Light Dark ALPs
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Goldstone bosons
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ALP effective theory
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ALP effective theory
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(*) vector couplings observable in weak-interaction processes

Shift symmetry for ALP-fermion couplings:

v

o flavor-diagonal axial-vector couplings v o

e Yukawa-like flavor hierarchy
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Shift symmetry breaking: ALP mass

e.g. Bonnefoy et al. 2206.04182 4



Running couplings

e c(h)
| =411,
! | Mg . ! 92 "o
La = ) f Fi(Cr)ij "uFj + ) vafa(4#)2Vp!V“'
TeV F=Q,LUD,E V=G,W,B
EW SB
I I 2
atac, b a F
e fEt 2 Ta it V=1 gCVVfa(Aﬂ"E'E)ZVH v
GeV chiral SB
@
kS La = Lipr(a,!)
ju
O
O
eV

Chala et al. 2012.09017; Bauer et al. 2012.12272 5



https://arxiv.org/abs/2012.09017
https://arxiv.org/abs/2012.12272

Running couplings: top-driven
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At colliders: prompt-displaced-invisible

meson decays
E W s

t\<t
d

Batell et al. 0911.4938

Higgs decays
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Bauer et al. 1708.00443

virtual ALPs

Gavela et al. 1905.12953



https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/1905.12953
https://arxiv.org/abs/0911.4938

ALPs in top-antitop production

My

prompt hadronic decays
Rygaard et al. 2306.08686

10 GeV
- : v
displaced vertex A S S ,
Ci \( 1@
211
missing energy Esser et al. 2303.17634

any:  top kinematics Phan, SW coming soon



https://arxiv.org/abs/2303.17634
https://arxiv.org/abs/2306.08686

Displaced ALPs in top production

L =150 fb™ Vs =13 TeV
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Rygaard, SW et al. 2306.08686
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https://arxiv.org/abs/2306.08686

LHC predictions: ALP-top coupling
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https://arxiv.org/abs/2306.08686

Probing the ALP-top coupling
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Ferber, SW et al. 2201.06580
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https://arxiv.org/abs/2201.06580

Global analysis of the ALP effective theory

[:,,A” observables depend on all couplings."j

e resonant and virtual ALP effects Bruggisser, Grabitz, SW 2308.11703

o ALP-induced SMEFT ef'fects Biekoetter et al. 2307.10372
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https://arxiv.org/abs/2308.11703
https://arxiv.org/abs/2307.10372
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Top and gluon couplings
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Bruggisser, Grabitz, SW 2308.11703 14



https://arxiv.org/abs/2308.11703

Electroweak couplings

Z width
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Impact of flavor observables
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ALP production and decay depend on all couplings.
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Global ALP fit with flavor
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(*) BaBar 2013 Bruggisser, Grabitz, SW _2308.11703 17



https://arxiv.org/abs/2308.11703

Impact of ALP lifetime
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ALP lifetime depends on all couplings — scan parameter space.
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Prompt-displaced-invisible

[LHC+B! K®inv. + B! K®aa! upj
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Optimal resolution through parameter correlations.
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Summary

e shift-symmetric ALP couplings: effective theory

e running couplings and virtual ALPs: many observables

top coupling global analysis
th Cff) top dijets (CGG
S N
s ClEEEE R / “
l \n flavor
g~ >t

direct bound on running

pin down UV scenarios
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BACKUP
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Top-induced leptonic ALP decays
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e universal top contributions to fermion couplings:
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see Bauer et al. 2012.12272 22


https://arxiv.org/abs/2012.12272
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https://arxiv.org/abs/2306.08686

ALPs in meson decays
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https://arxiv.org/abs/2201.06580

