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Talk outline

Introduction
- Dark photons as a dark matter portal.
- Theoretical model.
- Experimental searches.

Spin correlations.
Prior treatments of Dark photon detection assume spin
correlations can be ignored.
Results and future work.
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Dark photon model

𝑈(1)𝐷 massive gauge boson, 𝐴′, with mass 𝑚𝐴′ and
coupling 𝜀 .
Simplest gauge portal between the SM and the Dark
sector.

ℒ𝛾𝐴′ =
𝜀
2
𝐵𝜇𝜈𝐹

𝜇𝜈
𝐷 .

Equation above gives coupling to SM fermions

ℒ𝜓𝐴′ = 𝜀𝑞𝜓̄ /𝐴′𝜓 .
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Dark photon searches

𝐴′ is predicted to be a long lived particle (LLP).

Γ (𝐴′ → 𝑓 ̄𝑓) =
𝜀2𝑒2

12𝜋
𝑚𝐴′√1 −

4𝑚2
𝑓

𝑚2
𝐴′

⎛⎜⎜⎜⎝
1 +

2𝑚2
𝑓

𝑚2
𝐴′

⎞⎟⎟⎟⎠
. (1)

Searches such as: FASER, NA62, HPS, APEX all look for signs of
𝐴′ → 𝑒+𝑒−/𝜇+𝜇− decay.
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Problem in the literature

Two main approximations:
- Narrow width approximation
- Neglecting spin correlations in production and decay of 𝐴′.

Event generators often trade accuracy for speed.
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Pions coupling to dark photons

FASER experiment. How are pions coupled to dark photons?
Inspiration: coupling via chiral anomaly

ℒ𝜋0𝛾𝛾 ∝ 𝜋0𝐹𝜇𝜈𝐹𝜌𝜎𝜀𝜇𝜈𝜌𝜎 ⟹ ℒ𝜋0𝛾𝐴′ ∝ 𝜀𝜋0𝐹𝜇𝜈𝐹𝜌𝜎
𝐷 𝜀𝜇𝜈𝜌𝜎 . (2)

𝐴′𝜋0

𝛾

𝑒+𝜇+

𝑒−𝜇−
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Narrow width approximation

For LLPs we can approximate

1
|𝑞2 − 𝑚2

𝐴′ − 𝑖𝑚𝐴′Γ(𝐴′)|2
=

𝜋
𝑚𝐴′Γ(𝐴′)

𝛿 (𝑞2 − 𝑚2
𝐴′) .
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Spin correlations

What are spin correlations?

ℳ†ℳ =
1

|𝑞2 − 𝑚2
𝐴′ − 𝑖𝑚𝐴′Γ(𝐴′)|2

||||
|
∑
𝑙

Π𝑙
𝑟 ⋅ Δ𝑙

𝑠1,𝑠2

||||
|

2

.

𝑞

𝐴′ (𝑙)𝜋0

𝛾 (𝑟)

𝑒+(𝑠1)

𝑒−(𝑠2)
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Spin correlations

To neglect spin correlations we approximate:

||||
|
∑
𝑙

Π𝑙
𝑟 ⋅ Δ𝑙

𝑠1,𝑠2

||||
|

2

≈
⎛⎜⎜⎜
⎝
∑
𝑙

|
|Π𝑙

𝑟
|
|
2⎞⎟⎟⎟
⎠
⋅
⎛⎜⎜⎜
⎝
∑
𝑙

|
|Δ𝑙

𝑠1,𝑠2
|
|
2⎞⎟⎟⎟
⎠
. (3)
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After a lot of calculation...

𝐼(𝑘2) = 2𝜋∫
∞

𝑟=0
𝑟2d𝑟 ∫

𝜋

𝜃=0
sin𝜃d𝜃𝛿 (𝐸 − √𝑟2 + 𝑘2 − 2𝑘𝑟 cos𝜃) 𝛿 (𝑀 −√𝑚2

𝑓 + 𝑟2 − 𝐸2 − 𝐸)

= 2𝜋∫
∞

𝑟=0
𝑟2d𝑟 ∫

1

𝑢=−1
d𝑢𝛿 (𝐸 − √𝑟2 + 𝑘2 − 2𝑘𝑟𝑢) 𝛿 (𝑀 −√𝑚2

𝑓 + 𝑟2 − 𝐸2 − 𝐸)

= 2𝜋∫
∞

𝑟=0
𝑟2d𝑟𝛿 (𝑀 −√𝑚2

𝑓 + 𝑟2 − 𝐸2 − 𝐸)
𝐸
𝑟𝑘

Θ (𝐸 − |𝑟 − 𝑘|)Θ (𝑟 + 𝑘 − 𝐸)

=
𝜋𝐸
𝑘

∫
∞

𝑟=0
2𝑟d𝑟𝛿 (𝑀 −√𝑚2

𝑓 + 𝑟2 − 𝐸2 − 𝐸)Θ (𝐸 − |𝑟 − 𝑘|)Θ (𝑟 + 𝑘 − 𝐸)

Substitution: 𝑢 = 𝑟2, d𝑢 = 2𝑟d𝑟

=
𝜋𝐸
𝑘

∫
∞

𝑢=0
d𝑢𝛿 (𝑀 −√𝑚2

𝑓 + 𝑢 − 𝐸2 − 𝐸)Θ (𝐸 − |√𝑢 − 𝑘|)Θ (√𝑢 + 𝑘 − 𝐸)

𝐼(𝑘2) =
2𝜋𝐸
𝑘

(𝑀 − 𝐸2 − 𝐸)Θ(𝑀 − 𝐸 − 𝑚𝑓 − 𝐸2)Θ (𝐸 − |√(𝑀 − 𝐸2 − 𝐸)2 − 𝑚2
𝑓 − 𝑘|)Θ (√(𝑀 − 𝐸2 − 𝐸)2 − 𝑚2

𝑓 + 𝑘 − 𝐸) .
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Results
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Results
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Discrepancy

We used the following measure to define discrepancy between
spectra:

Δ (𝑚𝜋, 𝑚𝑓, 𝑚𝐴′) ≡
1
2
∫ |𝜌with(𝐸) − 𝜌without(𝐸)|d𝐸 . (4)

We found the following bound on discrepancy:

Δ (𝑚𝜋, 𝑚𝑓, 𝑚𝐴′) ≤
1

6√3
≈ 9.6% , (5)

over the whole energy spectrum.
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Simulating a real detector count
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ϵ = 3.0 x 10-5, mA' = 50.0 MeV, ℒ = 27.0 fb-1
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Summary

We find that spin correlations will not have an effect on
current FASER searches.
Future precision experiments will have to account for spin
correlations.
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Thank you!
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