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Process SM process Dark photon process Experiments

Electron 
Bremsstrahlung

𝑒𝑒− + 𝑁𝑁 → 𝑒𝑒− + 𝑁𝑁 + 𝜸𝜸 𝑒𝑒− + 𝑁𝑁 → 𝑒𝑒− + 𝑁𝑁 + 𝐴𝐴𝐴 Electron fixed targets
(E137, NA64, etc)

Annihilation 𝑒𝑒+ + 𝑒𝑒− → 𝛾𝛾 + 𝜸𝜸 𝑒𝑒+ + 𝑒𝑒− → 𝛾𝛾 + 𝐴𝐴𝐴 Babar, Belle, KLOE

Neutral meson 
decays

𝜋𝜋0, 𝜂𝜂 → 𝛾𝛾 + 𝜸𝜸
𝜙𝜙 → 𝜂𝜂 + 𝜸𝜸

𝜋𝜋0, 𝜂𝜂 → 𝛾𝛾 + 𝐴𝐴𝐴
𝜙𝜙 → 𝜂𝜂 + 𝐴𝐴𝐴

NA48, A1, APEX, HPS, 
SHiP, KLOE

Proton 
Bremsstrahlung

𝑝𝑝 + 𝑁𝑁 → 𝑝𝑝 + 𝑁𝑁 + 𝜸𝜸 𝑝𝑝 + 𝑁𝑁 → 𝑝𝑝 + 𝑁𝑁 + 𝐴𝐴𝐴 SHiP

Higgs decays ℎ → 𝑍𝑍𝑍𝑍∗ ℎ → 𝑍𝑍𝑍𝑍𝐷𝐷,𝑍𝑍𝐷𝐷𝑍𝑍𝐷𝐷 LHC, Babar, Belle

IBS Conference on Dark World 2019



6

(𝑒𝑒+)

(𝑒𝑒−)

𝜎𝜎𝐴𝐴′~
𝑍𝑍2𝛼𝛼3𝝐𝝐𝟐𝟐

𝑚𝑚𝐴𝐴′
2

Γ𝐴𝐴𝐴~𝛼𝛼𝐷𝐷 or (𝝐𝝐𝟐𝟐𝛼𝛼)

𝜖𝜖𝜖𝜖
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𝐴𝐴𝐴
𝑒𝑒−

𝑒𝑒−

𝑒𝑒+

DetectorBeam dump target

ℓ0
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Production rate

~
𝝐𝝐
𝒎𝒎𝑨𝑨′

𝟐𝟐
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PRL 113, 201801 (2014)
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𝑲𝑲± → 𝝅𝝅±𝝅𝝅𝟎𝟎

𝑲𝑲± → 𝝅𝝅𝟎𝟎𝝁𝝁𝝁𝝁

Mass resolution: 
0.16 ~ 1.3 MeV
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arXiv:1508.07659
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Active beam dump
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> 5𝜎𝜎 excess in 𝑒𝑒+𝑒𝑒− mass spectrum at 
17.6 MeV, PRL 116, 042501 (2016)

2018 data
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https://arxiv.org/abs/1901.09966
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1.1~4.4 GeV 𝑒𝑒−
on Tungsten foil

IBS Conference on Dark World 2019



36IBS Conference on Dark World 2019



37IBS Conference on Dark World 2019



38IBS Conference on Dark World 2019



39IBS Conference on Dark World 2019



40IBS Conference on Dark World 2019



41IBS Conference on Dark World 2019



42

𝐴𝐴𝐴
𝑒𝑒−

𝜒̅𝜒

𝜒𝜒

Detector
𝜒𝜒

𝛼𝛼𝐷𝐷
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60m
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10m

5m
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