The power of Athena:
X-ray spectroscopy of young accreting stars

Marc Audard
(University of Geneva)

FACULTÉ DES SCIENCES
Département d'astronomie

Palermo, 24-27.09.2018

Feigelson & Montmerle (1999)

Type 2
(accretors)

All types

XEST; Telleschi et al. (2007a)

XEST survey
However, no
correlation
with accretion
parameters

Type 3
(non-accretors)

X-ray light curves of accreting
young stars also do not generally
show correlation with the UV
light curves tracing accretion
(e.g., Audard et al. 2007; Stassun
et al. 2006)
Accreting stars more variable,
with stronger signatures of
rotational modulation in soft Xrays (Flaccomio et al. 2012)

•

Accreting stars show a soft X-ray excess (T≈2.5-3 MK) in high-resolution X-ray
spectra compared to non-accreting and ZAMS stars (Telleschi et al. 2007;
Güdel & Telleschi 2007; Robrade & Schmitt 2007; Günther et al. 2007;
Günther 2011)

•

Accretion is the likely culprit, but in some cases could be due to magnetically
confined wind shocks (e.g., AB Aur; Telleschi et al. 2007b), or even shocks in
jets (e.g., RY Tau, DG Tau; Güdel et al. 2005, 2008; Skinner et al. 2011)
The Astrophysical Journal, 771:70 (12pp), 2013 July 1

Günther et al.

Figure 4. O vii He-like triplet with best-fit model. The position of the
recombination (r), intercombination (i) and forbidden (f) lines are marked. The
best fit clearly deviates from the low-density regime where f/i = 3.8.
(A color version of this figure is available in the online journal.)
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Figure 5. The ratio of the O viii 18.97 Å line and O vii triplet (r + i + f )
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Rotational modulation from accretion shocks
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Lines of cool plasma from shocks
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Figure 1. Total flux of the cool line set vs. time. The set of cool lines is composed of the Ne ix triplet (13.45, 13.55, and 13.70 Å), O viii Lyα and Lyβ (16.00 and
18.98 Å), O vii resonance line (21.60 Å), and N vii Lyα (24.78 Å). Horizontal error bars represent the time-bin width. The dotted line marks the best-fit sinusoidal
function. Orbital/rotational phases are computed according to the ephemeris HJD = 2446998.335 + 2.4213459 E defined in Stempels & Gahm (2004). Vertical dashed
lines (dark gray) indicate quadrature and conjunction epochs, with the corresponding schematic views of the system plotted above (white and gray circles represent
the primary and secondary components, respectively). Time intervals adopted for extracting spectra corresponding to low and high phases are marked by the vertical
bands (light blue and light red for the low and high phases, respectively).
(A color version of this figure is available in the online journal.)
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2. Total flux of the hot line set vs. time. The set of hot lines is composed of the Ne x Lyα line at 12.13 Å and Fe xvii line at 15.02 Å. The dotted line marks
Ne ix+O viii+O vii+N viiFigure
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the cool lines, see Figure
that their1.35
variability
is associated with coronal
plasma variability.
O viii+O vii+N vii rotational modulation,
1.21unlike
± 0.02
22 1,±suggesting
3
± 0.06
2.31
5.50
O vii+N vii
1.22 ± 0.03 Table 3
30 ± 5
1.30 ± 0.05
0.65 Table 4
2.89

Lines of hot plasma from corona

Argiroffi et al. (2012)

C. Argiroﬃ et al.: Redshifted X-rays from TW Hya: A low-latitude accretion spot

Argiroffi et al. (2018)
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5. Cool and hot X-ray emitting plasma velocities v⋆X in the stellar reference frame with errors at the 1σ level. Filled symbols indicate velocities
ned with method 1 (individual line positions), open symbols indicate velocities obtained with method 2 (spectral model parameter estimation).

which is based on line position. In fact, as already arAthena will detectmethod,
easily
gued in Sect.line
4.1.1, shifts
the velocity of the hot plasma component is

method 1, although we stress that velocities obtained with
hods 1 and 2 are in excellent agreement.
nspecting the results obtained for the set of reference stars,
re the X-ray emission originates only from coronal plasma,
found that both the cool and hot plasma components provelocities compatible with zero. The only marginal excep-

likely an average between both the accretion and coronal components. To confirm this assessment, we simulated synthetic Chandra/HETGS spectra of TW Hya assuming that its X-ray emission is due to an accretion and a coronal component (model

