
  

High-energy emission from the ONC – 
the radio and X-ray views

Jan Forbrich



  

Outline

● Introduction: Emission mechanisms
● The X-ray view
● The … radio view
● Their combination
● Outlook: time-domain radio astronomy of stars



  

Very different object classes...

● Massive stars
● Young Stellar Objects
● Brown dwarfs
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...only
2 sources!

Thermal radio
(e.g., free-free emission)

Nonthermal radio
(e.g., gyrosynchrotron
emission)



  

Observations of nonthermal radio emission

Process: Gyrosynchrotron radiation

Identified by: Polarization, spectral index, rapid
variability, high brightness temperature

Current problem: weak sources, 
measurement at single frequency

Best evidence for nonthermal radiation
requires high S/N –  often not the case.

Difficult to constrain the emission 
processes of many weak sources.



  

Low-mass star formation
Feigelson

 &
 M

on
tm

erle (199 9)
thermal radio

(thermal) X-rays,
nonthermal radio

X-rays and nonthermal radio emission probe the innermost vicinities of protostars,
but currently only radio observations offer high angular resolution (VLBI).
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The solar paradigm

Radio X-rays

Yohkoh

http://www.astro.umd.edu/~white



  

Güdel (2002)

The X-ray radio connection



  

The Orion Nebula Cluster: the X-ray view
(leaving out high-resolution spectroscopy)



  

Ku & Chanan (1979)

First X-ray 
“image”



  

The ROentgen SATellite ROSAT

ROSAT-HRI (40' FOV)  –  Gagne et al. (1995) 



  

The Chandra Orion Ultradeep Project
(COUP):  a total exposure time of 838 ksec
(Feigelson et al. 2005)



  

Credit: X-ray: NASA/CXC/Penn State/E.Feigelson & K.Getman et al.; Optical: NASA/ESA/STScI/M. Robberto et al. 



  

Credit:NASA/CXC/Penn State/E.Feigelson & K.Getman et al.



  



  
Guedel et al. 2008



  

SOXS: An XMM-Newton
Survey of Orion 
(Scott Wolk)



  

The Orion Nebula Cluster: the radio view

(The VLA)



  

Maser science in Orion started in parallel...



  

1987

Garay et al. (1987) used the
VLA at cm wavelengths (and 
its spatial filtering!) to find

14 radio sources toward the 
Trapezium (1-14)

7 embedded radio sources in 
the surroundings (A-G)

With the VLA it became 
possible to look for counterparts
at other wavelengths...
...the radio zoo was born. 

See also Churchwell et al.
(1987) and Felli et al. (1993a).



  

Felli et al. (1993):
1990 Feb 15 – 1990 Sep 14: 13 epochs of VLA two-frequency monitoring of the ONC,
to distinguish thermal and non-thermal sources by variability and spectral index



  

(1987)

The ORZ

PIGS
DEERS
FOXES



  

Externally Ionized (accretion) Disks in the Environs of Radiation Sources
(EIDERS,or … proplyds)

Felli et al. (1993b)



  

(2001)



  

Zapata et al. (2004): four deep epochs (1994-1997) of 
8.5 GHz VLA observations yield 77 sources … so far 
the last word. Sources are superimposed on H�  image 
from O'Dell & Wong (1996)



  



  

Continuum VLBI toward the ONC

● Non-thermal emission from 
hot(?) stars: Θ1 Ori A (Felli, 
Massi, et al. 1989, 1991, cf. 
Petr-Gotzens & Massi 2008)
● Non-thermal emission from 
YSOs: Menten, Reid, Forbrich 
& Brunthaler (2007)              
→ d = 414±7 pc                 
(cf. Sandstrom et al. 2007)

V
LT

 K
-band, M

a rk M
cC

a ughrean



  

GMR A (Bower et al. (2003)

YSOs as transient radio sources



  

GMR A (Bower et al. 2003)

Getman et al. (2005)



  

GMR A (Bower et al. 2003, Furuya et al. 2003)



  

(Neupert 1968)

The solar paradigm II

The radio luminosity
traces the fast electrons 
and thus the energy
injected in a flare. The 
soft X-rays trace the 
accumulated energy.
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AV ~ 160 mag, no infrared counterpart
(from X-rays; spectrum shows fluorescent iron line emission)



  
AV ~ 160 mag, no infrared counterpart
(from X-rays; spectrum shows fluorescent iron line emission)

Chandra, COUP (Getman et al. 2005)



  

– V773 Tau, a WTTS multiple (near-simultaneous in 
Feigelson et al. 1994), see also Guenther et al. (2000) 
with a short span of simultaneous data

– GMR A (Bower et al. 2003), a WTTS, with a flare!

– ρ Oph (Gagné et al. 2004), six TTS

– Coronet cluster (Forbrich et al. 2007), six class I, one 
CTTS, one HAeBe

– LkHα 101 (Osten & Wolk 2009), six(+1?) TTS

– NGC 1333, IC 348 (Forbrich et al. 2011), few 
simultaneous X-ray/radio detections 

Simultaneous X-ray/radio observations of YSOs



  

VLA data from Zapata et al. (2004), 
X-ray data from the COUP (Getman et al. 2005)

60% of the radio
sources have
X-ray counterparts

7% of the X-ray
sources have
radio counterparts

Comparison clearly
limited by the radio
data.

The latest on the X-ray-radio correlation in the ONC

F
or

b 
ric

h 
&

 W
ol

k,
 in

 p
re

p.



  

Outlook

● The advent of the EVLA a.k.a. JVLA places stellar 
radio astronomy where stellar X-ray astronomy was 
in 1999, at the time of the launch of Chandra and 
XMM-Newton:
● Higher S/N observations will allow variability 
studies and “imaging spectroscopy/polarimetry”.



  

This Fall

Forbrich, Wolk, Menten, & Osten:
Multi-epoch simultaneous JVLA/Chandra
observations of the ONC.


