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A Precision Proton Spectrometer
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CT-PPS conceived as a joint CMS-TOTEM project; from 2018 a CMS subdetector

Detectors located in horizontal roman pots along the LHC beam line, at +~200 m from the
CMS interaction point

 during Run 2 (2016-2018) two tracking stations and one timing station per side

Detects intact protons emerging from the IP and driven by LHC magnets in proximity of the
proton beam = detectors approaching the beam at few mm

Designed to operate continuously at standard LHC running conditions
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The CT-PPS physics program

Main target of the CT-PPS physics program is the study of Central Exclusive Production

(CEP) processes:
e interacting protons remain intact and get detected in the roman pots;

main reconstructed kinematic variable is their fractional momentum loss,
¢ = (pi — |pi)/|pi *
e energy lost by protons goes into exclusive final state reconstructed by CMS )

Final state generated via yy fusion or gluon exchange

Wide range of physics measurements accessible:

e rare SM processes = anomalous gauge couplings, BSM contributions;
e direct search for new resonances, including invisible states;

e diffractive physics;

* jet characterisation (dominant gluon component)

04/05/2022 E. Robutti - New physics results with the CMS-TOTEM Precision Proton Spectrometer - DIS 2022




Events of interest characterised by distinct signature:

* two leading protons reconstructed on opposite sides of the IP;

e |arge rapidity gap between central system and leading protons (colour-singlet exchange)
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Signhal and background

The proton tag is a powerful tool for the identification of signal events:
e discriminates against inclusive events containing same final state;

e allows kinematic closure of the event through the relations

mass of the central system My, = \/ Sf 1 52

\ fractional momentum loss

of the two protons

S
rapidity of the central system = = 1 (

* reduces theoretical uncertainties related to proton dissociation

A large source of background is often induced by pileup protons
e uncorrelated protons from other interactions in the same bunch crossing

* precision timing can help associating protons to primary vertex
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Proton kinematics (€) is determined from reconstructed tracks in

CT-PPS calibration

tracking stations through knowledge of the LHC optics parameters
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Detector alignment is performed in various steps
e relative and absolute (wrt. beam) alignment

e reference determined using also vertical pots
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Proton reconstruction 2053
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Resolution from data

Special data samples used to evaluate the detector performance
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CT-PPS data sample and first results 2053

CT-PPS collected ~110 b1 of data during LHC Run 2 with various detector configurations
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Central exclusive tt production

First search for exclusive production to top quark-antiquark pairs with  »—- > Pl
proton tag Y ) n
* Predicted to occur in SM with very low cross section ~0.1 b (dominant yy Y

fusion process) , ,

N
e Sensitive to top-photon coupling; may be enhanced by BSM contributions  ».— JJI > P

Top quark pair reconstructed in dilepton (£+ £-, £ = e, y) or / + jets mode I*, q
W v. O
e final state containing only top quark decay products and one proton in each [ 9
CT_PPS arm Leptons: Jets:
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e =1 proton on each side of CT-PPS o >2 b-jets
e =1 proton on each side of CT-PPS
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Central exclusive tt production fos2

Background dominated by inclusive tt events with random coincidence of pileup protons

e estimated by mixing random protons from data to simulated background
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Central exclusive Z/y + X production

First search for new physics in central production associated to a Z° or a photon

ook for generic weakly interacting BSM particle X

Missing mass technique:

e reconstruct Z0 — ete-, utu- or y inclusively;
HH 4

e tag one proton per side;

e determine missing mass from kinematic balance:

2

e |ook at mmiss distribution In
acceptance region
600 < Mmiss < 1600 GeV

M = |+ P = (py+ i+ D)
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Selection / Analysis

Z —ete /Z = utu

Leptons/Photons > 2 same flavour leptons (e or u) | =1y within |7(vy)| < 1.4442
opposite electric charge
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Central exclusive Z/y + X production 2023
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First search for exclusive, high-mass, WIW or ZZ production with proton tag

* Look for enhancements to the SM cross section = probe Anomalous
Quartic Gauge Couplings

!

Vector bosons reconstructed through hadronic decays

* merged jets from V — qg decay

N QR

e proton tag on both arms of CT-PPS (suppresses QCD background) . >

e suffers from high pr threshold in jet triggers
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Central exclusive WW / ZZ production

Background dominated by inclusive QCD dijet production

CMS-PAS-SMP-21-014
TOTEM-NOTE-2022-004

e Estimation entirely based on data, projecting yields in control regions to signal regions

Analysis performed on full Run 2 statistics (100 tHb")

Yields extracted separately per each channel, year and

signal region type
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e Dim-6 yyWW limits 15-20 times ¢
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results with no proton tag
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Summary/outlook

CT-PPS allows to extend the CMS physics program with the study of forward proton-
tagged processes

* results in broad range of topics obtained from data collected in LHC Run 2

* more studies in progress

PPS setup data taking:
* new silicon pixel tracker with internal motion to mitigate radiation damage;

e two new timing stations, double-diamond detectors in all planes = expected factor ~2
iImprovement in pp vertex determination

e dedicated dijet Level-2 trigger (HLT) line with proton tag, to afford lower pt threshold

Expression of interest for a new setup for HL-LHC [arXiV:2103.02752]
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