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• HL-LHC allows to probe rare processes in the Standard Model.

GOAL: Study of central exclusive production (CEP)
• Exchange of color singlets via QCD (Pomeron) or QED (photon) interactions
• Both protons remain intact, but lose fraction of momentum 𝝃 =

𝚫𝒑
,
𝒑

and are

scattered at small angles (𝜽∗𝒙 , 𝜽∗𝒚 )
• These protons are deflected away from the beam and are measured by PPS in standard LHC runs

• PPS is a set of near-beam detectors installed in movable vessels (Roman Pots).
• The (central) CMS detector measures the central system X
Staged installation, more
220 m
196 m

234 m

details in Mario’s talk
420 m
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• PPS is a set of detectors with tracking and timing capabilities.
• Tracking detectors measure the proton momentum loss 𝝃 =

𝚫𝒑
𝒑

• Timing detectors measure the vertex position 𝑧𝑃𝑉 = 𝑐/2 𝜏𝑝𝑟𝑜𝑡𝑜𝑛2 − 𝜏𝑝𝑟𝑜𝑡𝑜𝑛1

• Detector acceptance is determined by LHC optics, collision parameters, proximity to the
beam and collimators (proton transport for PPS in F. Nemes talk).
Dashed line: mass acceptance w/o 420m station
• Acceptance vs 𝝃 translated into acceptance vs mass (𝑚𝑋 = 𝑠𝜉1 𝜉2 )

• In current proposal the covered masses are:

133 GeV – 2.7 TeV for the first 3 stations
43 GeV – 2.7 TeV for all stations
• Run 2+3 acceptance between 350 GeV and 2 TeV
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~215m

• TOTEM+CMS expertise: PPS TDR (TOTEM-TDR-003)

• PPS successfully integrated during 2016, ~220m from
IP5
IP5 (initially “CT-PPS”)
• Covered mass range between 350 GeV and 2 TeV
• Collected >100 fb-1 by LS2
• Operated in standard LHC runs
More details in D. Figueiredo talk
JHEP07 (2018) 153

•

Based on correlation between measured
momentum loss of the protons and that
extracted from the leptons

•

Has very clean signature
4 March 2021

CMS PAS EXO-18-014

M. Pitt

•

Search for BSM contributions to
the LbyL cross-section

•

First limit on anomalous fourphoton coupling
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~215m

• TOTEM+CMS expertise: PPS TDR (TOTEM-TDR-003)

• PPS successfully integrated during 2016, ~220m from
IP5
IP5 (initially “CT-PPS”)
• Covered mass range between 350 GeV and 2 TeV
• Collected >100 fb-1 by LS2
• Operated in standard LHC runs

(Mario’s talk)

JHEP07 (2018) 153

CMS PAS EXO-18-014
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•

Based on correlation between measured
momentum loss of the protons and that
extracted from the leptons

•

the LbyL cross-section
•

Has very clean signature
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• Fiducial cross sections of CEP of SM processes in 𝑝𝑝 collisions at 𝑠 = 14 TeV, calculated with the
FPMC generator (using KMR exclusive model for pomeron fluxes and EPA for photon fluxes, survival
probabilities of 3% and 90% are considered for 𝑄𝐶𝐷 and 𝑄𝐸𝐷 processes respectively).
• A central detector selection cut of 𝑝𝑇 > 20 GeV on the generated objects was applied for all
processes with 2 particles in the final state.
• Two scenarios are considered: with and w/o 420m station:
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• Systematic study of screening effects in central exclusive di-jet
production was never performed.
• Exclusive 𝑏𝑏ത production – the dominant background for exclusive Higgs

searches never measured.

QCD contribution is dominant at
low di-jet masses
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𝒑𝒑 → 𝒑 ⊕ 𝝁𝝁 ⊕ 𝒑

𝒑𝒑 → 𝒑 ⊕ 𝑾𝑾 ⊕ 𝒑

𝝉 – lepton electric and magnetic moments in γγ→𝝉𝝉 events
• Exclusive 𝝉𝝉 production can be measured already in Run2+3
• Phenomenological study suggests improved constrains compared to those obtained at LEP
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• Exclusive ttbar has low cross-section (~0.1fb)
• Di-top mass resolution using PPS of ~few GeV, can probe near-threshold
production of ttbar
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𝒎𝑯
𝝃𝟏 𝝃𝟐 =
≈ 𝟎. 𝟗 × 𝟏𝟎−𝟐
𝒔
Cannot be measured w/o the 420m station

• Exclusive Higgs boson production is broadly discussed in the literature.
• Cross-section estimates vary by an order of magnitude due to the lack of
knowledge of screening effects
• Measurement of the central exclusive production of the Higgs boson is possible
only with all 4 stations

w/o the 420m station
w/ the 420m station
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Associated production with WW pairs
• Low cross section (~0.04 fb).
• Detectable with only 3 stations
• Inclusive Higgs boson production (all decay modes)
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At high masses, CEP is mainly via photon-fusion (γγ collider)

Search for Axion like particles (ALPs)

PPS

• PPS provides the best sensitivity to anomalous couplings and
can probe high di-photon masses in searches for ALPs (~TeV)

Signal / Background is a function of pileup:

+𝟐 ×

Signal

Background
<μ>~50, Lumi=300fb-1

The sensitivity will exceed the existing limits at high masses
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At high masses, CEP is mainly via photon-fusion (γγ collider)

