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Image reproduced from Science article

Axion-Like Particles (ALPs) as a 
possibility for feebly coupled,
long-lived new physics

● ALPs are pseudoscalar particles predicted in many new physics 
scenarios 

● They do not necessarily solve the strong CP problem in the SM as 
the QCD axions

● The ALP mass and the global symmetry breaking scale are 
decoupled, allowing for a rich phenomenology

● A promising approach to study the phenomenology is to 
systematically parameterise the ALP couplings to SM particles 
using effective lagrangians

Low-energy EFT of ALPs
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https://www.sciencedirect.com/science/article/abs/pii/037026938690688X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269386912736?via%3Dihub


We study Axion-like particles (ALPs) with a particular flavour structure

● ALPs couple to quarks only. They can be produced through flavour 
off-diagonal coupling to top quarks, and decay with flavour diagonal 
couplings to jets

● ALPs can be searched for in anomalous top-quark decays @ LHC

● Light (~10 GeV) and feebly coupled ALPs can be long-lived!

● We include off-diagonal 
couplings to up-type quarks 
only

● Couplings are real and 
symmetric

● a is the ALP
●     is the effective cut-off scale
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ALP production: Top quark decays to ALP via off-diagonal coupling

ALP decay: ALP decay to same flavour quarks via diagonal coupling

ALP signature: Long-lived ALP produced in rare top decays decaying to two jets with macroscopic 
displacement (DV) from the IP
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LLP collider phenomenology: We recast the ATLAS DV+jets search (arXiv:2301.13866, JHEP 06 
(2023) 200) which searches for displaced vertices and multiple jets (both prompt and displaced) 

We follow their reinterpretation prescription from 
HEPData here 

ATLAS US

Two orthogonal signal regions (Strong or  “high-pT” and EW or “Trackless”)
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● Two types of jets are defined: truth jets and displaced truth jets. 
Displaced truth jets are truth jets that have been matched with the 
decay position of an LLP. Matching in DeltaR plane to LLP childs

● Displaced jets that originate from LLPs decaying outside the 
calorimeter are discarded

Both SRs require at least one DV passing the full selection 

Jet definitions

Event-level selections Vertex-level selections
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Parametrized efficiencies

● For events that have passed the event and vertex 
acceptance requirements, we make use of parameterized 
efficiencies provided by ATLAS 
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● We can then calculate our final cutflow efficiency as

ATLAS-SUSY-2018-13

Following closely the ATLAS prescription in HEPData

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/hepdata_info.pdf
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We validated the ATLAS DV+jets search

● About 14 benchmarks for different masses of the gluino or
electroweakinos, as well as the lifetime

● We achieve excellent agreement at the acceptance level O(1)%

 K.Cheung, Fei-Tung Chung, G. Cottin, Z. S. Wang, 2404.06126Cutflow example in the Trackless-jet SR 

https://arxiv.org/abs/2404.06126
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We validated the ATLAS DV+jets search

● But, once the parameterized efficiencies are included, deviations as large as O(10)% are observed

● We argue that we should have selected the correct set of events from the whole event samples 

● Our recast code is public on the github LLP Recasting Repository

https://github.com/llprecasting/recastingCodes/tree/main/DisplacedVertices/ATLAS-SUSY-2018-13_GCottin
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Results: g vs. g

● We apply a 50% uncertainty band. Curves for signal-event numbers of

● Gray region is where 4-body ALP decays (induced by the non-diagonal couplings) are important (we do not include them)
● For ALP masses above the W-boson threshold, the non-diagonal couplings can result in 3-body decays of the ALP (ALP is too prompt)  
● The two signal regions are sensitive to similar decay coupling-ranges and hence similar lifetimes of the ALP
● For the sensitivity reach in the production couplings, the trackless-jet SR performs much better (by a factor of 5) 



Results: g vs. mass

● We fix the production couplings to be 1000 or 150 times the decay couplings. Smaller production couplings implies smaller rates, 
leading to restrictive sensitivities

● General shapes determined by the effect on the ALP mass on the total decay width (bounded by ALP decays inside the fiducial region)



Summary and outlook

● We study axion-like particles (ALPs) with a particular 
flavour structure, complementing recent works

● The ALPs can be produced in rare top decays at the LHC 
and decay to displaced vertices plus multiple jets

● We recast the ATLAS DV+jets search. We find excellent 
agreement at the acceptance level, although larger 
discrepancies for some benchmarks when including 
parametrized efficiencies

● Our code is public hoping it would be useful to the 
community

● The ATLAS DV+jets  search can probe unique parts of the 
parameter space of the quark-flavour violating ALP 
scenario considered !



Backup



Jet definitions in more detail
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Following closely the ATLAS prescription in HEPData

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/hepdata_info.pdf
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Signal cutflows

https://arxiv.org/abs/2404.06126
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Signal cutflows
 K.Cheung, Fei-Tung Chung, G. Cottin, Z. S. Wang, 2404.06126
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