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• Background on ALPs

• ALPs at future colliders

✦ Future lepton colliders

✦ Future hadron colliders

✦ Experiments searching for macroscopic lifetimes
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• Pseudo-scalars in many extensions of the SM
✦ QCD axion - solution to strong CP-problem
✦ Nambu-Goldstone bosons of a broken symmetry
✦ mediators to the dark sector 
✦ explanations of various anomalies

• Good reason to study them! 
• Large regions of parameter space already probed by many 

different experiments
• We add a region that can be probed through exotic Higgs 

decays in run 2 of LHC and at future colliders
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• Interactions at dimension-5
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Effective Lagrangian

[Georgi, Kaplan, Randall: Phys. Lett.169 B (1986)]

[Weinberg: PRL 40 (1978) 223]
[Wilczek: PRL 40 (1978) 279]

• Higgs interactions at dimension-6 and 7

LD�6
e↵ =

Cah

⇤2
(@µa)(@

µa)�†�+
C(7)

Zh

⇤3
(@µa)

�
�† iDµ �+ h.c.

�
�†�+ . . . (0.1)

• Decay into photons, leptons, hadrons
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[Bauer, Neubert, Thamm: 1607.01016]

h ! aa h ! Za
[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]



 

• Drell-Yan production
• Vector boson fusion
• ALP associated production
• ALP production through exotic decay of H or Z
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Production at colliders

[Buttazzo, Redigolo, Sala, Tesi: 1807.04743]
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• Average decay length perpendicular to beam axis
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Detecting ALPs
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• Fraction of ALPs decaying before travelling a certain distance
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• Effective branching ratios
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Future lepton colliders
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• ALP associated production
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Future lepton colliders
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• ALP associated production
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Future lepton colliders
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• ALP associated production
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Future lepton colliders
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• Exotic Higgs decay: number of Higgses
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Future lepton colliders
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• Exotic Higgs decay
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Future hadron colliders
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• Exotic Z and Higgs bosons
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Future hadron colliders
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• Current bounds on 

• Improvement by factor 1.5
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Mathusla
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• Experimental setup

ATLAS/CMS
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Mathusla
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• Exotic Higgs decays
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Mathusla
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• Exotic Higgs decays
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• Lepton colliders:  
associated ALP production very promising

• Hadron colliders: 
gluon fusion and exotic decays improve sensitivity

• Mathusla 
sensitivity to smaller couplings
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Conclusions


