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FCNC decays of hadrons with missing energy

❑ Flavor-changing neutral current (FCNC) quark transitions qq’E with 
missing energy (E) are suppressed in the standard model (SM)
➢ due to the GIM mechanism and loop factors.
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FCNC decays of hadrons with missing energy

❑ Flavor-changing neutral current (FCNC) quark transitions qq’E with 
missing energy (E) are suppressed in the standard model (SM)
➢ due to the GIM mechanism and loop factors.

❑ New physics (NP) beyond the SM could modify the SM contribution and/or
induce channels with one or more invisible new particles.
➢ If large enough, the potential NP impact may be testable by ongoing or near-future 

experiments seeking the FCNC decays of hadrons with missing energy.
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FCNC decays of hadrons with missing energy

❑ Flavor-changing neutral current (FCNC) quark transitions qq’E with 
missing energy (E) are suppressed in the standard model (SM)
➢ due to the GIM mechanism and loop factors.

❑ New physics (NP) beyond the SM could modify the SM contribution and/or
induce channels with one or more invisible new particles.
➢ If large enough, the potential NP impact may be testable by ongoing or near-future 

experiments seeking the FCNC decays of hadrons with missing energy.

❑ Of interest here are the decays of charmed hadrons induced by cuE.

➢ The SM contribution is extremely small due to highly effective GIM suppression.

❑ Our focus is on the possibility in which the missing energy is carried away by 
a massless dark photon.
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Massive dark photon

❑ Scenarios of NP may have a dark sector containing a new Abelian 
gauge group, U(1)D, under which SM particles are singlets.
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Massive dark photon

❑ Scenarios of NP may have a dark sector containing a new Abelian 
gauge group, U(1)D, under which SM particles are singlets.

❑ If U(1)D is spontaneously broken, its associated gauge boson, the dark 
photon, becomes massive. 
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Massive dark photon

❑ Scenarios of NP may have a dark sector containing a new Abelian 
gauge group, U(1)D, under which SM particles are singlets.

❑ If U(1)D is spontaneously broken, its associated gauge boson, the dark 
photon, becomes massive. 

❑ If the dark and SM U(1) gauge fields kinetically mix, the massive dark 
photon, A’, gains direct couplings to SM fermions given by eA’JEM 
involving mixing parameter  and the electromagnetic current eJEM.

❑ This possibility has motivated many searches for A’, but with negative 
results so far.
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Some limits on massive dark photon from negative results of its searches
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Massless dark photon

❑ If U(1)D stays unbroken, it is always possible for the associated gauge field 
and its SM counterpart to form linear combinations such that 
➢ one of them, the massless dark photon ( ҧ), only sees the dark sector 

➢ the other one, identified with the ordinary photon, couples to both the SM and 
dark sectors, the latter with reduced strength.
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❑ If U(1)D stays unbroken, it is always possible for the associated gauge field 
and its SM counterpart to form linear combinations such that 
➢ one of them, the massless dark photon ( ҧ), only sees the dark sector 

➢ the other one, identified with the ordinary photon, couples to both the SM and 
dark sectors, the latter with reduced strength.

❑ As the massless dark photon has no direct coupling to SM particles, it would 
have eluded the above searches.
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Massless dark photon

❑ If U(1)D stays unbroken, it is always possible for the associated gauge field 
and its SM counterpart to form linear combinations such that 
➢ one of them, the massless dark photon ( ҧ), only sees the dark sector 

➢ the other one, identified with the ordinary photon, couples to both the SM and 
dark sectors, the latter with reduced strength.

❑ As the massless dark photon has no direct coupling to SM particles, it would 
have eluded the above searches.

❑ Nevertheless, it can still interact with SM fermions via higher-dimensional 
operators.

❑ This implies the need for different strategies to hunt the dark photon if it is 
massless.
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Massless dark photon

❑ If U(1)D stays unbroken, it is always possible for the associated gauge field 
and its SM counterpart to form linear combinations such that 
➢ one of them, the massless dark photon ( ҧ), only sees the dark sector 

➢ the other one, identified with the ordinary photon, couples to both the SM and 
dark sectors, the latter with reduced strength.

❑ As the massless dark photon has no direct coupling to SM particles, it would 
have eluded the above searches.

❑ Nevertheless, it can still interact with SM fermions via higher-dimensional 
operators.

❑ This implies the need for different strategies to hunt the dark photon if it is 
massless.

❑ We focus on such operators inducing the transition cu ҧ. 
➢ The massless dark photon is emitted invisibly.

❑ They contribute to the FCNC decays of charmed hadrons with missing 
energy, potentially testable in running or upcoming experiments.

28 Oct 2020J Tandean 13

Holdom, 1986

Hoffman, 1987
Dobrescu, 2005



Interactions of massless dark photon with SM quarks
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Interactions of massless dark photon with SM quarks
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Charmed-hadron decays with massless dark photon emitted invisibly

9 Sep 2020J Tandean 16



Charmed-hadron decays with massless dark photon emitted invisibly
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Charmed-hadron decays with massless dark photon emitted invisibly
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Charmed-meson decays into charmless vector meson & dark photon
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Charmed-meson decays into photon & dark photon
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Decays of singly charmed baryons into charmless baryon & dark photon
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c  u ҧ couplings

❑ How big the branching fractions might be depends on the largest values of 
the coefficients allowed by the relevant constraints.
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c  u ҧ couplings

❑ How big the branching fractions might be depends on the largest values of 
the coefficients allowed by the relevant constraints.

❑ All this suggests adopting the benchmark limit
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Numerical results

❑ Resulting predictions for branching fractions

❑ One or more of them may be within the reach of BESIII, Belle II, or future 
facilities such as super charm-tau factories & the CEPC.
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Conclusions

❑ The FCNC charmed-hadron decays with missing energy are of great 
importance because they can serve as potentially promising searching 
grounds for light new particles from beyond the SM.

❑ If the missing energy is carried away by a massless dark photon, these 
charmed-hadron modes may have rates which are potentially discoverable 
by running or future heavy-flavor factories.
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