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Abstract

Feasibility studies for the measurement of single-diffractive Z or W boson production
in the electron and muon channels, ]/ production in the muon decay channel and
central exclusive dijet production, in proton-proton (pp) collisions with the Compact
Muon Solenoid (CMS) and TOTal Elastic and diffractive cross section Measurement
(TOTEM) experiments are presented. Visible cross sections are defined for such pro-
cesses and presented along with the expected event yields based on the Large Hadron
Collider (LHC) Run II high-p* beam optics configuration, low-pileup scenario, as-
suming an integrated luminosity of 10 pb ™.
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1 Introduction

In this study, the visible cross sections and event yields is estimated, based on the Monte Carlo
(MC) simulation of the CMS detector, for single-diffraction (SD) and central exclusive dijet
production (CEP). Figure 1 shows a sketch for SD production, pp — Xp, where the system
X includes a Z or W boson, or ]J/¢ meson, and for CEP, pp — pJJp, where JJ is a dijet sys-
tem. In diffractive events the energy of the outgoing proton(s) or corresponding low-mass
state is approximately such for the incoming proton(s). These interactions proceed by a color-
singlet exchange and the two groups of final-state particles are well separated with a large gap
in rapidity, a "large rapidity gap” (LRG) [1, 2]. Diffractive hadron-hadron scattering can be
described within Regge theory [3, 4]. In this framework diffraction is characterized by the ex-
change of the pomeron (IP) [5] trajectory, which has the vacuum quantum numbers, and hence
no color. The single-diffractive production is sensitive to the diffractive structure function of
the proton, notable its quark component, since many of the observed diffractive masses can
originate from quark fusion (Z or W boson and ] /¢ production). In addition, CEP processes
explores gluon fusion component and have a clean topology that can be used to supress many
physics backgrounds for new physics searches [6, 7].

Figure 1: Single diffractive Z, W and J/¢ production (left) and central exclusive dijet produc-
tion (right).

Two experimental signatures can therefore be used to study diffractive processes: the presence
of a LRG in the final state, or the measurement of a very energetic forward outgoing proton.
In high-mass diffractive production at the LHC, the position of the LRG is mostly outside the
acceptance of the CMS detector (Ref. [8]). On the other hand, Roman pot (RP) detectors from
the TOTEM experiment can accurately measure the outgoing proton properties. The present
study exploits RP detectors to identify diffractive processes by measuring the outgoing protons.

The expected event yields is presented for low-luminosity, low-pileup running at the LHC, for
a range of processes which illustrate the potential for physics measurements with the CMS
and TOTEM experiments at the beginning of Run II. The results shown are not meant as full
feasibility studies but rather estimates of the expected signal contribution and of the detector
acceptance. As such, the different sources of physics and beam backgrounds, as well as the
effect of the trigger selection and systematic uncertainties are not covered in detail but are
briefly discussed in Section 5.

In the following, the visible cross section (oy;s) is taken as the simulated cross section corrected
by the effect of selection cuts at detector level. It is defined as:

Oyis = m‘fmc 1)
o

where oy, is the Monte Carlo cross section for each process, Ng.j the number of events selected
and Ny the total number of Monte Carlo events.
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1.1 LHC Run Il low-pileup scenarios

Two LHC beam optics scenarios (Table 1) have been assumed both with low-pileup and high-
B* = 90 m, which is the betatron amplitude function at the interaction point (IP). A high value
of B* corresponds to large beam size and small angular spread.

Table 1: Overview of the expected running scenarios. The ranges of the average number of
inelastic pileup interactions and the delivered luminosity are shown in the two right-most
columns. The precise values depend on the number of protons in a bunch (N), the number
of bunches (k), and the emittance ey.

B* [m] crossing angle [urad] en[pmrad] N [10'1]  k [bunches] U Luminosity [pb_1 /24h]
90 0 2 [0.5-1.5] 156 [0.06 - 0.5] [0.1-1]
90 100 2 [0.5-1.5] 1000 [0.06 - 0.5] [0.8-7]

Assuming high-B* running, two weeks of CMS and TOTEM common data taking would mean:

e an integrated luminosity of 10 pb_1 which can be obtained with a large number of
bunches (k), crossing angle and p ~ 0.1 or with few bunches (k), no crossing angle
and p ~ 0.5. This last scenario has been choosen to be used in this analysis.

e an integrated luminosity of 100 pb~! with a large number of bunches (k), crossing
angle and y ~ 0.5. A detailed description can be found in Ref. [9, 10].

