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Barry Barish: 2017 Nobel
Observation of Gravitational Waves
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!"#$%~0.1!⊙

Black hole diskdisk

neutrinosneutrinos

neutrinos neutrinos

!34 = 3 − 4!⊙

Alfven wave

Alfven wave

?@~10AB / 1 ~?C
/ 1 / /

gamma/CRs
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Alfven wave
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EM wave
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(or merged NSs)

T. Ebisuzaki and T. Tajima, Astropart. Phys. (2014) [implied in Takahashi et al. (2000)]

Wakefield generation in  

ß
n

e decreases

V_A ~ B / sqrt (n)
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Discovery of Blackhole and Prediction

M87 blackhole: by Event Horizon Telescope (2019) Suggestion:  Tajima and Shibata
“Plasma Astrophysics”

(textbook, 1997)



“Physiology” of various AGNs

• Distance�3.4Mpc
• Radio Galaxy

– Nearest
– Brightest radio source

• Elliptical Galaxy
• Black hole at the center w/ 

relativistic jets

Optical

Cen  A
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M82 X-1

M82 X-1: 1000-10000 Ms BH

NASA / CXC / JHU / D. Strickland; optical: NASA / 
ESA / STScI / AURA/ Hubble Heritage Team; IR: 
NASA / JPL-Caltech /Univ. of AZ / C. Engelbracht; 
inset – NASA / CXC / Tsinghua University / H. Feng 
et al.

Composite of X-ray, IR, and optical emissions
Just after the collision with M81

13JISCRISS 2019
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The most likely Source Position
As a Result of Our Analysis.

M82 is very Close 
from the most likely 
Source Position! 

Purple Lines are Source Positions
With 1,2,3-sigma Errors.

M82

He, Kusenko, Nagataki + PRD 2016.

14
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Radio Flare 1981
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SS433 precession jets

JISCRISS 2019 16



Nature’s LWFA : Blazar jets
extreme high energy cosmic rays (~1021 eV)
episodic γ-ray bursts observed

consistent with LWFA theory

Ebisuzaki-Tajima (2014)

Fermi’s ‘Stochastic Acceleration’
(large synchrotron radiation loss)

ê

Coherent wakefield acceleration
(no limitation of the energy)

A model of Blazar



Magneto-Rotational Instability (MRI)

Balbus-Hawley (1991)

Matsumoto Tajima (1995)

Tajima, Shibata (1997) 

Accretion disk
rotating plasma
B-fields



 
  

Tajima and Gilden 1987, ApJ 320, 741-745
Haswell, Tajima, and Sakai, 1992, ApJ, 401, 495-507

A Burst of Electromagnetic Disturbance

2020/5/4 19

Transition between 
high (eruption) and
low (recovery) states

low

hi
gh

grow
ing



Episodic transitions
of accretion disks

with B

(Quasi-)steady state accretion disks

cf.
Episodic accretion disks

“breathing” disks
transitions between the states

soft state (β >>1) 

hard state (β ~ 1)

ß
à

transitions

à

à

Tajima, Shibata (1997)
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Alfven→EM

protons electrons

cosmic rays gamma rays1:1

UHECRs 0.1:1 F(W)∝W-2

JISCRISS 2019
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10%10%

100%100%

10%

Gravitational Energy
5%

X-rays1:1
5%

"#~10'( erg/s

")~10'* erg/s"+,~10'* erg/s

"-./+,~1001 erg/s

"2~10'( erg/s

3-./+, ~3 UHECRs/100km2/yr
~3.567856
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Fermi mechanism

Synchrotron radiation

Synchrotron radiation

Synchrotron radiation
Synchrotron radiation

Enrico Fermi
By Department of Energy. Office of 

Public AffairsE. Fermi, ApJ 119 (1954) 1.

incoherent
requires bending→synchrotron loss

30



Plasma’s Collective Force / Modes 
Collective force ~N2 (nonlinear ç linear force ~N)

Coherent and smooth structure (not stochastic)

enhancement by 103 – 104 (even by 106- 12 ) >>  interaction of one particle x one 

particle

Collective mode delivery (EM x plasma x B)ßà long-ranged force (gravity, EM)

what difference?

e.g. jet                                                          e.g.  galaxy-galaxy interaction
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! relativity
regularizes

(relativistic coherence)
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ΔE ≈ 2m0c
2a0
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(when 1D theory applies)

Universal Theory of Wakefield
toward extreme energy 

In order to avoid wavebreak,
a0 <  γph

1/2 ,
where

γph = (ncr / ne )1/2
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 (
M

eV
)

1017 1018 1019 1020

Plasma density (cm-3)

1 GeV

1 TeV

dephasing length pump depletion length

←experimental 

←theoretical

ncr =1021 (fs photon (laser))
=  10     (103 s wave in disk)

ne  = 1018 (gas)   
=  10-2  (gas in the jet)     



The late Prof. Abdus Salam (1981)
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(=0=*: ‘Scientists like me began feeling 
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Alfven→EM

protons electrons

cosmic rays gamma rays1:1

UHECRs 0.1:1 F(W)∝W-2
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Radio G./
Blazers

Seyfert G.

Mini-quasers

BH Astronomy with Ultra High Energy CRs

ULXS

Ebisuzaki, Tajima
EPJ 223, 1113(2014);
(2020)

Miniquasars:
can be in our Galaxy



Brightest cosmic rays by wakefields

Localized UHECR?
thus Localized neutrinos?

not as a spread background



Conclusions
• Wakefield: demonstrated  ultrafast pulses, coherent 

collective (robust) (GeV/cm) excitable in labs (since 1994).  
• Nature: more evidence of wakefields emerging
• NS-NS collision: GW followed by γ-emissions 
• Blazars:  episodic γ-emissions ß wakefield accelerated 

electrons ß accretion disk MRI triggered
• Nature’s violent phenomena =  brightest spots for large and 

coherent actions by wakefield
• à pinpointed UHECRs (and high energy neutrino) arrivals
• Gravity + plasma + B (under certain conditions) à

plasma’s theater to show huge, robust, highest energy, and 
coherent phenomenon of s.a. wakefields
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