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However,	no	
correlation	

with	accretion	
parameters

XEST survey 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 X-
rays (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)

Günther	et	al.	(2013);	see	also	Robrade	&	Schmitt	(2007)Güdel	&	Telleschi	(2007)

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.)

Monte-Carlo simulations to estimate the confidence limits. We
run 10,000 simulations; in each of them the number of counts in
each bin is drawn from a Poisson distribution with the best-fit
model as expectation value. We fit the background level and the
amplitude of the three lines to the simulated spectra in the same
way we treat the observed data. This procedure is very similar
to that employed by Günther & Schmitt (2009, Appendix A),
where more details can be found. According to the CHIANTI
spectral database (Dere et al. 1997, 2009) the low-density limit
of the O vii R-ratio is 3.8. Our Monte-Carlo simulations show
that the data exclude the low-density limit (ne ! 109 cm−3)
with 93% significance and give 1σ confidence for R < 1.16
(ne > 3 × 1010 cm−3), but we cannot place an upper limit on
the density.

For Ne ix the measured R-ratio is 1.75 (ne ≈ 4 × 1011 cm−3).
This triplet, especially the i line, can be blended by lines of
Fe xvii, Fe xix and Fe xx. Given the low S/N in the data a
detailed deblending as in Ness & Jordan (2008) is not possible.
Using CHIANTI we find that the strongest blend from Fe xvii is
a line at 13.82 Å; however, at its peak formation temperature, the
flux in this line is still only 4% of the flux in the Fe xvii lines at
17.05 and 17.10 Å. Thus, its maximum contribution to the Ne ix
f line is less than 10% of the statistical uncertainty (Table 4). To
assess the importance of other Fe ionization stages, we simulate
spectra using the emission measures in Table 3. Even in the
flare, when the Fe xix and Fe xx lines are strongest, Fe xx 13.78
and 13.84 Å, the strongest blends, have a flux of only 12% of
the flux in the Fe xvii lines at 17.05 and 17.10 Å. Since the
emission measure of the hot plasma outside the flare is only
a fifth of the emission measure during the flare, the average
contribution is much less. Thus, these lines also contribute less
than 10% of the statistical uncertainty to the Ne ix f line. For
the temperature observed, the contamination of the Ne ix r and
i lines is even lower. Thus, we can neglect the blends and find
that the observed ratio is compatible with the low-density limit
(ne ! 3 × 1010 cm−3) at the 1σ level, but we can exclude
densities above 3 × 1012 cm−3 at the 95% confidence level.

In summary, intermediate densities in the range 3 × 1010 <
ne < 3 × 1012 cm−3 are compatible with both triplets. In the
above discussion it is assumed that all emission seen in a triplet
originates in a homogeneous plasma. This is not necessarily
the case, as multiple components with different densities could
contribute to the observed line fluxes. To estimate the minimum

Figure 5. The ratio of the O viii 18.97 Å line and O vii triplet (r + i + f )
luminosities is a temperature indicator. All CTTS show a soft excess when
compared to MS stars of similar total luminosity.
(A color version of this figure is available in the online journal.)

emission measure of the dense component, we consider the most
extreme case where the O vii triplet comes from a superposition
of a cool corona, which is in the low-density range, and some
plasma in the high-density limit. The corona would contribute
virtually nothing to the i line, but explain most of the f line flux,
while the converse is true for the dense component. Since both
lines are of comparable strength, each component must have
about half of the total emission measure for O vii.

4.4. Soft Excess

CTTS show an excess of soft plasma compared to MS stars
of similar total luminosity. Observationally, a lower ratio of the
O viii/O vii luminosities (Robrade & Schmitt 2007; Güdel &
Telleschi 2007) indicates an additional soft emission component
around 1–2 MK. As this is only seen in accreting CTTS and
Herbig Ae/Be stars (HAeBe), it has to be related to the accretion
shock. Figure 5 shows the O viii/O vii ratio for MS stars from
the sample of Ness et al. (2004) and CTTS collected from the
literature (references are given in Section 1). All fluxes are
corrected for absorption using the NH values found in a global
fit to the X-ray data.

