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PPS physicscase

ÅCentral exclusiveproduction (JPC = 0++centralfinal state)
ÅColour-singletexchangeswith large rapiditygaps betweenthe centralsystem and the 

outgoingprotons

ÅTwo-photon, photon-pomeronor two-pomeronexchangesat LHC energies allow access to a 
large varietyof processes

Åseee.g. JHEP 1608 (2016) 119, Phys.Lett. B777 (2018) 303-323 (in pp), 
Nature Phys. 13 (2017) no.9, 852-858, arXiv:1810.04602 (UPC in PbPb)
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Å Electroweak physics: dibosonand dileptonproduction, 
anomalouscouplingsearches

Å QCD:dijet, trijet , t ӶÔproduction
Å BSM direct searches: new resonances, missingƳŀǎǎΧ

Å Advantagesof the forward proton measurement
Å Strong background suppressionby requiringkinematicmatch with the centralsystem
Å Reducedtheory uncertaintiesrelatedto proton dissociation



Introductionto PPS

ÅNearbeammagneticspectrometerat IP5 of the LHC
ÅJoint CMS+TOTEM project to include horizontalRoman Potsin the standard, high luminosity, 

CMS data taking, TDR in 2014 [CERN-LHC-2014-021]
ÅStartedin 2016 (one yearearly) thanks to the availabilityof the legacy TOTEM silicon strips 

detectors
ÅCollecteddata throughoutthe wholeLHC Run2
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ÅTwo complementarymeasurements
ÅTracking detectors measurethe proton displacementwith respectto the beam, whichis

translatedinto energy-momentumlossthanks to the knowledge of the beamoptics

ÅTiming detectorsmeasurethe proton arrivaltime in both armsw.r.t. the referenceclock 
that keepsthe two stations synchronized, allowingthe calculationof the longitudinalposition 
of the interaction
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Experimentalchallenges

ÅRoman Potsneedto operate at few mm from the beamto maximizeacceptance
ÅRF shieldinginstalledto limit the impedancecausedby the RP insertion
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RF shield

Proton beamTracking
Detectors

Å Detectors must tolerate high levelsof non-uniform irradiation
Å For ͯ ρππfb-1 (Run2): ͯ υɇρπ protons/cm2

in tracking detectors
Å Spatialresolutionrequired: ͯ 10-30 ʈÍ
Å Timing resolutionrequired: Ḑςπps, to rejecthigh pileup
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PPS detectors for Run2
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TOTEM si-strips 3D pixels scCVD(diamond) Ultra-fast silicon detectors

Å 2016 Detectors
Å Tracking: 2 stations of TOTEM Si-strips detectors (10 planes), 20 ʈÍresolution. 

Limited radiationresistance(ɮ Ḑυẗρπp/cm2), no multi-track capability.
Å Timing: diamonddetectors in cylindricalRP

Å 2017 Detectors
Å Tracking: 1 station of TOTEM si-strips, 1 station of silicon 3D pixels (6 planeswith CMS 

Phase1 tracker readoutchips), „ḐρυʈÍand „ ḐσπʈÍ, ɮ Ḑυẗρπp/cm2

Å Timing: 1 station with 3 planesof single-layerdiamondwith expected„ ψπps/plane
and 1 planeof UFSD with expected „ σπps/plane(ɮ Ḑρπp/cm2)

Å 2018 Detectors
Å Tracking: two 3D pixels stations
Å Timing: 1 station of diamonddetectors (2 single-layer+ 2 double-layer)
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LHC Run2 operation

ÅḐ fb-1 collectedby PPS duringRun2
ÅAlways insertedand takingdata, fully integratedin CMS runs, in 2017 and 2018

ÅVeryhigh stability in both 2017 and 2018
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2016: 40% of the CMS statistics
2017: 88% of the CMS statistics
2018: 92% of the CMS statistics

2016 2017 2018



2018 data: hit maps
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2018 Layout

IP5Sector 45 Sector 56

Å Lessthan 0.05% bador noisypixels
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Tracking efficiencystudies
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Å Main strips inefficiencydue to no multi-tracking:
Å 30% efficiencyat pileupof 50
Å No problemfor pixel detectors

Å Radiationdamageeffectson the sensorsreduced
when movingto pixels:
Å However, non-uniform irradiationdoesaffect

the readoutchip performance
Å Efficiencylossmitigatedby movingthe 

stations verticallyduringtechnical stops
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2017 Pixel detector efficiency

ÅEfficiency computedwith 
tracks reconstructedwithin
the samestation
ÅEvolutionof the radiation

damagevs. integrated
luminosityafter LHC second 
Technical Stop 
( ρͯψfb-1 takenbeforeTS2)

ÅInefficiencyspot causedby 
radiationdamageismoved
awayfrom the high-
occupancyregionwhenthe 
station is lifted

ÅThe radiationeffect starts to 
be visibleat ψͯfb-1
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Å Very high performance overall: averageefficiency 9ͯ8%
Å Fewdamagedpixels: ͯ ρȢυ πȢσmm2, causedby non-uniform irradiationof the readoutchip
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Detector alignment

Two step detector alignmentprocedure:

ÅAbsolute RP alignmentin dedicatedlow-luminosityruns:
ÅBeam-basedalignment, to establishthe position of the 

