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ABSTRACT

We investigate if the super-saturation phenomenon obdextv¥-ray wavelengths
for the corona, exists in the chromosphere for rapidly notgiate-type stars. Moderate
resolution optical spectra of fast rotating EUV- and X-ra@glected late-type stars
were obtained. Stars ia Per were observed in the northern hemisphere with the
Isaac Newton 2.5 m telescope and IDS spectrograph. Selebjedts from IC 2391
and IC 2602 were observe in the southern hemisphere with lHrec8 4m telescope
and R-C spectrograph at CTIO. Ca Il H & K fluxes were measuredliostars in
our sample. We find the saturation level for Ca Il K at logg /Lvo ) = -4.08. The
Ca Il K flux does not show a decrease as a function of increastational velocity
or smaller Rossby number as observed in the X-ray. This l&¢kuper-saturation”
supports the idea of coronal-stripping as the cause ofaatarand super-saturation
in stellar chromospheres and corona, but the detailed lymigmechanism is still

under investigation.

Subject headings. stars: activity — stars: late-type — stars: chromospherestars:rotation

— open clusters and associations: individadher, IC 2391, IC 2602)
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1. Introduction

The Sun’s chromosphere is a complex region where pressuméndoce at the lower
photosphere becomes magnetic dominance at high altitndke atmosphere. Energy dissipation
in the chromosphere and the associated heating processebd®n a topic of intense debate.
Virtually all late-type stars with surface convective elopes (types F to M) have chromospheres
and it has been well established that the strength of thendgrection increases with stellar
rotation rates (Skumanich 1972). A better understandirigeoSun’s outer atmosphere can help us
to understand other stars while stars dfefient age and mass can provide a better understanding

of the evolution of the solar dynamo.

In recent years, much observationélboet has concentrated on the study of open clusters
(Soderblom et al. 1998; ffees 11999). In the younger clusteks Per, 50Myr) a large number
of G and K dwarfs are rotating rapidly Gini > 100 km s?t), whereas in the older Hyades
and in the solar neighborhood rapid rotation is confined éoMhdwarfs. When comparing the
activity properties of stars covering a large range of maste Rossby numbergdN(ratio of
rotation period to convective turnover timmg has often been used instead of the rotational period,
(Simon & Fekel 1987; Mathioudakis et/al. 1995). This is besggun addition to the dynamo’s
dependence rotation, there is an increase in the conveatinever time for lower mass stars

(Kim & Demarque 1996).

The Rossby diagram for open clusters has shown that theegqlaof coronal saturation
occurs for ly/Lyy = 1073 — 10 (Staufer et all 1997; Queloz et al. 1998; Pizzolato et al. 2003).
Saturation can be understood in terms of the limited arebhe$tellar surface. As more surface
field is generated with increased rotation and deep comrgdipoint is eventually reached where
the stellar surface is totally covered with active regiofse foot-points of magnetic loops crowd
each other out and no more new loops can be generated. Cemslggthe heating reaches a

maximum and so does the radiative emission. In that scerthgemission would be expected
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to scale with surface area. A second explanation for thea&#n is based on the feedback
between the induced fields and velocities in the convectom@zAs an increased angular velocity
generates stronger magnetic fields, a point is eventuadlghed where the ratio between the
total magnetic energy and kinetic energy approaches uhiitg.equipartition achieved provides
an upper boundary to the total magnetic energy, since thentnforcesjkB, the vector cross
product of the current, and magnetic fieldB) suppress convection. The strong Lorentz forces
help in reducing dterential rotation and therefore its ability to induce tdadifield from the
poloidal. As a result limited atmospheric emission will beated and is expected to be a function
of parameters such as the stellar radius (Glatzmaier 198%)eneral chromospheric saturation
has been found to occur at similar Rossby humbers as coranabtion (Marsden et al. 2009)
and saturation of the coronal emission has been interpestesdturation of the dynamo itself
(Vilhu & Walter 11987) . However, Mathioudakis etl/al. (199%uhd some evidence for coronal
saturation to occur at lower Rossby numbers (higher ratatites) than chromospheric saturation.
Reiners et al. | (2009) find saturation of the magnetic flux caupat lower rotational velocities
for M-dwarfs and understanding saturation in thegkedent regimes remains a challenge to both

observations and theories.

Several extremely fast rotators have been observed to shdeelane in their coronal
emission with increasing rotation. Thiffect has been termestiper-saturation (Prosser et al.
1996; Staffer et al. 1997; Queloz et al. 1998; James et al. 2000). Onaraiybn for this &ect
has been given as resulting from the reductiion of the X-raitteng volume of rapid rotators by
centrifugal stripping (Jardine 2004). The increased roal velocity will decrease the apparent
surface gravity, and cause increased pressure in the catisr gf large coronal loops. The
magnetic field lines get distorted and eventually break dpading to saturation. Combined
with a saturated dynamo these processes will ultimately fea reduction in the coronal X-ray
emission. Recently, fieies et al! [(2011) have recently shown support for the dewgai stripping

idea for explaining super-saturation using XMM-Newton etvations of K and M stars in
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NGC 2547. Thus for super-saturated stars, the hot coroaaimd will become unstable and cool
down to chromospheric temperatures (Antiochos et al.|1988n et al. 1999). More cool loops
emitting in chromospheric and transition region lines caisteout not in X-rays. This would

imply that there should be no evidence for super-saturaia@mromospheric temperatures.

