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We report the results on the searches of exclusive production of low- and high-mass pairs with the

Compact Muon Solenoid (CMS) detector in proton-proton collisions at
√

s= 7 TeV. The analyses

comprise the central exclusiveγγ production, the exclusive two-photon production of dileptons,

e+e− andµ+µ−, and the exclusive two-photon production ofW pairs in the asymmetrice±µ∓

decay channel. No diphotons candidates are observed in dataand an upper limit on the cross

section is set to 1.18 pb with 95% confidence level forET(γ) > 5.5 GeV and|η(γ)| < 2.5. In

the measurement of exclusive dilepton production, seventeen e+e− candidates are observed in

data withET(e) > 5.5 GeV and|η(e)| < 2.5, and the cross section for the exclusive dimuon

production is set toσ(pp→ pµ+µ−p) = 3.38+0.58
−0.55 (stat.)± 0.16 (syst.)± 0.14 (lumi.) pb for

m(µ+µ−)> 11.5 GeV,pT(µ)> 4 GeV and|η(µ)|< 2.1, both in agreement with the theoretical

predictions. For high-mass systems, two events are observed in data for the exclusive two-photon

production ofW pairs forpT(µ)> 4 GeV,|η(µ)|< 2.4 andm(e±µ∓)> 20 GeV. Moreover, the

study of the tail of the dilepton transverse momentum distribution resulted in model-independent

upper limits for the anomalous quartic gauge couplings, which are of the order of 10−4.
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1. Introduction

The mechanisms of exclusive production in proton-proton collisions,pp→ p+X + p, are
characterized by the scattering of protons in small angles and the production of a central system
with large rapidity gaps. In such interactions, no hadronic activity is observed in the final state apart
of the particles in central rapidity and the very-forward protons. Considering these experimental
signatures, the possible production mechanisms are the Pomeron (IP) and photon exchanges. The
IPIP interaction, which represents a color-singlet state usually described by the two-gluon exchange
in thet-channel, is mostly applied for the diphoton and Higgs boson production [1]. Another pos-
sibility is theγIP interaction in view of the production of vector mesons [2, 3]) and neutral vector
bosons [3, 4]. Also, theγγ interaction is employed for the production of pairs (γγ → ℓ+ℓ−,W+W−)
and is a well-known process in the framework of quantum electrodynamics (QED) with accuracy
higher than 1%. In this paper we report the results on the central exclusive production of dipho-
tons [5], and on the two-photon production of dileptons (e+e− [5] andµ+µ− [6]) andW pairs [7]
in proton-proton collisions at

√
s = 7 TeV.

Considering that the forward protons escape the detector, large contributions come from pro-
cesses with inelastic interactions with one of both protons dissociating into a low-mass hadronic
system. Moreover, these processes are less understood theoretically and corrections due to rescat-
tering have to be taken into account. Models are being developed to account for these corrections,
often called survival probability, resulting in a survival probability closeto 100% [8] for two-photon
processes. On the other hand, these corrections are large for the central exclusive production of
diphotons and are taken into account for the estimation of the cross section.Then, the contribu-
tions from elastic and inelastic interactions are included in the study of both exclusive production
of dileptons andW pairs.

2. Diphoton production

The predictions obtained with EXHUME generator [9] are based in the KMR model for the
central exclusive production of diphotons [1]. In this model, the Pomeronis described by the
two-gluon exchange in thet-channel, where two gluons participate in the hard interaction while a
third soft gluon is exchanged between the protons to neutralize the color flow. Hence, the gluon
emission from the proton is accounted with a parton distribution functions (PDF), which results in
a sensitivity of the cross section to the low-x gluon densities, namelyσ ∼ [g(x)]4, wherex is the
fraction of momentum of the proton carried by the gluon.

A data sample corresponding to a integrated luminosity of 36 pb−1 is analyzed for the search
of central exclusive diphoton events. The offline selection criteria requires exactly two photon
candidates, each withET(γ) > 5.5 GeV andη(γ) < 2.5. Additionally, the photon candidates are
required to pass the identification criteria with information from both HCAL and ECAL. As an
electron can be misidentified as a photon, the hits in the pixel trackers are analyzed to account for
this effect. In order to select only exclusive events, the offline selectionalso reject the tracks from
the proton dissociation in the range|η | < 5.2. Due to the softness of the process, the two photon
in the final state are expected to be back-to-back (∆φ ∼ π) and balanced in transverse energy
(∆ET ∼ 0). Other sources of diphoton events are considered, such that non-exclusive production,
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Figure 1: (Left) Comparison of the estimated upper limit for the central exclusive diphoton production with
theoretical predictions. (Right) Transverse momentum distribution of thee+e− pair.

exclusivee+e− production (with an electron being misidentified as a photon), cosmic ray events
andπ0π0 production (withπ0 → γγ). The expected number of background events is 1.79± 0.40.

