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FCNC strange hadron decays with missing energy

❑ In the standard model (SM) the strangeness-changing neutral current 
decays of light hadrons with missing energy (E) arise mainly from the 
loop-induced quark transition sd.

❑ Such decays are therefore highly suppressed in the SM, with 
branching fractions of order 10−10 or less 
➢ E.g. 

❑ Thus, observing significantly larger branching fractions of these 
processes at ongoing or upcoming experiments would likely be 
indicative of new physics (NP).

SM:
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K   + missing energy

❑ K -> pi + missing energy
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NA 62 preliminary result

R Marchevski @ PIC 2019
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KOTO preliminary result

YC Tung @ PIC 2019



Data available

❑ 1

❑ 2

❑ 3

❑ No data yet in the baryon sector.
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 Hyperons

Flavor-SU(3) octet of spin-1/2 baryons & decuplet of spin-3/2 baryons
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Contributions of invisible spin-½ fermions
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Contributions of invisible spin-½ fermions
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Hadronic matrix elements

❑ Mesonic matrix elements which don’t vanish:

❑ Vanishing ones:
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Hadronic matrix elements

❑ The baryonic matrix elements are estimated with aid of chiral perturbation theory 
(PT) at leading order:

❑ Most of them don’t vanish in leading-order PT.
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Contributions of various couplings to kaon & hyperon modes
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❑ Lf

❑ couplings



SM predictions for hyperon decays with missing energy                    
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Constraints from kaon sector
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NP-enhanced hyperon rates (mf = 0)

❑ NP contributing only via operators with axial-vector ds part
➢ with the couplings assumed to be real.

❑ constrants

❑ The upper values of these limits exceed the BESIII sensitivity levels.
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NP-enhanced hyperon rates  (mf  0)

❑ With mf > 0, maximal branching fractions of hyperon modes can be higher.

❑ possibilities 
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Scalar leptoquark contributions

❑ LQ
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Scalar leptoquark contributions

❑ LQ

❑ Yukawa
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Scalar leptoquark contributions

❑ LQ

❑ Yukawa

❑ sdff’
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❑ Lff’

Scalar leptoquark contributions
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❑ Lff’

❑ At least two different LQs are needed.     

Scalar leptoquark contributions
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Constraints from kaon mixing

❑ kaon mixing
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Constraints from LFV processes

❑ lfv

❑ 12
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Constraints from LFV processes
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With LQ couplings to light right-handed neutrinos but not to SM leptons

❑ The kaon mixing restrictions can be evaded as before. 

❑

❑ Their upper values exceed the proposed BESIII sensitivity reach.
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Conclusions

❑ FCNC hyperon & kaon decays with missing energy are potentially 
sensitive to physics beyond the SM, but they do not probe the same 
set of the underlying NP operators. 

❑ Ongoing & future experiments on the hyperon ones can provide 
useful information on possible NP effects which is complementary to 
that from the kaon sector. 

❑ The forthcoming measurements by BESIII, and future ones at super 
charm-tau factories, on the hyperon modes can help test different NP 
scenarios.
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