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Why to look for light resonances?

Well-motivated beyond the SM (BSM) models : LHC is searching for new states and 
pushing the scale to  TeV. But new light states could be present.≫

 TeV≫

 100 GeV∼

 1 GeV∼

Energy 
scale

 =  GeVma 𝒪(1 − 100)
Need more exploration
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How to look for them at LHC?

1. From exotically decaying SM Higgs boson :

2. From heavier states :

3. Direct or associated production :
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Difficulties and possible solutions

Trigger : trigger  threshold might not be optimal in probing low mass region.pT

Object reconstruction : decay products are collimated if produced with large .pT

Backgrounds : large QCD background can obscure the search at low mass

Jet substructure techniques : can improve the search for boosted resonances.

Prong discriminant : useful to substantially reduce QCD backgrounds with some 
limitations (later).

Lowering trigger  threshold : improving the reach in probing low mass region.pT
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Pseudoscalar (ALP) Model
 ,   ( ) 

ALP-fermion coupling : ,  is dimensionless and  is an energy scale. We assume  to 

be universal for all SM fermions.
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2209.03932, A. 
Bharucha, F. 
Brümmer, N. Desai, S. 
Mutzel
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Signature we are looking for…(Signal and Backgrounds)

AK1.0 (Boosted)

 = mass of 
soft-drop AK1 jet
mSD

high pT,γ

Signal :

Backgrounds :

 (a  ALP) 

ALP Mass Range :  = [12 , 100] GeV 

Madgraph, Pythia8, Delphes

pp → aγ → bb̄γ ≡

ma

Multijet  Multijet , ,  

Pythia8, Pythia8, Delphes

∈ +γ W + γ Z + γ

Soft-drop ( )zcut = 0.1, β = 1 ATL-PHYS-PUB-2021-028

q g

ω

g q

q̄

q̄
AK1.0

Flavor 
discussion 
later

q̄
a

b

b̄

q ω

q

gaff gaff

Grooming AK1.0 jet :
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2-prong discriminant observable

 

 = 2-prong discriminating observable             
 

 = cut on  to reject of multijet 
background events 

, a dimensionless scaling 
variable
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1603.00027, James 
Dolen, Philip Harris, 
Simone Marzani, 
Salvatore Rappoccio, 
Nhan Tran

1609.07483, Ian Moult, Lina Necib, Jesse Thaler = Ratio of energy correlation functions (ECF) 
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 variable and selection requirementsmSD

 is inefficient for low 
mass resonances : 

In the limit of mass <<  , 
jet loses 2-prong feature.
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AK1.0 jet radius is 
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The shape of 
the QCD 
background 
distribution is 
matched to 
data samples.
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b-tagging of AK1.0 jet

ATL-PHYS-PUB-2023-021

Find two small radius subjets, variable radius (VR), inside AK1.0 jet and match each of them to a hadron in event.

AK1.0

Merged Fixed Radius subjets!

VR-jet

VR-jet

AK1.0

Reff = ρVR/pT

a hadron

Variable Radius (VR)

Categories in multijet background : bb, bc, bl, ll,cl,cc

corresponding to 80% bb-tagging efficiency

b : b-jet c : c-jet l : light-jet
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Signal and background estimation
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Chosen mass range = .[μ + σ, μ − σ]

Crystal ball fits to the  variable :mSD
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Projected sensitivities 

CL exclusions on :95 %
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Lowering  thresholdpT

CL exclusions on :95 %

σ(pp → aγ → bb̄γ) gaff
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Summary and outlook
• Light resonance searches are important along with TeV scale physics as a solution to 

many BSM physics.

• They can be looked for in different kind of final states at LHC. We explored 
associated production here.

• Jet substructure techniques can improve analysis in most of the low mass regions.

• b-tagging is important to reject backgrounds in these kinds of signature.

• Possibly new trigger requirements may improve these searchers further.

• The techniques used can be applied to any low mass resonance decaying to .bb̄

• ALPs are an interesting avenue to look for light scalars.

• Machine learning can be used over jet substructure observables.

Thank you



Changing the  parameterβ
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