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Main Takeaway
We should be looking for 
new physics in the radio 

regime
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What Are Dark Photons?
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•Analogous to SM photon

•Mass 𝑚𝐴′, Mixing parameter 𝜖

•SM photons can convert to dark photons
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Why dark photons?
•One of the few ways to extend the standard model at 
low energies

•Feature of wide class of models
• Studying 𝛾 → 𝐴′ conversions allows us to constrain all of these

•Could even be all of dark matter
• We don’t assume this
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Resonant Conversions
•𝛾 → 𝐴′ conversions occur resonantly when

𝑚𝐴′ = plasma mass ∝ 𝑛𝑒
1/2

Ԧ𝑥, 𝑧

•Reduces intensity of light by 𝑃𝛾→𝐴′

•Total probability of conversion = sum of conversions 
along line of sight

𝑃𝛾→𝐴′ ∝
𝜖2𝑚𝐴′
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Resonant Conversions
•Previous searches have focused on CMB experiments  

•Because of 1/𝜔 scaling, radio measurements give huge 
boost in sensitivity compared to CMB

𝑃𝛾→𝐴′ ∝
𝜖2𝑚𝐴′
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Resonant Conversions
•Previous searches have focused on CMB experiments  

•Because of 1/𝜔 scaling, radio measurements give huge 
boost in sensitivity compared to CMB

Probability of conversion 
increases by factor of 30!

𝑃𝛾→𝐴′ ∝
𝜖2𝑚𝐴′
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Gas Clouds

7
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• CMB is nearly isotropic
• 𝛾 → 𝐴′ conversions occur 

when 𝑚𝐴′ = plasma mass

• Disappearances generate 
new anisotropies
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Dark Photons in the Radio Sky
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• Disappearances create anisotropies that we can measure 
via a power spectrum:

𝐶ℓ
𝛾→𝐴′

∝
𝜖4

𝜔2 

• Looking in radio regime gives up to 1000x boost in 
sensitivity compared to typical CMB studies



Modeling Methods
•Modeling techniques depend on dark photon 
masses

•Use simulations for 10−14 ≲ 𝑚𝐴′ ≲ 10−13 eV

•Produce map of 𝑃𝛾→𝐴′

• Compute power spectrum from map
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Methods
•Produce mock signal maps from 𝐶ℓ

𝛾→𝐴′

 + foreground maps at different 
frequencies

•Use internal linear combination (ILC) to extract input signal
• Constructing “optimal” linear combination of maps to reduce noise

10Bennett et al, astro-ph/0302208  Tegmark et al., arXiv:astro-ph/0302496  McCarthy et al., arXiv: 2406.02546 

Signal Map ∼ 10 mK Noise Map ∼ 106 mK 
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Results & Future Work
•ILC results nearly competitive 
with CMB
• Limits from determining smallest 

recoverable signal

•Lots to think about!
• Additional conversion modeling

• Cross-correlations with LSS, etc.

• More sophisticated radio analysis

•21-cm global signal also 
interesting

12
Caputo, et al., arXiv:2002.05165    McCarthy et al., arXiv: 2406.02546 



Takeaways
•Radio cosmology has great potential and is exciting 
place to search for new physics!

•Promising preliminary results – but more work is 
needed to understand full sensitivity
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Backup Slides
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ILC Algorithm
•Observation = signal + noise 

•𝑇𝑖 ො𝑛 = 𝑎𝑖𝑠 ො𝑛 + 𝑛𝑖 ො𝑛

•Consider set of coefficients 𝐴𝑖 such that σ𝑖 𝐴𝑖 𝑎𝑖 = 1

•Then, ෨𝑇 ≡ σ𝑖 𝐴𝑖𝑇𝑖 = 𝑠 ො𝑛 σ𝑖 𝑎𝑖𝐴𝑖 + σ𝑖 𝐴𝑖𝑛𝑖 ො𝑛 = 𝑠 ො𝑛 + ෤𝑛

•Then, we solve the constrained optimization problem to minimize the 
variance of ෨𝑇 (reduce noise w.r.t. signal)

•Straightforward to generalize to harmonic space, needlet space, etc.
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21-cm Global Signal
•𝛾 → 𝐴′ conversions are interpreted as 
absorptions in HI

•Set limit if 𝑇21 ≤ −100 mK at 𝑧 = 17

16

𝑚𝐴′ = 6 × 10−14 eV
 𝜖 = 5 × 10−7
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