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Introduction First Results

X-ray emission is a common property of YSOs. T-Taurl stars show X-ray luminosities up to In Fig. 2 the X-ray ionisation rate for four different models is shown. For the absorption only

103! ergs™! but also Herbig Ae/Be stars can have moderate X-ray emission in the range of model no X-ray scattering or background field is included. The scattering and dust models include

10%° to 10 ergs!. We are investigating the impact of X-ray radiation on the thermal and scattering by the gas, where for the latter also the dust is considered. The background model

chemical structure of protoplanetary discs around these YSOs. Includes, additionally to the dust model, an X-ray background field as described in the R T-module

Therefore we have added a new X-ray radiative transfer (RT) module to the radiation section.

thermo-chemical code PRODIMO (PRoOtoplanetary Disc Model) extending the existing implemen-

tation of X-ray chemistry by Aresu et al. (2011). 10° 10°[ ' ' ' R_203.5 AL-

This new RT module includes X-ray scattering (gas and dust) and a treatment for possible X-ray ] IR

background fields. Further, we added a new set of FUV-photoreactions for the X-ray chemistry

module as X-ray ionisation produces a secondary FUV radiation field. % 107 % 107 .

We present our methods and discuss first results where we focus on the impact of the men- = ~ ——

tioned X-ray physical processes on the chemistry of the disk and on the observables like sub-mm © © T

spectral lines. S 107° S 1075 \ _
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For the X-ray scattering cross-sections (Compton and Rayleigh) we use the open source library <+ <+
xraylib (Schoonjans et al., 2011). The anisotropic behaviour of Compton scattering is treated Fig. 2: X-ray ionisation rate for H» vs. vertical hydrogen column density for the inner disk (/eft
via an approximation by reducing the isotropic scattering cross-section by a factor 1 — g, where panel) and the outer disk (right panel). For comparison also the cosmic ray (CR) and radioactive
g I1s the anisotropic scattering factor. As ionisation due to X-rays changes the gas opacities we decay (RD) ionisation rates are given. RD ionisation is not yet included in the models.
apply a global iteration scheme involving the RT and the chemistry.

e X-ray Dust Opacities For the inner region of the disk (r < 10 AU) X-ray scattering somewhat extends the vertical
We use the method of Draine (2003) (Kramers-Kronig relation) to calculate X-ray dust opacities layer where X-ray ionisation is dominant over CR or RD Ionisation. For the outer disk region
(absorption and scattering) for various dust compositions by using the available optical constants X-ray scattering is not efficient enough (see also Fig. 3). Adding X-ray dust opacities does
for the UV to mm range and gas phase cross-sections for the X-ray range. See Fig.1 for an not significantly change the picture. For a dust mixture (see section RT-module) instead of
example. Astronomical Silicate the scattering due to dust becomes more important but only for a small

region close to the inner border of the disk (r < 0.5 AU). For higher X-ray luminosities scattering
R e — L F—— AL becomes more important (the affected region is extended) but in general the impact of scattering
e n oo : Rtttk Mo S on the chemistry and line fluxes remains limited.
1000 - The X-ray background radiation field can be the dominant source for the X-ray ionisation
: 10°E . rate in the outer region of the disk (r 2 50 AU), which is roughly in agreement with Adams et al.
B I (2012). As seen in Fig. 2 the X-ray ionisation rate is then stronger than the CR or RD ionisation
Néo ool N;“ v : _rat«_es. The X—ray.background fiel_d can therefore drive additional ion-chemistry and as a result
- 2l ] ionized molecules like NoH™ (see Fig. 3) or HCO™ become more abundant. Also the abundance of
2 ; ' ionized atoms like C*, O™ and doubly ionized species like Fe** or N*™ is enhanced in this region.
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Fig. 1: X-ray dust opacities (/eft: absorption, right: scattering): Astronomical Silicates com- o T
pared to a mixture of olivine, pyroxene, amorphous carbon and trollite. 0.1 1 0.1 : 0.1’
'X_ray Background Radlatlon Fleld 0.1 1.0 r[A[lj(])'O 100.0 0.1 1.0 r[Al}?.O 100.0 0.1 1.0 r[Al}?.O 100.0

We consider a possible 1sotropic X-ray background field in the X-ray RT. An X-ray background . | N . .
fleld can arise from young embedded star clusters, which produce X-ray fluxes in the range of Fig. 3: Relative abundance € of NoH™ to H for a model without X-ray scattering (left pane/)

