
Dark scalars and ALPs at Belle II

Anastasiia Filimonova



Dark (pseudo)scalars 

Scalar portal

Axion portal

Motivation: see talk by Kai/Camilo



Light scalars @ Belle II

Invisible decays dominate

Missing energy

Visible decays only

Displaced searches

Can play role of 
DM candidate

Mass basis:

New scalarHiggs

One new coupling



Bounds from other experiments

promising at Belle II

M. Winkler [1809.01876]



Missing energy signatures
AF, R. Schäfer, S. Westhoff [1911.03490]



Missing energy @ Belle II

Belle II projections:

Can exclude mixings 
down to 10-3

AF, R. Schäfer, S. Westhoff [1911.03490]
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Displaced semi-leptonic decays 

Displaced decays for decent rate due to mass hierarchy

“background-free”

AF, R. Schäfer, S. Westhoff [1911.03490]



Decay modes
M. Winkler [1809.01876]



Displaced signatures @ Belle II 
AF, R. Schäfer, S. Westhoff [1911.03490]



B-factories: comparison

Can exclude mixings down to 10-5

AF, R. Schäfer, S. Westhoff [1911.03490]

LHCb

decays within 60 cm

Large boost

(particles decay outside)

Belle II

decays within ~113 cm

B-s almost at rest

(larger lifetimes probed)



Belle II and fixed-target experiments
AF, R. Schäfer, S. Westhoff [1911.03490]



Belle II and fixed-target experiments

GAZELLE?
(see talks by Torben & Michele)

AF, R. Schäfer, S. Westhoff [1911.03490]



ALPs @ Belle II

Production and decay might be completely independent



ALP-photon coupling

Belle II Collaboration [2007.13071]

ℒ = 455 pb-1

e+ e- →ɣ a, a →ɣ ɣ

Already exceeds LEP constraints

Recent Belle II search

 Predicted reach of Belle II
Dolan, Ferber, Hearty, Kahlhoefer & Schmidt-Hoberg [1709.00009]



ALP-photon coupling
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ℒ = 455 pb-1
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Already exceeds LEP constraints

Recent Belle II search

 Predicted reach of Belle II
Dolan, Ferber, Hearty, Kahlhoefer & Schmidt-Hoberg [1709.00009]

Bauer, Neubert, Thamm [1708.00443]

Region of (g-2)μ

* For recent BaBar results on B± → K± a, a →ɣ ɣ, see talk by Brian Shuve @ ICHEP 2020



ALP-lepton coupling(s)

bound on 

Almost unexplored

Bauer, Neubert, Thamm [1708.00443]



ALP-lepton coupling(s)

Almost unexplored

bound on 

Bauer, Neubert, Thamm [1708.00443]

Seems to be reachable 

at Belle II

in B → K + ℓℓ searches

PRELIMINARY!

GAZELLE?
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