In order to calculate the flux ratio, grating spectroscopy is
required. Thus, only bright CTTS with little absorption can
be placed on the diagram. The sample of MS stars includes
much closer and fainter objects. When compared to MS stars
of similar luminosity, CTTS show a soft excess. MN Lup is
shown in the figure as a CTTS, based on the fitted model with
the lower absorption. It has the lowest total luminosity of all
CTTS in the sample. The soft excess is almost certainly related
to accretion, although it may not be formed in the post-shock
zone. Brickhouse et al. (2010) measure density differences
between O vii and Ne ix in the CTTS TW Hya and find that
the O vii emission is not compatible with an origin in the post-
shock cooling zone according to current shock models (see next
section), but can be explained by a lower density corona fed by
the accretion stream.
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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.)

Table 2
Best-fit Parameters

Set Name Line Set P a Ab tmax
c (χ2

red,1)d (χ2
red,2)e

(days) (%) (days)

Cool lines Ne ix+O viii+O vii+N vii 1.22 ± 0.01 23 ± 2 1.36 ± 0.05 2.91 8.93
Cool line subset O viii+O vii+N vii 1.21 ± 0.02 22 ± 3 1.35 ± 0.06 2.31 5.50
Cool line subset O vii+N vii 1.22 ± 0.03 30 ± 5 1.30 ± 0.05 0.65 2.89
Cool line subset Ne ix 1.22 ± 0.02 25 ± 4 1.40 ± 0.06 2.33 5.12

Hot lines Ne x+Fe xvii 1.12 ± 0.03 14 ± 5 1.61 ± 0.10 3.63 3.46

Notes.
a Period.
b Amplitude.
c First epoch of maximum flux after observation starts, since HJD 2455089.
d Reduced χ2 obtained with a sinusoid as best-fit function (four free parameters).
e Reduced χ2 obtained with a constant as best-fit function (one free parameter).

the cool line sample, because their Tmax is higher than 5 MK.
Therefore, their flux likely includes significant contributions
from hot plasma. These two lines compose the hot line sample.

To maximize the signal-to-noise ratio of the coolest plasma
emission, we added the measured fluxes of the cool lines for
each time interval. This total line flux, plotted in Figure 1,
is variable and the observed modulation is clearly linked to
the stellar rotation: the flux is higher near phases 0.0 and 0.5,
i.e., quadrature phases, and lower near phases 0.25 and 0.75,
i.e., conjunction phases. To confirm this variability pattern,
we fitted these observed flux variations with a sinusoid plus
a constant. We left all the best-fit function parameters (period,
phase, amplitude, and the additive constant) free to vary. We
obtained a best-fit period of 1.22 ± 0.01 d and an amplitude of
23% ± 2% with respect to the mean value (Table 2). The inferred
period is exactly half the rotational period of the system. As
guessed, maximum and minimum phases occur approximately
at quadrature and conjunction, respectively. To check whether
this observed modulation is effectively linked to the cool plasma
emission, and not to a given line emission, we performed the
same fit by separately considering the total flux obtained from
different and independent cool line subsets. In all the cases

inspected (see Table 2), we found the same periodic variability
(period, phase, amplitude).

We checked whether this modulation is present also in the
emission of hotter plasma by applying the same fit procedure to
the total flux of the hot lines, Ne x and Fe xvii. Fit results are
reported in Table 2; in this case the periodic modulation is not
detected. The observed variability is instead likely dominated
by hot (coronal) plasma. Figure 2 shows a comparison between
Ne x+Fe xvii line variability with modulation observed for the
cool lines. The detected X-ray rotational modulation is also not
visible in the EPIC light curves (A. Maggio et al., in preparation),
even considering only a soft band. The substantial continuum
contribution mostly due to the highly variable hot plasma likely
masks the rotationally modulated signal. Hence, we conclude
that the observed X-ray line flux modulation is due to the high-
density, cool plasma component.