1076 < Fy <107 Jerg s~! cm~2] (Adams et al., 2012). For the shape of the background and a model with X-ray scattering and a rather strong background field (middle panel). The
A ' right panel shows the differences of the two models (log(€packgr./€noscar), Note the different

color scale). The x-axis shows the radial distance to the star (log scale) and the y-axis the
height of the disk scaled by the radius (z/r). Scattering only affects a small region in the inner

° S_econdary FUV-field . | | disk. The background field can drive additional ion-chemistry in the outer parts of the disk which
High energy secondary electrons caused by X-ray ionisation can excite H, and H, which then enhances the abundance of NoH™ by more than two orders of magnitude.

produce Lyman-a photons. This secondary FUV-field triggers additional chemical reactions. We
duplicate the cosmic ray photon reactions from the UMIST database (Woodall et al., 2007)
and calculate the photoreaction rates as outlined in Meijerink & Spaans (2005).

spectrum we assume an exponential bremsstrahlung spectrum similar to a stellar X-ray spectrum
as the background radiation Is produced by young stars.

The secondary FUV-field caused by X-rays does not have any significant impact for the models

presented here, because CR ionisation remains dominant in the midplane of the disk.

The most affected spectral lines in our models are sub-mm lines like NoHT 3 —2, HCOT3 -2

and HCO™ 4 — 3 which are observed in protoplanetary disks. The X-ray background field can raise

these line fluxes by up to a factor of 2.5 to 3.5. Atomic lines are not significantly affected (including
= Nell 12.81 um) only the CII 157.7 um line flux becomes stronger by about 30%. Scattering does

The DISk MOdeI not have a strong impact on the line fluxes (max. change 30%) as it only affects a small region

of the disk.

We present our results for a T-Tauri disk model, which should resemble the properties of a "typical"

T-Taun disk, with the following parameters:

Stellar mass 0.7 Mg Fixed disk structure

T eff 4000 K Inner disk radius

Stellar lum. L, 1.0 Lo Outer disk radius

Disk gas mass 0.01 Mg Cosmic ray (CR) ion. rate
X-ray lum. Lx |2 x 10%, 2 x 10* ergs™t  FUV excess lum. Lryy/L,

Summary & Outlook

We presented the new X-ray radiative transfer module for ProDiMo which includes X-ray scattering,
a treatment for the secondary FUV radiation field and a possible X-ray background field.

First results show that X-ray scattering only affects the inner region of the disk and therefore the
impact on the line fluxes Is rather low. The secondary X-ray FUV-field 1s not important for the
kind of models we presented here. Only the X-ray background field can have significant impact

Acknowledgements: The research leading to these results has received funding from the European Union Seventh Framework Programme on the |ine ﬂuxeS Of sub—mm |ineS |Ike N2H+ 3 — 2, HCO+ 3 -2 aﬂd HCO+ 4 — 3 (Up to a factor
FP7-2011 under grant agreement no. 284405. Ch. R. acknowledges funding by the Austrian Science Fund FWF under project number P24790. Of 3 5) We COﬂC'Ude that 3 X—ray background f|e|d mlght be to some extent a reason fOI’ the
References . - : ST =

Adams. F. C.. Fatuzzo. M. & Holden L. 2012 PASP. 124. 913 observed variations In these sub—mm. Ilngs for T—Taurlldlsks. (e.g. Oberg et al., 2011).. |
Aresu, G., Kamp, |., Meijerink, R, et al. 2011, Astronomy & Astrophysics , 526, A163 For the future we plan to include 1onisation due to radioactive decay and want to consider possible

Cleeves, L. I., Adams, F. C., & Bergin, E. A. 2013
Draine, B. T. 2003, The Astrophysical Journal, 598, 1026

lower cosmic-ray ionisation rates (Cleeves et al., 2013) as these ionisation sources "compete"
Meijerink, R. & Spaans, M. 2005, Astronomy & Astrophysics , 436, 397 with X-ray ionisation. The next steps will than be to fit various disk observations which is the main

Obera. K. I Qi. C.. Fogel J. K. J.. et al. 2011, The Astrophvsical Journal, 734, 98 . . S o VAl |
Schoonjans TQ_ Brinettl AL Golosio, B et all 2011 Soectrachiica Acta, 66, 776 goal of the DIANA (Dlsc ANAlysis) project. This will give us deeper insight into the importance

Woodall, J., Agindez, M., Markwick-Kemper, A. J., & Millar, T. J. 2007, Astronomy & Astrophysics , 466, 1197 and role of X—rays IN protoplanetary disks.




