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• A mechanism of gamma-ray bursts [1, 2]

• Inner engine

• Wald solution

• Solve Maxwell’s Equation in Kerr spacetime
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Electromagnetic field structure
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Dynamic of charged particles

• Electromagnetic parameter 𝜔𝐵 =
𝑞𝐵0

𝑚

• Numerical simulation of the particle motion

• spontaneously vortical motion (SVM)

𝜔𝐵 = −5.59 × 1012,

𝑝𝜙0 = 0,

(𝑟0, 𝜃0) = 2,
𝜋
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Questions

• What is the condition of SVM?

• As a source, can SVM radiation be detected from BH images ?

Gravity
Electromagnetic

Force
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Dynamic of charged particles

• Effective potential for SVM particles

• Particles can only move in regions where 𝑉eff is lower than initial 𝑉eff
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Dynamic of charged particles

• Critical parameter 𝜔𝑐

Solve 𝐹𝑧
eff = −𝜕𝑧𝑉eff = 0

at the initial position

𝜔𝑐
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Imaging method

• Backward ray-tracing 

• Intensity and polarization

• Synchrotron radiation



Images

• 16 trajectories

• 𝑟0 = 2 (red), 𝑟0 = 3 (blue)

• Form a ring structure

• Intensity

• Northern hemisphere >> Southern hemisphere

• Critical curve (ring structure) ~ primary image

• Differ from the EHT observation

Observed at 𝜃𝑜 = 17°



• What is the condition of SVM?

• As a source, can SVM radiation be detected from BH images ?

Gravity
Electromagnetic

Force

Answers

Solve 𝐹𝑧
eff = −𝜕𝑧𝑉eff = 0 at the initial position 

and obtain the critical parameter 𝜔𝑐.

Thanks for listening!

See our paper 

(arXiv:2304.03642) 

for more details

Probably NOT.

Images of SVM particles are quite 

different from EHT observations.
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