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X-ray background fields in young embedded star clusters

• young stars (YSO) are born in clusters
and are exposed to the X-ray radiation
of all the other cluster members

• the flux of this X-ray background
field (XBGF) depends on the number
of cluster members and the location of
a star within the cluster (Adams+ 2012)

• Aim: investigate the impact of the
XBGF on the chemistry of
protoplanetery disks 10-1 100 101
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Radiation thermo-chemical modelling with PRODIMO

• radiation thermo-chemical modelling of a static
2D disk structure with
PRODIMO (PROtoplanetary DIsk MOdel,
https://www.astro.rug.nl/~prodimo/)

• X-ray radiative transfer with scattering and
background-fields; solved consistently with the
chemistry and thermal balance

• consider different cosmic-ray ionisations rates,
XBGF fluxes and different dust properties in the
disk
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Resulting X-ray ionisation rate

• XBGF can dominate the
X-ray ionisation rate ζX in
the outer region of the disk
(r & 20 au)

• but also competes with other
H2 ionisation sources such as
cosmic rays
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Impact of XBGF on molecular ions
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Conclusions

• the XBGF can have a significant impact on the disk chemistry in case of a (very) high
XBGF flux and/or low cosmic ray ionisation rates (ζCR < 10−18 s−1)

• in a star-forming region like Taurus most disks are likely not affected by XBGF because of
the low number of X-ray emitting sources

For more details see: https://ui.adsabs.harvard.edu/abs/2018A%26A...609A..91R/abstract
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ABSTRACT

Context. The X-ray luminosities of T Tauri stars are about two to four orders of magnitude higher than the luminosity of the contem-
porary Sun. As these stars are born in clusters, their disks are not only irradiated by their parent star but also by an X-ray background
field produced by the cluster members.
Aims. We aim to quantify the impact of X-ray background fields produced by young embedded clusters on the chemical structure of
disks. Further, we want to investigate the importance of the dust for X-ray radiative transfer in disks.
Methods. We present a new X-ray radiative transfer module for the radiation thermo-chemical disk code PRODIMO (PROtoplanetary
DIsk MOdel), which includes X-ray scattering and absorption by both the gas and dust component. The X-ray dust opacities can be
calculated for various dust compositions and dust-size distributions. For the X-ray radiative transfer we consider irradiation by the
star and by X-ray background fields. To study the impact of X-rays on the chemical structure of disks we use the well established disk
ionization tracers N2H+ and HCO+.
Results. For evolved dust populations (e.g. grain growth), X-ray opacities are mostly dominated by the gas; only for photon energies
E & 5�10 keV do dust opacities become relevant. Consequently the local disk X-ray radiation field is only a↵ected in dense regions
close to the disk midplane. X-ray background fields can dominate the local X-ray disk ionization rate for disk radii r & 20 au. However,
the N2H+ and HCO+ column densities are only significantly a↵ected in cases of low cosmic-ray ionization rates (.10�19 s�1), or if the
background flux is at least a factor of ten higher than the flux level of ⇡10�5 erg cm�2 s�1 expected for clusters typical for the solar
vicinity.
Conclusions. Observable signatures of X-ray background fields in low-mass star-formation regions, like Taurus, are only expected
for cluster members experiencing a strong X-ray background field (e.g. due to their location within the cluster). For the majority of
the cluster members, the X-ray background field has relatively little impact on the disk chemical structure.

Key words. stars: formation – circumstellar matter – radiative transfer – astrochemistry – methods: numerical

1. Introduction

Strong X-ray emission is a common property of pre-main se-
quence stars. T Tauri stars, often considered as young solar
analogs, show strong X-ray emission with luminosities in the
range of approximately 1029�1031 erg s�1 (e.g. Preibisch et al.
2005; Güdel et al. 2007a), which is about 102�104 times
higher than the X-ray luminosity of the contemporary Sun
(Feigelson et al. 2002). The origin of such high X-ray luminosi-
ties is likely the enhanced stellar and magnetic activity of the
young stars (e.g. Feigelson et al. 2002), but also jets close to the
star and the protoplanetary disk (Güdel et al. 2007c), caused by
interaction of the stellar and disk magnetic fields (e.g. X-wind
Shu et al. 1997), might contribute. Accretion shocks probably do
not contribute significantly to the X-ray emission of T Tauri stars
(Güdel et al. 2007b), but accreting material absorbs soft X-rays
and might cool the hot coronal gas (Güdel & Telleschi 2007).

X-ray irradiation plays an important role for the thermal
and chemical structure of protoplanetary disks. Soft X-rays
heat the upper disk layers to temperatures larger than 5000 K

(Glassgold et al. 2004; Nomura et al. 2007; Aresu et al. 2011)
and possibly drive, together with far and extreme ultraviolet
radiation, disk photo-evaporation (e.g. Ercolano et al. 2008a;
Gorti & Hollenbach 2009). Diagnostics of the interaction of
X-rays with the disk atmosphere are mainly atomic lines (e.g.
Gorti & Hollenbach 2004; Meijerink et al. 2008; Ercolano et al.
2008a; Ádámkovics et al. 2011; Aresu et al. 2012). These lines
trace the hot upper layers (vertical column densities of
1019�1020 cm�2) in the inner ⇡10�50 au of protoplanetary disks
(Glassgold et al. 2007; Aresu et al. 2012). X-rays can influ-
ence atomic line emission via heating (e.g. [OI], Aresu et al.
2014) and/or direct ionization (e.g. the neon ion fine-structure
lines Glassgold et al. 2007). Güdel et al. (2010) found a cor-
relation between the [NeII] 12.81 µm line, observed with the
Spitzer Space telescope, and stellar X-ray luminosity in a sample
of 92 pre-main sequence stars. Such a correlation is consis-
tent with predictions of several thermo-chemical disk models
(Meijerink et al. 2008; Gorti & Hollenbach 2008; Schisano et al.
2010; Aresu et al. 2012).
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Thank You for Your Attention!
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