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Why care about dark photons?
• Hidden U(1)’s are the minimal dark portals: one extra gauge 

boson and a mixing term.

• They appear in UV completions and are testable across many 
frontiers1.

• CDF’s 𝑚! anomaly (80.4335 ± 0.0094 𝐺𝑒𝑉)2 may hint at BSM 
EW structure.

• Disagreement with global average value (80.377 ± 0.012 𝐺𝑒𝑉)3, 
but CDF motivates new physics. Could a heavy 𝐴" help? 

• Can be used EWPO global fits to constrain couplings to dark 
matter.

[1]  Pospelov M 2009 Phys. Rev. D 80 095002 (Preprint 0811.1030)
[2]  Aaltonen T et al. 2022 Science 376 170–176
[3]  Workman R L et al. (Particle Data Group) 2022 PTEP 2022 083C01

3



Dark Photon Formalism4
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Current limits
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Current limits
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D. Curtin et al., JHEP 02 (2015) 157 G.D. Kribs, D. McKeen, N. Raj, Phys. Rev. Lett. 126 (2021) 011801

A.W. Thomas, X.G. Wang, A.G. Williams, Phys. Rev. D 105 (2022) L031901



SM global fit

• Use the free parameters: 𝑚!, 𝑚", 𝑚#, 𝛼$, Δ𝛼!%&
' .

• These are used to derive the remaining 12 EWPO data points: 

Γ", 𝜎!%&()*+ , 𝐴{ℓ,/,0}, 𝑅{ℓ,/,0}
+ , 𝐴23

ℓ,/,0 ,+, 𝑚4, Γ4 .

• Fit to experimental values.

• The SM fit 𝜒567 provides a reference point for constraining our dark photon parameters.

• Perform two fits: first with CDF reported 𝑚4, second with PDG global average 𝑚4 (excluding CDF 
measurement).

• Extract 𝜒56
7 {892} and 𝜒56

7 {:9;}.
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SM 
Baseline 
Fits
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Softening 
CDF Tension 
with Heavy 
Dark Photon
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• Heavy dark photon (200GeV) can soften 
CDF tension.

• Predicted  𝑚! = 80.406 𝐺𝑒𝑉 → only 2.9𝜎
off CDF.

• Still not a perfect fix, but interesting!



Constraints on the 
dark photon

1 0



Constraints on the dark photon

• Set limits on kinetic mixing parameter 𝜖, given its mass 𝑚!# .

• For each mass 𝑚!# , we scan over 𝜖 from 0 to 1.

• For each 𝜖 we vary 𝑚", 𝑚#, 𝑚$, 𝛼%, Δ𝛼"&'
(  until a 𝜒) minimum is found. 

• The minimum 𝜒) obtainable is dependent upon 𝜖, and the 95% excluded region on 𝜖 is defined 
such that: 

𝜒-<
. 𝜖 − 𝜒/0. ≥ 3.8,

• 𝜒*+
) {-./} = 68.23 ,   𝜒*+

) {1.2} = 12.92

𝜖
2 cos 𝜃&

𝐹!"# 𝐵!"
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Dark Photon 
Exclusion 
Limits

𝜒"!
# 𝜖 − 𝜒$%# ≥ 3.8

[5] Curtin D, Essig R, Gori S and Shelton J 2015 JHEP 02 157 (Preprint 1412.0018)
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Constraints on dark 
fermions
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Constraints on dark fermions 𝝌

• Constraints have been placed on the parameter 𝑦 = 3$4%$

56
7%

7&'

5
through relic density and 

direct detection.

• But we can place constraints on 𝑔8 directly using EWPOs.

• 𝑍 boson decay width receives extra contribution from 𝜒�̅� final states for 𝑚8 <
7(
)
:

Γ# = Γ"&' + Γ9 + Γ: + Γ; + 3Γ< + Γ8,
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𝑚'𝐶',&)&#
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Dark 
Fermion 
Exclusion 
Limits

𝜒"!
# 𝜖, 𝑔& − 𝜒$%# ≥ 5.99

B. M. Loizos, X. G. Wang, A. W. Thomas, M. J. White, and A. G. Williams, J. Phys. G 51, 075002 (2024), arXiv:2306.13408 [hep-ph].
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Summary

• Revisited constraints on the dark photon from electroweak precision observables, including 
the latest CDF 𝑚= measurement and it’s impacts on the mixing parameter 𝜖.

• Upper bounds for 𝜖 tighten for 𝑚!) < 𝑚# and weakened for 𝑚!# > 𝑚#. 

• Introduced couplings between the dark photon and fermionic dark matter, 𝑔8.

• Using EWPO, set exclusion limits on 𝑔8 for massive dark fermions. 

• Upper bounds for 𝑔8 tighten as 𝑚!) → 𝑚#, and weakens as 𝑚8 increases.
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