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ATLAS & Forward DetectorsLight by light scattering 

Introduction
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Turning the LHC into a photon collider

Boosted charged particles are a source of quasi-real photons
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𝜈 ~ c𝜈 = 0

=

Schwinger Limit: in QED, 
limit for which EM fields are 

no longer linear. 

Schwinger Limit
B ≳ 10⁹ T, E ≳ 10¹⁸ V/m

Hadron Colliders
B >> 10¹⁴ T, E >> 10²³ V/m
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Turning the LHC into a photon collider
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Provide photon-photon fusion via peripheral collisions

Phenomena observed with both pp and PbPb collisions



Varsiha Sothilingam 5

Matter turns 
into light

Positron-electron tomography

Light turns 
into matter

Extragalactic light cosmic rays

Light scatters 
off light

Axion-like particle searches

Foundational Tests of Quantum Electrodynamics
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Photon-induced processes

Leptons
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W Bosons Axion-like Particles SUSY Dark Matter

ATLAS: 2009.14537 Tizchang, Etesami: 2004.12203
Baldenegro et al: 2009.08331
ATLAS: 2010.04019 

Fichet et al: 1312.5153
Baldenegro et al: 1803.10835

Beresford & Liu: 1811.06465
Harland-Lang et al: 1812.04886

https://arxiv.org/abs/2009.14537
https://arxiv.org/abs/2004.12203
https://arxiv.org/abs/2009.08331
https://arxiv.org/abs/2010.04019
https://arxiv.org/abs/1312.5153
https://arxiv.org/abs/1803.10835
https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/1812.04886
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Diffractive Jets Exclusive Jets Top quarks Higgs boson

ATLAS: 
ATL-PHYS-PUB-2017-012

Trzebinski et al: 1503.00699
Harland-Lang et al: 1405.0018

Goncalves et al 2007.04565
Howarth 2008.04249

Cox et al 0709.3035
Heinemeyer et al 0708.3052

Central Exclusive Processes

https://cds.cern.ch/record/2273274/files/ATL-PHYS-PUB-2017-012.pdf
https://arxiv.org/abs/1503.00699
https://arxiv.org/abs/1405.0018
https://arxiv.org/abs/2007.04565
https://arxiv.org/abs/2008.04249
https://arxiv.org/abs/0709.3035
https://arxiv.org/abs/0708.3052
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Searching for light scattering
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Central Exclusive Process:
Standard central detector search

Proton remain intact,
Scatter at high η

Can be tagged using forward 
detectors
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ATLAS Forward Proton Spectrometer
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AFPAFP

Proton beam Proton beam

Scattered proton Scattered proton

ATLAS detectorLHC 
Magnet

LHC 
Magnet

AFP detectors located ~ 200m either side 
of the interaction point
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Step 2: infer proton energy

Step 3: know initial photon energy
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E       = 6.5 TeVreco

recoE       = 6.4 TeV

E       = 6.3 TeVreco

beamE       = 6.5 TeV

x [mm]

B field from 
LHC dipoles

The idea of a proton spectrometer

Step 1: measure spatial deflection
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Advantage of proton ξ kinematics  

Reconstruct central system complete 
four momenta without ATLAS 

MET can be inferred with z-component 
of proton.

AFP Advantage

Modelling and understanding MET in 
physics process

ATLAS Challenge
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Advantage of proton ξ kinematics  

Pile up in central detector

ATLAS Challenge

Display from
ɣɣ→WW→e𝜈μ𝜈 event



Varsiha Sothilingam 13

Advantage of proton ξ kinematics  

Can match central objects to protons

AFP Advantage

Pile up in central detector

ATLAS Challenge
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Advantage of proton ξ kinematics  

Energy loss measured in 
central detector:
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Results from ɣɣ physics and AFP

ɣɣ→ɣɣ

ɣɣ→WW→ℓℓ𝜈𝜈 

ɣɣ→ℓℓ 

pp→p (𝑗𝘫) p
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Heidelberg contributions

Diffractive charged 
particle multiplicity for 

Run 3
Diffractive Dijets Semi-leptonic 

exclusive WW
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AFP provide additional 
information to study 
diffractive physics
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Photon fusion physics has 
access to interesting physics 

in a “clean” process

Run 3 opens opportunity 
to study processes yet to 

be observed

Summary



Varsiha Sothilingam 18

Additional Slides
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Forward Detectors in ATLAS
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AFP Spectrometer



Varsiha Sothilingam 22

● 4 detectors in each station
● ATLAS IBL pixel sensors
● Pixel size: 50 x 250 μm² 
● Spatial Resolution:

○  ~6 μm in x, ~30 μm in y
● 14° tilt in x- z

PU proton

AFP tagged 
proton

Silicon Tracker (SiT)
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● 4x4 quartz bars oriented at the Cherenkov 
angle with respect to the beam trajectory.

● Light is directed to PMTs
● Time resolution: ∼25 ps ⇒ vertex reco ~ 5mm. 
● Provides trigger signal to CTP.

Time of Flight (ToF)
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Roman Pots (RPs)
Protons

● RPs place detectors as 
close as possible to beam

● No interference with main 
beam

● Independent vacuum 
system to main LHC

● Circular shape eliminates 
resonant cavities.

View from inside of beam 
pipe to inserted pot 
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PT > 100 MeV tracks
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Track modelling in sQCD

PT > 1 GeV tracks

PT > 5 GeV tracks
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MC Signal: MET modelling
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Derivation of WW system energy loss
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