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Light-by-light scattering at LHC 2

SM 𝜸𝜸 → 𝜸𝜸 observed in lead ion collisions
In 𝒑𝒑 collisions, SM 𝜸𝜸 → 𝜸𝜸 has 
small cross section…
But BSM can enhance it!

e.g. Axion-like particle (ALP)
(assumed for signal modeling)
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Signal models
In the 𝜸𝜸 → 𝜸𝜸 event, final state proton can be intact (not dissociative)
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ALP Production Cross-section 4

Coupling constant 
f-1=0.05 TeV-1

SuperChic 4.02 
for EL
SuperChic 4.14 
for SD and DD



Signal Yields 5

Coupling constant 
f-1=0.05 TeV-1

signal efficiency × 
acceptance models ×
cross-section ×
luminosity



AFP detectors at -200m and +200m from IP
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AFP detector
In 𝜸𝜸 → 𝜸𝜸 events, final state proton can be intact,
record ATLAS forward proton (AFP) detectors
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AFP detector
• Each side of the AFP systems is referred to as an arm. 
• For tracking the Silicon Tracker (SiT) is used, 

which consists of four layers of silicon pixel detectors. 
• Only FAR stations equipped with the Time-of-Flight (ToF) 

detectors.
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AFP Run-2 data-taking in 2017: 32 fb-1 at 13 TeV 9

Day in 2017
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ATLAS Preliminary  = 13 TeVs
LHC Delivered
ATLAS Recorded
ATLAS and AFP Recorded

-1Total LHC Delivered: 50.2 fb
-1Total ATLAS Recorded: 46.9 fb

-1Total ATLAS and AFP Recorded: 32.0 fb

2/18 calibration

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

Used for 
this analysis 
14.6 fb-1

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3


Purpose and main strategy
Diphoton resonance search using AFP 
Select events where 𝝃𝐀𝐅𝐏 is close to 𝝃𝜸𝜸: matching
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Event selection

1. Require diphoton to be back-to-back
Acoplanarity 𝑨𝝓

𝜸𝜸 ≡ 𝟏 − 𝚫𝝓
𝝅 < 𝟎. 𝟎𝟏

2. Require 𝝃𝐀𝐅𝐏 in the high acceptance range
𝟎. 𝟎𝟑𝟓 < 𝝃𝐀𝐅𝐏 < 𝟎. 𝟎𝟖 → 𝝃𝜸𝜸 range is also limited

3. At least one matching proton
𝚫𝝃 ≡ 𝝃𝐀𝐅𝐏 − 𝝃𝜸𝜸 < 𝟎. 𝟎𝟎𝟒 + 𝟎. 𝟏𝝃𝜸𝜸
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Selection efficiency as a function of ALP mass 12
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Photons and protons are recorded for each event

Background sample generation 13
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Background sample generation
Photons and protons are recorded for each event
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Background sample generation
All other combination of the reassignment
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Data and background-only fit 16



Search results
441 events observed
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Beam

AFP

𝜎$ ≈ 300	𝜇m
𝑑 ≈ 2 − 3	mm

No double matching

Dominant systematic
uncertanity:
AFP global alignment



Systematics 18



Exclusion limits 19

Excluded
Excluded



This analysis extends previous limits, 
JHEP 03 (2021) 243, in high mass region
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https://indico.cern.ch/event/673941/
https://indico.cern.ch/event/673941/
https://cds.cern.ch/record/2690367
https://cds.cern.ch/record/2722599
https://cds.cern.ch/record/2730062
https://cds.cern.ch/record/2742416
https://cds.cern.ch/record/2790266
https://cds.cern.ch/record/2849362


Conclusions
• Run-2 data analysed (data taken in 2017)
• Matching between 𝜸𝜸 and proton measurements with AFP
• No indiction of Light-by-Light scattering via an ALP
• Limits set on production cross-section and coupling
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Plans for the future
• Much increased statistics with Run-3 data
• Time-of-Flight (ToF) detector for background reduction
• Using machine learning for signal and background separation
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https://twiki.cern.ch/twiki/pub/AtlasPublic/ForwardDetPublicResults

AFP Run-3 data-taking in 2022: 
36.1 fb-1at 13.6 TeV

https://twiki.cern.ch/twiki/pub/AtlasPublic/ForwardDetPublicResults

