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WHAT IS MAGNETIC  RECONNECTION ?  
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Approach of magnetic flux tubes of opposite polarity with finite 
resistivity  (h ~1/conduction): RECONNECT  

Solar corona 

Earth magnetotail 

Reconnection is FAST  in these environments 
   ->   vrec ~ VA  = B/(4pr) 1/2 
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As in shocks: 1st-order Fermi  

(de Gouveia Dal Pino & Lazarian, 

A&A 2005): 
      particles bounce back and forth   

between 2 converging magnetic flows  

  

  

<DE/E> ~ vrec/c 

 

Particles are accelerated in 
reconnection sites in 1st-order Fermi 

                           

1st-order Fermi (Bell 1978; 

Begelman & Eichler 1997)): 

 <DE/E> ~ vsh/c 

Reconnection Acceleration Shock Acceleration  

B 
+ 

- 

vrec 

vrec 



 
 

    1st order Fermi Reconnection Acceleration:  
   successful numerical testing in 3D MHD  
 
 

   Kowal, de Gouveia Dal Pino, Lazarian, PRL 2012 

Injected in turbulent 
current sheet 1st order 

Fermi 
 

vrec 
10,000 test particles  

del Valle, de Gouveia Dal Pino, Kowal MNRAS 2016 



 
 

    1st order Fermi Reconnection Acceleration:  
   successful numerical testing in 3D MHD  
 
 

   Kowal, de Gouveia Dal Pino, Lazarian, PRL 2012 

Injected in turbulent 
current sheet 1st order 

Fermi 
 

vrec 
10,000 test particles  

N(E) ~ E-1,-2 

del Valle, de Gouveia Dal Pino, Kowal MNRAS 2016 

(~observations)  



Implications for Black Holes and  
Relativistic Jets ? 



Reconnection Acceleration along 
BLAZAR  Jets 

If jet gamma emission produced near the  
jet basis and is magnetically dominated, 
then reconnection acceleration may 
prevail  

Blazars: 
High luminous Active 
Galaxies and  
Most frequent  
Gamma-ray emitters 
 



PKS2155-304 (Aharonian et al. 2007) 

See also Mrk501, PKS1222+21, PKS1830-211 
• Variation timescale: 
      
 tv ~200 s < rs/c ~ 3M9 hour 
 
• For TeV emission to avoid pair   
 creation  Gem>50   (Begelman, 
   Fabian & Rees 2008) 
 
• But bulk jet G ~ 5-10 

 
• Emitter: compact   

and/or extremely fast  
 
• Only acceleration model able to 
   explain: 

Reconnection   
inside the jet (Giannios et al. 2009) 

(Kushwaha et al., MNRAS 2017 ) 

Very-rapid TeV Flares in Blazar Jets hard 
to explain with standard acceleration 



Gamma-ray flare and neutrinos in blazar  

TXS 0506+056  
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p + photons  p + p 

 Neutrinos and gamma-rays are produced by high energy CRs : 

 Observed by 
IceCube, Fermi -
LAT, MAGIC, HAWC, 
H.E.S.S, VLA, etc  
(Science, 11 july, 
2018) 



 
Are these Gamma-ray flare and neutrinos in 

blazars produced by accelerated CRs in 
magnetically dominant regions by reconnection?   
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 Observed by 
IceCube, Fermi -
LAT, MAGIC, HAWC, 
H.E.S.S, VLA, etc  
(Science, 11 july, 
2018) 



 
Reconnection driven by Kink in AGN & GRB Magnetically 

Dominated Relativistic Jets 
 

MHD Simulations of Reconnection driven by Kink in 
Magnetically Dominated Relativistic Jets (AGNs & GRBs)  

 

Singh, Mizuno, de Gouveia Dal Pino, ApJ 2016 
(also Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep.) 

Precession perturbation 
causes lateral kink that  
distorts the plasma 
column 
-> Reconnection!  



Identification of Fast Reconnection driven by 
Kink in Relativistic Jets 

Kadowaki, de Gouveia Dal Pino, Medina-Torrejon, Mizuno, in prep 
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Reconnection driven by Kink in AGN & GRB 

Magnetically Dominated Relativistic Jets 
 

Singh, Mizuno, de Gouveia Dal Pino, ApJ 2016 
Medina-Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep 

Sites for 
magnetic 
reconnection, 
dissipation, 
particle 
acceleration 
(and gamma-
rays and 
neutrinos)! 