After applying all the selection criteria, no diphoton event is observed. TheCLs approach [10]
is used to compute an upper limit for the production cross section, resulting in alimit with 95%
confidence level:

σ [ET(γ)> 5.5 GeV, |η(γ)|< 2.5]< 1.18 pb. (2.1)

This result includes both exclusive and semi-exclusiveγγ production cross sections, with no par-
ticle activity from the proton dissociation within|η | < 5.2. Figure 1 (left) presents the estimated
upper limit in comparison to different theoretical predictions for the centralexclusive diphoton pro-
duction (only the elastic process). As a result, the estimated upper limit is one order of magnitude
above the predictions with next-to-leading order (NLO) PDFs.

3. Dilepton production

Following the same procedure as in the diphoton case, the analysis of the exclusive production
of dileptons only events with no additional tracks associated to the dilepton vertex. In the case of
e+e− production, a data sample containing an integrated luminosity of 36 pb−1 is used to select
exactly two electron tracks with opposite charges and withET(e) > 5.5 GeV andη(e) < 2.5.
The analysis also take care of background events associated to the non-exclusivee+e− production
(controlled by the number of additional tracks associated to the vertex), exclusiveϒ(nS) production
(γIP → ϒ(nS)→ e+e−and completely rejected withET(e) > 5.5 GeV), cosmic ray contamination,
and exclusiveπ+π− production viaIPIP fusion. It follows that the expected number of background
events is 0.85± 0.28.

After electron reconstruction and identification, cosmic-ray rejection and exclusivity require-
ments, seventeen events are observed in data in comparison to 16.3± 1.3 (syst.) events expected
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Figure 2: Transverse momentum and∆pT distributions for the dimuons.

from theory. Figure 1 (right) presents thepT distribution of thee+e− candidates in agreement with
electrons being back-to-back (∆φ ∼ π) and balanced in transverse energy (∆ET ∼ 0).

The two-photon production ofµ+µ− is studied in a event sample with an integrated luminosity
of 40 pb−1. Similarly, events with exactly two muon tracks are selected in data containing no other
tracks associated to the dimuon vertex. In addition, vertices related to exclusive dimuon events are
separated from those related to the background, like by Drell-Yan (DY) and QCD production, with
the requirement of no additional tracks be separated by less than 2 mm fromthe dimuon vertex.

The exclusivity selection for the dimuons follows the requirements to keep higher muon ef-
ficiencies, then only muons withpT(µ) > 4 GeV and|η(µ)| < 2.1 are retained. Also, the re-
quirement ofm(µ+µ−) > 11.5 GeV rejects events from the exclusiveϒ(nS) production,γIP →
ϒ(nS)→ µ+µ−, and selecting events with opening angle smaller than 0.95π reduces the contri-
bution from cosmic ray muons. Finally, muon candidates are required to be back-to-back, re-
lated to the acoplanarity cut of 1− |∆φ(µ+µ−)/π| < 0.1, and balanced inpT, |∆pT(µ+µ−)| =
~pT(µ+)−~pT(µ−)| < 1.0 GeV. The final result is 148 events passing all the criteria. Figure 2
shows thepT and ∆pT distributions of the dimuons considering elastic and inelastic production
with background events from the DY production. As a result, the measuredcross section is set to:

σ(pp→ pµ+µ−p) = 3.38+0.58
−0.55 (stat.) ± 0.16 (syst.)± 0.14 (lumi.) pb, (3.1)

which is consistent with the theoretical QED predictions [11].

