Coronal properties of active M dwarfs
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Abstract Drake & Testa (2005) reduced the residuals fofable 1. Coefficients for Eqns 1 and 2 to convert the

this ratio by computing a linear combination ofneasured line fluxes in photon flux units to absolute
We investigate the dependence of coronal properties ortrapgge for all M dwarfs observed so far Withnex |y o and the Nex resonance line in order to @oundance ratios (independent from any set of sola

the Chandra HETGS, namely YY Gem, AU Mic, EQ Peg A and B, EV Lac, AD Leo, amd¥ma Cen. ~gnstruct a new contribution function of Ne linedhotospheric abundances).
We use two methods which are suitable also for spectra withsignal and may thus also be applied tgnt is more similar in shape to thev@i Ly a line.
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later M dwarfs not observed so far with X-ray gratings: Fitse slope of the cumulative spectrum tracesye searched for linear combinations of strong "ati0 G & GG G Cs
the continuum level and therefore the average coronal teatyre. We find very similar steep slope$ines without significant blends (i. e. hydrogen- and N/C +0.13-0.07 +0.73 — —
for spectral types M0.5 to M4, and a decay for later specyqads. Second, linear combinations of lingafium-like lines and the strongest lines of &gl O/N +0.30+0.01 +0.93 — —

fluxes of the strongest emission lines with a similar temipeeadependence can be used to obtain corongl mentioned above) of two certain elements yield Ne/O +0.02-0.17 +0.69 — —
abundance ratios that are independent of the underlyingséoni measure distribution. For all M dwarf§pe smallest temperature residuals in their normal- M9/ Ne +0.18 -0.08 +0.87  — —
in our sample, we find abundance anomalies compared to the [gobtosphere. The ratios sensitive t,a4 contribution functions. We thus write for the <!/ Mg +0.32+0.05 +0.86 — —

a FIP bias, I.e. Mg/Ne and Ne/Fe, show a clear trend with asing) spectral type to approach the solajp,,ndance ratio of two elements with respective S/Si +0.42+0.15 +0.85 — —
photospheric level, while ratios insensitive to such a lblees Si/Mg and Ne/O stay at a constant Ievelabundancegl andA, Ne/Fe — — — +34.71 +0.46
These trends seem to be independent of the age of the stars. Mg/Fe — — — +67.73—-0.30
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Active M dwarfs of spectral types MO-M4 are strong coronaia§-sources with X-ray luminosities oftenwith f(A{™") and f (A7™") denoting the measured? 2o} oosvgx s ]

close to a saturation limit of ldgy/Lpo ~ —3.3. During quiescence, their emission measure distribatiofle fluxes f of the He-like resonance lines and
peak around 6-8 MK (Robrade & Schmitt 2005), thus their ayeronal temperatures are much highdi{Af), and f(A7) the corresponding H-like ly < "
than solar values(1-2 MK). At a spectral type =fM5, M dwarf coronae start to cool down rapidlylines of two elements Aand A, respectively, and - | b
(Fuhrmeister et al. 2007) and their X-ray luminosity leattes saturated regime. Late M dwarfs with A Co (FIAZ-D) 1 Cn. f(AZ ]
spectral types M7—M9 are only hardly to detect in X-rays wgiguiescence at all. St (f( ) +Cs- F(A%))
We use the cumulative spectra of our sample stars as a proxgd@verage coronal temperature: The Are > f(Fexvir)
slope of the cumulative spectrum basically representsdhéruum, with a steep rise indicating a hardef ;o s f (Fexvil) corresponds o 65 7.'olog'T['K]' 75 8o
spectrum and thus higher temperatures. Strong emissies timn up as steps in the cumulative d'St”buf(Fexvu 15.01 ,&) + f(Fexvil 1678 ,&) n

1.5

>

> B
@ (o

€ i

()]

(D]

<

Linear combinations of contribution functions: Ne and O

fion. f(Fexvil 17.05 A) + f(Fexvi 17.09 A), to = [ -

o 25F R ———— NelXr —
" K \ + 0.02 x Ne X Ly a ]

Cumulative Chandra MEG spectra of EQ Peg A and B Figure 1 shows that the difference between the tV\Q?termlne relative abundance ratios. § T K ~0.17 x O VIl r

@)
10F 20 + 0.69 x O VIl Ly o

L ok —— ] components of the EQ Peg binary system is rathe¥Ve performed a minimization of the temperaturg
I 1 small, but EQ Peg A appears slightly harder thaigsiduals of the corresponding linear combination af s
o8 1 the B component. When two larger flares on the K€ theoretical emissivities (from CHIANTI 5.2, & ¢
‘ MEG spectro of EQ Peg Aond B 1 component are excluded from the data, EQ Peg lk@ndietal. 2006) for the involved lines over a givery,

0.6 ool | {1 and B become even more similar. temperature range to obtain the coefficiebtsC,,

, 300} 11 A differential emission measure analysis show&ss: C4, andGs listed in Table 1. ; ]
8 200) - {1 that the emission measure distributions of two starsthere are still residuals in temperature for these o ;5 5
ook 1 L] 11 have indeed a very similar shape, while the fact thear combinations, and their amplitudes differ for o9 TLK]
! : Wil 1L 11 EQ Peg A is by about a factor of 6 more lumi€ach ratio. We found the lowest residuals for thBigure 4: Linear combination of the contribution
oole= . . . ., .. .2ta_ " 1 npousthan B during quiescence can be attributed &/Mg ratio and the largest ones for the Ne/O ratidunctions of the H-like Lya and He-like resonance

5 10 % 20 5 afairly reduced overall level of emission measurdoth are illustrated in Fig. 4. lines of silicon and magnesium (top) and neon and