High densities
• High i/f ratio in He-like triplets of TW Hya indicate
ne≈a few 1012 cm-3 (Kastner et al. 2002; Stelzer &
Schmitt 2004; Raassen 2009; Brickhouse et al. 2010; 2012).
Also Fe XVII (Ness & Schmitt 2005)

• Evidence of velocity offset of soft X-ray plasma
coming from post-shock region (Argiroffi et al. 2018)
• Plasma T≈3 MK consistent with adiabatic shocks
from gas in free fall (vs≈150-300 km s-1)

• High densities in accreting young stars (Schmitt et

al. 2005; Robrade & Schmitt 2007; Günther et al. 2006, 2013;
Argiroffi et al. 2007, 2012; Günther & Schmitt 2009,
Huenemorder et al. 2012; Robrade et al. 2014, etc), but
not all (Audard et al. 2005; Telleschi et al. 2007; Güdel et
al. 2007; see Güdel & Nazé 2010 and refs therein)

• Very limited sample, with poor signal-to-noise
ratio in grating spectra

Brickhouse et al. (2010);
see Argiroffi et al. (2018)
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Table 2. Line counts measured in “low state” and in “high state” and
extrapolated “high state” counts.
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Fig. 4. RGS spectrum BP Tau: O VII triplet region with best fit model.
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From present challenges
to future observations
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Episodic accretion
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Strong
optical/infrared
flux
variations in young stars due to
increases in mass accretion rates

accreted in FU Ori outbursts reinforce the notion that disk accretion plays a
major role in the formation of stars and not just their associated planetary systems. FU Ori outbursts also demonstrate that accretion rates through such disks
can be highly time variable and unexpectedly large at times, with implications
for disk physics and grain processing. Finally, the powerful winds of FU Ori
objects have important implications for understanding the production of bipolar
outflows and jets.
Figure 1 summarizes the current picture of a typical FU Ori object. A young,
low-mass (T Tauri) star is surrounded by a disk normally accreting at ⇥ 10 7 M⇤
yr 1 . This slow accretion is punctuated by occasional, brief FU Ori outbursts, in
which the inner disk erupts, resulting in an accretion rate ⇥ 10 4 M⇤ yr 1 . The
disk becomes hot enough to radiate most of its energy at optical wavelengths,
and it dumps as much as 0.01 M⇤ onto the central star during the century-long

If accretion plays a role in producing
X-rays, young stars undergoing
episodic outbursts are ideal targets

Mechanism for episodic accretion
unclear (GI/MRI, interactions, etc)
See review Audard et al. (2014)

Hartmann (1997)

Impact on magnetosphere
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Evidence of soft X-rays due to accretion, and a hot variable (smothered)
coronal component; detection of cold (neutral) Fe K fluorescence à
irradiation of disk à geometry (Kastner et al. 2004; 2006; Grosso et al. 2005; 2010; Audard et al.
2005; 2010; Lorenzetti et al. 2006; Hamaguchi et al. 2010; 2012; Teets et al. 2012; Liebhart et al. 2014; etc)

Episodic accretion modifies the magnetospheric configuration

6344

Hot plasma in FU Ori objects
Soft

Hard

Skinner et al. (2010)

Skinner et al. (2006)

The prototype shows cool and hot (>5 keV) plasmas with different NH: cool NH consistent
with Av, 10x higher NH (≈1023 cm-2) for hotter, variable, component, likely due to cold
accreting gas or near-neutral wind. Strong Fe with possible Fe I at 6.4 keV.
Other FU Ori objects in Cygnus either undetected (V1057 Cyg/V1515 Cyg) or very bright, like
FU Ori (LX≈1031 erg s-1), again with a very high temperature component (Skinner et al. 2009)

Summary
•

CCD and grating observations of accreting stars have revealed the
impact of accretion on X-ray emission

•

Accretion produces soft X-rays in which high densities were measured in
line ratios, but sensitivity was poor or required long integration times

•

X-ray monitoring during episodic accretion point toward interactions
with magnetosphere à accretion-induced soft X-rays, with hot coronal
component absorbed by cold accreting gas (or disk wind)

•

Time variability will be at reach to study mass accretion rates during the
outburst, providing an independent means from optical/IR

•

Athena offers the required sensitivity and spectral resolution to boost
the study of accretion in young stars and its effect in X-rays

•

Not presented here: X-rays from jets, illumination of disk by X-rays à
geometry!, rotation via Fe K line, young brown dwarfs in star forming
regions with WFI, abundance depletion, etc…

