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 Kaons

 Hyperons
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Strange hadrons among flavor-SU(3) 
multiplets of lightest mesons & baryons
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❑ In the meson sector there’s a well-known observed process that 
changes the strangeness quantum number by two units (ΔS=2): the 
neutral kaon mixing with its antiparticle, 𝐾0↔ ഥ𝐾0.
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❑ For the nonleptonic modes, the existing experimental limits are far 
above the expectations of the standard model.

➢ Thus there’s still ample opportunity to look for signs of new physics 
in ΔS=2 hyperon nonleptonic decays.

❑ New physics might enhanced their rates to levels potentially within 
reach of BESIII and LHCb.
➢ At least they could improve on the current experimental limits by up to 3 or 

4 orders of magnitude.

❑ Further in the future, the Super Tau-Charm Factory could expectedly 
probe these hyperon decays better.
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ΔS=2 nonleptonic transitions in standard model

❑ Nonleptonic ΔS=2 interactions at short distance (SD) in the SM arise from 
box diagrams involving up-type quarks and the W boson in the loops.

❑ The effective Hamiltonian at low energies
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ΔS=2 nonleptonic transitions in standard model

❑ Nonleptonic ΔS=2 interactions at short distance (SD) in the SM arise from 
box diagrams involving up-type quarks and the W boson in the loops.

❑ The effective Hamiltonian at low energies

❑ It yields the SD contribution to neutral-kaon mixing

❑ This Hamiltonian also contributes to 
ΔS=2 nonleptonic hyperon decays.
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ΔS=2 nonleptonic hyperon decays in standard model

❑ SD
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ΔS=2 nonleptonic hyperon decays in standard model

❑ SD
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Short-distance contributions

❑ SD amplitudes
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Short-distance contributions

❑ SD amplitudes

❑ The SD contributions to the amplitudes 
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Short-distance contributions to hyperon amplitudes

❑ S-wave amplitudes

❑ P-wave amplitudes
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Short-distance contributions in SM

❑ Branching fractions

26 Apr 2023J Tandean 29



Short-distance contributions in SM

❑ Branching fractions

❑ But there are also long-distance contributions.
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Long-distance contributions

❑ The SM also generates ΔS=1 nonleptonic interactions described by the 
leading-order weak chiral Lagrangian
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Long-distance contributions

❑ The SM also generates ΔS=1 nonleptonic interactions described by the 
leading-order weak chiral Lagrangian

❑ It can act twice to produce long-distance ΔS=2 contributions:
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Long-distance contributions to hyperon ΔS=2 decays

❑ S-wave amplitudes

❑ P-wave amplitudes
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Impact of long-distance contributions

❑ The predicted rates depend on the choices for hD, hF, and hC.

❑ If they’re fixed from a fit to the data on the S-waves of octet-hyperon 
nonleptonic decays and the P-waves of Ω– →ϕ decays in the ΔS=1 
sector, the branching ratios (including the SD contributions) are

❑ The Ξ results are only somewhat larger than the corresponding SD 
ones alone, but the Ω– numbers far exceed their SD counterparts.
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Impact of long-distance contributions

❑ If hD,F,C are fixed from fitting to the P-waves of ΔS=1 octet-hyperon 
and  Ω– nonleptonic decays, the resulting branching ratios are instead

❑ These are all much higher than their SD counterparts.
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SM expectations for ΔS=2 nonleptonic hyperon decays

❑ Including uncertainties of the input parameters leads to

❑ Evidently, the LD contributions can greatly raise the SM predictions, 
by up to 5 orders of magnitude.
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SM expectations for ΔS=2 nonleptonic hyperon decays

❑ Including uncertainties of the input parameters leads to

❑ Evidently, the LD contributions can greatly raise the SM predictions, 
by up to 5 orders of magnitude.

❑ Still, the enhanced results do not go above the 10–12 level. 

❑ Thus, it’s unlikely for the SM predictions to be tested anytime soon.
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Some upsides

❑ The striking dissimilarity between the two sets of SM total-predictions for Ξ → Nπ

➢ implies that future observations of them at the 10–12 range or below could offer
extra insight for dealing with the S-/P-wave problem in the ΔS=1 nonleptonic 
decays of the octet hyperons.
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Some upsides

❑ The striking dissimilarity between the two sets of SM total-predictions for Ξ → Nπ

➢ implies that future observations of them at the 10–12 range or below could offer
extra insight for dealing with the S-/P-wave problem in the ΔS=1 nonleptonic 
decays of the octet hyperons.

❑ The smallness of the SM predictions, which are below the available 

experimental bounds by up to ten orders of magnitude, suggests that 

the window to discover new physics in these hyperon decays is still 

wide open.
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Z’ model

❑ We assume that a spin-1 massive boson Z‘ exists, associated with a new Abelian 
gauge group U(1)’ and coupled to SM quarks in a family-nonuniversal manner.

❑ This implies that the Z‘ has flavor-changing interactions at tree level with the 
quarks’ mass eigenstates.
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Z’ model

❑ We assume that a spin-1 massive boson Z‘ exists, associated with a new Abelian 
gauge group U(1)’ and coupled to SM quarks in a family-nonuniversal manner.

❑ This implies that the Z‘ has flavor-changing interactions at tree level with the 
quarks’ mass eigenstates.

❑ The Z‘ couplings to the d and s quarks

❑ They lead to the low-energy effective Hamiltonian

❑ It contributes to neutral-kaon mixing
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Z’ model

❑ The Hamiltonian also contributes to the nonleptonic ΔS=2 decays of hyperons.

❑ Their evaluation requires the baryonic realization of the 4-quark operators
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Z’ model

❑ The Hamiltonian also contributes to the nonleptonic ΔS=2 decays of hyperons.

❑ Their evaluation requires the baryonic realization of the 4-quark operators

❑ The resulting amplitudes 
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Constraints on Z’ couplings from kaon mixing

❑ Kaon-mixing observables

❑ Z’ contribution

❑ It can be suppressed but fine-tuning of                                                                                       
the Z’ couplings is needed.
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Constraints on Z’ couplings from kaon mixing

❑ Kaon-mixing observables

❑ Z’ contribution

❑ It can be suppressed but fine-tuning of                                                                                       
the Z’ couplings is needed.

❑ The hyperon branching fractions can be                                                                            
substantially amplified relative to their                                                                                  
SM values.
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Leptoquark model

❑ The LQs generate separate contributions to nonleptonic ΔS=2 interactions, 
and the second LQ also affects charmed-meson mixing.

❑ It turns out to be possible to arrange the elements of the Yukawa matrices 
of the two LQs such that the ΔS=2 Hamiltonian becomes purely parity-
violating and consequently yields no contribution to kaon mixing.
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Leptoquark model

❑ Example

❑ These imply

❑ This Hamiltonian does not affect kaon mixing and hence evades its constraints.

❑ But the charmed-meson constraint translates into a restriction on the size of the 
Yukawa matrix elements.

❑ Consequently

❑ These are also much higher than their SM counterparts.  
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Conclusions

❑ Hyperon nonleptonic decays that change strangeness by two units are 
expected to have tiny branching ratios in the SM. 

❑ Such processes are, therefore, potentially sensitive tools in the search for 
new physics beyond the SM. 

❑ Although constraints from kaon-mixing data are consequential, it is 
possible for new physics to boost the rates of ΔS=2 nonleptonic hyperon 
decays to levels that can be probed in future quests by BESIII and LHCb 
and at the proposed Super Tau-Charm Factory. 
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