To understand the nature of the observed variability, we
searched for variations in the average temperature by consid-
ering ratios of lines originating from the same element. All the
ratios inspected display significant variability, but are not cor-
related among themselves, and are not related to the rotational
phase. We also searched for variations in the plasma density,
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Figure 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
a sinusoidal function with the same period, phase, and relative amplitude obtained from the best fit of the total flux of the cool line set. The hot lines do not show
rotational modulation, unlike the cool lines, see Figure 1, suggesting that their variability is associated with coronal plasma variability.

Table 3
Observed Line Fluxes at Different Phases

Ion λ Tmax FLow FHigh
(Å) (MK) (10−6 photons s−1 cm−2) (10−6 photons s−1 cm−2)

Ne x 10.24 6.3 5.9 ± 1.3 4.1 ± 1.2
Ne ix 11.55 4.0 4.1 ± 1.6 11.9 ± 2.1
Ne x 12.13 6.3 46.2 ± 3.0 50.6 ± 3.0
Fe xxi 12.28 10.0 4.3 ± 1.6 3.7 ± 1.8
Ne ix 13.45 4.0 72.2 ± 4.0 75.3 ± 3.9
Fe xix 13.52 10.0 16.3 ± 3.3 9.4 ± 3.3
Ne ix 13.55 3.5 27.3 ± 3.1 49.4 ± 3.5
Ne ix 13.70 4.0 29.9 ± 2.9 41.7 ± 3.1
Fe xviii 14.20 7.9 5.1 ± 1.6 3.8 ± 1.5
Fe xvii 15.02 5.6 13.6 ± 1.8 14.3 ± 1.9
O viii 15.18 3.2 4.3 ± 1.7 7.9 ± 1.8
O viii 16.01 3.2 19.5 ± 2.1 16.2 ± 2.0
Fe xvii 16.78 5.0 11.4 ± 2.1 10.3 ± 1.9
Fe xvii 17.05 5.0 12.7 ± 2.4 14.1 ± 2.4
Fe xvii 17.10 5.0 5.8 ± 2.6 8.9 ± 2.6
O viii 18.97 3.2 90.5 ± 4.7 113.9 ± 4.8
N vii 20.91 2.2 11.0 ± 3.1 7.0 ± 2.9
O vii 21.60 2.0 24.8 ± 4.0 46.0 ± 6.1
O vii 21.81 2.0 17.3 ± 5.9 24.4 ± 6.3
O vii 22.10 2.0 12.2 ± 3.9 10.3 ± 3.3
N vii 24.78 2.0 72.0 ± 5.4 106.6 ± 6.0
N vi 28.79 1.6 25.0 ± 4.5 17.9 ± 4.5
N vi 29.08 1.3 12.7 ± 4.1 7.5 ± 3.9
C vi 33.73 1.6 25.3 ± 5.2 35.6 ± 5.7

Notes. Line fluxes measured during the high and low phases are listed. Flux
errors correspond to 1σ .

probed by the f/i ratio of the Ne ix triplet. This line ratio is
approximately constant (f/i ≈ 1, indicating ne ≈ 1012 cm−3)
during the entire observation, except for a lower value measured
during the third interval of the second segment (f/i = 0.45 ±
0.13, corresponding to n = (5.2+2.0

−1.3)×1012 cm−3), and a higher
value observed during the fourth interval of the third segment
(f/i = 3+2.5

−1.1, corresponding to n < 4×1011 cm−3). These vari-
ations appear to be associated with episodic events, like clumpy
accretion flows, and not with a rotational modulation effect.

5.2. RGS Spectra at Different Phases

The total flux of the cool lines from V4046 Sgr displayed
variations in time linked to the stellar rotation. To investigate

Table 4
Line Flux Ratios at Different Phases

Line Flux Ratio RLow RHigh

Ne ix (13.45 Å)/Ne ix (11.55 Å) 18+11
−5 6.4+1.4

−1.0

O viii Lα (18.97 Å)/O viii Lyβ (16.01 Å) 4.6+0.6
−0.5 7.0+1.1

−0.8

N vii Lα (24.78 Å)/N vii Lyβ (20.91 Å) 6.5+2.6
−1.5 15+11

−5

Note. Ratio errors correspond to the 68% confidence level.

the differences in the X-ray-emitting plasma corresponding to
epochs of low and high fluxes of the cool lines, we added RGS
data collected at the same phases with respect to the X-ray
rotational modulation. We extracted two RGS spectra obtained
by adding all the events registered during time intervals centered
on maximum and minimum times, with duration of one-fourth
of the observed X-ray period (integration time intervals are
shown in Figure 1). The two resulting low and high spectra,
whose exposure times are 84 and 94 ks, respectively, are shown
in Figure 3, while the measured line fluxes, detected at the 1σ
level in the two spectra, are listed in Table 3.

