
Constraining light dark Z 
with low-energy experiments

Eduardo Peinado
Departamento de Física Teórica 

Instituto de Física UNAM

In Collaboration with Leon M. G de la Vega, Jens Erler, and R. Ferro



                                                                                                                University of Pittsburgh 8-10 May  Pheno 2023        E. Peinado

 Gauge extensions of the SMU(1)

E6 → SO(10) × U(1) SO(10) → SU(5) × U(1)

Z′ 

ϵBμνF′ μν

JμZ′ μ

ϵBμνF′ μν

δm2ZμZ′ μ

δm2ZμZ′ μ



                                                                                                                University of Pittsburgh 8-10 May  Pheno 2023        E. Peinado

 Gauge extensions of the SMU(1)

E6 → SO(10) × U(1) SO(10) → SU(5) × U(1)

Z′ 

ϵBμνF′ μν

JμZ′ μ

ϵBμνF′ μν

δm2ZμZ′ μ

δm2ZμZ′ μ



                                                                                                                University of Pittsburgh 8-10 May  Pheno 2023        E. Peinado

Light Z′ 

ℒ ⊃
m2

Z′ 

2
Z′ μZ′ μ + ig′ Z′ μ(Qf f̄γμ f )

SSB

m2
Z′ 

= ∑
i

g′ Q2
i v2

i⟨ϕi⟩ =
vi

2
m2

Z′ 
= ∑

i

g′ Q2
i v2

i

small g′ low scale vi



                                                                                                                University of Pittsburgh 8-10 May  Pheno 2023        E. Peinado

Parity Violation

eR + P → eR + P eL + P → eL + P

APV =
dσL − dσR

dσL + dσR
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ϵBμνF′ μν δm2ZμZ′ μ
SU(2)L × U(1)Y × U(1)d → U(1)Q
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Diagonalization

(
A
Z
Z′ 

) = TαTWTϵ

W3
B
Zd

ℒint = (ieJQ, igZJZ, igdJD) TWT−1
ϵ T−1

W T−1
α (

A
Z
Z′ 

)

H. Davoudiasl, H.-S. Lee, and W. J. Marciano (2012)

Dark Z
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Non-diagonal propagator

 is decoupled from  and Zd JQ JZ

 effect in  and Zd
̂Z ̂A

Dμν(p2) = ημν

D ̂A ̂A(p2) D ̂A ̂Z(p2) D ̂AZd
(p2)
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ZμOμνZν

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro
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Pole Observables

Δχ2 > 2.7

See for instance D. Curtin, R. Essig, S. Gori, and J. Shelton (2015)

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary
Preliminary
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The SLAC E158 (PV Moller scattering)

APV =
dσL − dσR

dσL + dσR
= − 131 ± 14 (sys) ± 10 (stat) × 10−9

Atree
PV =

GFQ2

2πα

1 − y
1 + y4 + (1 − y)4

Qe
W

E158

E158+EWPO

 Polarized  with an H target  50 GeV e−

Q2 = 0.026 GeV2

Δχ2 > 2.7
In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary
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Future PV (P2 and Solid)
In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary

Preliminary Preliminary
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BABAR          e+e− → γ(Z′ → e+e−)

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary

Preliminary
Preliminary
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Summary         ϵ = − 2 × 10−4 δ = − 5 × 10−3

In preparation, in collaboration with L.M. de la Vega, J Erler and R Ferro

Preliminary

Preliminary
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Dark Z portal DM

For a dark Z DM portal see talk by L.M. G. de la Vega in this 
workshop

L.M. de la Vega, EP and Wudka (2022)
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• Light gauge boson can play a role in low energy experiments


• PV experiments can constrain the dark Z scenario for 
masses from few MeV to GeV


• Combining with EWPO further constrain the light dark Z 
scenario


• If dark Z is a portal to DM, self interacting DM and 
constraints from  dark sector

Conclusions