RPsw.r.t. the LHC collimatorsand the beam

ÅExploit the geometricalpropertiesof elasticscattering 
events (ÐÐO ÐÐ) to extractpositions of all the RPs, with 
both horizontaland verticalpots insertedverycloseto the 
beam

ÅFill-by-fill alignment:
ÅNeedto redeterminethe RPspositions w.r.t. the beam: 

the RP position duringstandard data takingdiffers from 
that of the alignmentrun; the beamposition mayalso
changedue to the RP or beammovement

ÅUse inclusive sample of protonsand match the proton
tracks distribution with thoseof the alignmentrun

SeeCERN-LHC-2014-021 and CERN-TOTEM-NOTE-2017-001 for further details
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LHC opticsand dispersioncorrections

ÅVery good knowledge of the LHC beamopticsis needed
in order to correctlyreconstructthe proton fractional
momentumloss
Å Significantdata-drivencorrectionsneedto be made to the 

nominaloptics

Å MADX software isusedto simulate LHC optics

Å The model parametersare tuned to measurements
performedwith RPsand beam-position monitors

Å The dispersioniscalibratedby usingthe effectivelength
pinchpoint (, Ø π)

Å In the end: non-ƭƛƴŜŀǊ ŎŀƭƛōǊŀǘƛƻƴ ƻŦ ˅ ǾǎΦ ǘƘŜ ƳŜŀǎǳǊŜŘ 
ǘǊŀŎƪ ǇƻǎƛǘƛƻƴΣ ˅ҐȄκ5xό˅ύ

ÅFor the full documentation, see:
New J. Phys. 16 (2014) 103041, CERN-TOTEM-NOTE-2017-
002
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Proton reconstruction
ÅKnowledge of beamopticsallowsthe proton fractional momentumlossʊ

to be computed:
ÅFrom ‚the invariantmass and rapidityof the centrallyproducedstate X is

determined

ÅDouble arm mass acceptancein the ͯ GeVrange
ÅLower limit mainlydue to the minimum distancefrom the beam

(can varydependingon beamconditions, e.g. crossing angle)
ÅUpperlimit due to collimators

A. Bellora Low-x 2019 ςRecent results from PPS and PPS status and prospects ςNicosia, Cyprus 13

PPS physics
case

Experimental 
apparatus

Operation in
LHC Run 2

Tracking 
efficiency 

Detector 
alignment and 

proton 
reconstruction

(Semi)Exclusive 
‎‎O ὰὰ

2016 results

Prospects for 
LHC Run 3

‚ ρ
ȿἸȿ

ȿἸȿ

ὓ ί‚‚

ώ
ρ

ς
ÌÏÇ
‚

‚

Double arm



(Semi)exclusive‎‎O ЉЉ
ÅSearch for opposite-chargelepton pairsproducedby two photons, 

with forward proton tagging
ÅSee(JHEP 07 (2018) 153 (arXiv:1803.04496 [hep-ex]))

ÅKnownEWK process:
ÅProton related to pT and of the leptons: ЉЉ

▼
ἸἢЉ ▄

Љ ἸἢЉ ▄
Љ

ÅElasticcontribution: low theoreticaluncertainty(E-M proton form factorsΣ Χύ
ÅSingle dissociationcomponent: 

ÅWiderphotonvirtuality spectrumthan for exclusiveproduction
ÅSensitive to rapiditygap survival probability
ÅProvidesacceptancetowardslower masses

ÅBackgrounds:
ÅDouble dissociationcontribution
ÅInclusive (Drell-Yan, VBF ) contribution
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+ pileup proton

BackgroundsSignal



(Semi)Exclusive‎‎O ЉЉ data selection

Å9.4 fb-1 of 2016 data used

ÅPre-selection:
ÅTrigger: >= 2 leptonswith Ð ‘ σψ'Å6and Ð Ὡ σσ'Å6

ÅOffline selection: Ð Љ υπ'Å6, ÍЉЉ ρρπ'Å6(aboveZ mass peak), 
well-reconstructedprotonswith ʊЉЉ in PPS coverage >= 1 

ÅRefitteddileptonvertex (… ρπ, ᾀ ρυcm) separatedfrom neighbouringtracks (0.5 mm veto)

ÅLeptonsproducedback-to-back in transverseplane: ὥḳρ
πȢππω‘‘

πȢππφὩὩ

ÅStrong background suppressionby requiring2 matching between measurements
(centraltracker vs. PPS)

ÅData-driven background estimation, usinginclusive $9O ЉЉ dataand double dissociative 
simulatedevents togetherwith randomlyselectedprotonsfrom the data passingthe ʊmatch 
requirement

ÅExpectedbackground:

Ȣ Ȣ ▼◄╪◄Ȣ Ȣ ▼◐▼◄Ȣ ⱧⱧ

Ȣ Ȣ ▼◄╪◄Ȣ Ȣ ▼◐▼◄Ȣ ▄▄
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(Semi)Exclusive‎‎O ЉЉ 2016 results

ÅFirst observationof (semi)exclusive(two-photon) production of dileptons
with taggedprotons
Å20 matching events, with a total estimatedbackground of 3.85 events

ÅCombinedsignificanceof υȢρ„over background onlyhypothesis
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Events matched
in Sector 45 
(Left arm)

Thismeasurementprovesthat PPS performsaccordingto expectations


