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INTRODUCTION

▸We know the Standard Model to be 
incomplete, and axion-like particles (ALPs) 
are part of many BSM theories that 
introduce dark matter

▸We are searching for long-lived ALPs 
produced in exotic Higgs decays, using a 
partial Run 3 dataset of 159.4 fb-1

▸The ALP is assumed to decay to photons 
with a branching ratio of 100%

▸This is a follow-up on the Run 2 analysis
searching for a promptly decaying ALP
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BR (h→ Za) = 10%

BR(a→γ γ) = 100%

https://arxiv.org/abs/2312.01942


SIGNATURE

▸The main difficulty arises from 
reconstructing the photons, since 
they are displaced

▸For long-lived ALPs, photons can be 
produced in the HCAL, where they 
will not pass the standard ATLAS 
photon reconstruction –
reconstructed as a jet
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a

γ γ

▸By considering longer lifetime ALPs, we are 
able to investigate weaker couplings 
between ALPs and photons



SIGNAL PHENOMENOLOGY

▸Every event that we consider is required to 
have oppositely charged electrons or muons

▸There are geometric and kinematic 
requirements on the leptons, such as their 
invariant mass being in a window around the Z 
mass
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▸Leptonic Z decays are selected using 
single and di-lepton triggers, 
alongside a dedicated set of 
requirements on the leptons



BACKGROUNDS

▸Some SM processes can mimic the 
final state, so we need simulations 
of backgrounds to compare to data

▸The dominant backgrounds are Z + 
jets (blue), and Z + γ (green + grey)

▸ t-tbar (brown) are also included, 
and di-boson backgrounds were 
also investigated, but were found 
to be negligible

▸To distinguish between 
background and signal events, we 
need to identify the differences 
between the jets
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ALP IDENTIFICATION
▸We use a Graph Neural Network (GNN) 

to identify jets and give them a score of 
how much they look like an ALP jet

▸ It is optimised in searching for photons 
that are displaced between 2m and 4m
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▸The GNN is trained on 
signal samples with 
different mass ALPs, 
using Calorimeter 
Clusters for each jet



SIGNAL REGION
▸ To give the highest chance of making a discovery, 

we need to search a region of the ALP parameter 
space that gives the greatest significance

▸ Using kinematic and geometric variables
(such as ∆R, the angular separation) to distinguish 
between signal and background, and requiring the 
jet with the highest GNN score to be above 0.9

▸We are using the GNN score and invariant mass of 
the di-lepton + jet as discriminating variables
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▸An event-based Boosted Decision Tree (BDT) is 
being developed to improve these significances



VBF SIGNAL REGION 8

▸Two main Higgs production mechanisms 
at the LHC: gluon-gluon fusion (ggF) and 
vector boson fusion (VBF)

ggF

VBF

▸Main distinction 
between ggF
and VBF are the 
two extra jets, 
which can be 
used to define a 
signal region



VBF SIGNAL REGION 9

▸The two VBF jets are likely to be 
produced in the forwards direction of the 
detector, have a high pT, and a very high 
invariant mass

▸These cuts 
have been 
optimized to 
enhance the 
VBF signal, 
scanning each 
parameter 
individually



VBF SIGNAL REGION 10

▸After optimisation, the red VBF 
signal dominates the black ggF signal

▸However, the background still 
dominates, more work is needed to 
further reduce the background

▸Work is being done to develop a 
BDT to more efficiently optimise a 
larger set of parameters



QUALIFICATION TASK

▸I have been working on the 
ATLAS Inner Tracker upgrade 
(ITk), particularly loaded local 
supports

▸Developing a framework to 
allow analysis tests to be run 
(quality control for thermal 
performance, IV etc.)

▸Producing a GUI to 
implement and view tests 
and results
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CONCLUSIONS

▸ The search for long-lived ALPs decaying in displaced photons is on-going using partial Run 
3 data

▸ I have been working on an independent framework to cross check selections and data-MC 
agreement, investigating event selections for the inclusive analysis and developing a 
dedicated signal region for VBF production of the Higgs

▸ Various selections have been tested to improve the sensitivity, maximising the 
significance, and exploiting a GNN to identify jets most likely from displaced photon 
decays

▸More work is required to further reduce SM backgrounds

▸ The team has developed an event-based BDT to do so, now under study for both 
inclusive and VBF-dedicated region

▸ Going on LTA to CERN from October!
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BACKUP
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PHOTON RECONSTRUCTION
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GRAPH VARIABLES
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HEAVY SIGNAL SAMPLE
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MORE VBF VARIABLES
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