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PPS$hysicscase

A Centralexclusiveproduction (F¢=0** centralfinal state)

A Coloursingletexchangesvith largerapidity gapsbetweenthe centralsystem and the

: PPS physics
outgoingprotons e

A Two-photon, photon-pomeronor two-pomeronexchangesit LHC energieallow access to a
largevariety of processes

A seee.g.JHEP 1608 (2016) 1Bhys.LettB777 (2018) 30323 (in pp),
NaturePhys 13 (2017) no.9, 85858, arXiv:1810.0460@JPC irPbPh

p p

A Electroweakphysics dibosonanddilepton production,
anomalouscouplingsearches

A QCDdijet, trijet, t@production

A BSMdirect searchesnewresonancesmissingY | & & X

A Advantage=f the forward proton measurement
A Strong backgrounduppressiorby requiringkinematicmatch with thecentralsystem
A Reducedheory uncertaintiesrelatedto proton dissociation
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Introductionto PPS

A Nearbeammagneticspectrometerat IP5 of the LHC

A Joint CMS+TOTEM project to includ®izontalRomanPotsin the standard, highuminosity
CMS datdaking, TDR in 2014JERN.HG2014-021]]

A Startedin 2016 (oneyearearly) thanks to theavailabilityof the legacy TOTEM silicon strips
detectors

A Collecteddatathroughoutthe whole LHCRun2

PPS Roman Pots containing Detectors

AL
. )

(\"’"(g\ ¢ Lo &
S S
TAS D1 eaexw) TAN Pl = ToLs -
| J= -y |[ofods e L | = = '
— == e[e] o] %
M |1 Y S\ - i — | — T—T e —
Il il 203.827 m
= | || 212,55 m

A Two complementarymeasurements

A Tracking detectorsneasurethe proton displacemeniwvith respectto the beam whichis
translatedinto energymomentumlossthanks to the knowledge of theeamoptics

A Timing detectoraneasurethe proton arrivaltime in both armsw.r.t. the referenceclock
that keepsthe two stationssynchronizedallowingthe calculationof the longitudinalposition
of the interaction
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apparatus




Experimentathallenges

A RomanPotsneedto operate at few mm from the beamto maximizeacceptance
A RFshieldinginstalledto limit the impedancecausedy the RRnsertion

Tracking Protonbeam
Experimental
DeteCtO rS apparatus
RFshield

A Detectors mustolerate highlevelsof non-uniform irradiation
A For p bl (Run2):x vép 1t protonscm?
in tracking detectors
A Spatialresolutionrequired* 10-30t |
A Timingresolutionrequired D ¢ 1ps, to reject highpileup

X (mm)
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Experimental
apparatus

»\
o

TOTEM si;trips 3D pixels scCV@Odiamond Ultra-fst silicon detectors

A 2016 Detectors )
A Tracking: 2 stations of TOTEMs8ips detectors (1@laney, 20t | resolution
Limitedradiationresistancgg D utp 1 p/cm?), no multitrack capability.
A Timing:diamonddetectors incylindricalRP
A 2017 Detectors
A Tracking: 1 station of TOTEMs#iips, 1 station of silicon 3D pixelsg@aneswith CMS
Phasel trackerreadoutchips),, Dp 4 land, Dot I, Duip mp/cm?
A Timing: 1 station with Planesof singlelayerdiamondwith expected, ) 1pg/ plane
and 1planeof UFSD with expected o 1p<plane(3 D p 1T p/cm?)
A 2018 Detectors
A Trackingtwo 3D pixels stations
A Timing: 1 station ofliamonddetectors (2 singléayer+ 2 doublelayer)

In both arms
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LHCRuUNZ2 operation

Integrated Lum|n05|ty 2016 2018
120 .

I
CMS Prellmlnary
B RP recorded (/fb): 111.14

wo- 2016 2017 2018

Operation in

2016: 40% of the CMSatistics LHC Run 2
2017: 88% of the CMSatistics
2018: 92% of the CMSatistics

Total Integrated Luminosity (/fb)

> X N b e o O 1% B 4 O
2007 0% T (@7 7 @O A1 60T a0 g
Date (UTC)

AD fb- collectedby PPSluring Run2
A Alwaysinsertedand takingdata, fully integratedin CMSuns, in 2017 and 2018
A Veryhighstabilityin both 2017 and 2018
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2018 data: himaps

CT-PPS Pixel SEC45 220F _hr

Sector 45 «

IP5
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2018 Layout

CT-PPS Pixel SEC45 210F _hr
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Trackingefficiencystudies

| Track Occupancy Percentage Vs PU SEC45

] CMS DP 2018/021

A Main stripsinefficiencydue to no multitracking:

Percentage of 0 track events
Percentage of 1 track events
Percentage of 2 track events
Percentage of 3 track events
Percentage of 4 track events
Percentage of 5 and more track events
Percentage of single tracks in non empty events
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Tracking
efficiency

)
A Radiationdamageeffectson the sensorsreduced § BX
when movingto pixels: S
A However nonuniform irradiation doesaffect
the readoutchip performance \ .

