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X-ray emission from young stars? 

PMS stars, both CTTSs and WTTSs,  10-1000 times brighter 
in X-rays than MS stars

X-rays from coronae and accretion shocks. Effects important:
Heat and ionize circumstellar disks  

Photo-evaporation and dispersal
Disk viscosity through MRI

mass accretion rate
dynamical evolution of the disk including planet 
formation

Erode the atmospheres of closeby gaseous planets 

Flares produce high energy radiation and particles and may be 
particularly relevant 
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WTTS have almost "saturated" X-ray emission: log LX/Lbol ~ -3

CTTS have, on average, lower and more scattered X-ray luminosities than WTTS of the same mass/Lbol 
(e.g. Flaccomio et al. 2003, Preibisch et al 2005)

Cause or effect? (Drake et al. 2009)
Does accretion affect (depress) activity? And how?

Preibisch et al. (2005)

X-ray emission of W/CTTS 
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The CoRoT NGC 2264 short runs
 NGC 2264 

d~ 760 pc

age ~3 Myr

The only SFR in the "CoROT eyes" 

SRa05 (CSI - 40d in December 2011)
coordinated by G. Micela

SRa01 (23.5d in March 2008)
coordinated by F. Favata
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Optical variability - Alencar et al. (2010)

Spot-like AA Tau-like Irregular
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CTTS WTTS

The 2008 CoRoT/Chandra data
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CTTS
WTTS

Optical vs. X-ray variability
Flaccomio et al. (2010)
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Soft Hard

Optical vs. X-ray variability
Flaccomio et al. (2010)
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Soft Hard

Optical vs. X-ray variability
Flaccomio et al. (2010)CTTS

WTTS

Variable X-ray + optical emission from the accretion spot
The observed amplitudes (up to 40% and 100% for CoRoT and Chandra, respectively) would imply that the broad-band 
optical emission and the soft X-ray emission are dominated by the accretion shock. Not likely. 

Variable circumstellar absorption
Observed e.g. in AA Tau, and explain a large fraction of the large amplitude optical lightcurves (Alencar et al. 2010)
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Obscuration by accretion streams

Gregory et al. (2007)

L36 S. G. Gregory, K. Wood and M. Jardine

simulating the propagation of coronal X-rays through the stellar
magnetosphere.

2 R E A L I S T I C M AG N E T I C F I E L D S

In order to model the coronae of T Tauri stars we need to assume
something about the form of the magnetic field. Observations sug-
gest that it is compact and inhomogeneous and may vary not only
with time on each star, but also from one star to the next. To capture
this behaviour, we use as examples the field structures of two dif-
ferent main-sequence stars, LQ Hya and AB Dor, determined from
Zeeman–Doppler imaging (Donati et al. 2003). Although we cannot
be certain whether or not the magnetic field structures extrapolated

Figure 1. The model coronal (first row) T Tauri magnetic fields extrapolated from the AB Dor (left-hand column) and LQ Hya (right-hand column) surface
magnetograms, with the corresponding X-ray coronae (second row) assuming a stellar inclination of 60◦. Also shown is the structure of the accreting field
(third row) and the X-ray emission images assuming that accretion is taking place (fourth row) – notice the occulted X-ray-bright regions. For some lines of
sight the X-ray-bright regions are lightly obscured by the accretion columns, reducing the observed X-ray emission. For other lines of sight the coronal X-rays
cannot penetrate the dense accreting gas. The average reduction in the observed X-ray EM across an entire rotation cycle is a factor of 1.4 (2.0) for the AB
Dor-like (LQ Hya-like) field. The images are not to scale.

from surface magnetograms of young main-sequence stars do rep-
resent the magnetically confined coronae of T Tauri stars, they do
satisfy the currently available observational constraints. In future
it will be possible to use real T Tauri magnetograms derived from
Zeeman–Doppler images obtained using the ESPaDOnS instrument
at the Canada–France–Hawaii telescope (Donati et al. 2007). How-
ever, in the meantime, the example field geometries used in this
Letter (see Fig. 1) capture the essential features of T Tauri coronae.
They reproduce X-ray emission measures (EMs) and coronal densi-
ties that are typical of T Tauri stars (Jardine et al. 2006). The surface
field structures are complex, consistent with polarization measure-
ments (Valenti & Johns-Krull 2004), and X-ray-emitting plasma is
confined within unevenly distributed magnetic structures close to

C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 379, L35–L39

Gregory et al. (2007)
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Spitzer: 30d @ 3.6, 4.5 μmCoRoT: 40d, optical Chandra/ACIS: 300ks (3.5d) 

MOST: 40d, optical VLT/Flames: ~20 epochs

Ground-based monitoring
U-K bands: ~3 months 

The Coordinated Synoptic Investigation of 
NGC 2264 (CSI)
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CSI Chandra
data
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Four observation 

segments

Total exposure time:
297 ks (75 + 94 + 61 +67)

Time span: ~6 days  
> Prot for most stars 

> 0.5 Prot

CSI Chandra Observations
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Best observed in soft X-rays, but most of the energy 
emitted at other wavelengths
Optical flaring studied on the Sun, active binaries,  
M-type stars. The optical emission traces the 
heating events, but its emission mechanism still not 
entirely clear. 

Flares on PMS stars:
 4-6 orders of magnitude more energetic than on 
the Sun
Duration from hours to >1d
Some events apparently from long loops, maybe 
connecting the star with the inner disk

To my knowledge,  optical observations of flares on PMS stars are very scarce (1?), and there 
are no simultaneous optical/X-ray observations.  Also no mIR observations? 
mIR/X-ray observations might provide evidence of X-ray heating of the inner disk
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FLARES
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Chandra/CoRoT/Spitzer FLARES
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WTTSs/stars with no circumstellar disk
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CTTSs/stars with circumstellar disks
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Optical vs. X-ray emitted energy

CTTS
WTTS
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mIR vs. X-ray emitted energy

CTTS
WTTS
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Conclusions
The correlation between optical (CoRoT) and soft X-ray variabilities of CTTS 

suggests that time variable circumstellar absorption crucially affects the 

observed activity levels. 

The first ever (to my knowledge) simultaneous optical/mIR/X-ray observations 

of flares on PMS stars show that:

The optical emission often traces flare heating (at least on WTTSs)

The energy emitted in the optical and X-ray bands seem to be linearly 

correlated.

More energy is emitted in the optical rather than in X-rays

We are likely seeing the direct response (heating) of the inner disk to the 

stellar X-ray emission

A lot more to do with the CSI dataset, a treasure chest awaiting full 

exploitation
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