2 Experimental setup
2.1 CMS detector

The CMS apparatus features a superconducting solenoid, 12.5 m long with an internal diam-
eter of 6 m, providing a uniform magnetic field of 3.8 T. Within the field volume are a silicon
pixel and strip tracker, a crystal electromagnetic and a brass/scintillator hadron calorimeter.
The momentum resolution for reconstructed tracks in the central region is about 1.5% for non-
isolated particles with transverse momenta (prt) between 1 and 10 GeV and 2.8% for isolated
particles with pt of 100 GeV. The calorimeter system surrounds the tracker and consists of a
scintillating lead-tungstate crystal electromagnetic and a brass/scintillator hadron calorimeter
with coverage up to |17|=3. The quartz/steel forward hadron calorimeters extend the calorime-
try coverage up to |1|=5.

The very forward angles are instrumented at one end of CMS (—6.6 < 1 < —5.2) by the
CASTOR calorimeter [11]. CASTOR is made of quartz fibers/plates embedded in tungsten
absorbers, segmented in 16 ¢-sectors and 14 z—modules. Forward Shower Counter (FSC) de-
tectors [12] are located on both sides of the IP. They are a set of 10-12 scintillation counters
designed to detect showers produced by particles hitting the beam pipes and surrounding ma-
terial and cover the very forward pseudo-rapidity range 6 < || < 8.

A system of gas-ionization muon detectors embedded in the steel flux-return yoke of the solenoid
allows reconstruction and identification of muons in the || < 2.4 region. Events are recorded
using a two-level trigger system. A more detailed description of the CMS detector and the
trigger system can be found in [13].

Offline, particle candidates are individually identified using a particle-flow reconstruction [14,
15]. This algorithm reconstructs each particle produced in a collision by combining information
from the tracker, the calorimeters, and the muon system, and identifies them as either a charged
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hadron, neutral hadron, photon, muon, or electron. The candidate particles are then clustered
into jets using the anti-kt algorithm [16] with a distance parameter of 0.5. The energy resolution
for jets is 15% at pt of 10 GeV, 8% at pr of 100 GeV, and 4% at pr of 1 TeV [17]. Corrections are
applied to the jet four-momenta as a function of the jet pr and # to account for residual effects
of non-uniform detector response [18]. The EXs$ in this analysis is defined as the magnitude of
the vector sum of the transverse momenta of all particles reconstructed in the event, excluding
muons.

2.2 TOTEM Roman pot detectors

The TOTEM experiment [19, 20] is composed of three subdetectors: the T1, T2 telescopes and a
series of RP stations on both sides of the IP. The T1 and T2 telescopes are placed symmetrically
on each side of the IP at about |z| = 11 m and |z| = 14 m. Each tracker T1 is made up of
5 planes perpendicular to the beam line. In each T2 arm, 20 semi-circular GEM planes, with
overlapping regions, are interleaved on both sides of the beam vacuum chamber to form ten
detector planes with a full coverage.

Every RP station is composed of two units, separated by a distance of 4-10 m. Each unit consists
of two pots in the vertical plane approaching the beam from above and below, and one that
moves horizontally. They are placed very far from the IP (about 204 — 214 and 215 — 220 m),
on both sides of the IP. Each RP is equipped with a telescope of 10 silicon microstrip sensors of
66 um pitch which provides spatial track reconstruction resolution o(x,y) of 11 ym. Given the
longitudinal distance between the units of As = 4 — 10 m the proton angles are measured by
the RPs with an uncertainty of a few prad.

3 Monte Carlo model

The fractional momentum loss of the outgoing proton, defined as { = 1 — p’/p, where p (p’)
is the momentum of the incident (scattered) proton, and the four-momentum transfer squared
defined as t = (p — p’)?, were used to characterize the event at generator level.

The simulation and reconstruction software used in this study do not include the description
of both CMS and TOTEM Roman pot detectors. An acceptance table as a function of ¢ and t
has instead been used which quantifies the probability that a proton is measured in each RP
detector station. The detailed Monte Carlo simulation of the CMS detector response is based
on GEANT4 [21].