Reconnection driven by Kink in Magnetically 
Dominated Relativistic Jets (AGNs & GRBs)  

 

curl B = max 

vrec~ 0.05 vA 



 
Reconnection driven by Kink in AGN & GRB 

Magnetically Dominated Relativistic Jets 
 

(Medina-Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep.) 
 

Injected 1000 
test particles 
accelerated in  
reconnection 
sheets: 
 
104 MeV -> 
1017 - 1019 eV  
very fast at 
sub-pc 
distances 
(B=0.13 -13 G) 
  

Test Particle Acceleration by Magnetic 
Reconnection in Relativistic Jets  

 

vrec~ 0.05 vA 

These CRs -> have energy enough to  produce Gamma-Rays and 
Neutrinos !! 

CR energy distribution evolution 



Reconnection Acceleration in the 
core region a standing problem ? 



Radio and Gamma-Ray Power versus Mass 
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Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015 

M87 BH 
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Proposed Magnetic Reconnection acceleration model 
in the surrounds of BHs to explain VHE  
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Accretion disk/jet systems (LLAGNs & galactic BHs)  

de Gouveia Dal Pino & Lazarian 2005; de Gouveia Dal Pino+2010 
Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015 
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 
 

LLAGNs and BHBs 

M87 M87 

M87 BH 

B + dB 
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Evidence of Fast Reconnection in GR-MHD 
Simulations of accretion disk/corona around BHs  

Kadowaki, de Gouveia Dal Pino, Stone, ApJ (2018a) 

Kadowaki, de Gouveia Dal Pino, Stone (in prep.2018b) 

 Average reconnection 
velocities Vrec ~ 0.1 VA 

Global Simulations 



Proposed Magnetic Reconnection Model 
around BHs for Gamma-Ray emission 
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Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015 
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 

M87 BH 

BXBs 

Non-Blazars 

CORE  

JET  

BLAZARS     

LX = 0.02 - 44 RS 

RX = 1.1 - 186 RS 

m = 0.0005 - 0.05 



VHE emission due to CR acceleration by 
reconnection in the surrounds of BHs  

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)  

We combine 3 techniques (to deal with full emission and also gamma-
ray absorption by pair production) 
 



Reconnection acceleration and Hadronic-
Leptonic Emission of CenA core 

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)  

Hadronic 

This comes from the jet not treated heret  

TeVs from the core ! 
from core 



IceCube  
flux of 
Neutrinos 

Production of IceCube neutrino emission in cores of low 

luminous AGN due to particles accelerated by reconnection – 

Cen A contribution alone   

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)  
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Cen A contribution  

GRMHD + Radiative Transfer + CR cascading simulations  



Complex, structured VHE source (BH) 
Gas clouds illuminated by Pevatron? 

Dark matter halo emission? 
Launch of Fermi bubbles? 

Origin of Gamma-Ray in our 
Galactic center region –SgrA* ? 

5 sigma contours 

Gamma-ray emission at the Galactic center region: 
                Where and how ?  



Reconnection acceleration and electron and ion 
emission at our Galactic Center ?  

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)  

TeVs  explained by protons accelerated by reconnection interacting 
with photons! 

GRMHD + Radiative Transfer + CR cascading simulations  

Electronic Synchrtron + IC CR ion emission 



Cherenkov Telescope Array  
Exploring the Universe at  
the Highest Energies 

 
 10-fold increased sensitivity at TeV energies 
 10-fold increased effective energy coverage 
 Full sky coverage: an array in each hemisphere 
 31 countries in the Consortium  





CTA SCIENCE CASE 



CTA SCIENCE CASE 

Theme 1: Cosmic Particle Acceleration  

 How and where are particles accelerated? 

 How do they propagate? 

 What is their impact on the environment? 

 

Theme 2: Probing Extreme Environments  

 Processes close to neutron stars and black holes?  

 Processes in relativistic jets, winds and explosions?  

 Exploring cosmic voids  

 

Theme 3: Physics Frontiers – beyond the SM 

 What is the nature of Dark Matter? How is it 

distributed?  

 Is the speed of light a constant for high energy 

photons? 

 Do axion-like particles exist? 



 
 
 

 

THANKS!  


