
A Cosmic Battery in 
accretion flows around 

astrophysical black holes
Ioannis Contopoulos

Research Center for Astronomy and Applied 
Mathematics, Academy of Athens

Purdue, Tuesday, May 8, 2018



«Extra Physics» in 
accretion flows around 

astrophysical black holes
Ioannis Contopoulos

Research Center for Astronomy and Applied 
Mathematics, Academy of Athens

Purdue, Tuesday, May 8, 2018





EHT: Ozel et al. 2017

electrons
+

protons (ions)

electrons
+

protons (ions)

stagnation surfaces

density floors
→ wind generation



Black hole jet: electron-positron

+ electron-proton 
disk wind

electrostatic gaps

EHT: Ozel et al. 2017
Levinson/Chen/Medvedev et al.

Fukumura, Kazanas, Contopoulos et al.



Asada, Nakamura & Pu 2016
Mertens et al. 2016

M87 «spine» jet!
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M87 «spine» jet!





The kpc-scale jet is not
the electron-positron BH jet



The kpc-scale jet is the 
electron-proton disk wind!



Radiation
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«Extra Physics»



«Extra Physics»

• Electrons and protons (ions)

– NOT electrons and positrons

• Particles:

– NOT continuous negative and positive fluids

– Ions (positive nucleus + bound electrons)

– Debye spheres (positive ions + electron cloud)

E
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«Extra Physics»

• ECB does not generate J

– It is curl ECB that generates B



A Cosmic Battery in 
accretion flows around 

astrophysical black holes
Contopoulos, Kazanas, Kylafis, Christodoulou,

Gabuzda, Koutsantoniou, Nathanail 1998-2018



A Cosmic Battery

- +
B

X

X

X

X

X

X

XX

OO

O

O

O O

O O

ECBB



A Cosmic Battery

• ECB does not generate J

– It is curl ECB that generates B

• All the terms in the induction eq. are important:

– Inward advection of one MF polarity

– Outward diffusion of reverse MF polarity through disk

• Magnetic Prandtl number Prm=Rem/Re=V/η in the disk ≤1
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B along Ω in the black hole
B opposite Ω in the disk



Distinction between
perfectly conducting inner 

accretion disk
and

diffusing outer disk



2D GR R MHD
numerical simulations of the 

Cosmic Battery
Contopoulos, Nathanail, Sadowski, Kazanas, Narayan 2018

(non GR: 1D: Contopoulos, Kazanas 1998; 

2D: Contopoulos, Christodoulou, Kazanas 2006, 08; 

Contopoulos, Nathanail, Katsanikas 2015)





• Continuous (secular) effect

• The Cosmic Battery is «slow»:

• Prohibitively long simulations

– Artificially enhanced CB term

– Sequence of «slow» and «fast» simulations 

Problem:

-



Contopoulos et al. 2018

SANE: Standard and 
Normal Evolution
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Observational confirmation
of the Cosmic Battery

collaboration with Denise Gabuzda (Cork)

Jose Gomez and collaborators (Granada)



B along Ω in the black hole
B opposite Ω in the disk



“Magnetism along spin”, Lynden-Bell 2013



B along Ω in the black hole
→ “Bφ < 0” in the bh jet

irrespective of Ω!
B opposite Ω in the disk 

→ “Bφ>0” in the disk wind irrespective of Ω



“Bφ< 0” (not “Bφ> 0”!): clearly non-MHD





Kronberg, Lovelace, Lapenta, Colgate, ApJL 2011





Feain et al. ApJ 2009



37,543 VLA sources, Pshirkov et al. ApJ 2011

Law et al. ApJ 2011



Out of 89 kpc-scale jets
18 with RM gradients



Electric currents all outward.
Clearly a non-MHD effect!



The magnetic field topology 
according to the Cosmic Battery:



e-p+

disk wind
e-e+

relativistic BH jet

B along Ω

B opposite Ω

I away from BH