Events were simulated with overlapping pp interactions in the same bunch crossing (i.e. pileup).
In the simulation, one main (signal) event is produced corresponding to a given physics pro-

cess, as discussed below. Pileup events are added to the main event with probability p(n; u),

where 7 is the number of pileup events, given by a Poisson distribution with an average of

u = 1. This value is considered as an upper limit in the expected running scenario of high-p*

beam optics configuration, characterized by low pileup (4 < 1 or up to u = 0.5, see Section 1.1),

assuming a more pessimistic than expected scenario. Pileup events were simulated using the

PYTHIA8 Monte Carlo event generator [22]. They were simulated as inelastic, minimum-bias

events, using the PYTHIA8 Tune A2. The outgoing protons from pileup events are not included

in the simulation.

SD Z or W production is simulated with the POMWIG Monte Carlo event generator [23], version
v2.0 beta, single-diffractive J /¢ production is simulated with POMPYT v2.6 [24] and CEP dijet
production with EXHUME v1.3.3 [25].
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3.1 SD Z or W boson production

Single-diffractive Z or W boson production was simulated with POMWIG, in the electron and
muon decay channels; 50 000 events were simulated in each decay channel. POMWIG is a mod-
ified version of HERWIG [26], which can generate diffractive interactions while retaining all
the standard HERWIG hard subprocesses for pomeron-proton, photon-pomeron and pomeron-
pomeron collisions. The NLO H1 2006 fit B [27] is used for the diffractive parton density func-
tions (dPDF) and the pomeron flux calculation. Specifically, for the parameterized flux factor
the following values were used: ap(0) = 1.111, &’ = 0.06 GeV~2 and Bp = 5.5 GeV 2 [23]. For
the inclusive proton PDEF, the CTEQ6M [28] parameterization was used. Events were simulated
in the kinematic range & < 0.2 and |t| < 4 GeV 2.

In hadron-hadron collisions, the diffractive cross section is suppressed by the effect of soft
rescattering among spectator partons, which fill the LRG. This suppression is often quanti-
fied by a “rapidity gap survival probability” ((|S?|)). The predictions presented in this study
include a rapidity gap survival probability of {|S?|) = 10%, which describes well the CMS
diffractive dijet data [29]. According to POMWIG, the cross section, including the branching
fraction B for the diffractive production of a Z boson (0, z X B(Z — 1)) is 12.1 pb and for the
diffractive production of a W boson (0, w X B(W — Iv)) 131 pb.

3.2 SD J/y production

For single-diffractive J /¢ production, 100 000 events were simulated with POMPYT. The POMPYT
Monte Carlo event generator is based on the Ingelman and Schlein approach [30], which con-
siders the diffractive reaction as a two-step process: one proton exchanges a pomeron with
fractional momentum ¢, which then interacts with the other proton. This generator was used
with dPDFs from the results of the diffractive deep inelastic scattering data (H1 fit B [27]). For
the inclusive proton PDF, the CTEQ6L1 parameterization was used. Events were generated
with the PYTHIA6 D6T tune [31]. The parameterization of the pomeron flux in POMPYT is
also based on the QCD fits to the HERA data. Events were generated in the kinematic range,
p>25GeV, |y <25 ¢ <02 |t <4 GeV~2, where p is the muon momentum and 7 its
pseudorapidity. A gap survival probability of (|S?|) = 10% was used. The cross section for
diffractive | /¢ (Omc, 179 X B(J/¢ — pp)) is 2.5 nb.

3.3 CEP dijet production

The EXHUME Monte Carlo event generator is based on the perturbative QCD calculation of
Khoze, Martin and Ryskin [32] of the process pp — pXp, where Xis a centrally produced color-
singlet system. In such processes, there is no radiation other than that from the central system,
and two outgoing protons. EXHUME uses the gluon fusion subprocess cross sections. For
the central exclusive dijet channel, 50 000 events were simulated with a dijet system minimum
invariant mass (Mj(j;e“) of 100 GeV and a survival probability of (|S?|) = 10%. The cross section

for central exclusive dijet production (o, cep) is 2.35 nb (M%en > 100 GeV).

