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Outline

❑ Introduction

❑ Flavor-changing neutral current (FCNC) decays of hadrons induced by 
qq’ ҧ with a massless dark photon ( ҧ) emitted invisibly.
➢ Strange hadron decays

➢ Charmed hadron decays.

❑ Conclusions
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FCNC decays of hadrons with missing energy

❑ Flavor-changing neutral current (FCNC) transitions, qq’E, with 
missing energy (E) have suppressed rates in the standard model (SM)

❑ New physics (NP) beyond the SM could modify the SM contribution 
and/or induce new channels with one or more invisible particles, 
possibly enhancing the rates significantly relative to the SM 
expectations.

❑ If large enough, the potential NP effects would likely be testable by 
near-future or even ongoing experiments searching for FCNC hadron 
decays with missing energy.
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FCNC decays of hadrons with missing energy

❑ Flavor-changing neutral current (FCNC) transitions, qq’E, with 
missing energy (E) have suppressed rates in the standard model (SM)

❑ New physics (NP) beyond the SM could modify the SM contribution 
and/or induce new channels with one or more invisible particles, 
possibly enhancing the rates significantly relative to the SM 
expectations.

❑ If large enough, the potential NP effects would likely be testable by 
near-future or even ongoing experiments searching for FCNC hadron 
decays with missing energy.

❑ Of interest here are the decays of hadrons induced by sdE & cuE.
➢ The missing energy may be carried away by one or more invisible

particles.
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Massless dark photon

❑ If the SM is extended with the addition of a dark sector having an 
unbroken U(1) gauge group, its associated gauge field and that of the 
SM U(1) can be defined such that 
➢ one of their gauge bosons, the dark photon ( ҧ), only sees the dark sector 

➢ the ordinary photon couples to both the SM and the dark sector, the latter 
with reduced strength.
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Massless dark photon

❑ If the SM is extended with the addition of a dark sector having an 
unbroken U(1) gauge group, its associated gauge field and that of the 
SM U(1) can be defined such that 
➢ one of their gauge bosons, the dark photon ( ҧ), only sees the dark sector 

➢ the ordinary photon couples to both the SM and the dark sector, the latter 
with reduced strength.

❑ The dark photon does not couple directly to SM particles, but can still 
interact with them via higher-dimensional operators induced by loops 
involving new particles.

❑ Of interest here are the FCNC quark transitions sd ҧ and cu ҧ with 
the massless dark photon appearing as missing energy.

❑ If their couplings are sufficiently large, they may give rise to FCNC 
decays of hadrons with missing energy which are potentially 
discoverable at ongoing or near-future experiments.
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Massive dark photon

❑ Massive dark photon couplings to SM fermions
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Massive dark photon

❑ Massive dark photon couplings to SM fermions

❑ Constraints from kaon decays
➢ K𝐴′

➢ K𝐴′

❑ Massless dark photons evade the above constraints because of no direct couplings 
to SM fermions
➢ K ҧ forbidden by angular momentum conservation
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 Hyperons

Flavor-SU(3) octet of spin-1/2 baryons & decuplet of spin-3/2 baryons
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Flavor-changing couplings of dark photon to d & s quarks
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Flavor-changing couplings of dark photon to d & s quarks
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Flavor-changing couplings of dark photon to d & s quarks
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Flavor-changing couplings of dark photon to d & s quarks
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Decay rates

❑
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Decay rates

❑ ___

❑ How large C and C5 may be                                                               
depends on the NP model.
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❑ ----------------

❑ --------------

2 different examples of NP scenarios
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❑ ----------------

Predictions of 2 different NP scenarios
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❑ ----------------

❑ Some of these numbers may be probed by BESIII

Predictions of 2 different NP scenarios
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❑ ----------------

❑ Some of these numbers may be probed by BESIII

❑ But already the current hyperon data (PDG 2019) have started to 
constrain Scenario II
➢ indirect limits

Predictions of 2 different NP scenarios
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Flavor-changing couplings of dark photon to c & u quarks
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Flavor-changing couplings of dark photon to c & u quarks
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Flavor-changing couplings of dark photon to c & u quarks

❑ Charmed baryon decay
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Flavor-changing couplings of dark photon to c & u quarks

❑ Charmed baryon decay
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Flavor-changing couplings of dark photon to c & u quarks
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Conclusions

❑ If massless dark photons exist, they do not couple at tree level to SM 
fermions but can still interact with them via higher-dimensional 
operators.

❑ In NP models, massless dark photons can have nonnegligible flavor-
changing dipole-type interactions with the lightest down-type or up-
type quarks. 

❑ Such interactions can induce FCNC decays of charmed and strange
hadrons with missing energy carried away by the dark photon.

❑ Their rates may be sufficiently significant to be discoverable in 
ongoing & near-future experiments at Belle II and BESIII.
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