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Gravitational Wave Events

Abbott +, 2016 & 2017

GW150914 GW170817

and GW151012 GW151226 GW170104 GW170814 ...
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ANTARES and IceCube

Adrián-Martínez+, 2016

GW150914

within ±500 s of the gravitational wave event
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pp & pγ Processes

Muc̈ke, 1999
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Targets: 
1. protons/neutrons ?
2. photons ?
3. magnetic field !

Magnetic field:
super Eddington accretion disk 
sourced by tidal disruption of 
asteroids or planets

B ~ 1011 G
Lasting time scale ~ day 

Zhang+, 2016
Kotera+, 2016

pp & pγ Processes
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Fermi-Weizsacker-Williams (FWW) Method of Virtual Quanta

A proton moves in a static magnetic field directed along the z-axis in 
the laboratory frame Σ. 

In the particle instantaneous rest frame Σ′

A equivalent electromagnetic
field in –v direction

pB Process
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Fermi-Weizsacker-Williams (FWW) Method of Virtual Quanta

A proton moves in a static axial magnetic field directed along the z-
axis in the laboratory frame Σ. 

In the particle instantaneous rest frame Σ′

A equivalent electromagnetic
Field in –v direction

The Poynting flux S(ω) of the equivalent 
incident radiation 

y’

x’

pB Process
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The energy loss rate of protons

pB Process

γB >~ 5×1018 G

Yuan & Shi, 2019 

QCS, Busan, Korea  2019.09



Gap Acceleration of Protons

Kerr BH: frame dragging

Hirotani, Pu, 2016
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Newly-formed BH after merger



Gap height

Accretion disk dynamo: voltage drop 

The gap acceleration luminosity

~ same order of magnitude as
the BZ mechanism

Gap Acceleration of Protons
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Newly-formed BH after merger



Neutrino energy

For GW150914

Detective distance: <~ 5 Mpc from an isotropic neutrino source

Diffuse Neutrino Flux 

UHE Neutrino energy and flux

QCS, Busan, Korea  2019.09



UHE Neutrino energy and flux
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B = 1011 G B = 1010 G

Curvature radiation

When acceleration rate equals curvature radiation, the maximum 
proton energy 

Lorentz factor 

UHE Neutrino energy and flux
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Levinson 2000



Neutrino energy

Transmitted fraction

The total proton luminosity 

The fraction of voltage drop energy 
transmitted to the protons 

The total proton luminosity 

B = 1011 G B = 1010 G

UHE Neutrino energy and flux
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UHE Neutrino energy and flux
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Fermi GBM: 3σ-level of transient signal of luminosity ∼ 1049 erg s−1

Coincidence?

B ~ 5 × 1012 G

Transmitted fraction

The total proton luminosity 

Neutrino energy ~ 35 PeV

One individual source: 
distance <~ 50 Mpc

The diffuse neutrino luminosity: 
a detectable fraction of IceCube-Gen2 

Discussion
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Connaughton +, 2016



Summary

1. Black hole binary mergers: low density of protons and photons

2. pB process:
unusual target: strong magnetic field

g2/e2 ~ 103, threshold γB >~ 5×1018 G

3. Optimistic case: 20 EeV, <~ 5 Mpc, diffuse flux detectable by IceCube-Gen2
With curvature cooling: 20 PeV, <~ 0.5 Mpc

4. Unique neutrino and photon spectrum

Thanks for listening!
Suggestions and comments are welcome.
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