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r < 𝑞−1

 𝒜 ∝ 𝑍, 𝜎 ∝ 𝑍2 

𝜎 ∝ 𝑁2

𝒜𝑡𝑜𝑡 = ∑𝑒𝑖𝑞Δ𝑟𝒜𝑖 ∼ 𝑁𝒜𝑖 

A𝑖

  𝑁
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𝑛 + 1 𝑎+ 𝑛 ∼ 𝑛 + 1 

𝑁2

 𝒜𝑡𝑜𝑡 ∼ 𝑁𝒜𝑖 

𝑉 𝑟 = 𝑉0Θ(𝑟 − 𝑅)

𝑉0(𝜌𝐴)
𝑅 = 𝑟𝑠𝑚𝑎𝑙𝑙
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𝜎 ∼ 𝜋𝑅2

𝐸
𝐸

𝑅 ∼ 𝑣𝑚 −1

Δ𝑣/𝑣 < 10−17 10−19

Λ < 10−5𝑀𝑃𝐿

Δ𝑄 ∼ 𝑛𝑝 ∝ 𝒪(𝑚𝐷𝑀
0) 

𝒜 ∼ 𝒪 + 1, 𝜎 ∼ 𝒪 + 1 

𝒪

∫ 𝑑3𝑝 𝒪 𝑝, 𝑥 = 𝑛 𝑥   ∴ 𝒪 ∼
𝜌

𝑚

1

𝑚𝑣 3
∼ 103

1 eV

𝑚
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𝜌𝐷𝑀

𝑇1
3 ∼ 10−9 GeV, 𝐻 𝑇1 ∼ 𝑚𝐷𝑀 , 𝜌𝐷𝑀 ∼ 𝑚𝐷𝑀

2 𝑓2 

 𝑚𝐷𝑀 ∼ 10−14 eV 
𝑓

1015 GeV
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