In central exclusive processes, the parton densities are assumed to be the skewed unintegrated
gluon densities of the proton. They depend on the transverse momentum exchanged as well
as on the two longitudinal momentum fractions (x, x") carried by the exchanged gluons from
a proton. In the region of interest (x’ < x < 1) these densities can be approximated by the
standard (integrated) gluon densities [33]. They each include a Sudakov factor, which gives the
probability that the gluons do not radiate in their evolution from the initial scale (Qr) up to the
hard scale y=M/2, where M is the mass of the central system. It is only relevant to the gluons
initiating the hard subprocess.
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In this section the procedure used to select SD and CEP processes is presented. The estimates
of the signal event yields take into account the acceptance of the RP detectors, which describes
the probability that a proton is measured in the stations in either side of the interaction point.
The Z or W boson, ]/ meson and dijet final states are selected using the central CMS detector
in the range || < 2.5.

4.1 RP detector acceptance

The acceptance is determined based on a parametrization of the proton propagation in the LHC
beam line [34]. and defined as the probability that a proton is measured in a RP station, in bins
of ¢ and t. The protons are required to be within the fiducial region of the detectors inside the
RPs. Figure 2 shows the simulated acceptance of a proton reaching the RP detector stations
in either side of the IP, calculated using a distance of 5.6 mm between the edge of the silicon
detectors in a RP and the beam position. The RP average acceptance for each direction, CMS
z-negative (z-positive), is around 50%.

TOTEM Acceptance, RP Right, CMS-

TOTEM Acceptance, RP Left, CMS+

w02

0
[t] It]

Figure 2: Acceptance of a proton detected in the RP stations in either the CMS z-negative (left)
or z-positive (right) direction.

Figure 2 is compatible with the 8 TeV observed acceptance scaled to the expected beam config-
uration at 13 TeV [9]. The parametrization of the proton propagation along the LHC beam line
has been validated using data taken simultaneously by CMS and TOTEM, in 2012, with similar
conditions as those expected for the low-pileup scenarios during the LHC Run II in 2015 and
B* =90 m.

4.2 Single-diffractive production
The following common preselection criteria were applied:

e A proton was required to be within the acceptance of the RP station in either side of
the interaction point;

e A single reconstructed vertex was required. This cut rejects events with additional
pileup interactions for which a primary vertex is reconstructed. Roughly 45% of
events are selected by this cut, which depends directly on the conditions described
in Section 3.

The Z or W selection follows that of [35]. The following criteria were used for Z — eTe™ and
Z—utu:
e The two leading leptons (largest pr) were required to have pr > 20 GeV and to
fulfill the isolation criteria described in [35] in order to avoid electrons from conver-
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sion and to reject muon candidates reconstructed in QCD events. The isolation is
calculated as a sum over the pr of all tracks in a cone of radius 0.3 around the muon
candidate. For electrons, ECAL and HCAL isolation criteria are also applied;

e The dilepton system invariant mass was required to be in the range 60 < M;; <
110 GeV.
For W* — e*v, and W* — p*v,, the following criteria were applied:
e The leading lepton (largest pt) was required to have pr > 20 GeV and to fulfill the
isolation criteria described above;
e Events with an additional lepton with pr > 10 GeV are rejected;

o The transverse mass of the lepton-neutrino system was required to be in the range
60 < Mt < 110 GeV. It was reconstructed as Mt = +/2Er; - E,[1 — cos(¢) — ¢v)].
The missing transverse momentum (E%ﬁss) is the transverse momentum imbalance
of all the visible particles in the CMS detector and is used to estimate the transverse
momentum and azimuthal direction of the neutrino candidate, Et, and ¢, .

For the J/¢ — u™u~ selection, the following requirements were applied:

o At least two muons were required with opposite charge, with || < 2.45;

e In this analysis muon candidates are defined as tracks reconstructed in the silicon
tracker, which are associated with a compatible signal in the muon chambers. For
muon candidates, two approaches are considered: tracks are first reconstructed in-
dependently in the inner tracker (tracker track) and in the muon system (standalone-
muon track). Based on these reconstructed tracks, for each standalone-muon track,
a matching tracker track is found by comparing parameters of the two tracks propa-
gated onto a common surface. A global-muon track is fitted combining hits from the
tracker track and standalone-muon track, using the Kalman-filter technique; for the
latter case, all tracker tracks with pt > 0.5 GeV and total momentum p > 2.5 GeV are
considered as possible muon candidates and are extrapolated to the muon system
taking into account the magnetic field, the average expected energy losses, multiple
Coulomb scattering in the detector material, and matched to locally reconstructed
segments in muon detectors [36].

e The dimuon system invariant mass was required to be in the range 3.05 < M-+ <
3.15 GeV.

