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Why axions?
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SM: dn = θ  × 3×10-16 e×cm 

EDM
neutron
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Why axions?
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experiment: dn  < 3×10-26 e×cm
                   θ < 10-10
 

EDM
neutron
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Why axions?
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Why axions?

2

pseudoscalar pseudo-Nambu-Goldstone 
bosons arising from approximate Abelian 
global symmetries beyond the SM which 
are broken spontaneously at a scale fa 
much greater than the electroweak scale  

could also be dark matter particle or dark matter mediator…  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Axion “band”
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Search for ALPs in top pair production
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ALPs vs pseudoscalar Higgs bosons
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ALPs vs pseudoscalar Higgs bosons
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Search for ALPs without gluon coupling
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Search for heavy pseudoscalar Higgs bosons
Dark Matter mediator production

arXiv:1908.01115

pseudoscalar, mA=400 GeV, ΓA=0.04·mA

𝞍/a

➞ increased sensitivity of up to 30%
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Search for a heavy pseudoscalars

3.5σ local

1.9σ global
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Limits on ALPs without gluon coupling
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ALPs vs pseudoscalar Higgs bosons



- Christian Schwanenberger -Distinguishing ALPs and pseudoscalar Higgs in ttbar final states LHCTopWG Open Meeting 11

Cross section for ALPs with gluon and top couplings

difference in the dileptonic pp → tt cross section between the ALP model 
(including resonance and interference) and the SM

_
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Preliminary Preliminary
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Search for ALPs with gluon and top couplings

signal: (LO) 
tt background: (NLO) 
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Distinguishing ALPs from pseudoscalar Higgs
Run 2
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Distinguishing ALPs from pseudoscalar Higgs
Run 2Preliminary
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Distinguishing ALPs from pseudoscalar Higgs
Run 2+3Preliminary
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Distinguishing ALPs from pseudoscalar Higgs
HL-LHCPreliminary
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Expected constraints on ALPs couplings
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Comparison to other LHC constraints

ATLAS searches for 
narrow resonances 
decaying into photon 
pairs

benchmark 
points (BPs):

Preliminary

γ

t

γ



- Christian Schwanenberger -Distinguishing ALPs and pseudoscalar Higgs in ttbar final states LHCTopWG Open Meeting 15

Summary
Heavy axions might be able to solve 
strong CP problem and could be 
Dark Matter particles/mediators

→ Expected constraints on ALPs couplings 
     and compared to other photon constraints 
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Backup
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Technical Details
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Considered systematic uncertainties
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Search for ALPs with effective couplings
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a
cGG ctt

chromomagnetic dipole moment

derived from 
arXiv:1901.03061

⇒

⇒

measure 
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density 
matrix
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Anomalous couplings from Spin Correlations

arXiv:2105.01078

➞ are such constraints interesting?

arXiv:1907.03729

ma≲EWK scale
28
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Lagrangians in ALPs searches
arXiv:1901.03061 arXiv:2105.01078
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Prospects in ALPs searches
arXiv:1901.03061 arXiv:2105.01078

for all of those…
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ALPs resonances
arXiv:2107.11392

extracted from the all-hadronic tt resonance search by ATLAS 
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Limits on top couplings for light ALPs
arXiv:2107.11392
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