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Introduction
Disks play a crucial role in star and planet formation. Although most of the disk mass is initially gaseous, there is observationally 
little known about the gas. The X-ray emission produced by Young Stellar Objects heat the upper layers of the proto-planetary 
disk, and are expected to dominate the thermal and chemical balance. Neon fine-structure lines turn out to be a diagnostic of

X-ray irradiated surface layers (Glassgold et al. 2007). We extend this work by investigating the dependence of the neon 
emission on stellar X-ray luminosity, and by studying the role of fine-structure and forbidden lines of sulfur, oxygen, and carbon 

species that are complementary to the neon lines.

Disk model
The excitation of neon and other species depend mainly on 
the  temperature and the electron fractions. We calculate the 
chemical and thermal structure for the generic T-Tauri disk 
models of D’Alessio et al. (1999) using an updated version of 
the code presented by Glassgold et al. (2004). We investigate 
X-ray luminosities ranging from LX=1029-1031 erg/s having a 
thermal spectrum of kTX=1 keV. Typically, the temperatures 
range from T=4000 K at high altitudes to T=30-200 K close to 
the mid-plane, where the gas is thermally coupled to the dust. 
Electron abundances are as high as xe=10-2-10-1. The 
electrons originate from hydrogen atoms, which are ionized by 
fast electrons resulting from X-ray ionization.

Ionization theory
We only consider Ne, Ne+, and Ne2+  species, since neon does 
not form molecular complexes (Glassgold et al. 2007). For 
sulfur, we also include molecule formation, and take into 
account the transition to SO, SO2, and CS using a warm 
radical chemistry (Leen & Graff, 1988). X-ray ionization 
produces ions as high as S6+. However, charge exchange with 
atomic hydrogen is fast until a few electron are missing. 

We find that S and S+ have significant abundances at high 
altitudes in the disk. For perpendicular column densities 
NH ~1022 cm-2, all sulfur is locked up in molecules.

Line emissivities
Each line traces a different region of the disk, depending on 
its critical density and excitation temperature.

The forbidden lines, such as the [OI] 6300Å and [SII] 6718Å 
lines, trace the warm upper layers, since these have quite 
high excitation temperatures. The [OI] 63µm is produced all 
throughout the disk, although a large part of the oxygen atoms 
are locked up in CO, H2O and O2 close to the mid-plane. The 
[SI] 25.25µm line is only produced in the upper layers, due to 
the transition to molecular sulfur. 

Results
• The models for a single disk mass show a correlation 
between the Neon luminosity and X-ray luminosity (below 
modeled fluxes for face-on objects at 140 pc are shown). 
• Observed fluxes by Spitzer are in agreement with models 
(Pascucci et al. 2007, Lahuis et al. 2007), but we need to 
understand influences of disk geometry/mass, and a possible 
contribution of other components such as jets. 
• Other lines also show a correlation with X-ray luminosity. 
Lines tracing the warmest regions of the disk, such as [OI] 
5577Å, show the strongest correlation. 
• Not all lines are observable, however.  The [SI] 25.25µm is 
too weak to be observed, due to the conversion of atomic to 
molecular sulfur. The [OI] 63µm line is a complementary 
diagnostic to the neon lines and traces gas deeper into the 
disk.

This work was supported by NSF grant AST-0507423 and NASA Origins of the Solar System grant 
NNG06GF88G.

Lahuis, van Dishoeck, Blake, et al. 2007, in press
Leen, and Graff 1988, ApJ, 325, 411 
Pascucci, Hollenbach, Gorti, et al. 2007, in press


