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Event classification
ÅElastic + diffractive (colorless interaction) +non-diffractive (color exchange)

ÅSingle diffr.: pppX/Xp

ÅDouble diffr.: ppXY

ÅClassification: rapidity gap

ÅNeed well-placed detectors

ÅAlso with jets: hard diffraction

ÅSoft diffraction:
ÅRegge theory & the Pomeron

ÅKinematic variables:
ÅInvariant mass of dissociated

particles: ὓ

ÅMom. loss of the proton: 

‚
ɝὴ

ὴ

ὓ

ί
ÅRapidity gap: ɝ– ÌÎ‚
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Forward detectors at TOTEM & CMS

ÅRoman Pot detects deflected protons
ÅEdgeless silicon detector

ÅPlaced 147 and 220 m from IP

ÅFew ‘ÒÁÄscattering angle(–around10)

ÅMomentum-transfer:
ρπ ὸȾ'Å6 ρπ

ÅOther forward detectors
Åtracks in SD & DD events

ÅHF: σ – υ

ÅT1: σȢρ – τȢχ

ÅT2: υȢσ – φȢυ

ÅCASTOR: υȢς – φȢφ

ÅFSC: φ – ψ

ałǘŞ /ǎŀƴłŘΣ 9ǀǘǾǀǎ ¦ƴƛǾŜǊǎƛǘȅISMD'13 Chicago 4

Introduction



Forward detectors at ATLAS

ÅLUCID (luminosity): υȢφ – φ Roman Pot station:

ÅALFA (Roman Pots): ρπȢφ – ρσȢυ
Åfour RP stations at 237.4 and 241.5 m

ÅGeometric acceptance:

ÅAFP (ATLAS Forward Proton): in approval
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TOTEMPreliminary

TOTEM: Differential elastic cross-sections
ÅBased on event numbers & 

luminosity: fl

ÅMeasurements at several 
optics (z) setups

ÅSmall ȿὸȿ(mom. transfer): 
exponential; diffractive 
minimum; power-law tail

ÅSpecial z ρπππÍrun,
down to φɇρπ GeV2

ÅSensitive to Coulomb-nuclear 
interference

Å” ᴘὊȾᴑὊ measured:

ałǘŞ /ǎŀƴłŘΣ 9ǀǘǾǀǎ ¦ƴƛǾŜǊǎƛǘȅISMD'13 Chicago 7

Cross-sectionmeasurementsElastic cross-sections

πȢρρππȢπςχÓÔÁÔπȢπρπÓÙÓÔȢ
Ȣ ÍÏÄÅÌ



TOTEM: Total cross-section measurements
Åα9ƭŀǎǘƛŎ ƻƴƭȅέ ƳŜǘƘƻŘ Ǿƛŀ ƻǇǘƛŎŀƭ ǘƘŜƻǊŜƳΥ „

ᴐ

fl

ÅLuminosity-independent method: „
ᴐ Ⱦ

Å′-independent method: „ ὔ ὔ Ⱦfl

ÅTotal inelastic rate via T2 trigger, corrections from T1 & MC

ÅOngoing analyses for 2.76 and 8 TeV with different optics
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ATLAS: Integrated cross-section for ‚ ‚

ÅThe inelastic cross-section obtained by integration from ‚ to 1

ÅSame as integrating from 0 to ɝ–

ÅRMK model (Ryskin, Martin, Khoze), PYTHIA and PHOJET used

ÅSmall ‚region underestimated

Å14.5 mb for ‚ ψɇρπ compared to

6 mb (3 mb) by PYTHIA (PHOJET)

ÅRMK model lies below data generally

ÅLow ‚enhancement in agreement

ÅTotal inelastic cross-section: 
„ φωȢτ ςȢτ ÅØÐφȢω ÅØÔÒÍÂ

ÅIn agreement with TOTEM (large uncert.)

ÅRef.: Eur. Phys. J. C72 (2012) 1926
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Soft single diffraction at TOTEM

ÅRapidity gap (ɝ– ÌÎ‚) determines diffractive mass (ὓ ‚ί)

ÅEvent classification based on tracks in T1 & T2, proton in RP
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Single diffractionTOTEM results

SD class Configuration ╜╧[GeV] Ⱪ ▬Ⱦ▬

Low mass 1 RP + opp. T2 3.4ς7.0 2ø10-7ς10-6

Medium mass 1 RP+ opp. T2 + opp. T1 7.0ς350 10-6ς0.0025

High mass 1 RP + opp. T2 + same T1 350ς1100 0.0025 ς0.025

Very high mass1 RP+ both T2 1100ςΧ 0.025 ςΧ



TOTEM results on soft single diffraction

ÅExponential shape fitted 
(Ὡ ȿȿ)

ÅCorrections:
ÅTrigger efficiency

ÅReco. efficiency

ÅProton acceptance

ÅBackground

ÅExtrapolation

ÅEstimated „uncertainty: 20%

ÅQuite preliminary result

„Ȣ φȢυ ρȢσmb
ÅTo be understood!

