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i>ions inGeal o

e A broad mass range: rich pheno
QCD axion EW bosons
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B At colliders
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2 Many searches for light ones; heavier ones?
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~Axions at Colliders

Current bounds

Many regions probed

Unexplored parts!

m, ~ O(1) GeV
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<1 TeV!

Flavors matter.
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https://arxiv.org/pdf/2102.08971

o Couplings with leptons/gauges only

vV A
The PQ current:  Ji,, = ;LAW% + QCLAWJ%Z + zc—jlj\l/_g’y“PLI/g

- ] . . u .
Interactions, considering a0, Jpo’ p 4-point interaction,

usually being ignored

No direct hadronic currents involved!



e 3-body decays: P" — 7 v.a
Pe{r,K,D,D}

o 2-bodydecays: M, — D,a

2 loope 3 [oépg

Leading contributions from loops



vScenarios

B decays for instance:
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o Left-Right Softly Asymmetry (LRSA): ¢; = cp

A To consider A = 0.1

A
L=Cr| |

CL+CR

Enhancement of production due to ¢, V£ 0

= Noinfluence on ALP decays
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o Exotic flavor decays

— BY > K*a
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~ EWP,A=1TeV ~ EWV,A=1TeV
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= EWP: more loops, more suppressed

=  From O(1) MeV to O(1) GeV

= Opportunities at forward detectors



e Decay channels
Q 0.010

dielectron vs. diphoton: [
m 0.001

A

balance around 0.6 GeV

dielectron
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* ALP lifetime: ¢, ~
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= Har or prompt detection
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>FASER (1) e

o Far detectors At forward regions raser colborion

Detector Geometry Displacement (m) Volume (m) Luminosity (fb~1)
FASER [30] Cylinder 0, 0, 480 0.2, 1.5 300
FASER 2 [30] Cylinder 0, 0, 480 2,5 3000

e A clean environment Requlrng > 500 GeV
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o To probe new regions: EWP narrower
10 EWV: Dielectron at FASER;; diphoton at FASER II



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

"MuonphilicALPs

e Decay channels
dimuon or diphoton: ?
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threshold at 2mﬂ
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*» ALP lifetime:
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= Diphoton, much longer «

= Asharpdropat2m, £

= Diphoton: far; |
dimuon: prompt?

diphoton
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—dimuon
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~Muonphilic
» FASER () Cuperk 77

= Only when below 2m, .
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https://arxiv.org/pdf/2007.03923.pdf
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"MuonphilicALPs

» FASER (II) CSuperk_~7~

Only when below 2m,,
An unexplored region -

To complement others
(BaBar, SuperkK...) creunget a

* Low resonance at LHCb
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>Conclusions and Outlooks

o Leptophilic ALPs: exotic flavor decays

* Opportunities at forward detectors (FASER,
LHCD...): unexplored regions

= UV completion? Concrete models?

= Tau-philic ALPs: any opportunities?
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Back-Up



[ Altmannshofer et. al.]

With integral by parts,
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https://arxiv.org/pdf/2209.00665

BR(P* — £t
BR(P+ — pty,

N’

4 2\ —2 2
mp m, A v 9 16m; 4
15367r2mi1\2( m2p) [(Ce ¢ ) folzp) + m2p K fl(xp.)

* Hadronic effects cancellation

* EWV: both 2 terms;
EWP: only the 2nd term.
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