. Ly /Lo however is in the saturation regime for both oxygen (bottom).
Figure 1: Chandra MEG spectra of EQ Peg A and x/Lbo 9 ygen ( )

B (M3.5/M4.5) and their cumulative distribution stars. We applied Egns 1 and 2, with the coefficients from Table 1 ipli¢d by the solar photospheric abun-
dances of Asplund et al. (2005), to the line fluxes measu@md theChandra MEG spectra of the seven
Cumulative spectra of all M dwarfs observed with Chandra HETGS M dwarfs, periods of flare activity were excluded from theadaf\s shown in Fig. 5, the Ne/O ratio is
———————— —_— = —r ———-—— enhanced by about a factor of 2 for all our sample stars. SiAv&dso enhanced by a factor of about 2,
! YY Gem (MO.5) I AU Mic (M1) 1 EVLoc (M3.5) i while Mg/Ne is depleted by factors from 3 (EQ Peg B and Prox@ea) up to 10 (AU Mic). The values
[ I I 1 for O/N range from 0.3—-1.0 times the solar level, partly vidtge uncertainties. The Ne/Fe ratio is clearly
0.6} 1 T 1 increased, by factors ranging from 4.5 (Proxima Cen) to 9 [#id), while the Mg/Fe ratio is about solar.
! I I ] O/N and Ne/O can be considered as high FIP/high FIP ratiaswatfin the errors, these ratios do not
[ I I 1 change with spectral type. No trends can also be identifiedhi® low FIP/low FIP ratios Mg/Fe and
02} + T 41 Si/Mg. The low FIP/high FIP ratio Mg/Ne on the other hand digancreases towards later spectral type,
ookt I P S ] while the high FIP/low FIP ratio Ne/Fe decreases. The tremdgrved for Ne/Fe and Mg/Ne are roughly
C ADLeo (M45)  — I ProximaCen (M5.5) 1 I we_ma? 1 independent of the occurrence of flares. This confirms pusviimdings that strength of the inverse FIP
T 1 effect scales with the general activity level of a staiid@l et al. 2002; Telleschi et al. 2005), as activity
I 1 decreases with increasing spectral type. While the behatibe Ne/Fe and Mg/Ne ratios in our M dwarf
I 1 sample implies an absolute decrease of neon with laterrspp@gbe, the constant Ne/O ratio does not fit
+ 1 that picture. This indicates that not only a single elemietheon causes this effect, but that the inverse
T 1 FIP effect in general diminishes for later M dwarfs.
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Figure 2: The cumulative spectra for the quiescent statéseobther five M dwarfs in comparison to the
cumulative spectra of EQ Peg A and B, bracketing the greadeshareas.

Figure 2 shows that the spectra of AU Mic and EV Lac are simiddhe EQ Peg system, with YY Gem
very similar to EQ Peg A, and EV Lac just between the two conaptsof the EQ peg binary. AU Mic has
stronger neon lines than EQ Peg, leading to somewhat laigjes 81 the cumulative distribution. AD Leo
IS more similar to EQ Peg B, but somewhat softer, and Proxigragbows a rather soft spectrum. The five
stars YY Gem, AU Mic, EQ Peg A and B, and EV Lac thus show venylameoronal temperatures, while

abundance ratios relative to Asplund et al (2005)

a cooling sets In for the M4.5 star AD Leo, and the M5.5 staxiPna Cen is clearly cooler. 1.0 ]

Emission-measur e independent abundance ratios - -
e The strongest lines in stellar coronal X-ray spec- - .
: - i tra are the H-like and He-like lines of carbon, ni-

~F — v 3 trogen, oxygen, neon, magnesium, and silicon, as i |

T —— 3w 3 well as Ne-like Fexvii. These lines are formed Mg/Ne

3 % 3 over a broad temperature range, but their emissiv-

l: 21 ity peaks are relatively narrow, as shown in Fig. 3. 0.1 l l I I I | L ]
E ——<w 1 Lines with a similar peak formation temperatures YY Gem AU Mic EQ Peg A EV Lac  AD Leo EQ Peg B Prox Cen

— — — - Fe XVIl 5

yield a similar temperature dependence, thus ra-
tios of their line fluxes depend only weakly on the
temperature structure of the emitting plasma, but
o [N 5 - . {  strongly on the abundance ratio of the respective R ef er ences
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of the corresponding He-like ion, and the peak forAsplund, M., Grevesse, N., & Sauval, A. J. 2005, in ASP Coef. 336, 25-38
mation temperatures of the H-like and He-like ion®rake, J. J. & Testa, P. 2005, Nature, 436, 525

shift to higher temperature with increasing atomi€uhrmeister, B., Liefke, C., & Schmitt, J. H. M. M. 2007, A&AB8, 221
mass. Pairs of H-like and He-like ions of elementsgidel, M., Audard, M., Sres, A, et al. 2002, in ASP Conf. S&7,297-501
with different atomic mass yield similar peak formation fgmatures, and their contribution functions havgangi, E., Del zanna, G., Young, P. R., et al. 2006, ApJS, 262,

similar shapes. Acton et al. (1975) proposed to determmesadkar coronal Ne/O abundance ratio from thGefe ¢ Ness, J.-U., Schmitt, J. H. M. M., & Maggio, A. sulited to A&A
ratio of the measured fluxes of the Neresonance and @i1iI Ly a lines.

Figure 5: Coronal abundance ratios of active M dwarfs as etimm of spectral type.
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Figure 3: Line emissivities for different H-like and
He-like ions, and F&vil at 15.01A (scaled down
by a factor of 10).
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