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MILLICHARGED PARTICLES

Super Tau-Charm Factory

Scan over collision energies

with 10 MeV step and 1/fb 

+



ℒ = ϵ𝑒 𝐴𝜇 ҧ𝜒𝛾𝜇𝜒 , ϵ =
𝑄𝜒

𝑒

MILLICHARGED PARTICLES

Model
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Energy loss δ-electrons

Detector Detector

MILLICHARGED PARTICLES

Signal for direct searches
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MILLICHARGED PARTICLES

Energy loss
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Gas: propane
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MILLICHARGED PARTICLES

Number of hits

𝑃𝑠 𝑛0, 𝑁 = 

𝑛=𝑛0

2𝑛𝑐
𝑒−𝑁

2𝑛𝑐−𝑛
×

1 − 𝑒−𝑁
𝑛
×

2𝑛𝑐!

𝑛! 2𝑛𝑐 − 𝑛 !

Cell size ≈ 1 𝑐𝑚 ⇒ 𝑁(1 𝑐𝑚)

Drift Chamber consist 

of 41 sense layers, 𝑛𝑐 = 41

Probability to lighten up 

more than 𝑛0 cells is:
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d𝐿
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MILLICHARGED PARTICLES

Non-monochromatic energy
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𝜎 𝑒+𝑒− → 𝜒 ҧ𝜒 =
2𝜋𝛼2𝜖2𝛽

𝑠

MILLICHARGED PARTICLES

Energy loss

𝑁 𝑠0 = න
𝑑 𝑠 ×

𝑑𝐿

𝑑 𝑠
× 𝜎 𝑒+𝑒− → 𝜒 ҧ𝜒 ×

𝑃𝑠 𝑛0, 𝑁

Detector
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MILLICHARGED PARTICLES

δ-electrons

𝑑2𝑁𝛿
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𝐹(𝑇𝑒) ≈ 1

𝑇𝑒 > 𝑇𝑚𝑖𝑛 = 1 𝑘𝑒𝑉
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MILLICHARGED PARTICLES

𝐽/𝜓 decays

𝑁 = 𝑁𝐽/𝜓 × 𝜖2 × 𝐵𝑟𝜒ഥ𝜒 × 𝑃𝑠 𝑛0, 𝑁

𝐵𝑟𝜒ഥ𝜒 = 𝐵𝑟𝜇𝜇
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MILLICHARGED PARTICLES
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MILLICHARGED PARTICLES

Larmor radius

𝑟 ≈ 97 𝑐𝑚
1 𝑇

𝐵
×

𝑚𝜒

1 𝐺𝑒𝑉

𝛽

𝜖

𝑟 > 20 𝑐𝑚
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MILLICHARGED PARTICLES

Number of hits

𝑃𝑏 𝑛0 = 

𝑛=𝑛0

2𝑛𝑐
1 − 0.05 2𝑛𝑐−𝑛 ×

0.05 𝑛 ×
2𝑛𝑐!

𝑛! 2𝑛𝑐 − 𝑛 !

𝑛0 > 29, 𝑛0 = 30
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MILLICHARGED PARTICLES

Initial State Radiation

𝜎𝑐𝑜𝑟𝑟 = න
0

𝑥𝑚𝑎𝑥

𝜎 1 − 𝑥 𝑠 𝐻 𝑥, 𝑠 𝑑𝑥

𝐸𝛾 < 25 𝑀𝑒𝑉

O. Nicrosini, Luca Trentadue. 
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