Non-irradiated

P 4 Irradiated

Threshold

A Efficiencylossmitigated by movingthe
stationsverticallyduringtechnicalstops

A\ 4
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2017 Pixel detectoefficiency

SEC45 220F Efficiency map - 0.6 fb™ after TS2 SECA45 220F Efficiency map - 4.0 fo™' after TS2
CMS-TOTEM Proliminary 2017 _ il CMS-TOTEM Preliminary 2017
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A Efficiencycomputedwith
tracksreconstructedwithin
the samestation

A Evolutionof the radiation 4
damagevs.integrated g
luminosityafter LHC second I .
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A Very high performanceverall: averageefficiency< 98%
A Fewdamagedpixelsx p® 1@ mm?, causedby nortuniform irradiation of the readoutchip
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Detectoralignment

Two step detectoralignmentprocedure:

A Absolute RRlignmentin dedicatedlow-luminosityruns

A Beambasedalignment to establishthe position of the
RPsw.r.t. the LHGollimatorsand thebeam

A Exploit thegeometricalpropertiesof elasticscattering
events P B D Pto extractpositionsof all the RPswith
both horizontaland verticalpotsinsertedverycloseto the

beam

A Filkbyfill alignment
A Needto redeterminethe RPgositions w.r.t. thebeam
the RP positiomuring standard dataakingdiffersfrom
that of the alignmentrun; the beampositionmayalso

changedue to the RP dbeammovement

A Use inclusive sample pfotonsand match theproton
tracksdistribution with thoseof the alignmentrun

SeeCERNLHC2014021 and CERNOTEMNOTE2017-001 forfurther details
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LHGopticsanddispersioncorrections

CMS+TOTEM 2016,Vs= 13 TeV

y (mm)

A Very good knowledge of the LH&2amopticsis needed
In order to correctlyreconstructthe proton fractional
momentumloss

A Significantlata-drivencorrectionsneedto be made to the @
nominaloptics N

A MADX softwareds usedto simulate LH®ptics ;

A The modeparametersare tuned to measurements

14

0 2 4 6 ) 10 12

performedwith RPsandbeampositionmonitors x (mm)
A Thedispersionis calibratedby usingthe effectivelength € ' L S
pinchpoint(( (@ ™) 10F MADX —  EE.EAR — alignment and

A ntheendnont Ay ST NJ OF £ AO NI GAZ2Y L. X S A dzh

0N} O]l LR&abdVWd2y>S VvIEKS sk
A For the fuldocumentationsee }sé_

New JPhys 16 (2014) 103041, CERRTEMNOTE2017~ >

002 b N N

A. Bellora Lowx 2019¢ Recent results from PPS and PPS status and prospHatssia, Cyprus




Protonreconstruction

A Knowledge ofbeamopticsallowsthe proton fractional momentumlossu
to be computed

A From, the invariantmass andapidity of the centrallyproducedstate Xis

determined 0
A Doublearm massacceptancen thex GeVrange :
A Lowerlimit mainlydue to the minimundistancefrom the beam w
(canvarydependingon beamconditions e.g. crossing angle)
A Upperlimit due tocollimators : ™
% 8 Vs=13TeV ]
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Station 1 Station 2

LHC magnet lattice
(optics)

Detector
alignment and
proton
reconstruction
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(Semigxclusiveé 71© /b/b

A Search foopposite-chargelepton pairs producedby two photons,
with forward proton tagging
A See(JHEP 07 (2018) 153 (arXiv:1803.044@H-Ex])

A Known EWKprocess
A Proton relatedto prand of theleptons: (/b/b) — 15(/b)g () AUb)g P

VY
A Elasticcontribution: low theoreticaluncertainty(EM proton form factorss X 0
A Singledissociationcomponent:
A Wider photon virtuality spectrumthan for exclusiveproduction
A Sensitive taapidity gap survivaprobability
A Providesacceptanceaowardslower masses

A Backgrounds:

A Doubledissociationcontribution :

s +
A Inclusive(DrelkYan VBF fontribution Sl ptelel:
Signal Backgrounds S
p D p X p X " 1O Jb/b
\-q' \‘H 2016 results
y* — {7t ~* — 0t ~* 0+
Y Y .
p Y

p p p p
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(Semikxclusivé 7© JbJ/b dataselection

A 9.4 fbl of 2016 dataused

A Pre-selection
A Trigger: >= eptonswith® * ) o A&db (Q) oo’ A6

A Offlineselection® (Jb) v 1t A6 Ub/b) p p 'mA @boveZ maspeal),
well-reconstructedprotonswith s /b/b in PPS coverage >=1

A Refitteddileptonvertex (.. p @ p wm)separatedrom neighbouringracks (0.5 mm veto)
Trnw '

T8t Tt ¢ 'Q
A Strong backgrounduppressiorby requiring2 matchingbetween measurements
(centraltracker vs. PPS)

A Data-driven backgroundestimation, usinginclusive$ 9° Jb/b dataand double dissociative
simulatedeventstogetherwith randomlyselectedprotonsfrom the datapassinghe ymatch
requirement

A Expectedbackground:

8 8 (V4 « 8 (v FHH
8 8 (V49 « 8 (Vi 9 4m

A Leptonsproducedbackto-back intransverseplane @k p |—|
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(Semi)Exclusive
[ 10 Jb/b
2016 results
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(Semikxclusivé 1© JbJ/b 2016results

A Firstobservationof (semipexclusive(two-photon) production ofdileptons
with taggedprotons

A 20 matching events, with @tal estimatedbackground of 3.85 events
A Combinedsignificanceof u® ,over backgrounanly hypothesis

Eventsanatched

in Sector 45
/ (Leftarm)

Thismeasurementprovesthat PP $erformsaccordingto expectations

A. Bellora Lowx 2019¢ Recent results from PPS and PPS status and prospHatssia, Cyprus

(Semi)Exclusive
[ 19 Jb/b
2016 results
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