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Light-by-light scattering at LHC

In pp collisions, SM yy — yy has

SM yy — yy observed in lead ion collisions  small cross section... |
But BSM can enhance it!

Run: 366994 Phys. Rev. Lett. 123 (2019) 052001

vent: 453765663

EXPERIMENT 2019-11-26 18132103 CTSY e.g. Axion_like particle (ALP)
(assumed for signal modeling)
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Signal models

In the yy — yy event, final state proton can be intact (not dissociative)

Single-dissociative Double-dissociative

Exclusive event (SD) event (DD) event




Coupling constant

f1=0.05 TeV-

SuperChic 4.02
for EL
SuperChic 4.14
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Signal Yields
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AFP detectors at -200m and +200m from IP

AFP

Example:

Register protons
from light-by-light
scattering



AFP detector

In yy — yy events, final state proton can be intact,
record ATLAS forward proton (AFP) detectors

X Proton energy loss fraction
A+
AFP fAFP

Dipole magnet

~+70mM



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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Total Integrated Luminosity [fb™]
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AFP Run-2 data-taking in 2017: 32 fb-'at 13 TeV

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
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ATLAS Preliminary \s=13 TeV
LHC Delivered

ATLAS Recorded

B ATLAS and AFP Recorded

Total LHC Delivered: 50.2 fb™
Total ATLAS Recorded: 46.9 fb™
Total ATLAS and AFP Recorded: 32.0 fb™
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Purpose and main strategy 0

Diphoton resonance search using AFP
Select events where ,pp is close to &,,,: matching
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Event selection

1. Require diphoton to be back-to-back
Acoplanarity A} =1 - 'A—:' <0.01

2. Require &,pp In the high acceptance range
0.035 < §ppp < 0.08 - &, range is also limited

3. At least one matching proton n Eapp
|AS| = |€AFP — fyy| <0.004 +0.1$, AFP
f{»\ High
‘ acceptance
/K 1 range
__,-——'? ...............................
~4+200mM
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Selection efficiency as a function of ALP mass

Exclusive event
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Background sample generation

Photons and protons are recorded for each event

Event 1 &) o
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Event N-1 g~y V1)
Event N &y )
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Background sample generation

Photons and protons are recorded for each event
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— Pure combinatorial BG sample



Background sample generation "

All other combination of the reassignment
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Data and backgrou
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441 events observed
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Systematics

Source

Uncertainty

Signal yield uncertainty

Pile-up reweighting
Luminosity

Photon identification efficiency

Photon isolation efficiency

Beam optics between ATLAS central and AFP detectors
AFP global alignment

Proton reconstruction efficiency

Showering in the AFP

Background modelling (mass-dependent)

+2.7
560

+2.4%

+1.6
_1.5070

+1.9%

+0.8
If’o‘.‘g]oc;o
-8.6
+3.0o7

220
+().Oo7

~6.6 '°
+(0.02-0.7) events

Signal modelling

Photon energy resolution
Photon energy scale

+14.1
4.8 %o

+(0.5-1.0)%

Signal cross-section uncertainty

Soft survival factor (exclusive process)
Soft survival factor (single-dissociative process)
Soft survival factor (double-dissociative process)

+2%
+10%
+50%
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Exclusion limits

3102|"'"""""""""_: ,T'—' :||||||||||||||||||||||:
= ATLAS 1 5 | ATLAS 1
2 (s=13TeV, 146" - F (s=13TeV, 146" |
[o —— Observed CLs limit = — Observed CL, limit
+2 -
S mw Expected CL limit 7 S TN Expected CL; limit
/)] (/)] L ’
g 10 - Expected+1o g B - Expected =1 o i

C Z O = -
e C Expected = 2 ¢ _ o) i Expected 2 0 -
O I o § j=

I - o

i Y | 2

O1 0'E

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
m, [GeV] m, [GeV]




This analysis extends previous limits,  “°

JHEP 03 (2021) 243, in high mass region

Existing constraints from JHEP 12 (2017) 044
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Further reading .
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scattering with the ATLAS central detector and the ATLAS Forward Proton detector,
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Ondrej Matousek, Axion-Like-Particle Search Using Machine Learning for the Signal Sensitivity
Optimization with Run-2 LHC Data Recoded by the ATLAS Experiment,
defense date 14 June 2023



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 yy 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

https://twiki.cern.ch/twiki/pub/AtlasPublic/ForwardDetPublicResults
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AFP Run-3 data-taking in 2022:
36.1 fb-'at 13.6 TeV
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https://twiki.cern.ch/twiki/pub/AtlasPublic/ForwardDetPublicResults

