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A Theory of Pions
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(Kinetic mixing)
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mπ/fπ ≫ 1 ⇒ vector mesons nearby in mass 
mV ~ 4π fπ / Nc
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A’ Decays
Hidden Sector

0 2 4 6 8 10 1210-3

10-2

10-1

1

m pê fp

B
R
HA¢ Æ

X
L

A¢ Decays, m p ê mA¢ = 1ê3
mV =1.8 m p
mV =1.4 m p

w p0 + V ± p°

r0 h + f h

p + p -

V +
V -

π+π- 
invisible

everything else  
semi-visible



V Decays

(mV > 2 mπ )

(mV < 2 mπ )

(Model requires mV ~ mπ)
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V Decays
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Summary

• SIMP cosmology favors mπ / fπ ≫ 1, i.e., mπ ~ mV parametrically true.  

• Semi-Visible decays of A’ and V can be tested extensively in low-energy 
accelerators. 



Back Up Slides



Invisible or Visible Decays
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V Decays
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Forbidden Semi-Annihilation
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Decays
Hidden Sector

Here, for reference, we list the relevant decays in the specific model under consideration, using the KSFR
relation when applicable:
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In the last line of the box above, we have given a parametric form for the 3-body decay of vector mesons,
which is especially relevant for the vectors that are unable to mix with the photon. In the limit that m

`

' 0,

22