4. W pairs

The search for exclusive two-photon production ofW pairs analyzes the processes related
to the standard model (SM) diagrams with the singleγγ → W+W− coupling and those withW
exchange in thet- and u-channels [7]. A data sample corresponding to 5.05 fb−1 is analyzed
to select exclusive events where theW bosons decay into charged leptons, following a similar
procedure as in the dimuon case. In order to reduce the contribution of background events from
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the DY production of dimuons, the search for exclusiveW-pair events is carried out in thee±µ∓

decay channel with asymmetric triggers withpT(ℓ) thresholds of 17 GeV and 8 GeV. The selection
criteria consists of leptons withpT(ℓ)> 20 GeV and|η(ℓ)|< 2.4 and pairs with an invariant mass
larger than 20 GeV. Then, the exclusivity requirement ensures that events have no additional tracks
related to the dilepton vertex, acoplanarity of 1−|∆φ(ℓ+ℓ−)/π|< 0.1 and|∆pT(ℓ

+ℓ−)|< 1.0 GeV.
Moreover, a kinematic cut ofpT(ℓ

±ℓ∓) > 30 GeV is used to reduce the contribution from DY
production of dimuons andτ+τ−.

Besides, theγγ → µ+µ− process is still studied in order to keep a control sample to validate
the selection and estimate the proton dissociative contribution, since no eventgenerator is available
for the semi-exclusive productionW pairs. The LPAIR generator [11] is employed to produce the
simulated event samples for the elastic and inelastic production of dimuons. In this study, a scale
factor for the proton dissociative contribution is estimated asF = 3.23± 0.50 (stat.)± 0.36 (syst.)
in the region ofm(µ+µ−) > 160 GeV [7] and used to scale the signal predictions for theW+W−

events.
After passing all the criteria, 2 events are observed in data in comparison to2.2± 0.5 signal

and 0.84± 0.13 background events expected. This result can be converted into a cross section for
the exclusive two-photon production ofW pairs like:

σ(pp→ p(∗)W+W−p(∗) → p(∗)e±µ∓p(∗)) = 2.1+3.1
−1.9 fb, (4.1)

wherep(∗) denotes that the proton dissociative contribution is taken into account. Figure 3 (left)
shows thepT distribution of the dimuons with the two observed events.

Furthermore, this analysis explore the possible contribution of anomalous couplings in the
γγ →W+W− vertex, since any deviation from the SM prediction may indicate an evidence of new
physics. In this scenario, a modified model for the SM Lagrangian is used as input in the CALCHEP
generator [12] where the parameters for the aQGC,aW

0 andaW
C , are included by dimension-6 op-

erators [13]. However, this modification brings the violation of unitary at high energies, since the
cross section rises quadratically with the center-of-mass energy of theγγ system,Wγγ . In order to
tame this rising, the anomalous parameters are weighted with a form factor of theform:

aW
0,C(W

2
γγ) =

aW
0,C

(

1+
W2

γγ
Λ2

cutoff

)p , (4.2)

wherep is set to 2.0 (dipole form factor) based in previous aQGC studies [14] andΛcutoff is the
energy scale for new physics, which is set to 500 GeV.

The selection requirements are the same as applied for the SM case instead ofa larger restric-
tion for the pT of the lepton pair: a cut ofpT(ℓ

±ℓ∓) > 100 GeV is applied in order to suppress
the SM contribution, which is accounted as background events. After all the selection criteria ap-
plied, no event is observed in data. In this case, an upper limit for the production cross section is
estimated with 95% confidence level:

σ(pp→ p(∗)W+W−p(∗) → p(∗)e±µ∓p(∗))< 1.9 fb. (4.3)

Additionally, limits on the anomalous parameters are estimated using theCLs method [10], result-
ing in:

|aW
0 |< 2.8×10−6 GeV−2, |aW

C |< 1.0×10−5 GeV−2 (4.4)
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Figure 3: (Left) Transverse momentum distribution of thee±µ∓ pair with the two observed candidates.
(Right) Two-dimensional limit for theaW

0 andaW
C anomalous parameters forΛcutoff = 500 GeV in compari-

son to the previous limits provided with the LEP data.

considering no form factor in the anomalous parameters, and

|aW
0 |< 1.7×10−4 GeV−2, |aW

C |< 6.0×10−4 GeV−2 (4.5)

including the form factors with the energy scaleΛcutoff = 500 GeV. Figure 3 (right) presents the
2-dimensional limits in comparison to the expectation from the SM. As a result, these limits are two
order of magnitude more stringent than those obtained in LEP [15] due to the lower center-of-mass
energy probed in thee+e− collisions.
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