
`	

American Physical Society DPP 
Milwaukee 

Oct. 24, 2017 

Observa(onal	Signatures	of	the	Gammrays	from	
Bright	Blazars	and	Wakefield	Theory	

 
K. Abazajian, N. Canac, T. Tajima,  T. 

Ebisuzaki, and S. Horiuchi,    UC Irvine 
 
 



abstract	
1.   Blazars	emit	γ-rays	(observed:	Fermi	sat,	etc.)	
2.   Blazars:	AGN	(blackhole)	and	their	jets	
3.   à	(me	varia(ons	show:	luminosity	L	and	the	

power	index	p		an(-correlate	
4.   Wakefield	in	the	AGN	jets	triggered	by	disk	

disrup(ons:		episodic	accelerator	of	high	energy	
electrons	(thus	γ	photons)	and	UHECR	

5.   à	Wakefield	accelera(on:	an(-correlated	L	and	p		
	
6.   イク	
	
 
	
	
	
			
				



Blazars in the Unified Model 
of AGN 





An%-correla%on	between		
the	luminosity	and	the	power	index	from	blazars	

Luminosity	L	and	
Power	index		p	in	%me	

Power	index	p	vs.	
Luminosity	L	for	several	
Blazars	(more	in	Abazajian	
et	al.	arXiv)	
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Luminosity	of	gamma	ray	emission	and	the	spectrum		
																				AGN			3C454.3	with	M	=	107	M¤  	

Lum
inosity	L	

Spec.	Index	p	
Ideal	episode	for	wakefield:		
									index	p	=	2,	
Otherwise	p	>	2	
				(Mima	et	al.	1991;	Ebisuzaki	et	al.	2014)	

Strong	accre%on	
						à	strong	wakefield	

Luminosity	L	
	



     

 

 

 

 

 

 

 

 

 
Laser	Wakefield	(LWFA):		

	

Wave breaks at v＜c No wave breaks and wake peaks at v≈c 

← relativity 
       regularizes 
(relativistic coherence)	

 	

Wake	phase	velocity	>>	water	movement	speed																Tsunami	phase	velocity	becomes	~0,			
					maintains	coherent	and	smooth	structure																												causes	wavebreak	and	turbulence	

Relativistic coherence enhances beyond the Tajima-Dawson field E = mωpc /e  (~ GeV/cm)  

Strong	beam	(of	laser	/	par%cles)	drives	plasma	waves	to	satura%on	amplitude:		E = mωvph /e 		

vs	



70th	Birthday	

Gamma	emission	luminosity	by	wakefield	
	
																Lγ	~	1033		(κ	/	0.1)	η	m’	m						(erg	/s)	
	
								κ	(efficiency),	η	(episode	dependent	~1)																
	
		
(Ebisuzaki	&	Tajima:	Astropart.	Phy.,	2014)				

Wakefield	excited	on	the	jets	excited	by	MRI-driven	disk	
disrup(on	from	BH:	genesis	of	EHECR	and	gamma	bursts	



Energy	Flow	and	Spectra	

wakefield	

protons	 electrons	

cosmic	rays	 gamma	rays	1:1	

UHECRs	 0.1:1	

F(E)∝E-2	



Time evolution log10(plasma beta=PGas/PMag) 
@ equatorial plane 

~60Rg 

・Plasma beta ~1 
near the horizon. 
　(short time variability 
     =~10) 
・anti-symmetric mode 
・stratified structure 



		K.	Abazajian,	et	al.	(2017):					hhp://arxiv.org/abs/1709.06535	

Summary	
1.   Observeà		An(-correla(on	of	(me	series	of	Blazars:	Luminosity	

L(t)	vs.	Power	Index	p(t)	
							For		Blazar	whose	mass	is	known	(or	guessed)	the	above			
															rise	and	interval	(mes	propor(onal	to	the	central	mass,					
															whose	absolute	(mes:		in	reasonable	agreement	below	
	
2.   Theoryà	Wakefield	accelera(on	theory	predicted	the	same	above	
															Unlike	Fermi	mechanism	difficul(es,		no	limit	in	energies	(no		
															synchrotron,	no	confinement	limits)	

3.   General	Rela(vis(c	MHD	simula(onà	episodic	disrup(on		
														whose	(me	scales	in	agreement	with	the	observed	(me			
														series	features	above	
	



Thank	you!	


