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Outline

* Background on ALPs
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Theory Motivation

Solves (9 — 2), anomaly
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Solves the strong
CP problem

ALPs from sun
and stars

“——— ALPs decay within

collider

PNGB from
Composite Models
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Eftective Lagrangian

e Interactions at dimension-5
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e Decay into photons, leptons, hadrons
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* Assuming effective Wilson coefficients to be 1

ALP decays
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Eftective Lagrangian

e Interactions at dimension-5
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e Decay into photons, leptons, hadrons
« Higgs interactions at dimension-6 and 7
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Outline

* Background on ALPs
e ALPs at tuture lepton colliders

+ Production 1n association with a photon, Z, H
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Production at lepton colliders

* Resonant production
() Ve Ctor boson fu Sion [Buttazzo, Redigolo, Sala, Tesi: 1807.04743]
® ALP aSSOCiated prOdUCtiOn [Bauer, Heiles, Neubert, Thamm: 1808.10323]

* ALP production through exotic decay of H or Z
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Associated production

e ALP associated production with a photon or Z
V. Z et v Z

 Includes exotic Z decays at the Z pole

e ALP decay into photons

Process depends on only one coupling

Cyy=Cww + CBB, C,z =c., Cww — s Cgp Czz = ¢, Cww + s CpB
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Detecting AL Ps

e Average decay length perpendicular to beam axis

BaYa
Iy

Br(a — X X)
I'(a — XX)

L1 (0) =sinf

a

— sinf/v2 — 1

* Fraction of ALPs decaying before travelling a certain distance

/2
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Decay into photons Decay into electrons
before EM calorimeter before inner tracker
Ldet = 1.5m Ldet = 2cm

e FEffective branching ratios
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Detecting AL Ps

* Number of required events:

+ 100 for LHC estimates

+ 4 tor lepton collider estimates

* Only estimates - also need tull analysis!
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Associated production

e ALP associated production with a photon or Z
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Associated production

e ALP associated production with a photon or Z

 Includes exotic Z decays at the Z pole

e ALP coupling via lepton loop

e ALP decay into leptons

¥ Process depends on only one coupling
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e ALP associated production with a photon or Z

e ALP decay into leptons
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Associated production
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Associated production

e ALP associated production with a H
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Associated production

e ALP associated production with a H

e’ - h

« ALP decay into photons
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Associated production

* Large hierarchy in couplings can be plausible

* Integrating out the top
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Associated production

* Large hierarchy in couplings can be plausible

* Integrating out the top
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Associated production

e ALP associated production with a H
et .+ h

e ALP decay into leptons
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Outline

* Background on ALPs
e ALPs at tuture lepton colliders
+ Production 1n association with a photon, Z, H

+ Production 1n exotic H decays
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Exotic Higgs decays

* Exotic Higgs decay: number of Higgses
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Exotic Higgs decays z

S|

« Exotic Higgs decay: h — Za
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Exotic Higgs decays

« Exotic Higgs decay: h — aa
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Outline

* Background on ALPs

e ALPs at tuture lepton colliders
+ Production 1n association with a photon, Z, H
+ Production 1n exotic H decays

+ Electroweak precision constraints
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Electroweak precision tests

e Unprecedented precision of electroweak observables
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Conclusions

e [Lepton colliders can probe well motivated parameter space
* Exotic Z decays are particularly powertul

e Can probe individual couplings
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