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1. Introduction

In this paper Central Exclusive Production (CEP) of tinerr- meson pairs in the process
pp— prr - pis investigated (see [1] for recent review of CEP). In general in a-6fpE process,
pp — pXp, scattered protons are tagged in the forward detectors while neuttrah®eyf hadrons
is fully measured in the central detector (see Fig. 1). The physics motivaititie measurement
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Figure 1: Setup of the detector for measurements of Central ExcluBiegluction processes (CEP). In
measurement described in this paper central detector iSRSTRC with TOF capability while forward
scattered protons are measured in silicon strip detectaced in Roman Pots.

presented in this paper can be traced back to heuristic hypothesis [g]tlebills might be pref-
erentially produced in Pomeron-Pomeron-Meson vertices due to high gkrsitg in such pro-
cesses.
The experiments at CERN ISR Collider [3, 4] and CERN SPS
[5] have provided measurements of many CEP-type processes,
however their interpretation in terms of Pomeron-Pomeron colli-
sions is not fully justified [6] at these rather low center-of-mass
energy (62 GeV for ISR and 30 GeV for SPS). The interpretation
of the invariantrr™ T mass spectrum and glueball search has to
be based on consistent theories of the resonance production and O----7 (p1)
non-resonant background. In the present study with very limited PR
statistics (380 events) we test recently published models of the»
non-resonant background [6, 8]. The model of the non-resonant
production of meson pairs in non-perturbative regime has been
originally proposed in [6] and is implemented in the GenEx evenfigure 2: Exclusive production
generator described in [12]. This model can be viewed as an ela8f Meson pairs by double Regge
tic scattering of protons on virtual pair of pions (see Fig. 2). Thegxchangeslf(, R). The absorp-
. . . . tive corrections due to proton-
event generator described in [8] employs a modified amplltud%mton interactions are also in-
defined in [6] as a Born term for the full amplitude of process yjcated.

which includes screening corrections.
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2. Event selection, corrections for detector efficiency andaeptance

The paper presents study of the events collected in runs of STAR expénmii special
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beam optics dedicated to the elastic pp scattering measurements at small amglegm @003 <

t| <0.035 Ge\?. Components of the STAR detector relevant for this analysis are Time Bovjec
Chamber (TPC) [9], used to measure the meson tracks and to determine thetiotevertex,
and silicon micro-strip arrays in Roman Pots (RP) on both sides of the intarquiat [10]. The
event selection is based on Central Production (CP) trigger, tracks@ahiel RP and transverse
momentum balance:

e trigger for CP requires signal in RP on both east and west sides of titxadtion Point (IP)
and low multiplicity Time of Flight (TOF) signal,

e two oppositely charged tracks from the primary vertex with transverse muomepr >
150 MeV and at least 15 hits/track are required,

e exactly one track on each RP,

e transverse momentum balanp@ between all four particles in the final statepi?ss =
IpE +p¥ + mt + | < 0.02 GeV.

The transverse momenta of final protons are esti-
mated assumingpe| = |pw| = 100 GeV. It was veri-
fied that in the range of the invariant 71~ massM;; <
1.5 GeV the effect of proton momentum loss is negligi- 350\
ble for thep"S < 0.02 GeV condition. In Fig. 3 number 300? signal
of selected unlike sign (black points) and like sign (red =% @
points) meson pairs as a function of thg> is shown. It 2007
can be seen that the non-exclusive background, the sourcé®:
of like sign events, quickly decreases with decreased trans-"; m’ﬂ*“*m*
verse momentum imbalance and the above mentioned cut 5°;’:::-—“-'-*-.-::3:::.~...
leaves practically clean sample of 380 CEP events. Asthe 02 04 oc 08 112 YN
majority of events is beloKK thresholddE /dx particle
identification was not applied. Figure 3: Transverse momentum bal-

The acceptance has been calculated using a simpf@ce distribution for events selected by
event generator with uncorrelated four momentum trans-mgge_r’ TP_C and Rptrfcmk r(_aquwements
fers to scattered protorts,t, distributed ase 5t and described in text. Unlike (like) charge

’ sign events are indicated by black (red)
the invariant mas# of the central isotropically decay- ata points.
ing system distributed as/M2.. The generated events,
passed through detailed STAR simulation of the central detector and Geantlatton of the
STAR beam line, RP trigger and RP geometry, describe the data at the déteetovell. The ac-

ceptance and detector efficiency bin-to-bin corrections have beentmadgble kinematic range:

400fr

Events

e 0.005< ty,t, < 0.03 Ge\? (four-momentum transfer to protons)
e |Nx| < 1.0 (pseudorapidity of pions)
e |Nmr| < 2.0 (pseudorapidity oftrt system)

in which acceptance for all measured variables exceeds 10%.
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The data are normalized using elastic scattering events, measured in paralelssuming
the value and shape of the differential elastic scatteppgross section as in [11] (fit tpp and
pp world data). As the RP trigger and detector are common for elastic scatteh@BP, many
systematic uncertainties cancel out in cross section calculation. Inclyderetic uncertainties
are:

e sensitivity to variation of TPC track selection cuts - 6%
e uncertainty of the normalization using elastic sample - 5%
e uncertainty of TOF trigger efficiency (estimated using TOF-independemjerjg 5%

Total systematic uncertainty was obtained by adding these uncertaintiesdratjra. A possible
loss of the elastic events which does not affect CEP events, estimated &slleda 20%, has not
been taken into account in the cross section calculation.

