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• Dark photon are vector bosons with polarization 


• Usually experiments assume dark photon are randomly polarized.


• Misalignment mechanism may cause DP has fixed polarization within the 
cosmological horizon. 


• Since we don’t really know what kind of polarization DP have, its important to 
take a consider of the “fixed polarization scenario”.

Polarized dark photon signal

Caputo et al., Phys. Rev. D 104, 095029 (2021).
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How fix polarization affect DP signal 
DP signal power:  ;  where: P(t) = PX cos2 θ(t) cos2 θ(t) = (X̂ ⋅ D̂(t))

2

Caputo et al., Phys. Rev. D 104, 095029 (2021).
3



How fix polarization affect DP signal 

̂Z(t) =
cos λ cos ω⊕t
cos λ sin ω⊕t

sin λ

X =
cos θX cos ϕX

cos θX sin ϕX

sin θX

Fix polarization Vertical Detection

Caputo et al., Phys. Rev. D 104, 095029 (2021).

V(ϕ, t) =
cos ϕd sin λ cos ω⊕t + sin ϕd sin ω⊕t
cos ϕd sin λ sin ω⊕t − sin ϕd cos ω⊕t

−cos ϕd cos λ

Horizontal 
Detection 

P = P0 | X̂ ⋅ D̂(t) |2
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|X ⋅ Z |2 =
1
2

cos2 λ cos2 θX + sin2λ sin2 θX

2 cos λ sin λ cos θX sin θX cos(ωt − ϕX)

1
2

cos2 λ cos2 θX cos(2ωt − 2ϕX)+

+ ω

2ω

Daily Modulation:

2*Daily Modulation:

Constant
Chicago: (42° N, 88° W)


θx

How fix polarization affect DP signal 
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k: spectrum index (each spectrum taken at time t_k).
j: frequency bin index,  

ℒ = exp[−
1
2 ∑

k,j (
yk,j − 𝒮k,j

σk,j )
2

]

 : measured Signalyk,j

 : std of measuredSignalσk,j

: Expected DP signal𝒮k,j

Polarization-matched Likelihood
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 : yk,j PSA − savgolj(PSA)
 : σk,j savgolj(PSA)/ N

: Power spectrumPSAk,j

: Power SpecPSA Savgol ( )PSA :Measured signaly
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DP signal Modulation overtime

η(z(t), f )
z(t)
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Bj( f ) = sinc(
f − fj
Δfbin )

2

,

Cross Correlated

\

*

=
DM lineshape

FFT Response of Single Bin

Expected Power 𝒞j( f′￼) =
Oj( f′￼)

∑j′￼
Oj′￼

( f′￼)

S( f; f′￼) ∝ sinh 3r
2 | f − f′￼|

f′￼β2
exp[−

3( f − f′￼)
f′￼β2

−
3r2

2 ],

Oj( f′￼) = ∫ S( f; f′￼) Bj( f ) df .

Figure From Stefan’s talk
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log ℒ(D | f′￼, θx, ϕx, P) = −
1
2 ∑

k,j (
ykj − P ηkj 𝒞j( f′￼) cos2θ(θX, ϕX, tk)

σkj )
2

k: spectrum index (each spectrum taken at time t_k).
j: frequency bin index,  

j ∈ [ j0 − 1,j0 + 4]

Likelihood Equation

1M+ steps
21 steps

21 steps
501 steps

25451 
terms

6 terms
 would need to 

store data for an array with 
dimensions 
1M×501×21×21x25451x6  
In double precision, this array 
would require 250PB+ of 
memory

𝒮k,j( f, P0, θ, ϕ)

ℒ = exp[−
1
2 ∑

k,j (
yk,j − 𝒮k,j

σk,j )
2

]
yk,j 𝒮k,j

σk,j

Probability of observing an DP signal with amplitude , polarization orientation
 at trial frequency  can be described by :

P
(θx, ϕx) f′￼ ℒ(D |P, θ, ϕ, f′￼)

 : measured Signalyk,j

 : std of measuredSignalσk,j

: Expected DP signal𝒮k,j

We need a way to simplify this calculation
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Harmonic factorization

C( j)
n,2 = ∑

k

ykjηkj

σ2
kj

cos(nω⊕tk)

S( j)
n,2 = ∑

k

ykjηkj

σ2
kj

sin(nω⊕tk)

C( j)
n,4 = ∑

k

η2
kj

σ2
kj

cos(nω⊕tk)

S( j)
n,4 = ∑

k

η2
kj

σ2
kj

sin(nω⊕tk)

= −
1
2 ∑

k,j

y2
kj

σ2
kj

+ P∑
j

𝒞j ∑
k

ykjηkj cos2θ(θX, ϕX, tk)
σ2

kj
−

1
2

P2 ∑
j

𝒞2
j ∑

k

η2
kj cos4θ(θX, ϕX, tk)

σ2
kj

Term0 Term1 Term2

= Const + P × Term1( f′￼, θx, ϕx) −
1
2

P2 × Term2( f′￼, θx, ϕx)

Sig = Term1
Term2

P0 = Term1
Term2

STD = 1
Term2

log ℒ

log ℒ( f′￼, θx, ϕx, P)
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L_max

LFreq(D ∣ f, P) = max
θ ∏

nrun

max
ϕ

Lnrun
(D ∣ f, θ, ϕ, P) .

Likelihood Framework

For unknown polarization angle , 
How could we deal with nuisance 
parameter to find the  ?

(θx, ϕx)

L(D | f, P)

LBayes(D ∣ f, P) = ∫ dθ π(θ) ∏
nrun

∫ dϕ Lnrun
(D ∣ f, θ, ϕ, P) .

Absolute time stamps in 
GigaBREAD2023 were not recorded
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q0 = − 2 ln
sup

Pconv≤0
ℒ(Pconv)

sup
Pconv∈ℝ

ℒ(Pconv)
q0 = − 2 ln

∫Pconv≤0
ℒ(Pconv) dPconv

∫Pconv∈ℝ
ℒ(Pconv) dPconv

.

Did we see Dark photon?
Bayesian Test Statistic Frequentist Test Statistic 

Seems like we didn’t 
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Thank you!
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