PRE-MAIN SEQUENCE ACCRETION AND X-RAY EMISSION: NEW (RE)CO

NNECTIONS.

Joel H. KastnerCenter for Imaging Science, Rochester Ingtitute of Technology.

The Chandra and XMM-Newton X-ray observatories have
established direct connections between the X-ray emission
fromlow-mass, pre-main sequence (pre-MS) stars and dis#t/w
processes in these objects. These X-ray observationsdgrovi
a unigue means to probe the innermost regions of pre-MS
star-disk-wind systems. Recent results in this regardigel
anomalous X-ray line ratios (Figs. 1, 2) and soft X-ray esess
— indicative of accretion and/or wind shocks — observed in
a number of classical T Tauri stars, and contemporaneous op-
tical/IR and X-ray monitoring of erupting pre-MS stars (rhos
notably, V1647 Ori; Fig. 3).
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Figure 1: Equivalent width of H vs. the forbidden to inter-
combination line ratiof /¢ within triplet lines of the He-like
ions OvIi (top panel) and Nex (bottom panel) for the low-

mass, pre-main sequence systems measured to date with grat-

ings spectrometers aboa@handra and XMM (Kastner et al.
2007 and references therein).

X-ray line ratios as diagnostic of pre-main sequence
accretion. Figures 1 and 2 (from Kastner, Huenemoerder,
Testa, Schulz, & Weintraub 2007, in prep.) compare equitale
width of Hae and ultraviolet exces&' (U — B), respectively,
with the density-sensitive forbidden to intercombinatigris)
line ratios of triplet lines of He-like ions, as measured for
chromospherically active main sequence stars and lowsmass
pre-main sequence (T Tauri) stars. It is apparent that:

1. For T Tauri stars, H equivalent width and the X-ray
f/iline ratios are well correlated.

2. Actively accreting stars (i.e., the classical T Taurista

O VIl Line Ratios

6E E

E| % (single) MS stars AUMic E

5 ocTTs E

4; A wTTS proxCen 3
- HD98B00 E
¥ %E ABDor E
x E 3
25 AQLeo -3

E *Evmc 3

1E <%Hens—eoo 3

E V4046Sgr El

N: W{Hyg $BPTau ‘ & QM}_—"Mus E

-15 1.0 05 0.0 05
E(U-B) [magq]
Ne IX Line Ratios

5 E T T 3
4E E

E ADLeo E|
o fopies 3
= Hen3-600 %A 598800 3
T ooE E
E V4046Sgr El

TE TwWHyo ¢ %MPMUS E

E ¢ 4EPTa E

ok . . . . El

-1.5 -1.0 -0.5 0.0 0.5
E(U-B) [magq]

Figure 2: Ultraviolet exces& (U — B) vs. f/i within triplet

lines of the He-like ions Qvi1 (top panel) and Nex (bot-

tom panel) as measured for chromospherically active, singl
main sequence stars (asterisks) and low-mass, pre-main se-
quence stars (diamonds, cTTS; triangles, wTTS). The values
of E(U — B) were obtained from publishdd, V' magnitudes

and estimates of intrinsid/ — B) colors appropriate for each
star’s spectral type.

TW Hya, BP Tau, V4046 Sgr, and MP Mus) have
anomalously small values ¢/, with no apparent cor-
relation betweerf /i and ultraviolet excess.

. The properties of the apparently nonaccreting (weak-
lined T Tauri star) systems AU Mic and HD 98800 more
closely resemble those of coronally active main se-
guence stars than actively accreting pre-main sequence
stars.

4. The weakly accreting pre-MS system Hen 3-600 ap-
pears as an intermediate case, lying between the clas-
sical T Tauri stars on the one hand, and weak-lined T
Tauri stars and coronally active main sequence stars on
the other.

(These results are described in more detail in Kastner et al.
2007, in the context of analysis @handra gratings spec-
troscopy of Hen 3-600, a transitional T Tauri star systerhén t
TW Hya Association.)

Taken together, these results suggest that syfyallval-
ues in the X-ray spectra of accreting, low-mass pre-MS stars



Accretion and X-rays: J. Kastner

The Erupting Young Star V1647 Ori
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Figure 3: The near-IR and X-ray light curves of V1647 Ori auvg the period from 1998 to May 2006 (from Kastner et al. 2006
The X-ray flux measurements were obtaineddandra (larger circles) ankKMM (smaller circles). The open circles indicate the
range in X-ray flux during a single exposure, while the fillégtles indicate the mean flux averaged over the exposuree tiiet
close correspondence between X-ray and infrared lightesuover the course of the 2003—2005 eruption.

are indicative of high density, shocked plasma at the feet of
magnetospheric accretion columns or (perhaps) at the bases
star-disk wind acceleration regions. Alternatively, itpigs-
sible that the X-ray-emitting plasmas in some or all of these
accreting systems reside in coronal structures that lieeig v
close proximity to accretion shocks, such that the acanetio
spawned UV irradiation drives thg/: ratios away from the
low-density limits ¢ 3.9 and ~ 3.1 for O viI and Neix,
respectively) characteristic of coronal sources. The lafck
correlation betweetf /i and E(U — B) for classical T Tauri
stars (Fig. 2) appears to cast doubt on the latter interpreta
tion. Regardless, it appears high-resolution X-ray speate
diagnostic of accretion processes in low-mass, pre-MS .star

Accretion-generated X-ray emission from erupting pre-
MS stars. The correspondence between the X-ray and infrared

light curves of V1647 Ori during its recent eruption (Fig. 3)
makes clear that its increase in X-ray flux during the erurptio

was generated by a sudden increase and subsequent decline in
its accretion rate. On this basis, Kastner, Richmond, @ross

et al. (2006, ApJ, 648, L43) proposed that the flux of hard
X-ray emission from erupting low-mass, pre-MS stars, and
the duration and intensity of such eruptions, reflect the de-
gree to which star-disk magnetic fields are reorganizedrbefo
and during major accretion event&€handra and XMM “tar-

get of opportunity” observations of future, spectaculat 47
Ori-like) pre-MS eruptions are required to test this assert