3. Results

STAR preliminary cross section
for Central Exclusive Production of
mtm at./s= 200 GeV in the visi-
ble kinematic range defined above is
133+ 8(stat) + 12(syst)nb. In Fig.

4 the differential cross section for
pp — prrt T p process is presented
as a function oM. The T invari- 300
ant mass spectrum shows characteris-
tic features observed in CEP experi-
ments at lower energies quoted in the 200
Introduction: widefy(600) resonance, 150
sharp drop around 1 GeV due to inter- 100
ference offp(980) with non-resonant 50 ;
background and some structure in the i I Lt *?
region 1.2 - 1.5 GeV. Present low 0.5 1 15
statistics does not allow for any mean-
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ingful interpretation of the resonance Figure 4: Differential cross section for exclusive production
structure. Instead, we test CONsistency of s+ 71 pairs as a function of their invariant madyy.

of the non-resonant background mod- Error bars represent statistical and systematic unceieain
els [6] and [8] with measured differen- added in quadrature. Prediction of GenEx with off-shell
tial cross sections. By far the largest form-factor paramete/r\cz)ff = 1.6 Ge\ and survival factor
uncertainties in tested models are: the c@lculated in [7] SE=0.46 is shown as red curve. Prediction

unknown off-shell form-factor of the ©f DIME Model 1is represented as blue curve.

Born term amplitude and soft survival
factor (SF) due to screening corrections. The off-shell form-factor be parametrized e.g. as
t=m/A%k) where A2, is the i i i

g Sit parameter which controls peripherality of the process and can be
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Figure 5: Differential cross section for the Figure 6: Differential cross section for the ex-
exclusive production ofrr™ 7~ system as a clusive production oft™ m~ system as a func-
function of its pseudorapidity. Red and bluetion of azimuthal angle between scattered pro-
lines represent results of GenEx and DIMEtons. Red and blue and black lines represent re-
respectively. sults of GenEx, DIME and Ansatz respectively.

tuned to the data. In [8] and [12] off-shell form-factor was adjusteducthsa way that the non-
resonant background in the mass spectrum presented in [3] is noaheve the data points. In
GenExAZ%,; = 1.6 Ge\? while for DIME, in which the SF is much smallek2,; = 2.2 Ge\2. The
SF calculated for kinematic range of this experiment in [7] and Born ternmeléfin [6] is 046.
DIME prediction for SF is ®6. In Fig. 4 predictions of GenEx with SF 0.46 and DIME are
shown. It can be seen that the paramoﬁ*téfrf affects strongly not only the normalization but also
the shape of the invariant mass spectrum. As models do not describe thanthwaass distribu-
tion above 1 GeW all the other distributions are calculated in the ramgig; < 1 GeVk? and
predictions are normalized to the cross section measured in this range. Bdéhsndescribe the
data well, however it should be noted that the agreement of similar qualitydeasdbtained with
much simpler generator based on ansatz described in the section 2. Viledeothat the shape of
distributions of kinematic variables (except ¥k, including azimuthal correlation between the
scattered protons shown in Fig. 6, is completely determined by kinematic dotstad assump-
tion of S-wave dominance in the decay of the centrally produced system.t&idd models are
good candidates for non-resonant background in the exclusigiiption of meson pairs.

4. Conclusions and outlook

The measurement of the central exclusive productiomofr— pairs in proton-proton colli-
sions at,/s = 200 GeV at RHIC demonstrates exceptional efficiency of the Roman Rgintag
of scattered protons for reduction of the non-exclusive backgroGndss section for this process
measured in the visible kinematic range with 15% uncertainty is broadly consigitbrpredic-
tions of DIME [8] and GenEx [12] generators, based on Regge phenology and tuned to the
ISR collider CEP data ay/s = 62 GeV. Except for théM,;; invariant mass spectrum, shape of
the measured distributions is well described by models, however it shouidtbd that effect of
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Figure 7: Differential cross section for the ex- Figure 8: Differential cross section for the ex-
clusive production ofr™ rm~ system as a func- clusive production oft™ m~ system as a func-
tion of the azimuthal angle in helicity frame. tion of the polar angle in helicity frame.Red and
Red and blue lines represent results of GenEblue lines represent results of GenEx and DIME
and DIME respectively. respectively.

kinematic constraints is dominant. In particular substantial azimuthal anglelaiton between
scattered protons has purely kinematic origin.

Preparations for CEP measurements in STAR 2015 runs are in progfessent RP setup
will be moved to new position in which RP proton tagging will be possible with thedstahbeam
optics i.e. during normal STAR running. In effect we expect data with 80 times of present
statistics in the higher and wider range of four-momentum transfers to shfiestons.
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