Table 2 shows the overall fraction of events selected in each channel. A smaller fraction of
selected events is observed when the proton is detected in the CMS negative z direction. How-
ever, for Z — ete” selected events, this difference is negligible.

Table 2: Fraction of events selected in the Z — ete™, Z — utu=, W — ev,, W — pvy and
J/¢ — utu~ channels, shown for events with a proton detected in the CMS z-negative or
z-positive direction.

Z—etem Z—outpym WH—=etve WHopfuy, J/9(uu)
W™ —e v W —u,
proton tagged on CMS z-positive or z-negative 0.111 0.169 0.125 0.155 0.133

Figure 3 shows the distributions of the pseudorapidity 7 and ¢ of the protons tagged in the RP
detector stations, in Z — e*e” events. Similar distributions for Z — uu~, W+ — etv, and
W* — p*v, were observed. Figure 4 shows the distributions of t and ¢ of protons tagged in
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J/w(put ) events.
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Figure 3: Distributions of the pseudorapidity 7 (left) and ¢ (right) of the protons tagged in the
RP detector stations in Z — e"e™ events. Outgoing protons in the CMS z-negative direction are
shown in red (solid line) and protons in the z-positive direction in blue (dashed line). Events
were simulated with the POMWIG MC and normalized to an integrated luminosity of 10 pb_l.
A gap survival probability of 10% was used.
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Figure 4: Distributions of ¢ (left) and ¢ (right) of protons tagged in the RP detector stations in
J/w(utu) events. Outgoing protons in the CMS z-negative direction are shown in red (solid
line) and protons in the CMS z-positive direction in blue (dashed line). Events were simulated
with the POMPYT MC and normalized to an integrated luminosity of 10 pb™'. A gap survival
probability of 10% was used.

Figure 5 shows distributions of the dilepton invariant mass of the leptons pseudorapidity in
Z — eTe™ events. They are similar in Z — u* ™~ events.

Figure 6 shows the distributions of the transverse mass and the leading lepton pseudorapidity
in W — ety, events.

Figure 7 shows the distributions of the pseudorapidity of the J/i(y™ ™) system and the trans-
verse momentum of the leading muons in J/¢(u" ™) events.
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Figure 5: Distributions of the invariant mass (Mj) of the dilepton system (left) and pseudora-
pidity of the leading leptons (right) for events with a proton tagged in the RP detector stations
in Z — e'e” events. Events with a proton detected in the CMS z-negative (positive) direc-
tion are shown in solid red (dashed blue) line. Events were simulated with the POMWIG MC
and normalized to an integrated luminosity of 10 pb™'. A gap survival probability of 10% was
used.
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Figure 6: Distributions of the transverse mass Mr (left) and the leading lepton pseudorapidity
(right) in W¥ — e*1, events. Events with a proton detected in the CMS z-negative (positive)
direction are shown in solid red (dashed blue) line. Events were simulated with the POMWIG
MC and normalized to an integrated luminosity of 10 pb™'. A gap survival probability of 10%
was used.
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Figure 7: Distributions of the pseudorapidity of the ] /(u" ™) system (left) and the transverse
momentum of the leading muons (right) in J/¢(u" ™) events. Events with a proton detected
in the CMS z-negative (positive) direction are shown in solid red (dashed blue) line. Events
were simulated with the POMPYT MC and normalized to an integrated luminosity of 10 pb ™.
A gap survival probability of 10% was used.

4.3 Central exclusive dijet production

The infrared and collinear safe anti-kt jet clustering algorithm with a size parameter R = 0.5
is used to reconstruct jets. The jet momentum is determined as the vectorial sum of all particle
momenta inside it. The following criteria were used to select CEP dijet events:

e A proton was required to be within the acceptance of the RP stations simultaneously
in both sides of the interaction point;

e A single reconstructed vertex was required. This cut rejects events with additional
pileup interactions for which a primary vertex is reconstructed;

e The two leading jets (largest pt) were required to have pr > 30 GeV;
e Jets were selected in the CMS central detector acceptance, |1| < 2.5.

The fraction of selected events is 0.011. Selected events were weighted by the product A™ x A~,
where A~ (A7) is the acceptance of a proton tagged in the RP stations in the CMS z-negative
(positive) direction, as shown in Figure 2. The product A" x A~ corresponds to the probability
of finding a proton in the detectors in both sides of the interaction point. The average of the
product A" x A~ is around 25%.

