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Radio-Loud AGN

Credit: NASA/CXC/M. Weiss
• Opti
al: ∼ 1000× brighter than'normal' galaxy
• Basi
 
omponents: SMBH, NLR,BLR, Torus, Jet
• Uni�
ation s
heme for AGN:dependen
e on viewing angle!



Blazar SED

Credit: http://physi
s.gmu.edu/~rms/blazars/index.html
• Jet dominates whole spe
trum
• Double-humped: Syn
hrotron& Inverse-Compton peak
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Key Questions & Obje
tives
• What are the emission me
hanism in blazar jets?
• Where are γ-rays produ
ed?
• How do jets form and evolve?Contemporaneous multiwavelength observations
→ high spatial resolution: only possible in radio (VLBI)
→ multiwavelength monitoring



The TANAMI ProgramTra
king A
tive Gala
ti
 Nu
lei with Austral Milliar
se
ond Interferomerty

Credit: J. Wilms/M. Kadler
• Southern Hemisphere VLBI array ⇒ milli-ar
se
onds resolution!
• bimonthly VLBI monitoring of 75 jets south of δ = −30◦ sin
e 2007
• Simultaneous dual-frequen
y observations at 8.4& 22.3 GHz



Perfe
t Laboratory: Centaurus A (NGC5128)

Credit: NASA/NSF/ESO
losest radio-loud AGN: d ∼ 3.8Mp
 ↔ 1mas = 0.018 p
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Perfe
t Laboratory: Centaurus A
• 
losest radio-loud AGN: d ∼ 3.8Mp
 ↔ 1mas = 0.018 p

• blazar-like SED
→ obtain 
ru
ial information about jets
→ probe jet emission and formation me
hanismPrevious VLBI observations of Cen A:

4.9 GHz

00/08/06

Tingay et al. 2001 Horiuchi et al. 2006



Simultaneous Dual-frequen
y Images of Cen A
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C. Müller et al. 2011, A&A, 530, L11
⇒ Highest resolution VLBI image of AGN jet ever made
→ Resolve dis
rete jet 
omponents down to s
ales of ∼ 3500AU
→ Study spe
tral 
hanges at sub-parse
 s
ales
→ Well 
ollimated jet at P.A.∼ 50◦ with opening angle . 12◦



Spe
tral Index Map of Cen A's Sub-p
 S
ale Jet
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Spe
tral Index α
Sν ∼ ν+α

• High resolution spe
tral index map
• Inverted spe
trum in 
ore region
• Remarkable �at spe
trum over innerfew mas of jet
• Multiple opti
ally thi
k emissionregions
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What are the produ
tions sites of the γ-rays?

SED of Cen A 
ore emission (Abdo et al. 2011)
• re
ent Fermi/LAT dete
tion(γ-rays!)
• but: LAT a

ura
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→ Multiple possible regions ofhigh energy emission



What are the produ
tions sites of the γ-rays?

SED of Cen A 
ore emission (Abdo et al. 2011)
→ Constraints on emission modelsof broadband SEDs
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→ Multiple possible regions ofhigh energy emission



Cen A Jet Kinemati
s at Sub-parse
 S
ales

Tingay et al. 2001 20 mas
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June 2008

November 2007

C. Müller et al. 2011, in prep.
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Cen A Jet Kinemati
s at Sub-parse
 S
ales
• 
omplex substru
ture
• stationary 
omponent at

∼ 3.5mas
• jet widening & �ux de
reaseat ∼ 23mas
• similarity also to spa
e-VLBIimage
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C. Müller et al. 2011, in prep.



Apparent Jet Speed Analysis
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• mean apparent jet speed vapp,mean ≈ 2.7mas/yr ≈ 0.16c

• moderate peak-�ux variability
• di�erential motion: fastest 
omponent with vapp ≈ 4mas/yr



Con
lusion & Outlook
• Cen A's jet was resolved down to s
ales of ∼ 0.018 p


⇒ Highest resolution view of AGN jet ever made reveals 
omplexsubstru
ture
• Spe
tral index map ⇒ multiple possible origins of γ-rays



Con
lusion & Outlook
• Cen A's jet was resolved down to s
ales of ∼ 0.018 p


⇒ Highest resolution view of AGN jet ever made reveals 
omplexsubstru
ture
• Spe
tral index map ⇒ multiple possible origins of γ-rays
∗ Multi-epo
h dual-frequen
y TANAMI monitoring of Cen A

⇒ Evolution of spe
tral index
⇒ Proper motion analysis for jet and 
ounterjet

∗ Spe
tral and kinemati
al analysis of whole TANAMI sample
⇒ Statisti
s, key parameters for jet broadband emission models



Thank you!Müller et al. 2011, A&A, 530, L11Müller et al. 2010, arXiv:1006.1486Ojha et al. 2010, A&A, 519, A45
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