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Axions in General
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Fuzzy dark matter

QCD axion EW bosons

Dark hadrons? Heavy dofs

A broad mass range: rich pheno

Many searches for light ones; heavier ones?

Flavor decays!

At colliders
FCNC processes

[Cheng et al.]
[Cheng, Jiang et al.]
[Cheng, Jiang and Li]

[PDG Review]

https://arxiv.org/pdf/2110.10691
https://arxiv.org/pdf/2401.08785
https://arxiv.org/pdf/2408.13304
https://pdg.lbl.gov/2023/reviews/rpp2023-rev-axions.pdf
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Axions at Colliders

Current bounds

[d’Enterria]

Many regions probed

Unexplored parts! 

ma ∼ 𝒪(1) GeV
gaγ

Λ
≲ 1 TeV−1

Flavors matter. 

https://arxiv.org/pdf/2102.08971
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Leptophilic ALPs

Couplings with leptons/gauges only

The PQ current:

Interactions, considering :a∂μJμ
PQ
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A 4-point interaction, 

usually being ignored

No direct hadronic currents involved!
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Flavor decays

3-body decays: P+ → ℓ+νℓa
P ∈ {π, K, D, Ds}

2-body decays: M1 → D1a

b st
WW

ℓ/ν
a

b t s
W W

Z /AZ /A

ℓ
a

Leading contributions from loops

2 loops 3 loops
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Scenarios
B decays for instance:

with:

EW Preserving: cA
ℓ = cV

ℓ , cν = 0 Jμ
PQ ∼ ℓ̄γμPRℓ

EW Violating: cν = cV
ℓ = 0 Jμ

PQ ∼ ℓ̄γμγ5ℓ

2-loop: leading 3-loop
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LRSA and ALP Decays

Left-Right Softly Asymmetry (LRSA): cL ≈ cR

Δ ≡
cL − cR

cL + cR
=

cA
ℓ

cV
ℓ

To consider Δ = 0.1

Enhancement of production due to cV
ℓ ≠ 0

No influence on ALP decays

 only!cA
ℓ
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Electrophilic ALP Production

Exotic flavor decays
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EWP: more loops, more suppressed

From  MeV to  GeV 𝒪(1) 𝒪(1)

Opportunities at forward detectors
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Electrophilic ALPs

dielectron
diphoton
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Decay channels

dielectron vs. diphoton:


balance around 0.6 GeV

ALP lifetime: τa ∼
1

(cA
e )2

⋅ ⋅ ⋅

Balance between 
production and lifetime

Far or prompt detection
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FASER (II)
Far detectors [FASER Collaboration]At forward regions

A clean environment Requiring E > 500 GeV
[FASER Collaboration]
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To probe new regions: EWP narrower
EWV: Dielectron at FASER; diphoton at FASER II

https://arxiv.org/pdf/1811.12522.pdf
https://arxiv.org/pdf/2308.05587


11

Muonphilic ALPs

dimuon
diphoton
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Decay channels

dimuon or diphoton:


threshold at 2mμ

ALP lifetime:

Diphoton, much longer

A sharp drop at 2mμ

diphoton

dimuonDiphoton: far;

dimuon: prompt?
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Muonphilic ALPs

FASER (II)

FASER

FASER II

EWP

EWV

LRSA
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Only when below 2mμ

An unexplored region
To complement others 
(BaBar, SuperK…) [Cheung et. al.]

Low resonance at LHCb
[LHCb Collaboration]

[Cheng, Jiang and Li]

LRSA at LHCb
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https://arxiv.org/pdf/2208.05111
https://arxiv.org/pdf/2007.03923.pdf
https://arxiv.org/pdf/2408.13304
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Muonphilic ALPs

FASER (II)

FASER

FASER II

EWP

EWV

LRSA
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Only when below 2mμ

An unexplored region
To complement others 
(BaBar, SuperK…) [Cheung et. al.]

Low resonance at LHCb
[LHCb Collaboration]

[Cheng, Jiang and Li]

LRSA at LHCb
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Only LRSA scenario would 
be probed!

Barbar
SuperK

https://arxiv.org/pdf/2208.05111
https://arxiv.org/pdf/2007.03923.pdf
https://arxiv.org/pdf/2408.13304


13

Conclusions and Outlooks

Leptophilic ALPs: exotic flavor decays

Opportunities at forward detectors (FASER, 
LHCb…): unexplored regions

Tau-philic ALPs: any opportunities?

UV completion? Concrete models?



Back-Up
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Interactions

With integral by parts,

ALP-Leptons

Anomalies A 4-point interaction, usually being ignored

[Altmannshofer et. al.]

https://arxiv.org/pdf/2209.00665
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3-body Decays

Hadronic effects cancellation

EWV: both 2 terms;

EWP: only the 2nd term.


