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Setting The Scene

The typical collision at the LHC includes parton interactions
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Setting The Scene

There’s a significant number of collisions that leave protons intact
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Setting The Scene

A colorless exchange of objects can produce these types of events

• The central system can be measured by the CMS detector, and the intact protons can be
measured by forward proton detectors

• Possibility of a very strong background suppression using intact protons

• Outline

1. Description of proton detection technology
2. Physics results
3. PPS at the HL-LHC
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Proton Tagging at the LHC
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• Stations of detectors at ± 210 and 220 m from IP

• Measure x (and/or y) position of proton

• Displacement of the protons from the beam gives the protons’ momentum loss ξ = ∆p
p

• Each side equipped with timing detectors – see the talk by Tommaso Isidori
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https://indico.cern.ch/event/947406/contributions/4183575/


Alignment
Alignment$&$op=cs

A.#Solano# DIFLOWX#2018#P#PPS#STATUS#&#PERFORMANCE#P#28.8.2018# 29!

To#validate#each#op5cs#configura5on,#a#low#intensity#run#is#required#where#also#the#TOTEM#ver5cal#RP#
approach#the#beam,#allowing#to#align#the#RPs#among#themselves#(2.)#and#wrt#the#beam#(3.)#
#
#
#
#
#
#
#
#
For#each#physics#run#the#RP#posi5on#can#be#determined#by#comparing#the#measured#shape#of#the##
X#distribu5on#with#the#one#obtained#in#the#alignment#run#(4.)#
#
A#detailed#knowledge#of#the#LHC#op5cs#is#essen5al#to#precisely#reconstruct#the#event#kinema5cs.#
#

LHC#magne5c#model#is#adjusted#to#match#measurements#from#RP#and#beam#posi5on#monitors#
#

[CERN-TOTEM-NOTE-2017-002]

1.#Alignment#wrt#the#collimators## 2.#Rela5ve#RP#alignment#
3.#Global#alignment#wrt#the##
beam#using#elas5c#sca\ering#

4.#FillPbyPfill#comparison#
of#hit#X#distribu5on#

RP#
OUT#

RP#
IN#

Alignment Procedure
• RP moved very close to beam for alignment fill

• Use low luminosity, elastic runs for reference

• Correct physics run to reference runs

• Full documentation at CERN-TOTEM-NOTE-2017-001
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http://cds.cern.ch/record/2256296


Optics
4.2 Proton track reconstruction 7
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Figure 5: Vertical effective length Ly (in meters) as a function of the proton relative momentum
loss x at two (near and far) RPs calculated with the beam line optics simulation program MAD-
X [22].

x (mm)

0 2 4 6 8 10 12 14

y
 (

m
m

)

6�

4�

2�

0

2

4

6

1

10

2
10

3
10

4
10

= 0 pointyL

= 13 TeVsCMS+TOTEM 2016,

a
.u

.

Figure 6: Distribution of the track impact points measured in RP 210F, in sector 45, for the
alignment fill. The point where Ly = 0 is shown with a cross. The beam center is at x = y = 0.
The edge of the distribution is slanted because the RP shown has a rotation of 8� with respect
to the vertical.

4.2 Proton track reconstruction

Since there is no significant magnetic field in the region of the CT–PPS RPs, the trajectory of
particles passing through the silicon strip detectors is a straight line. In each RP (RP hereinafter

CERN-TOTEM-NOTE-2017-002
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https://cds.cern.ch/record/2256433/


Roman Pot Technology

Roman Pots are the movable machinery that houses the detectors

Roman Pots

• Multiple planes of detectors

• Silicon strips

• Better resolution
• Can only reconstruct one track

• 3D Pixels

• More radiation hard
• Reconstruct multiple tracks

• Horizontal and vertical RPs

• Designed to operate at standard running
conditions
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PPS Configuration

J. Hollar / A. Vilela Pereira – CMS Week - December 2018 4

+

SiStrip SiStrip

3D pixel
+

SiStrip 3D Pixel

+

3D Pixel3D Pixel

Timing: Diamonds in 2017-2018

PPS detectors during Run 2

2016

2017

2018

different detector configurations each year!
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Data Collected in Run II
Statistics

• luminosity collected in 2016 (left), 2017 (middle) and 2018 (right)

� total with RPs: > 110 fb�1

J. Ka�par Seminar at CTU Prague 8 Jan 2019 25

• Collected over 110 fb−1 of data in Run II

• Collected 92% of the luminosity relative to CMS in 2018

• Many analyses ongoing with the full Run II dataset
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Physics Results - Dilepton

1

1 Introduction
Proton–proton collisions at the LHC provide for the first time the conditions to study the pro-
duction of particles with masses at the electroweak scale via photon–photon fusion [1, 2]. Al-
though the production of high-mass systems in photon–photon collisions has been observed
by the CMS and ATLAS experiments [3–5], no such measurement exists so far with the simul-
taneous detection of the scattered protons. This paper reports the measurement of the process
pp ! p`+`�p(⇤) in pp collisions at

p
s = 13 TeV, where a pair of leptons (` = e, µ) with

mass m(`+`�) > 110 GeV is reconstructed in the central CMS apparatus, one of the protons
is detected in the CMS–TOTEM precision proton spectrometer (CT–PPS), and the second pro-
ton either remains intact or is excited and then dissociates into a low-mass state, indicated by
the symbol p⇤, and escapes undetected. Such a final state receives contributions from exclu-
sive, pp ! p`+`�p, and semiexclusive, pp ! p`+`�p⇤, processes (Fig. 1 left, and center).
Central exclusive dilepton production is interesting because deviations from the theoretically
well-known cross section may be an indication of new physics [6–8], whereas central semiex-
clusive processes constitute a background to the exclusive reaction when the final-state protons
are not measured.

