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Outline

❑ Introduction: anomaly seen in recent B+K +𝜈 ҧ𝜈 data

❑ Model for a dark matter explanation for it

❑ Implications for CP violation in hyperon decays

❑ Conclusions
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Standard-model contributions to B+ K+𝜈 ҧ𝜈
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B+ K+𝜈 ҧ𝜈 excess

❑ Combination of BABAR, Belle, and Belle II results yields

❑ This is about 2 bigger than the SM expectation.

❑ More data are needed to confirm if this excess is evidence for new physics.

❑ As the neutrinos in B+K +𝜈 ҧ𝜈 measurements are undetected, it’s possible that one 
or more invisible particles beyond the SM are also emitted in  B+K + + invisible.
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B+ K+𝜈 ҧ𝜈 excess

❑ Combination of BABAR, Belle, and Belle II results yields

❑ This is about 2 bigger than the SM expectation.

❑ More data are needed to confirm if this excess is evidence for new physics.

❑ As the neutrinos in B+K +𝜈 ҧ𝜈 measurements are undetected, it’s possible that one 
or more invisible particles beyond the SM are also emitted in  B+K + + invisible.

❑ It’s interesting to entertain a dark matter scenario to explain the excess, via the 
contribution of  B+K +𝐷ഥ𝐷  with low-mass dark-matter particles, D.

❑ There are ongoing searches by PandaX and other groups for low-mass dark matter 
interacting with nucleons.
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New physics model with light DM and expanded flavor sector

❑ An attractive renormalizable model is a two-Higgs doublet model of type III 
supplemented with a real scalar boson acting as the dark matter.

❑ This scenario offers at tree level
➢ flavor-changing neutral-Higgs transitions

➢ Higgs-portal DM interactions with SM fermions.

❑ For sufficiently low masses of the DM, the model can supply the transition  bsDD 
mediated by heavy Higgses and responsible for the  B+K ++ invisible  excess.
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New physics model with light DM and expanded flavor sector

❑ An attractive renormalizable model is a two-Higgs doublet model of type III 
supplemented with a real scalar boson acting as the dark matter.

❑ This scenario offers at tree level
➢ flavor-changing neutral-Higgs transitions

➢ Higgs-portal DM interactions with SM fermions.

❑ For sufficiently low masses of the DM, the model can supply the transition  bsDD 
mediated by heavy Higgses and responsible for the  B+K ++ invisible  excess.

❑ The quark sector accommodates strangeness-changing interactions among light 
quarks, also mediated by heavy Higgses at tree level, that can provide new sources 
of CP violation in nonleptonic hyperon and kaon decays.

❑ Thus, this relatively simple model can be probed by a variety of currently running 
experiments (PandaX, Belle II, BESIII, LHCb, …).
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 Kaons

 Hyperons

Lightest strange hadrons
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Strange hadrons among 
flavor-SU(3) multiplets of 
lightest mesons & baryons



Yukawa sector
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Yukawa sector
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DM sector
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New effective interactions of quarks
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New contributions to B+ K++invisible

❑ Differential branching fractions

❑ To explain the excess

❑ This   
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DM annihilation

❑ The leading contributions are given by
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Constraints from DM data

❑ The new contributions to the DM-nucleon interaction are subject to limits from DM direct 
detection experiments, such as XENON, LZ, DarkSide, and PandaX. 

❑ For light DM in the mass range of interest, the limit from PandaX-4T (PRL 2023) 
incorporating the Migdal effect has turned out to be the most stringent to date.

❑ Parameter space satisfying the DM relic density and direct search requirements. 

J Tandean 16



New contributions to hyperon and kaon processes
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New contributions to hyperon and kaon processes
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Baryon CP violation

❑ Although CP violation has been established in meson processes for years, only very 
recently has it been observed in the baryon sector by LHCb (arXiv:2503.16954), in 
the decay of a bottom baryon.

❑ This motivates further the searches for CP violation in other baryon decays, 
including hyperon ones.

❑ Searches for the latter are ongoing by BESIII, Belle II, and LHCb. 
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Hyperon CP violation
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Hyperon CP violation

❑ SM estimates  

❑ The new contributions also affect kaon processes, including CP violation in kaon 
decays to two pions, and hence are subject to the corresponding experimental 
constraints.
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❑ To explore the allowed ranges of the Yukawa couplings, we pick a representative point 
satisfying the DM constraints and specified by
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Parameter regions allowed by kaon mixing data

❑ The constraint inferred from the DM direct search by PandaX-4T is consequential in 
preventing the points from fully occupying the two shaded regions above.
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Allowed Yukawa couplings
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Allowed parameter space and predicted asymmetries
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Correlations between hyperon asymmetries and kaon quantities

❑ The proposed Super Tau Charm Facility is anticipated to reach statistical precisions of order 
10-4 for ACP and hence could test the above predictions.
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Conclusions

❑ We have explored an attractive new-physics scenario that provides a dark-matter 
explanation for the anomaly seen in recent B+K +𝜈 ҧ𝜈 data and can give rise to 
significant hyperon CP violation exceeding the SM expectation.

❑ The predictions of the model can be tested further by various ongoing and future 
experiments, such as Belle II, PandaX, BESIII, LHCb, and the proposed Super Tau 
Charm Facility.
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