We searched for differences in the low and high spectra to
investigate how the emitting plasma properties vary between
these two phases. The two spectra display significantly different
photon flux ratios of N vii, O viii, and Ne ix lines, as reported in
Table 4. In principle, these line ratios may vary due to changes
of absorption, plasma temperature, or source optical depth.
In Figure 4, we plot the measured line ratios together with
the values predicted in the optically thin regime for different
temperatures and different hydrogen column densities, NH.

Absorption can change line ratios because, on average, lines at
longer wavelengths suffer larger attenuation for increasing NH.
The two N vii lines considered here are an exception, because
the absorption cross-section of the interstellar medium has the
oxygen K-shell edge (23.3 Å, e.g., Wilms et al. 2000) located
between their wavelengths, making the longer wavelength
line, the Lyα (24.78 Å), slightly less absorbed than the Lyβ
(20.91 Å). The two lines however suffer very similar absorption,
making the absorption effect of little relevance in the case
of the N vii Lyα/Lyβ ratio (as can be seen from the upper
panel of Figure 4, where the curves predicted for different NH
are very similar). Therefore, any change in this line ratio, as
that observed, is hardly explained in terms of NH variability.
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C. Argiroffi et al.: Redshifted X-rays from TW Hya: A low-latitude accretion spot

Fig. 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
obtained with method 1 (individual line positions), open symbols indicate velocities obtained with method 2 (spectral model parameter estimation).

with method 1, although we stress that velocities obtained with
methods 1 and 2 are in excellent agreement.

Inspecting the results obtained for the set of reference stars,
where the X-ray emission originates only from coronal plasma,
we found that both the cool and hot plasma components pro-
vide velocities compatible with zero. The only marginal excep-
tion is the cool plasma associated with β Cet, which shows a
blueshifted velocity with respect to the stellar reference frame of
−17.6 ± 5.4 km s−1, significant at 3.2σ level. However, consid-
ering the entire set of reference stars, their cool plasma veloci-
ties are marginally, but systematically, blueshifted with respect
to the photosphere, with a mean value of ∼ −4 ± 3 km s−1. Tak-
ing into account this small offset would also reconcile also the
β Cet case. We can therefore conclude that the X-ray emitting
plasma in purely coronal sources displays on average the same
velocity as the underlying stellar photosphere. This finding, on
the one hand, confirms the reliability of the adopted procedures
to measure the X-ray emitting plasma velocity and, on the other
hand, verifies the accuracy of the wavelength calibration of the
Chandra gratings.

TW Hya clearly shows a different behavior. For the long ex-
posure observation (labeled as TW Hya (1)) we found with both
our methods that the cool plasma component is significantly red-
shifted with respect to the stellar photosphere. Method 1 pro-
vides a receding velocity of this cool plasma component of
38.3±5.1 km s−1. A perfectly compatible value, 42.4±2.0 km s−1,
comes from method 2.

The TW Hya (1) observation is composed of three observ-
ing segments, of ∼ 150 ks each, spread over a time period of a
few days (see Table 2). The receding velocity of the cool plasma
component does not change significantly considering individ-
ual observing segments (see Table 4). Moreover, we also found
the same receding velocity for the short exposure observation,
TW Hya (2), performed a few years before (despite the lower
significance owing to a lower S/N ratio of this spectrum).

