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I. 
Method of virtual quanta



Weizsacker-Williams method of virtual quanta

Bremsstrahlung

Jackson, J.D. 1976



Unification of Synchrotron Radiation 
and Inverse Compton Scattering

Lewin, Barber, & Chen 1995, Science



Synchrotron Radiation: 
an Inverse Compton Effect

Lieu & Axford 1993



Synchro-Curvature radidation

Zhang & Cheng, 1995; Cheng  & Zhang, 1995



Synchro-Curvature radiation

Zhang & Cheng, 1995; Cheng  & Zhang, 1995



Quantum Synchro-Curvature radiation

Yuan & Zhang, 1997; Zhang & Yuan 1998



II. 
Proton magnetic field (PB) process



Pion production via proton
Syn. radiation in strong magnetic fields

Maruyama, et al., 2015, Phys. Rev. D 91  123007 



Photo-hadronic Processes

Mu ̈cke, 1999



Semi-quantitative analysis

𝜎𝜎𝑇𝑇 ≃ 0.2 𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇

𝜎𝜎𝑟𝑟𝑟𝑟𝑟𝑟 ≃ 200 𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇 (0.2𝐺𝐺𝐺𝐺𝐺𝐺 < 𝐸𝐸𝛾𝛾 < 0.5)

Yuan & Shi, 2019, Phys. Letts. B, 795, 452



Semi-quantitative analysis

Yuan & Shi, 2019, Phys. Letts. B, 795, 452



Proton magnetic field (PB) process

Yuan & Shi, 2019, Phys. Letts. B, 795, 452



Proton magnetic field (PB) process

Power spectrum of  the virtual photons,



Proton magnetic field (PB) process



Proton magnetic field (PB) process



III. 
PeV neutrinos from merging
black hole binaries? 



Magnetic fields around a BH

Perna +, 2016

Lyutikov +, 2017

P ∼ 1−10 s
B ~ 1010 G.



Acceleration Gap

Hirotani & Pu, 2016, ApJ



Shi & Yuan, 2019, submitted

Diffuse flux of ultra-high energy neutrinos
from the binary BH merging event. 



Some discussions

Advantages:
• Natural targets
• Neutrino emission
• EM courterpart

Uncertainties:
• Strength of magnetic filed
• the optical depth of neutrinos (lager than other sources, eg. 

AGNs, TDEs)



Thanks！
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