
Mediator decay through mixing with degenerate spectrum
Ayuki Kamada, Takumi Kuwahara, Shigeki Matsumoto, and Yuki Watanabe

IV.Summary and discussion

I.Introduction

•Dark sector (DS) particles are usually assumed to 

feebly interact with SM 

• On the other hand, when DS are degenerate with 

SM in mass, they are mixed

unsuppressed decay due to the large mixing angle

Decays of DS into SM are highly suppressed

• Feeble interaction but degenerate in SM with 

large decay width (e.g.mesons)

DS with large decay width into SM ??

II.Mediator particle decay

What is the boundary for suppressed / unsuppressed 

behavior of the decay width of a mediator particle ?

We use the dark photon model 

and evaluate its decay into SM using 3 methods 

when its mass being near some vector resonance 

Classical method

The decay width at the tree-level in the mass basis, 

where all kinetic and mass mixing are removed by 

the field redefinition. 

Mass insertion method

Using the mass mixing term as an interaction at once.

Unsuppressed decay width when the dark 

photon mass are degenerate with the partner   

Suppressed decay width even for large mixing 

Pole method

Decay width determined by the pole of scattering 

amplitudes and propagators have to be russumed.

Diagonalization beyond tree level

III.Mediator decay at vector resonance
We take 3 examples of the partner of the dark photon:

•Z boson: 𝛤𝑍/ 𝑚𝑍 ≅ 0.03 “middle” width

•𝝆 meson: 𝛤𝜌/ 𝑚𝜌 ≅ 0.2 “large width”

•𝝁−𝝁+ bound state: 𝛤𝑉/ 𝑚𝑉 ≅  10−12 “small width”

Decay widths near the resonance
Colored solid: pole, Colored dashed: mass-insertion, dot- dashed: Classical, 𝛿 = 𝑚𝐴′/𝑚𝑉 

Z boson 𝜌 meson 𝜇−𝜇+

A closer look at 𝛿 = 1

For |𝛿 − 1| ≤ 𝛤𝑉/ 𝑚𝑉, differences emerge

Z boson 𝜌 meson 𝜇−𝜇+

We find the following criteria;

For the mixing partner V, whose effective interaction 

with the dark photon are given by 

 Critical mixings for various vector mesons

well approximates the pole width

• We analyze the correct behavior of the decay width of the dark photon when its mass are degenerate 

with SM particles by introducing 3 methods for decay width.

• We found the criteria that determines the precise way to approximate the decay width of mediators.

• Application to scalar mediators in mass range 300MeV to 2 GeV are interesting due to scalar mesons.

• We may predict indirect signals for scalar mediators in such mass range.
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