The velocity of the hot plasma component on TW Hya, de-
termined with both methods 1 or 2, (19.3 ± 6.9 and 24.4 ± 6.0,
respectively) is only marginally consistent with zero velocity
offset. This could reflect the adopted velocity determination

method, which is based on line position. In fact, as already ar-
gued in Sect. 4.1.1, the velocity of the hot plasma component is
likely an average between both the accretion and coronal compo-
nents. To confirm this assessment, we simulated synthetic Chan-
dra/HETGS spectra of TW Hya assuming that its X-ray emis-
sion is due to an accretion and a coronal component (model
C, presented by Brickhouse et al. 2010, and shown in Fig. 3),
and supposing that the accretion component is receding with re-
spect to the photosphere, while the coronal plasma is fixed. If
we apply the same procedure to the total synthetic spectrum that
we applied to the real TW Hya spectrum (method 1, Sect. 4.1),
the hot plasma component appears slightly redshifted with re-
spect to the assumed zero velocity of the corona. As predicted,
this happens because several emission lines, and almost all the
strong Fe xvii lines, have significant contributions from both ac-
cretion and coronal components, and hence show a global red-
shift that is an average between the two assumed input veloci-
ties8. Nevertheless, it could be that the EMD of TW Hya is not
actually composed of two well-separated components (such as
those taken as a reference in this work, Fig. 3), but could also
have non-negligible amounts of plasma at T ∼ 4 − 5 MK (i.e.,
log T ∼ 6.6 − 6.7; as found by Argiroffi et al. 2009) that comes
from accretion and hence also produces, in the whole X-ray
spectrum, redshifted features at temperatures higher than those
predicted by the EMD model assumed here.

In the following discussion, focused on the redshift observed
for the cool plasma associated with TW Hya, we interpret this
redshift as due to a dominant cool plasma component moving as
a whole with the observed velocity. We inspected the profiles of
the strongest emission lines in the TW Hya (1) HEG spectrum,
considering separately +1 and -1 diffraction orders, to validate
this hypothesis of a single velocity component. We fitted these
lines with the σ left as a free parameter, and we verified that
the best-fit values for σ were in all cases compatible with the
values predicted by the LRF. Therefore in the TW Hya (1) line
profile there is no evidence of line broadening, and hence of the

8 The LRF of HEG and MEG gratings does not allow us to resolve the
two velocity components in individual line profiles.
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• 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)

High	densities



From	present	challenges
to	future	observations

J. H. M. M. Schmitt et al.: X-ray emission from an accretion shock on BP Tau L37

Fig. 3. Comparison of instrumental background subtracted
RGS2 spectra of TW Hya and BP Tau with line identifications.

Table 1. X-ray lines detected in the RGS spectrum of BP Tau, line
counts and photon fluxes in units of 10−6 ph s−1 cm−2.

Line ID λ (Å) Counts Error Instr. Flux
NeX Lyα 12.14 91.5 11.7 RGS2 13.2
Ne IX He r 13.46 37.0 9.9 RGS2 5.2
Ne IX He i 13.56 31.2 9.8 RGS2 4.4
Ne IX He f 13.71 12.5 7.1 RGS2 1.7
OVIII Lyβ 16.03 25.8 6.4 RGS1 4.1
OVIII Lyβ 16.00 16.7 6.2 RGS2 2.3
OVIII Lyα 18.97 95.5 11.4 RGS2 14.2
OVII He r 21.6 47.7 8.6 RGS1 8.9
OVII He i 21.8 36.6 7.8 RGS1 7.1
OVII He f 22.1 13.7 5.5 RGS1 2.7
FeXVII 15.03 <20 RGS1 <2.9

(Ness & Wichmann 2002), assuming Lorentzian line shapes.
The line fits were carried out in such a way that the wavelength
differences between the triplet lines and line widths were held
constant; the background was adjusted by eye, different choices
of background lead to line flux variations well within the errors;
in Fig. 4 we plot the RGS spectrum around the OVII triplet
at 22 Å together with our best fit model. From the numbers
listed in Table 1 we find an observed f/i-ratio of 0.37 ± 0.16
for OVII and 0.40 ± 0.26 for Ne IX; the latter assumes negli-
gible contamination by iron, which is a severe problem for the
interpretation of any Ne IX triplet data (cf., Ness et al. 2003)
depending on the strength of the iron lines.