ÅVery high mass: ongoing

ÅALICE result for ὓ ςππ'Å6
„ ρτȢω Ȣ

ȢƳō
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Diffractive dijets at CMS

ÅDiffraction with a hard scale set by a dijet system

ÅDescribed by dPDF(ᴖflux PDF) + pQCD„

ÅDiffractive selection described by mix ofdiffr. 
(POMPYT) & non-diffractive (PYTHIA) samples

ÅInclusive cross-section in 3 bins

ÅND MCs underestimate the data at low ʊ: 

evidence for hard diffraction

ałǘŞ /ǎŀƴłŘΣ 9ǀǘǾǀǎ ¦ƴƛǾŜǊǎƛǘȅISMD'13 Chicago 13

Single diffractionDijets with CMS



Table of Contents

ÅIntroduction

ÅCross-section measurements

ÅSingle diffraction

ÅDouble diffraction

ÅCentral diffraction

ÅSome more results

ÅSummary

ałǘŞ /ǎŀƴłŘΣ 9ǀǘǾǀǎ ¦ƴƛǾŜǊǎƛǘȅISMD'13 Chicago 14

Doublediffraction



Soft double diffraction at TOTEM

ÅParticle in both T2 arms, no T1 tracks
Å0³T1 + 2³T2 topology

ÅPseudorapidity range: 4.7-6.5, i.e. 3.4 < M < 8 GeV

ÅBackground estimation:
ÅSingle diffractive: 0³T1 + 1³T2 + proton in RP

ÅNon-diffractive: MC prediction based on 2³T1 + 2³T2 

ÅValidation of backgr. estimates:

ÅRef.: CERN-PH-EP-2013-170
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TOTEM results on double diffraction

ÅCross-section result: „ Ȣ Ȣ ρρφςυʈÂ

ÅPYTHIA 8: ρυωʈÂ, PHOJET: ρπρʈÂ

ÅTwo – regions: 4.7-5.9 (a) and 5.9-6.5 (b)

Åα5ƛŦŦŜǊŜƴǘƛŀƭέ ǊŜǎǳƭǘΥ

ÅPYTHIA total: 8.1 mb, PHOJET total: 3.9 mb

ÅCERN-PH-EP-2013-170 ; arXiv:1308.6722

ÅLargest source of uncertainty: tracking, – reco. to generator transformation

ÅImprovement expected with 8 TeV data(with CMS)
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(a|b)+(a|b) a+a b+b a+b b+a

TOTEM result[ʈÂ] ρρφ ςυ φυ ςπ ρς υ ςφ υ ςχ υ

PYTHIA [ʈÂ] ρυω χπ ρχ σφ σφ

PHOJET [ʈÂ] ρπρ ττ ρς ςσ ςσ



SD & DD cross-sections at CMS

ÅMeasure event counts with gap on + or - side

Å„ τȢχ πȢπτÓÔÁÔȢ
Ȣ ÓÙÓÔÍÂ, int. over ςȢυ ÌÏÇ‚ υȢυ

ÅMultiplied by 2 to account for both side processes

Å„ πȢωσπȢπρÓÔÁÔȢ
Ȣ ÓÙÓÔÍÂ, for ɝ– σȟὓ ȟὓ ρπ'Å6

ÅPythia8-MBR: describes SD, DD partially

ÅPythia6/8: fails with SD
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Central diffraction at TOTEM

ÅEvent topology (2RP+T2):

ÅTwo rapidity gaps ɝ– ‚and ɝ– ‚, thus ὓ ‚‚ί

ÅBackground: elastic, inelastic with beam-halo (pile-up)

ÅBeam halo negligible:ώ ρρ„

ÅElastic rejected via anti-elastic cuts,

non-elastic topologies(e.g. top-top)

ÅSingle-arm event ratein RP

(corrected):

ÅOnly ὸdistribution is exponential (Jac.)

ÅMC based fit on ὸdistribution

ÅCross-section estimate: „ ρÍÂ
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