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Exoplanetes 
Mètodes de detecció 

Efecte microlent 
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Matèria fosca 

•  La corba de rotació de les galàxies indica 
que cal més massa que la visible per 
explicar-les. 

•  Les galàxies que formen un cúmul i els gas 
que s’hi troba entre elles no poden estar 
lligats gravitacionalment sense la presència 
de més matèria, invisible. 



Matèria fosca 
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3C 273 - quasar 
M87 - radiogalàxia 
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Previous concepts (in short) 



The production of jets is connected with the process of 
accretion on supermassive black holes at the core of 
AGNs 

•  Hydromagnetic acceleration (Blandford-Payne) 

•  Extraction of rotational energy from Kerr BH by 
magnetic processes (Blandford-Znajek, Penrose) 

extragalactic jets – the standard model 

Emission: synchrotron (from radio to X-rays) and 
inverse Compton (γ-ray emission) from a relativistic (e
+/e-, ep) jet (e.g., Ghisellini et al. 1998). Seed photons for the 
IC process: 

• Self Compton: synchrotron photons 
• External Compton: disk, BLR, dusty torus, CMB 

Jets are relativistic, as indicated by: 
• Superluminal motion at pc scales. 
• One-sidedness of pc scale jets and brigthness asymmetries between 
jets and counterjets at kpc scales (due to Doppler boosting of the emitted radiation). 

Jets: Relativistic collimated ejections of thermal (e+/e-, ep) plasma + ultrarelativistic 
electrons/positrons + magnetic fields + radiation, generated in the vicinity of SMBH 

(GENERAL) RELATIVISTIC MHD + ELECTRON TRANSPORT + RADIATION TRANSFER 

3C273 HST – CHANDRA - MERLIN 



extragalactic jets – open questions 
Jet formation: hydromagnetic acceleration of disc wind ? 
                      extraction of rotational energy from rotating BH 
                      Influence of radiative acceleration 
                      Influence of hydrodynamic acceleration  
                      Origin of the poloidal magnetic field 

Connection with jet 
composition: ep, e+e- 

Acceleration: present numerical simulations fail to generate highly relativistic, steady jets 
                     (several arguments point to Lorentz factor ≈ few-20 and up to 100) 

Nature of the radio components: relativistic shocks ? 
                                                    instabilities ? 

 Jet composition 

Structure and kinematics of jets; magnetic field topology; role of the magnetic fields in the 
jet dynamics and emission 

Stability on large scales 

FRI/FRII morphological dichotomy: environment? Jet power? Composition? Formation                                          
                                                        mechanism? Accretion regime? Magnetic field?                                
                                                        KH instabilities? 

Role in galaxy and cluster evolution: heating 

Origin of the ultrarelativistic particle distribution  
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Tchekhovskoy et al.  



extragalactic jets – the standard model of AGN 

NGC4261 

NGC5728 



Galàxies Actives 



extragalactic jets – radio observations   
Jets are a common ingredient of radio-loud AGNs detected and imaged at very different spatial 
scales with different radio interferometry arrays (kpc scales: VLA, Merlin; pc scales: VLBA, EVN, 
Global VLBI…). 
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extragalactic jets – multifrequency observations   
Jets are a common ingredient of radio-loud AGNs detected also at optical (HST), X-rays (Chandra) 
and gamma-rays (Fermi). 



Pc scales: Superluminal 
motion, one-sidedness 

3C120, VLBA 
Gómez et al. 2000 

Sub-pc scale: Collimation and acceleration 

M87, VLA/VLBA 
Junor et al. 1999 

The smallest scales 



Relativitat especial en acció 

Dipole radiation pattern 

Rybicki & Lightman. Radiative processes in Astrophysics. 



Moviments aparents superlumínics 
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Very frequent observations can give deep insight into jet dynamics:  

3C 120 – Gómez et al.  3C 111 – MOJAVE  

Kadler et al. 2008 Gómez et al. 2000 

http://www.physics.purdue.edu/astro/MOJAVE/index.html 

Evolution of parsec-scale jets 



Kiloparsec scales: FRI/FRII dichotomy 

Carilli 

A. Bridle’s gallery 

FRII 
FRI 

jet power 



Hercules A: (Dreher & Feigelson 1984) 

Cygnus A: FR II (Carilli, Perley, Barthel, Dreher 1996)  

NGC 326  
(Murgia et al. 2001) 

3C449 
Hardcastle et al. (1998) 

Kiloparsec scales: FRI/FRII dichotomy 



M87: Virgo Cluster 
(Owen, Biretta, & Eilek) 

NGC 1265: Perseus Cluster 
(O’Dea & Owen)  

Kiloparsec scales: FRI/FRII dichotomy 









Galàxies Actives 







Quadre resum d’evolució galàctica 