3. Discussion

Stelzer & Schmitt (2004) interpret the XMM-Newton X-ray
data on the cTTS TW Hya in terms of an accretion fun-
nel scenario, where the X-ray emission is emitted in a shock
(“hot spot”) produced by the infall of material along the mag-
netic field at essentially free-fall velocity onto the stellar sur-
face. Does the same scenario also apply to the cTTS BP Tau
and possibly to cTTS as a class?

It is instructive to compare the observed line fluxes from
BP Tau with those measured from TW Hya (cf., Table 2

Fig. 4. RGS spectrum BP Tau: OVII triplet region with best fit model.

Table 2. Line counts measured in “low state” and in “high state” and
extrapolated “high state” counts.

Line Low state High state “Low state”/3.2
NeX Lyα 48.6 ± 8.7 42.7 ± 8.0 15.2 ± 2.7

OVIII Lyα 59.2 ± 9.1 32.5 ± 6.6 18.5 ± 2.8
OVII He r 34.4 ± 7.3 10.7 ± 4.1 10.8 ± 2.3
OVII He i 24.6 ± 6.3 9.5 ± 4.2 7.7 ± 2.0
OVII He f 5.5 ± 3.8 5.6 ± 3.2 1.7 ± 1.2

in Stelzer & Schmitt 2004), taking into account the dif-
ferent amounts of interstellar absorption. For ISM columns
of 3 × 1020 cm−2 and 1 × 1021 cm−2 respectively, we compute
ISM transmissivities of (0.83, 0.54) at 18.97 Å, (0.77, 0.42)
at 21.6 Å, (0.93, 0.78) at 12.14 Å, and (0.91, 0.73) at 13.46 Å
for TW Hya and BP Tau respectively. These values lead to ra-
tios between the Lyα and He-like r flux ratios 1.9 and 2.1 for
oxygen and 0.3 and 2.7 for neon respectively. While the ratios
for oxygen are about similar, those for neon differ quite signif-
icantly, thus the emission measure distribution in BP Tau must
also be different. We also note that the Lyα and He-like r flux
ratios observed in BP Tau for oxygen and neon are not consis-
tent with a single temperature.

We next checked to what extent individual RGS-detected
lines are influenced by the flare. We defined a “high state” by
including all data recorded in the time interval 13.5−43.0 ks
(counted from the start of the observations as in Fig. 1) and a
“low state” including all the rest and determined line counts
as before. We also computed the expected number of “high
state” counts extrapolating from the “low state” values and list
all results in Table 2. Clearly, within the errors the OVII line
counts are unaffected by the flaring emission, and only 15% of
the recorded OVIII line counts can be attributed to the flare;
for NeX this contribution rises to 30%. We thus conclude that
the observed OVII emissions are not significantly affected by
the flare, while OVIII Lyα is contaminated by <20%.

In addition to the X-ray data concurrent photometric
UV data from the XMM-Newton OM are available for BP Tau
(cf., Fig. 1). The UV continuum flux of BP Tau is thought
to be produced by an accretion hot spot as demonstrated by
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Hartmann	(1997)

Episodic	accretion
Strong optical/infrared flux
variations in young stars due to
increases in mass accretion rates

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)
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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 sys-

tems. FUOri 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 (TTauri) star is surroundedby a disk normally accreting at⇥ 10�7 M⇤
yr�1. This slow accretion is punctuated by occasional, brief FUOri 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

Figure 1 Schematic picture of FU Ori objects. FU Ori outbursts are caused by disk accretion

increasing from ⇥ 10�7 M⇤ yr�1 to ⇥ 10�4 M⇤ yr�1, adding ⇥ 10�2 M⇤ to the central T Tauri
star during the event. Mass is fed into the disk by the remanant collapsing protostellar envelope

with an infall rate <⇥ 10�5 M⇤ yr�1; the disk ejects roughly 10% of the accreted material in a

high-velocity wind.
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Audard	et	al.	(2005,	2010)

V1647	Ori

Kastner	et	al.	(2006)

Similar T≈50 MK

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

V1118	Ori
T≈8-20 MK

Impact	on	magnetosphere



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)

Skinner	et	al.	(2010)

Hot	plasma	in	FU	Ori	objects
Soft Hard



• 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…

Summary


