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Black hole (BH) is the most populated gamma-ray sources 
(more than half of detected gamma-ray sources)

supermassive BH    
(e.g. AGNs, blazars)

stellar mass BH
εe.g. microquasarζ



Where could particle acceleration happen

in a Black Hole system 

(stellar mass BH or supermassive BH)?



Persistent or
transient jet

Central BH (Penrose process; 
centrifugal force at BH magnetosphere)

Jet termination 
shock

Shock driven by disk wind 

Relativistic outflow

Corona 

Which of them could lead to GeV 
or TeV gamma-ray emission?



ÅSS 433 is a unique 
galactic accreting 
microquasar with mildly 
relativistic (v =0.26c), 
precessing jets located at 
a distance of 4.6 kpc

ÅIt is composed by a 
compact object (10-20 
Msun black hole) and a 30 
Msun A7Ib supergiant star.

ÅThe system exhibits photometric and spectral 
periodicities related to precession (~162.5 days) and 
orbital (13.082 days) period

A case study: SS 433, a very powerful Galactic microquasar









SS 433: X-ray emission from jet termination lobe and W 50
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Slide from Prof. Zhouôs talk

More details see talk of Prof. Samar Safi-Harb; Chi et al. 2024





SS 433 seen by LHAASOðEnergy dependent morphology change

Emax=10PeV

a second component 
is required to explain 
the UHE emission

either leptonic or 
hadronic is OK from 
the perspective of 
spectral fitting



HI atomic cloud in the 
distance of SS 433

The possible 
second 
component 

residual significance map of SS 433         
region above 100 TeV after modeling 
jet lobe contribution 

morphological study consistent with  
hadronic origin



HI atomic cloud in the 
distance of SS 433

The significance of possible hadronic component is at  
æAIC=-8, indicating another component beyond lobes

residual significance map of SS 433         
region above 100 TeV after modeling 
jet lobe contribution 

morphological study consistent with  
hadronic origin



Persistent or
transient jet

Central BH (Penrose process; 
centrifugal force at BH magnetosphere)

Jet termination 
shock

Shock driven by disk wind 

Relativistic outflow

Corona 
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TS map                                                                                      
ε1-300 GeV off-peak phase of PSR 

J1907+0602ζ













SS 433

Particle acceleration 
from jet and 
relativistic outflow

relativistic outflow

Jet