(Semi)exclusive dilepton production has been previously studied at the Fermilab Tevatron and
at the CERN LHC, but at lower masses and never with a proton tag [9–14]. In this paper,
forward protons are reconstructed in CT–PPS, a near-beam magnetic spectrometer that uses
the LHC magnets between the CMS interaction point (IP) and detectors in the TOTEM area
about 210 m away on both sides of the IP [15]. Protons that have lost a small fraction of their
momentum are bent out of the beam envelope, and their trajectories are measured.

Central dilepton production is dominated by the diagrams shown in Fig. 1, in which both
protons radiate quasi-real photons that interact and produce the two leptons in a t-channel
process. The left and center diagrams result in at least one intact final-state proton, and are
considered as signal in this analysis. The CT–PPS acceptance for detecting both protons in
“exclusive” pp ! p`+`�p events (the left diagram) starts only above m(`+`�) ⇡ 400 GeV,
where the standard model cross section is small. By selecting events with only a single tagged
proton, the sample contains a mixture of lower mass exclusive and single-dissociation (pp !
p`+`�p⇤, “semiexclusive”) processes with higher cross sections. The right diagram of Fig. 1 is
considered background, and contributes if a proton from the diffractive dissociation is detected,
or if a particle detected in CT–PPS from another interaction in the same bunch crossing (pileup),
or from beam-induced background is wrongly associated with the dilepton system. A pair of
leptons from a Drell–Yan process can also mimic a signal event if detected in combination with
a pileup proton.
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Figure 1: Production of lepton pairs by gg fusion. The exclusive (left), single proton dissoci-
ation or semiexclusive (middle), and double proton dissociation (right) topologies are shown.
The left and middle processes result in at least one intact final-state proton, and are considered
signal in this analysis. The rightmost diagram is considered to be a background process.

• Observation of high-mass dilepton pairs with an
intact proton

• pℓT > 50 GeV, Mℓℓ > 110 GeV, 1-|∆ϕ|/π < 0.01

• Matching performed between proton ξ and
ξ±ℓℓ = 1√

s
∑2

i=1 p
ℓi
Te

±ηℓi

• 20 events observed over a background of 3.85 ±
0.16(stat) ± 1.0(syst)
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Figure 11: Correlation between the fractional values of the proton momentum loss measured in
the central dilepton system, x(`+`�), and in the RPs, x(RP), for both RPs in each arm combined.
The 45 (left) and 56 (right) arms are shown. The hatched region corresponds to the kinematical
region outside the acceptance of both the near and far RPs, while the shaded (pale blue) region
corresponds to the region outside the acceptance of the near RP. For the events in which a
track is detected in both, the x value measured at the near RP is plotted. The horizontal error
bars indicate the uncertainty of x(RP), and the vertical bars the uncertainty of x(`+`�). The
events labeled “out of acceptance” are those in which x(µ+µ�) corresponds to a signal proton
outside the RP acceptance; in these events a background proton is detected with nonmatching
kinematics.
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Figure 12: Expected acceptance regions in the rapidity vs. invariant mass plane overlaid with
the observed dimuon (closed circles) and dielectron (open circles) signal candidate events. The
“double-arm acceptance” refers to exclusive events, pp ! p`+`�p. Following the CMS con-
vention, the positive (negative) rapidity region corresponds to the 45 (56) LHC sector.

continuously operating a near-beam proton spectrometer at a high-luminosity hadron collider.
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corresponds to the region outside the acceptance of the near RP. For the events in which a
track is detected in both, the x value measured at the near RP is plotted. The horizontal error
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Figure 12: Expected acceptance regions in the rapidity vs. invariant mass plane overlaid with
the observed dimuon (closed circles) and dielectron (open circles) signal candidate events. The
“double-arm acceptance” refers to exclusive events, pp ! p`+`�p. Following the CMS con-
vention, the positive (negative) rapidity region corresponds to the 45 (56) LHC sector.

continuously operating a near-beam proton spectrometer at a high-luminosity hadron collider.

JHEP 07 (2018) 153
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https://inspirehep.net/literature/1662293


Physics Results - Diphoton

Search for high-mass diphoton
events with two intact protons using
9.4 fb−1 of data from 2016

Analysis
• pγT > 75 GeV, mγγ > 350 GeV,
1-|∆ϕ|/π < 0.005

• Require matching in mass and rapidity
between diphoton and diproton systems
where

mpp =
√
sξ1ξ2, ypp =

1

2
log(ξ1/ξ2)

• 0 events observed over an expected
background of 0.23+0.08

−0.04

CMS-PAS-EXO-18-014
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https://cds.cern.ch/record/2725141


PPS At the HL-LHC

Radiation Environment

LS2

LS4

Cooling times: after 1 week in LS2:  same 
level as after 17 months in LS4 
! no access during short technical stops  
! no exchange of sensors

Tunnel Environment

! strongly peaked irradiation 
! required sensitive areas: typically few cm2 

! occupancy   
! segmentation (pads of 100 – 200 µm)

Peak fluence after 1 year

Detector fluence maps

16

• Four potential detector placements with
corresponding physics motivations

• Harsh pileup and radiation conditions

• With all four proposed stations, possibility of
acceptance between 43 GeV < M < 2.8 TeV

Station Mmin (GeV) Mmax (GeV)
196m 1100 - 1200 2750
220m 520 - 533 960
234m 262 - 265 370
420m 43 - 47 163
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Conclusion

• Proton tagging provides a broad physics program, from the study
of proton structure to BSM physics

• PPS has collected over 110 fb−1 of data with near-beam proton
detectors

• Published physics results with more Run II studies in progress

• PPS has plans to operate in the LHC Run III and HL-LHC
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Done ⌣
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