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Cen A NML:  
New VLA 90cm Observations 

•  90cm  (321 / 327 MHz), total bandwidth 12.5MHz 
•  Two arrays, 5 days 

–  4 x 4 hrs (~3 hours on-source) in BnA array, January 2005 
–  1 x 4 hrs (~3 hours on-source) in CnB array, June 2005 

•  Pseudo-continuum (15 channels x 4 IF/Pol combinations) 
•  Beam ~ 29” x 18”   (~ 500 X  320pc*) 
•  FOV imaged 2 degrees  (Primary Beam FWHP ~2.5o) 
•  Current noise level ~2.5mJy/beam (VTESS, in AIPS) 
•  Current total flux recovered ~1300Jy  (VTESS), about 

60% total source flux 

* Assuming D = 3.6Mpc (Ferrarese et al. 2007), so 1’ ~ 1.1kpc 



•  Best 
previous 
image of 
NML: 

    20cm ATCA 
image 

    Morganti et 
al. 1999   

   15’ 
~16kpc 



•  Real:  

Cen A – 90cm 

-  Knots, or blobs  
in ribbon-like 
structure 

- Bubble-like 
shell(s) 

- Still no 
indication of an 
SML 

- Cavity SE of 
NML  

•  Probably Real:  

- Ridge bends / 
dissipates  

   30’ 
~32kpc - Arc(s) around 

inner lobes  



Cen A NML – Radio Blobs 
•  Along SE edge of NML 

–  Sizes ~2 x 1.5 kpc 
–  Spectra: α ~-0.7 
–  Connected by filament  
– Morphology suggests 

wakes, not bow shock 

2.0 x 1.6kpc 

2.1 x 2.0kpc 

2.0 x 1.5kpc 

.4 x .4 kpc 
(background) 

Open filtered image 



20cm, ATCA  
Morganti et al 1999 
90cm, VLA  
Neff et al 2009 

Cen A - NML  

•  “Outer jet” seen 
at 20cm seems 
to be appears 
embedded in a 
larger NML 
structure  

•  ?Maybe more of 
a “ridge” or 
“fast stream” 
than a jet? 

•  Flaring of 20cm 
“jet” into NML 
occurs at edge 
of  40 x 20 kpc 
bubble    10’ 

~11kpc 



 90cm 
 20cm 
  HI (Schiminovich 1994) 

Cen A  NML  
90cm / HI comparison  

•  Outer HI ring 
projects to 
location near 
bubble 
outermost 
extent 

•  Inner jet  
extension to 
NW possibly 
connected 
with inner HI 
ring 

•  Collimated 
structure stays 
collimated 
beyond outer 
HI ring (i.e. 
no flaring into 
lobe)  

   10’ 
~11kpc 



 90cm 
 X-ray 
  HI 

Cen A  NML 
Radio Knots / X-ray / HI   

•  Outer jet 
radio blobs 
not 
coincident 
with x-ray 
blobs 

•  Outer jet 
ridge 
connected 
with X-ray 
filament 

(filtered)  

   10’ 
~11kpc 



•  Elongated bubble-like structure around central double 
–  Must imply something (???) about restarting inner jet 

•  Energizing the NML is probably very complicated 
–  “Outer jet” observed at 20cm (Morganti et al. 1999) appears 

embedded in a larger structure 
–  At 90cm, NML doesn’t seem to be fed by a larger version of inner 

(kpc) jet flaring into a lobe 
–  NML also doesn’t appear to be a simple bouyant bubble + stem (c.f. 

Saxton et al. 2001) 

•  SE edge of NML appears to indicate a border zone between very 
different regimes: non-thermal bubble / X-ray cavity (= NML) and 
thermal bubble / non-thermal cavity (= EMNL: Eastern Middle Non-Lobe) 
–  Radio and X-ray knots blobs are associated, not coincident 
–  Knots Blobs with appear embedded in constant-width radio structure 

- ?tube or ribbon?  
–  ??Marks a confined or turbulent/unstable (or both) boundary (??) 

Radio Image:  Implications  



•  What is the ultraviolet “plume” seen in IOV images? 
–  Appears similar to very faint Ha filaments (Graham, 1981, 

1983) 
–  UV emission – emission lines, young stars, other? 

•  Is there UV emission to SW? 
•  GALEX deeper imaging  

–  Two broad bands: Far-UV (1500A) and Near UV (2300A). 
–  ~20ksec FUV, ~30 ksec NUV,  April 2004 and April 2008  
–  WIDE field: 1.2o ;  resolution ~5” FWHM 
–  Sensitivity limit ~ 5 x 10-20 erg/sec/cm2/A (or mAB ~29) 

New Ultraviolet Observations  



Cen A: 
New GALEX   

Imaging 

FUV – 150nm 
NUV - 230nm

10 kpc

FUV 

NUV



GALEX FUV 

      HI           
VLA 90cm 
GALEX FUV  

Cen A: 
UV–Radio-HI 
Comparison 

•  FUV emission 
appears 
colocated 
with radio 
ridge 

•  FUV filaments 
appear to be 
part of larger 
UV-emitting 
structure 

Inner Filament    

Outer Filament    

10 kpc



GALEX FUV 

      Xray           
VLA 90cm 
GALEX FUV  

Cen A: 
UV – Xray 

Comparison 

•  FUV emission 
appears 
colocated 
with X-ray 
filamentr 

10 kpc



Ultraviolet Images: Implications  

•  Recent star-formation along interface between 
Morganti ridge (“outer jet”) and HI cloud.  Recent 
star formation also in “inner filament” (no jet or HI 
cloud contact detected).  Ages to several 100Myr   

•  UV extends to at least 30kpc, along southern edge of 
NML 

•  UV fills same general area as X-ray filament, radio 
ridge, but details differ 

•  Strong starburst ongoing in galaxy disk 

 What is producing the diffuse UV light??  
 Young stars, shocks, ??? 



Cen A: Extended Hα filaments  
•  Graham & Price 

(1981), Graham 
(1983) 

•  “Energy dissipation 
within a hot 
turbulent gas is 
most likely…” 

•  “…regions of optical 
emission are 
produced within gas 
which is being 
swept from the … 
galaxy. 

Hα



  Hα
 90cm 
 FUV 

Cen A: Hα / FUV comparison 
•  FUV and Hα 

coincident  
•  Appear to be 

twisting 
streams 

  Hα
 FUV 

   5’ 
~5.4kpc 

•  Hα image by I. 
Evans & A. 
Koratkar 
–  CTIO 4m 
–  Hα filter 
–  MOSAIC2 
–  2 May2005 



   Cen A:    
Hα / FUV 

compared 
with 90cm  

•  Appear 
embeded 
in NML, 
along SW 
side 

  Hα
 90cm 
 FUV 

   5’ 
~5.4kpc 



•  90cm indicates broad outflow, not narrow (?high 
velocity?) outer jet.  
–  No obvious bow shock or hot spot from outer jet 
–  Bubble indicative of earlier activities 
–  Perhaps 20cm “outer jet” indicates fast stream in more sluggish 

outflow 

•  SW edge of NML appears to be major transition zone:   
–  Radio and X-ray blobs, not coincident  
–  FUV / Ha filaments  
–  Apparent interaction of something with HI cloud(s) 
–  Radio NML is X-ray free; possible radio cavity is X-ray filled 

So . . . 
 What is Happening in Cen A’s NML?? 


