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Is there a Jet at the Galactic Centre?

•  If there is, we don’t see it: it is either of low luminosity or not 
beamed towards us, or both.

•  Calibrating the energetics and other properties of any GC jet 
can inform the discussion of :
–  Bi-polar X-ray/radio outflows, perhaps from past ejection 

episodes? (Morris and Perez talks);
–  Flares from Sgr A* in different bands (Haggard review, Li talk);

–  Relationship of a jet to Fermi bubbles (see Albert and Guo talks).

•  Here we explore how calibrating blazar jets might inform the 
possibilities for a Galactic Centre jet.
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•  Shock crossings produce net 
energy gains (color-coded in 
Figure, and evident in the 
increase of gyroradii) 
according to principle of first-
order Fermi mechanism.

•  Simulation technique due to 
Ellison & Jones; detailed in 
Summerlin & Baring (2012).

M87: Chandra + VLA
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Geometry

•  Schematic of geometry of 
active galactic nuclei.  
Adapted from Urry & 
Padovani (1995, PASP, 
107, 803).

Narrow line region

Broad line region

Blazar
s



Summerlin & Baring (ApJ, 2012)



Baring, Boettcher & Summerlin (2016)

43210-1
Log10 [

 



Multiwavelength SSC fits to Mrk 501

•  Synchrotron explains X-rays but cannot fit optical/UV; galaxy component added.	

•  Large η (~104) needed to move synchrotron peak into X-rays (for HBLs).	

•  Need for large η=λ/rg in blazars identified by Inoue & Takahara (1996).	


η1=100
α = 3/2

Baring, Boettcher 
& Summerlin (2016)
MNRAS, submitted.

z=0.034



Multiwavelength SSC fits to BL Lacertae

•  SSC explains X-rays but cannot fit gamma-rays; EC component added.	

•  Large η (~107) needed to move synchrotron peak into optical (for LBLs).	


z=0.069

η1=20
  α=3 



Lepton Distributions for Strong Cooling	


•  Electron distributions for the Mrk 501 and Bl Lac multiwavelength 
spectral fits. Outside the acceleration zone, synchrotron cooling elicits a 
break, steepening the distributions above γ~102 up to γmax~106  (large η). 

•   This distribution is realized in the comoving frame of the jet.



Blazar Model Parameters
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Scaling to the GC SMBH

•  Jet kinetic luminosity should scale with SMBH mass somewhat 
like Lkin ~Mα with 1<α<3.  Determined by accretion Mdot.

•  Blazars probably have high Mdot, around Eddington, but for 
GC the Mdot is ~10-3-10-4  Eddington.

•  Masses of Mrk 501 & BL Lac BHs are unknown: reverberation 
techniques difficult for luminous non-thermal blazars.

•  For GC with M~4x106M we might expect a jet power of 
Lkin(GC) ~1038-40 erg/sec, i.e. 10-6 – 10-4 Lkin (501).
–  This can easily power X-ray flares (~1035 erg/sec, e.g. Chandra). 
–  Certainly sufficient to power Fermi bubbles (~4.4 x 1037 erg/sec), 

but will need higher radiative efficiencies.



Powerful Deposition from Jets: ���
Radio Galaxies like Cygnus A	




Visibility of a Face-On GC Jet	

•  X-ray fluxes for blazars for face-on viewing  are around 10-6 – 

10-5 smaller.  With lower jet power, by a factor of 104-106, the 
GC SMBH is intrinsically 9-12 orders fainter than a blazar.  
Map to fluxes by adjusting for relative distances: 

•  Comparing with Mrk 501 & BL Lac, (d501/dGC)2~2.5x108 and 
(dBLLac/dGC)2~109 for dGC~8.5 kpc, and blazar distances of 142 
Mpc for Mrk 501 and 283 Mpc for BL Lac.

•  Flux ratio between Mrk 501 and putative face-on GC SMBH 
is then FX(GC)/FX(501) ~ 10-4 -1.

•  => Toss-up: we possibly could see X-ray jet face-on, but just 
as likely not.  Gamma-rays: probably not (sensitivity issue).

•  Significant uncertainties remain in scaling from blazar to GC, 
though the calibration of Lkin of blazars has been obtained.





Blazar Acceleration + Radiation Zones

•  Schematic of blazar model 
geometry, consisting of a 
region proximate to the shock 
that is the acceleration zone 
which is embedded in a much 
larger radiation zone.	


•  Also depicted is a turbulent 
field, signified by the red field 
line projections that are 
computed from a Kolmogorov 
power spectrum of finite 
inertial range spanning around 
a decade in wavenumber.	




Multiwavelength EC/SSC fits to AO 0235+164

•  Diffusive shock acceleration (DSA) with active synchrotron+IC cooling;	

•  BL Lac object AO 0235+164 is pathological: synchrotron cannot fit X-rays	

•  Bulk Comptonization by thermal population (present in DSA) appears in X-rays.	


z=0.94

Baring, Boettcher 
& Summerlin (2016)

η1=225
  α=3



Left panel: For uncooled blazar synchrotron/IC/SSC emission picture, 
near luminal shock regime is preferred.
Right panel: Cooled blazar (and GRB) scenarios require either strong 
turbulence, or subluminal shocks.

Summerlin & Baring (ApJ, 2012)




