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• Many UV theories predict heavy new states with sizeable 
couplings (e.g. SUSY, GUTs, String Models, …)
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• For light mediators   kinetic terms can be diagonalised 
by simple field redefinition:

MX ≪ MZ

HIDDEN PHOTONS
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[Okun ’82; Holdom ‘86]

Coupling to EM current suppressed by , where typically   ϵA ϵA ∝ gx /16π2
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• How does kinetic mixing with photon arise? Cannot be fundamental! 
 

• Kinetic mixing requires either tree-level mixing between the new  
and the SM hypercharge  or is induced at the loop-level if there are 
fields charged under both  and  
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• There is a dim-6 operator that induces mixing with the weak bosons 
(in theories with  multiplets charged under  generated at 
loop level) 
 

• This operator induces kinetic mixing after EWSB

SU(2)L U(1)X
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• The operator  captures the  contributions to kinetic mixing of 
the  boson with . After EWSB one can identify  

• The kinetic mixing due to  charged  multiplets reads
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 = Q,L,u, d, `, ⌫

 multiplets!SU(2)L

with

• Beyond kinetic mixing  can be coupled to SM by gauge 
interactions

U(1)X



• Phenomenologically viable anomaly-free combinations are: 
 
 
 

• All of these models charge SM  multiplets, and thus 
necessarily induce  at the renormalizable level ( )!

SU(2)L
𝒪WX Λ = v
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with

• Beyond kinetic mixing  can be coupled to SM by gauge 
interactions

U(1)X



• In the IR the loop mixing with the photon is computed to

MATCHING EXAMPLE:  U(1)Lμ−Lτ
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• In the IR the loop mixing with the photon is computed to
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• Starting from the low-energy Lagrangian 
 
 
 
we can derive the Higgs decay amplitudes via the low-energy theorem:

HIGGS LOW-ENERGY THEOREM
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One-loop corrections: 
vacuum polarization
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[Shifman, Vainshtein, Voloshin, Zakharov ’79] vacuum polarizations


in canonical normalisation
<latexit sha1_base64="bcT2aED+E021xsJqWWHbDk0nMdo="></latexit>

⇧ =

0

@
⇧�� ⇧�Z ⇧�X

⇧�Z ⇧ZZ ⇧ZX

⇧�X ⇧ZX ⇧XX

1

A
<latexit sha1_base64="jYkvNUr35GkdrFDj5nOGhcoF9Do=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbRSxw/FcOhP+9WaW3fnIKvEK0gNCjT71S9/kLAs5gqZpMb0PDfFIKcaBZN8WvEzw1PKxnTIe5YqGnMT5PNzp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62UY3QS5UGmGXLHFoiiTBBMy+50MhOYM5cQSyrSwtxI2opoytAlVbAje8surpH1R967qlw+XtcZtEUcZTuAUzsGDa2jAPTShBQzG8Ayv8Oakzovz7nwsWktOMXMMf+B8/gBZVY+X</latexit>�



• In the SM we find then for mixing with a new  in the IR 
 

• Allows us to derive universal branching ratios for models gauging 

U(1)X
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CONCLUSIONS
• Hidden Photons are well motivated particles that could hide along the 

sensitivity frontier (i.e. weaker coupling, smaller mass)


• The commonly quoted matching  is incomplete!


• There is a dim-6 operator inducing  mixing. In models with  
multiplets charged under  it is generated at loop level 
 

• The  contribution is essential in anomaly-free U(1) models to obtain 
correct IR mixing! 


• Higgs low-energy theorems automatically incorporate all decay 
amplitudes comprehensively at fixed order in 

ϵA = cw ϵB

W3X SU(2)L
U(1)X

ϵW
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• Have derived the vacuum polarisation amplitudes for kinetic mixing

HIGGS LOW-ENERGY THEOREM
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