of diffractively scattered protons momenta p, vs. py in exclusive h*h~
events reconstructed with the East and West RP stations, are shown together with the kinematic region used in
the measurement marked with the black line. (b) Distributions of measured squared four momenta transfers
at the proton vertices for exclusive h*h~ events with all particles in the fiducial phase space are shown for
East and West stations with yellow and blue colour, respectively.
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transfers, |¢|, of the forward-scattered protons from the fiducial region, were generally greater than
0.04 GeV?2, which suppressed contributions from the photon-Pomeron exchanges.

The tracks of the centrally-produced h*h~ pairs were reconstructed in the Time Projection
Chamber (TPC). Exactly two good-quality opposite-sign TPC tracks were required in the single
primary vertex, both matched with the hits in the TOF detector. They were required to satisfy
minimum transverse momentum cut, pt > 0.2 GeV, and obey pseudorapidity constraint |r| < 0.7.
Using the specific energy loss reconstructed for each track, dE /dx, and the time of flight from the
vertex to the TOF detector, it was possible to identify 7*7~, K*K~ and pp pairs.

The above selections were supplemented with a few additional criteria. The most important
requirement utilized the fact that in addition to the central state particles also the forward-going
protons were measured. It was possible to construct the total transverse momentum of all four
final-state particles, p?i“, which efficiently verified exclusivity of an event. As shown in Fig. 2a,
a cut pi*** <75 MeV was used to select CEP events represented by a narrow peak near pi*** = 0.
The width of the peak was determined by the transverse momentum resolutions dominated by the
angular divergence of the proton beams. The data-driven method based on the p?isg distribution was
used to estimate the non-exclusive background, whose amount in the final samples was suppressed
to the level of several percent. The method was also used differentially as a function of the physics
observables, e.g. invariant mass of the 7% 7~ pair, as shown in Fig. 2b.
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Figure 2: Uncorrected distributions of the CEP event candidates’ (a) missing transverse momentum p?iss
and (b) invariant mass of the charged particle pairs produced in the final state for 7*nx~ pairs. Invariant
mass distribution is obtained for the signal dominated region marked with the red arrows on the p?iss plot.
Distributions for opposite-sign and same-sign particle pairs are shown as black and red symbols, respectively.
The vertical error bars represent statistical uncertainties. The horizontal bars represent bin sizes. Solid
magenta histograms correspond to the estimated non-exclusive background, determined differentially from
the number of counts in the hatched range 0.16 GeV < p?iss < 0.24 GeV, and extrapolated to the signal
region indicated with dashed red line and arrow.

3. Results

The primary results of this analysis are differential fiducial cross sections for CEP of n*n~,
K*K~ and pp pairs. Figures 3a and 3b show the differential fiducial cross sections for CEP of 77~
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pairs as a function of the azimuthal separation, Ag, and the sum of the squared four-momentum
transfers, |f; + ;|, of the forward-scattered protons, respectively. These observables represent the
forward-scattered protons and are particularly sensitive to the absorption effects. Properties of the
central hadron pairs were studied with respect to the configuration of the forward protons, which
reflects the dynamics of the Pomeron exchange. Figure 4 shows the invariant mass of the 77~
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Figure 3: Differential fiducial cross sections for CEP of n* 7~ pairs as a function of (a) the difference
of azimuthal angles of the forward-scattered protons, and (b) the sum of the squares of the four-momenta
transfers in the proton vertices. Data are shown as solid points with error bars representing the statistical
uncertainties. The typical systematic uncertainties are shown as grey boxes for only few data points as they
are almost fully correlated between neighbouring bins. Predictions from MC models GenEx [3], DiMe [4]
and MBR [5] are shown as histograms.
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Figure 4: Differential cross sections for CEP of n* 7~ pairs as a function of the invariant mass of the pair in
two Ag regions: (a) Agp < 90° and (b) A > 90°, measured in the fiducial region explained on the plots. Data
are shown as solid points with error bars representing the statistical uncertainties. The typical systematic
uncertainties are shown as grey boxes for only few data points as they are almost fully correlated between
neighbouring bins. Predictions from MC models GenEx, DiMe and MBR are shown as histograms.
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Figure 5: Differential fiducial cross sections for CEP of 7%z~ pairs as a function of ¢ for three ranges
of the #*n~ pair invariant mass: (a) m < 1 GeV, (b) 1 GeV < m < 1.5 GeV and (¢) m > 1.5 GeV. Data
are shown as solid points with error bars representing the statistical uncertainties. The typical systematic
uncertainties are shown as grey boxes for only few data points as they are almost fully correlated between
neighbouring bins. Predictions from MC models GenEx, DiMe and MBR, as well as predictions for pure Sy
and Dy waves, are shown as histograms. In the bottom panels, the ratios of the MC predictions scaled to data
and the data are shown.

pairs in two characteristic ranges of Ag angle. Many structures are found in the spectrum whose
magnitudes significantly vary with the Ag angle. Studies of angular distributions, e.g. of the
azimuthal angle of positively charged pion in the Collins-Soper frame [7], $*5(x*) (Fig. 5), reveal
that 7+ 7~ pairs of the invariant mass below 1 GeV are dominated by the S-wave, while in the region
between 1-1.5 GeV have significant contribution from the D-wave. A successful attempt to model
the extrapolated invariant mass spectrum of ¥z~ pairs was performed (Fig. 6), which confirms
production, in addition to the continuum, of f3(980), f>2(1270) and fp(1500). The last resonance,
found to be dominantly produced at Agp < 90°, is generally considered as a potential state with
some gluon admixture.

4. Summary

Recent results on CEP of charged particle pairs in proton-proton collisions at v/s = 200 GeV
obtained by the STAR experiment have been presented. It is currently the highest center-of-mass
energy, at which this process was measured with detection of the forward-scattered particles. The
data should help in understanding of the DPE mechanism and developing models of the process.
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