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based on arXiv:1610.00009, 1704.08207, 1708.00443 
and work in progress

with Martin Bauer and Matthias Neubert



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

[Weinberg: PRL 40 (1978) 223]
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[Bauer, Neubert, Thamm: 1607.01016]

h ! aa h ! Za
[Dobrescu, Landsberg, Matchev: 0005308]
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Exotic Higgs Decays                        h ! aa
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• All these modes can be reconstructed at run II

• Interesting final states
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h ! aa ! invisible
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• Fraction of ALPs decaying before travelling a certain distance

fdet =

Z ⇡/2

0
d✓ sin ✓

⇣
1� e�Ldet/L

?
a (✓)

⌘

Ldet = 1.5m

Decay into photons
before EM calorimeter

Ldet = 2 cm

Decay into electrons
before inner tracker

• Effective branching ratios

Br(h ! Za ! `+`�XX̄)
��
e↵

= Br(h ! Za)⇥ Br(a ! XX̄) fdec Br(Z ! `+`�)

h ! Za
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• Current bounds on h ! aa

[Bauer, Neubert, Thamm: to appear]
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• Current bounds on
• Leptonic Z decays 

h ! Za

[Bauer, Neubert, Thamm: to appear]
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• Current bounds on
• Leptonic Z decays 

h ! Za
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• Current bounds on 

• Improvement by factor 1.5

Z ! �a
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• Rare Higgs decays provide a powerful way to 
probe the existence of ALPs with masses 
between 30 MeV and 60 GeV

• Future colliders very promising!

21Andrea Thamm

Conclusions