SUSY searches

PRD 101 (2020), 052005

• Scenarios with compressed spectra are difficult at LHC, for example:
 𝟎𝟏 , where both neutralinos (𝜒10 ) produced at rest.
Consider 𝒑𝒑 → ℓ෨ ℓ෨ → ℓℓ
𝝌𝟎𝟏 𝝌
Neutralinos remain undetected (true MET), but these events will have low MET.
At LHC such searches require ISR jets to boost neutralinos and obtain high MET
(if protons are not tagged).
• In the exclusive production, the di-slepton mass (mℓ෨ ℓ෨ ) is measured by PPS

independently of the event kinematics measured by the central detector [1,2].
[1] L.A. Harland-Lang et al. JHEP 1904, 010 (2019)
[2] L. Beresford & J. Liu PRL 123 (2019) 141801

Complementary to the standard LHC searches
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• Exclusive WW production sets stringent
upper limit on the anomalous quartic gauge
coupling operators (JHEP08(2016)119).

• Deviation due to AQGC expected to be
visible at high masses
• A few % resolution in mWW
4 March 2021
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<μ>=200, Lumi=3000fb-1

• γγγZ coupling can be probed in γγ→Zγ channel search.
• Sensitivity is improved with timing detectors
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• Phase-II PPS program extends current CEP studies (today we cover a
mass range between 350 GeV – 2 TeV)
➢ 133 GeV – 2.7 TeV with only 3 stations

➢ 43 GeV – 2.7 TeV with all 4 stations
• 3 station scenario already provides rich physics program
• 420 m station is technically more challenging (cold part of machine), but

can come later (staged installation). Adds low-mass coverage (eg Higgs)
220 m

-220 m
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Backup
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• The full HL-LHC dataset (L~3000 ifb) allows to probe rare processes

in the Standard Model.
• One of the rarest production mechanisms in 𝑝𝑝 collisions is a fusion of
photons.
• Production via photon-fusion already observed at LHC in 𝑝𝑝 collisions:
[PLB 777 (2018) 303] Measurement of the exclusive 𝛾𝛾 → 𝜇𝜇 process in proton-proton collisions at 𝑠 = 13 TeV with the
ATLAS detector
[arXiv:2010.04019] Observation of photon-induced 𝑊𝑊 production in 𝑝𝑝 collisions at 𝑠 = 13 TeV using the ATLAS detector
[JHEP 07 (2018) 153] Observation of proton-tagged, central (semi)exclusive production of high-mass lepton pairs in pp collisions
at 13 TeV with the CMS-TOTEM precision proton spectrometer.
[PRL 125 (2020) 261801] Observation and measurement of forward proton scattering in association with lepton pairs produced
via the photon fusion mechanism at ATLAS.

Characteristics of photon-induced processes:
The higher cross-section for high 𝑊𝛾𝛾 in 𝑝𝑝 collisions than in 𝑃𝑏𝑃𝑏
Colorless interactions – an absence of QCD radiation
Can be tagged by forward proton detectors
4 March 2021
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• The HL-LHC will start in ~2028 delivering about
3000 ifb of 𝑝𝑝 collision data at 𝑠 = 14 TeV with an
instantaneous luminosity of 5 7.5 × 1034cm-2s-1.
• Extreme pileup conditions → 140 – 200 concurrent

interactions every bunch crossing.

Extensive detector upgrade work is needed!
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from R. Carlin ICHEP 2020
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from R. Carlin ICHEP 2020

A new proposed project: PPS@HL-LHC
• Recently a newCMS-NOTE-2020-008 upgrade
proposal was submitted:

• With general description of a new project
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• Based on TOTEM+CMS expertise: Precision Proton Spectrometer (PPS)
TDR (TOTEM-TDR-003)
• PPS successfully integrated during 2016 and operated in standard LHC runs
• PPS is a set of near-beam detectors installed in movable vessels (Roman
Pots).
• The (central) CMS detector measures the central system X
• PPS completes the 4𝜋 coverage of CMS

220 m

-220 m
-420 m
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• PPS is a set of detectors with tracking and timing capabilities.
• Displacement of the protons from the beam determines the
𝚫𝒑
proton momentum loss 𝝃 = (or photon momentum),
𝒑

measured by the tracking detectors

Timing detectors:

Tracking detectors:
-

-

150 × 100 𝜇𝑚2 3D Silicon pixels
Resolution 𝜎𝑋 = 25𝜇𝑚 (few %
mass resolution)

Double Diamonds using ToF
Ideal time resolution ~50 ps
During run 2 achieved 100 – 150 ps
R&D to achieve 20-30 ps at HL-LHC

220 m
196 m

234 m

420 m

IP5
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• Detector acceptance is determined by LHC optics, collision parameters,
proximity to the beam and collimators.
• Acceptance vs 𝜉 translated into acceptance vs mass (𝒎𝑿 = 𝒔𝝃𝟏 𝝃𝟐 )
Dashed line: mass acceptance w/o 420m station

• In current proposal the covered
masses are:

133 GeV – 2.7 TeV for the
first 3 stations
43 GeV – 2.7 TeV for all 4
stations

Detector acceptance by the end of the fill
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• From off beam protons we aim to measure:

𝝃=

𝒕=

𝚫𝐏𝐙
𝑷𝒁
𝒑𝒊

proton momentum loss

− 𝒑𝒇 = 𝒕𝟎 − 𝑷𝟐𝑻 ∼ −𝑷𝟐𝑻 proton transverse momentum
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