Figure 8 shows the event distribution of the fractional momentum loss ¢ of the outgoing pro-
tons. As discussed in Section 3, events were simulated with a minimum invariant mass of the
central system of Mj?en > 100 GeV at the generator level. Figure 9 shows the distributions of
the pseudorapidity, the transverse momentum pr and the invariant mass M;; of the leading and
second-leading jets in CEP dijet events.

Figure 10 shows the event distributions of the fractions ij/ Mpf and Mj]-/ My, where Mpf is
the invariant mass of all reconstructed particles associated with the vertex of the dijet system,
and My is the mass of the central system, calculated from the momentum loss of the outgoing
protons, Mx = /sG1¢2. CEP events populate the region of these variables towards ~ 1. They
can be used to enhance a CEP signal contribution [37, 38].
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Figure 8: Distribution of the fractional momentum loss ¢ of the outgoing protons in CEP dijet

events. Outgoing protons in the CMS z-negative direction are shown in red (solid line) and

protons in the CMS z-positive direction in blue (dashed line). Events were simulated with the

EXHUME MC with a minimum invariant mass of the central system of MDGGH > 100 GeV, and

normalized to an integrated luminosity of 10 pb™'. A gap survival probability of 10% was
used.
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Figure 9: Distributions of the pseudorapidity (left), transverse momentum (right) and the in-

variant mass Mj; (bottom) of the leading and second-leading jets. Events were simulated with
the EXHUME MC with a minimum invariant mass of the central system of Mj(fe“ > 100 GeV,

and normalized to an integrated luminosity of 10 pb_l. A gap survival probability of 10% was
used.
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Figure 10: Event distributions of the fractions Mj/ M, (left) and M;;/Mx (right). Mx using
generator level information. Events were simulated with the EXHUME MC with a minimum
invariant mass of the central system of M]-]-Gen > 100 GeV, and normalized to an integrated

luminosity of 10 pb~'. A gap survival probability of 10% was used.

In this analysis the Double Pomeron Exchange (DPE) dijet contribution, i.e. pp — pXp where
X includes a dijet system, has not been included. It is an irreducible background when a dijet
system is selected along with two outgoing protons. In a study assuming high-luminosity
running and low-p*, and in a higher-mass region [38], it has been shown that this background
can be largely reduced when requiring the lack of charged particle activity not associated to
the dijet system in the central detector, and by exploiting correlations between the dijet system
and the properties of the outgoing protons such as the dijet mass ratio shown in Figure 10.

5 Visible cross section and event yields

The evaluation of the visible cross section (0vs) is derived in this section for SD Z or W boson,
SD J /¢ and CEP dijet production. These numbers are used to roughly estimate the number
of reconstructed events that can be detected using common runs with CMS and TOTEM. The
different sources of physics and beam backgrounds, as well as the effect of the trigger selection
and systematic uncertainties are not included in these results.

5.1 Trigger

In Run II the trigger strategy will be similar to the one in 2012: the electronic logic accept
signal (L1-accept) from CMS (TOTEM) was sent to TOTEM (CMS) to trigger the readout of the
detectors. In 2012, with 112 bunches and a pileup probability of ~ 0.07, the electronic detector
trigger (L1) selections and corresponding rates were:

e for SD Z or W selection: at least one muon (electron) with pt > 7 GeV (57 Hz) and
another that required at least two muons (electrons) with pr > 3 GeV (22 Hz);

e for SD ]/ selection: at least two muons with any pr > 0 GeV and || < 2.45 and
no isolation or charge requirements (45 Hz);

e for CEP dijjets: at least two jets with pr > 20 GeV and |y| < 5.0 (75 Hz).

For processes like CEP dijet production, which require protons on both arms of RPs, a coinci-
dence with a logical accept signal from both RP (L1-RP trigger) is foreseen to reduce the overall
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trigger rate.

5.2 Background

Due to the detection of the leading proton with the RP, non-diffractive backgrounds can be
largely suppressed. However, if they overlap with one or more pileup events with an outgoing
proton which is detected in the RP stations, they can potentially be misidentified as a diffractive
event. Additional particles moving along the LHC beam, or beam-halo, can also be detected
in the RP stations and, when associated simultaneously with a non-diffractive event, act as a
background.

