Polarized images of charged particles in vortical
motions around a magnetized Kerr black hole

Zhenyu Zhang
School of physics, Peking university
Based on arXiv: 2304.03642
Collaborate with: Y. Hou, Z. Hu, M. Guo and B. Chen



Background

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

* Inner engine

Kerr black holes =} uniform magnetic field B,

=P electric field =P particle acceleration =Jp radiation @

* Wald solution

* Solve Maxwell’s Equation in Kerr spacetime
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[1] R. Ruffini et al., arXiv: 1811.01839
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Electromagnetic field structure
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Locally non-rotating frame (LNRF)
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Dynamic of charged particles

» Electromagnetic parameter wg =

* Numerical simulation of the particle motion

qBy

m

« spontaneously vortical motion (SVM)

wp = —5.59 X 1012,
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Questions
 What iIs the condition of SVM?

Electromagnetic
Force

MS87*  April 11, 2017

[3] Event Horizon Telescope Collaboration, K. Akiyama et al., arXiv:1906.11238
[4] Event Horizon Telescope Collaboration, K. Akiyama et al., arXiv:2105.01169



Dynamic of charged particles
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« Effective potential for SVM particles
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* Particles can only move In regions where V¢ IS lower than initial Ve
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Dynamic of charged particles

* Critical parameter w,

Solve FZeff = —0,Verg =0
at the initial position

-» o

For example,
T
fOl’ (To, 90) — (2,5) & p(po =0

—} w, =—14

wp = _17, (To, 00) = (2,—)



Imaging method

« Backward ray-tracing
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* Intensity and polarization

 Synchrotron radiation



Images

* 16 trajectories
* 15 = 2 (red), rp, = 3 (blue)

« Form a ring structure

* Intensity
 Northern hemisphere >> Southern hemisphere
« Critical curve (ring structure) ~ primary image

o Differ from the EHT observation
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ANSWers
* \WWhat is the condition of SVM?

Electromagnetic
Force

Solve ET = —a,V ¢ = 0 at the initial position
and obtain the critical parameter w...

* As a source, can SVM radiation be detected from BH images ?
MS8T* April 11, 2017
Probably NOT.
Images of SVM particles are quite
different from EHT observations.

See our paper
(arXiv:2304.03642)

for more details Thanks for listening!




	幻灯片 1: Polarized images of charged particles in vortical motions around a magnetized Kerr black hole
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10

