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Brief Dark Matter intro



DM models



DM traditional search strategies



DM bounds

?



Dark photons

Massive 
(generically light)

● Typically from 
(spontaneously) broken U(1)

D
● Always kinetic mixing with 

photon
● Can decay (loop level) to  e+e-

● “photon:” boson, spin 1 particle, neutral under U(1)
EM

● but “dark”: not the gauge boson of U(1)
EM 

○ do not interact (directly) with any U(1)
EM 

charged particle

Despite from the name, both options are present in literature:

Massless 
● Gauge boson of unbroken 

U(1)
D

● Does not contribute to dark 
matter density, but…

● Automatically keep stable the 
lightest dark charged state 

Searching for what keeps 
dark matter candidates 

stable



Landau-Yang theorem

γ γ

γForbids Z to two 
photons decay

UNDISTINGUISHABLE

M. Fabbrichesi et al, 
Phys.Rev.Lett. 120 
(2018) 17



Landau-Yang theorem



Evading

Landau-Yang theorem

Branching ratios in the range:

BR ~ 10-8 - 10-12



8 ⨯ 10-6

Sketch: LHC ...



8 ⨯ 10-6

Sketch: ... and HL-LHC

2 ⨯ 10-6

Additional motivation for 
studies at future e+e- 

colliders ...



Analysis validation: LEP
“Search for New 
Phenomena Using 
Single Photon Events 
in the DELPHI 
Detector at LEP”,
Z.Phys. C74 (1997) 577-586



Analysis validation: LEP

BR
sim

 < 1.5 ×10-6

BR
LEP

 < 1.0 ×10-6

Very good 
agreement



FCC-ee



FCC-ee



CEPC

Comparable efficiencies wrt to FCC-ee, 

but FCC-ee with higher 
luminosity at 91.2 GeV and better 
energy resolution 



Fast simulation setup
● MG5_aMC + Pythia8 + DELPHES 3
● Detector cards shipped within:

○ delphes_card_IDEA.tcl (version of 23/08/2019)

■ E.Fontanesi, L. Pezzotti and M. Antonello

○ delphes_card_CEPC.tcl (vers. of 12/12/2016)



FCC-ee
Event selection



FCC-ee

Background from e+e- γ do 
not pass selection 
requirements.



Summary of results



… and what if we find it?



Signal distribution pdfs

Comparison of 
the two spin 
hypotheses 
(dark photon 
wrt Axion-like 
particle ALP)



Signal distribution pdfs

Test statistics:

If syst. unc. on 
background ``well 
controlled’’:
 N>6 events can reject 
the ALP hypothesis at 
95% CL



Thanks !



BACKUP



Evading

Landau-Yang theorem



Evading

Landau-Yang theorem



LHC and HL-LHC