These sources of background are not included in the results presented. In low-luminosity,
low-pileup conditions as those considered for the LHC Run II scenarios shown in Section 1.1,
they can however be largely suppressed when taking into account the correlations between
the information observed with the CMS detector alone, and that from the outgoing protons
measured at the RP stations.

In the method presented in Ref. [39] the difference between the longitudinal momentum loss
of the proton reconstructed with CMS ({cms) and that reconstructed with the TOTEM RPs
(CtoTEM) is used to suppress the pileup and beam-halo backgrounds. Background events popu-
late the kinematically forbidden region {cms — ¢totem > 0. The requirement {oms — ¢totem <
0 is shown to select mostly signal events. The remaining contamination of background was
found to be ~ 4%. The background estimate was obtained from a mixture of Monte Carlo in-
cluding non-diffractive events and zero-bias (ZB) data events. The mixture MC+ZB was passed
through the analysis selection procedure. The ZB data sample includes both events with pro-
tons originating from pileup and particles from beam-halo hitting the RP detectors. This study
is based on the data collected with the CMS and TOTEM detectors in proton-proton collisions
at /s = 8 TeV during a dedicated run with §* = 90 m, in 2012, with similar conditions as those
expected for the low-luminosity, low-pileup scenarios during the LHC Run II in 2015.

5.3 Results

Table 3 summarizes the results of the visible cross section (0yis) calculation for the electron and
muon channels of SD Z or W boson production and SD [/ (u* ™) production.

Table 3: Overview of the visible cross section values obtained in the SDZ — ete™,Z — pu*u~,
W — ev,, W — pvy and J/¢p — ptpu~ production channels, shown for events with a proton
detected in the CMS z-negative or z-positive directions. The uncertainties shown are statistical.

Z—etem Z—oyutym WH—etv, WH—putv, J/p(pu)
W™ —e v W —uv,
ovis [pb] 1.34£0.02 2.04+0.02 1637+021 2030+£023 3325+29

The total visible cross section, estimated by summing all Z channels, is 3.38 + 0.03 pb whereas
for the sum of all W channels it is 36.7 = 0.3 pb. Finally, for | /¢(u* 1) the visible cross section
is 332.5 £ 2.9 pb.

The visible cross section (0vis) obtained for CEP dijet production is 26.1 £ 3.6 pb; it corresponds
to events with Mj(];e“ > 100 GeV at the generator level.

In two weeks of pp data taking, and depending on the Run II LHC beam optics setup, single-
diffractive Z or W boson and [/ (u* ™) production and central exclusive dijet production
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could be observed. Table 4 gives an overview of the expected event yields assuming an inte-
grated luminosity of 10 pb™". The results shown in Table 4 are further corrected by the TOTEM
RP proton reconstruction efficiency of 92.5 = 2.5% [40].

Table 4: Overview of the expected event yields for an integrated luminosity of 10 pb™' in the
SD Z or W and ] /¢ production channels, as well as for CEP dijet production, with Mj?e“ >

100 GeV. The uncertainties shown are statistical.
LHC Scenario SD BosonZ SD BosonW  SD J/¢y  CEP dijet (M].]Gen > 100 GeV)
10 pbf1 30+1 340 + 10 3080 90 240 4+ 34

6 Summary

Visible cross sections for single-diffractive Z and W boson production, single-diffractive J/
production, and CEP dijet production were estimated, assuming a high-p* and low-pileup
scenario during the LHC Run II. Events were selected using the CMS and TOTEM detectors,
with Roman pot tagging to identify the outgoing protons from diffractive events. Monte Carlo
simulations were used to describe the detector response. Possible trigger strategies have been
presented.

The predictions presented rely on the Monte Carlo models, where the contribution from proton
dissociation is not included. The visible cross section estimates and event yields are propor-
tional to the rapidity gap survival probability of 10% used throughout this study.

The conditions expected for the low-luminosity, low-pileup scenarios during the LHC Run II
in 2015, with proton-proton collisions at y/s = 13 TeV, are similar to those obtained during a
dedicated run with 8* = 90 m, in 2012, when CMS and TOTEM collected data simultaneously
from proton-proton collisions at 1/s = 8 TeV, with an integrated luminosity of roughly 50 nb™".
According to the expected event yields that has been presented, a minimum amount of 10 pb ™!
of data with low-pileup is necessary to perform a measurement.
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