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ATLAS Detector

. . . but also forward detectors
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Forward detectors and physics

Physics with forward protons
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NOT in this talk

� elastic scattering

� total cross section

� ρ parameter

� odderon

� luminosity measurement

� ALFA detectors

� optical theorem

� pomeron structure

� single di�raction

� double pomeron exchange

� high-β∗ optics

� special runs

� low pile-up (low µ)

Phys. Lett. B (2016) 158
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Two-photon processes
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Equivalent photons
Equivalent Photon Approximation

(slides borrowed from Victor Gonçalves)
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Two-photon processes

� Two-photon processes can be

computed within QED

� Exclusive γγ → ll

� Standard candle for

photon-induced physics

� Non-negligible background to

Drell-Yan like reactions

� Test of SM γWW and γγWW

couplings
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Complications (i.e. motivation)

BSM motivation � possible new particles:

QCD motivation � proton dissociation and additional exchanges:
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How to measure two-photon processes

Signatures of γγ → ll̄ events:

� clean �nal state

� low pT of photons → low pT of ll̄ pair

→ low acoplanarity

� forward protons

Challenges:

� small cross section

� trigger e�ciency

� pile-up
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Pile-up in pp LHC runs

11 / 50



Pile-up in pp LHC runs
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Analysis without forward protons

Exclusive selection:

� vertex isolation � low pT of the ll̄ pair
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γγ → µµ in pp event candidate
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Limitations of analysis without forward protons

DY background Processes with dissociation
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Absorptive corrections
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Forward proton spectrometer

(drawing from Jesse Liu)
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Trajectories of forward protons
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Roman pots
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Feedthrough �ange
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ATLAS Forward Proton detectors � one arm
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ATLAS Forward Proton detectors � full system
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Reconstruction of proton kinematics
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Reconstruction of proton kinematics
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Reconstruction of proton kinematics
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Reconstruction of proton kinematics
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Analysis strategy

� ξ � fraction of proton energy carried by the photon

� approximations: neglecting proton mass and transverse momentum

� ξ from proton measurement

ξ = 1− Ep/Ebeam

� ξ from ll̄ system

ξ± =
Mll̄√
s
· e±yll̄
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Kinematic matching
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Kinematic matching � all channels
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Signal evidence
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Signal candidates
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Distributions
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Uncertainties

σee+p = 11.0± 2.6(stat.)± 1.2(syst.)± 0.3(lumi.) fb

σµµ+p = 7.2± 1.6(stat.)± 0.9(syst.)± 0.2(lumi.) fb

Source of systematic uncertainty Impact

Forward detector
Global alignment 6%
Beam optics 5%
Resolution and kinematic matching 3–5%
Track reconstruction efficiency 3%
Alignment rotation 1%
Clustering and track-finding procedure < 1%

Central detector
Track veto efficiency 5%
Pileup modeling 2–3%
Muon scale and resolution 3%
Muon trigger, isolation, reconstruction efficiencies 1%
Electron trigger, isolation, reconstruction efficiencies 1%
Electron scale and resolution 1%

Background modeling 2%
Luminosity 2%
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Experiment vs theory

σfid.
ee+p [fb] σfid.

µµ+p [fb]

Measurement 11.0± 2.9 7.2± 1.8

Predictions

Ssurv = 1

Herwig+Lpair 15.5± 1.2 13.5± 1.1
Herwig 9.3± 0.7 8.0± 0.6
Lpair 6.2± 1.1 5.5± 0.9

Ssurv using Refs. [31,30]

Herwig+Lpair 10.9± 0.8 9.2± 0.7
Herwig 7.0± 0.5 5.9± 0.4
Lpair 3.9± 0.7 3.4± 0.6

SuperChic 4 [94]

Exclusive + single-dissociative 12.2± 0.9 10.4± 0.7
Exclusive 8.6± 0.6 7.3± 0.5
Single-dissociative 3.6± 0.6 3.1± 0.5
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To tag or not to tag

γγ → ll̄ in Z mass window without forward proton tagging:

γγ → ll̄ in Z mass window with forward proton tagging:
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To tag or not to tag

With forward proton tagging Without forward proton tagging
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� Di�erent sensitivity to processes with dissociation

� Double-tag measurement would provide more information
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Luminosity in 2017

Day in 2017
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AFP inter-plane alignment

Inter-plane alignment � relative positioning of Si layers within one AFP station

reality
before

alignment

track

reco.

alignment

correction

after

alignment

� Three degrees of freedom aligned: x and y o�sets, rotations around z

� First plane in every station �xed; other planes aligned relative to the �rst

one
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Beam-based alignment
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Data-driven alignment

(drawing from Jesse Liu)
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Data-driven alignment
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Reconstruction e�ciency
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Combinatorial backgrounds
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Time-of-Flight detector
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ToF resolutions

� 30 ps ↔ 9 mm (at speed of light)

� More bars � better combined resolution
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ToF�vertex matching
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AFP → new physics object

(drawing from Jesse Liu)
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Involvement of Cracow groups in AFP

Crucial involvement (leading role in several activities) of IFJ PAN and AGH-UST

teams:

� physics programme

� beam tests

� construction

� commissioning

� slow control

� trigger

� data acquisition

� operation

� detector simulation

� data preparation

� reconstruction software

� performance studies

� physics analyses

Installation of �rst arm in 2016
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