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1) Introduction  

ÅJet in M 87,    how the jet is formed?  

ADAF?  

 

A fast rotating BH? 

 

A heavier BH?  

          e.g.,  >108Msun 

 

Or large-scale B?é 



1) Introduction  

ÅSome clues from micro-quasars 

Gallo et al. 2003  

Corbel et al. 2003 

Tight correlation between radio (jet) and  

X-ray (ADAF--hot plasma) flux.  

LH state 



1) Introduction  

ÅSome clues from micro-quasars 

HS 

LH 

Gallo et al. 2003  

Question: Is the jet related to hot plasma in accretion disk 

(ADAF/coronaðhot, optically thin plasma)?   

BH spin is unchanged 

 

Jet is suppressed in 

HS state. 

 

HS state: corona is 

also suppressed. 



2) Jet-hot plasma  relation 

ÅClues from RQ AGNs with similar BH mass  

Wu et al. 2013 

Jet/outflow is closely related to hot plasma (ADAF/corona), 

and may not related to cold gas (SSD). 

No 

suppress! 



2) Jet-hot plasma  relation 

ÅClues from RL AGNs with similar BH mass  

Wu et al. 2013 

Absorbed X-ray component 

& low-frequency radio 

emission in FR I/II 

Ą Accretion & Jet 

Conclusion:  

Jet/outflow is closely related to hot plasma (ADAF/corona). 

Larger inward velocity->stronger vertical magnetic field? 



A Possibly Second parameter? 

ÅAt low Eddington ratios, most of BH 
sources are still radio compact  

Nagar et al. 2002 

--BH spin, or something else? 

Lbol ~ 3*1042 erg/s ~ 4*10-6LEdd    

ĄADAF mode 



3) Accretion-jet in M87  

ÅSED & Models (ADAF?  JET? or JET?) 

Yu et al. 2011 Wang et al. 2007 Prieto et al. 2016 

ADAF Jet Jet with a nozzle 

It is difficult to learn the accretion physics and 

then jet formation if all radiation come from jet. 



3) Accretion-jet in M87  

ÅSEDs of M 87 and Sgr A* 

M 87 

Submm bump: ADAF 

Yuan, Quataert & Narayan2003 

nonthermal 

mm bump???   ALMA 

Similar feature in submm and mm band? 

Data from Prieto et al. 2016 

thermal 



3) Accretion-jet in M87  

ÅModeling the SED with ADAF-jet model 

The mm bump can use to constrain the 

accretion physics if it is from ADAF. 

ADAF surrounding a Kerr BH: 

Jet: 

BH spin: j ~0-0.99                   viscosity alpha=0.3; 

beta: Pgas/(PB+Pgas)=0.5-0.9   Delta: 0.1-0.3 

Zout=10^5 Rg~0.4ôô data 

vjet=0.1-0.99c, mdotjet, p, epse, epsb 



3) Accretion-jet in M87  

ÅModeling the SED with ADAF-jet model 

Feng, Wu & Lu 2016, submitted to ApJ 

~0.4ôô data 

The mm bump can naturally reproduced by ADAF, but 

radio, X-ray should come from jet.            Optical-UV??? 

ADAF: 

vjet=0.6 c 
---- vjet & 

---- outflow rate 



3) Accretion-jet in M87  

Åmm radiation region of the model 

Feng et al. 2016, submitted 

The mm radiation come from a compact region of <10 Rg 

near BH (Doeleman et al. 2012), which prefer the ADAF 

model?                                      Jet nozzle? 

jet: non-thermal e 
ADAF: thermal e 

    within several Rs 

Feng, Wu & Lu 2016, submitted to ApJ 



3) Accretion-jet in M87  

ÅThe density profile in accretion flow 

Feng et al. 2016, submitted to ApJ 

The density profile is also 

roughly consistent with 

that constrained from 

Chandra inside of Bondi 

radius (but close)! 

 

Russell et al. 2015 

ADAF: 

MHD simulation suggest that s~0.4-0.8 (Yuan et al. 2012) 

Russell et al. 2015 



3) Accretion-jet in M87  

ÅFaraday  Rotation Measure 

R or z~10Rg,  B||~BADAF 

 

RMADAF~(0.7-10)x105 rad m-2 

for a*~0-0.9, beta~0.5-0.9 

------------------------------ 

RMjet~106-9 rad m-2 

for vjet~0.3-0.99c 

 

Observational value:  

Kuo et al. 2014 



3) Accretion-jet in M87  

ÅJet power & BH spin 

  1) Jet power ( X-ray cavity)  

     Pjet=8+7
-3 x 1042 erg/s (Russell et al. 2013,Rafferty et al. 2006) 

 

ÅBlandford & Znajek jet  

                                 ̝EM~25% for j =0.99  

   

   Tchekhovskoy et al. 2011 

     E̝M>100%   

    Hawley & Krolik 2006  

    Wu et al. 2011 Wu et al. 2011 



3) Accretion-jet in M87  

ÅJet power & BH spin 

   From SED modeling and Faraday RM,  

    MdotRH=(1.-6.)x10-6MdotEdd           (delta~0.1-0.3, beta=0.5-0.9) 

 

   BH spin ~ 0.9-0.99 is needed to produce the observed 

jet power of  Pjet=8+7
-3 x 1042 erg/s.  



ADAF-jet Corona-jet 

  R-L/LEdd: our proposed scenario 

j>~0.9 

j~0 

  The radio jet may be controlled by both BH 

spin and Hot plasma.         Wu et al. (In preparation 2016) 

R decrease is possibly  

cause by decrease of  

corona as accretion  

rate increase. 

Data: Sikora et al. 2007 



4) Conclusion 

ÅHot plasma play an important role in jet 
formation  (+ BH spin -> large-scale jet). 
 

 

 

ÅThe mm bump of M 87 can be naturally 
explained by ADAF (SED & RM)̢ 

  

 

 

ÅThe BH should be fast rotating (j>0.9) in  

     M 87. 



 



 



2) Jet-hot plasma  relation 

ÅClues from two radio-X-ray tracks in XRBs 

Corbel et al. 2012 

Accretion process changed? 

Jet 

ADAF 

SSD/Corona 