Recent work has supported this expected lack of supersatuia the chromosphere.
Observing the Ca IR triplet, Marsden et al. (2009) found niol@vce supersturation in the
chromosphere for young open clusters IC 2391 and IC 2602h Swlies were extended to
rapidly rotating M dwarfs in NGC 2516 (Jackson &ffiees |2010), which also found no decrease

in chromospheric emission even at very low Rossby numbke@s(1).

The present paper uses moderate resolution spectra forpdesaffast rotating late-type stars
to search for theféects of super-saturation in their chromospheres. A desanipf the sample
selection criteria is given in Section 2.1. §i2.2 we describe the observations, instrumental
set-up and data reduction techniques§ Biwe present our results including measurements of the
chromospheric emission in terms of Ca Il K and make a companigth the rotational velocities
and Rossby numbers, and§m, we discuss trends for these parameters and compare this res

to super-saturation models for the chromosphere. Lastfysiwe summarize our findings.

2. Observations & Data Reduction
2.1. Sample Selection

Our samples consists of 72 active late-type stars with pregeequatorial rotation velocities
in the range of 20 - 200 km s&c Our northern sample concentrated on stars iRer

(Randich et al. 1996) while our southern sample includes $tam IC 2391 |(Patten & Simon
1996; Staffer et al. 1997) and IC 2602 (Randich et al. 1995; Seaet al. 1997). The optical

identification campaigns that followed X-ray and EUV sury@yovided some additionablar
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neighborhood targets|(Jries et all 1998; Christian et/al. 2001; Christian & Mathiakis 2002;
Hinsch et al. 2004). V magnitudes versus the color inBex,V are shown for our sample in
Figure 1a, and&/ — K computed from K colors from the 2MASS catalog is shown in Hig The

reduced scatter demonstrates that V-K is a more suitabte fanlthese late spectral types.

2.2. Optical Observations & Analysis

The southern objects were observed using the CTIO Blancetémtelescope and R-C
spectrograph, while in the north we used the 2.5-meter Is@a¢on Telescope equipped with
the Intermediate Dispersion Spectrograph (IDS). The CTi&eovations were obtained on 2
nights in 2005 Feb 23-24. The KPGL1 grating was used givingsalution of 1A per pixel
and covering the range ef3300 - 5800A. Spectra were bias subtracted and flat fieldedamit
internal quartz lamp, and the wavelength calibration waastdéished with HeNeAr lamps. The
Isaac Newton Group of Telescopes (INT) spectra were oldam2007 December 23-27 using
the R1200B grating. Our set-up covered the 3600 to 4600 Aeravith a spectral resolution
of 0.47 Aipixel. Wavelength calibration was established using Culs CuNe lamps before
and after each exposure. Flat fields were obtained with azjleanp. Several radial velocity
standards and flux standards were used to establish theaagaifrthe velocity scale and flux
calibration respectively. The observations were redusgtustandard routines within IRAF. Two
dimensional images were bias subtracted and flat fieldedthétbcdred package and wavelength

and flux calibrated with thesfspec andcalibrate routines within noao.onedspec, respectively.

The Ca ll H & K line fluxes were derived by fitting Gaussians te flux calibrated spectra
as described below. We focus on the Ca Il K linelaB933 due to the possible blending of Ca Il

H with He. We show a sample of sources with both strong Ca Il H & K in erarss Figure 2.

To estimate the photospheric contribution to the Ca Il linds we constructed stellar
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models using th&pectroscopy Made Easy (SME) code |(Valenti & Piskunov 1996). Models
were created from 3500 to 6500 K in 300 K steps for solar meiiadls and gravity log g= 4.5.
Additional models were created at each temperature forogpiate values ofsini from 0 to 200
km s 1. The normalization and systemic radial veloocity, were left as free parameters. Atomic
line data were obtained from the Vienna Atomic Line Datal{&$é.D) (Piskunov et all 1995).
The SME models were then subtracted from each observedspegsing the model closest in
temperature (T) andsini. The diference between the observed (chromospheric contribution)
and SME model (photospheric contribution) were then re-fih & new Gaussian. Spectra for
representative stars at fouridirent temperature are shown in Figure 3. In general we find the
photosphere contribution is about50%. However, photospheric contributions for the latest
spectral types (k 4000) are in general smaller and on the order of 10%. Typilcatgspheric
contribution in the temperature range between 4000 and B5@@ ~ 50%, but can be as high
as a factor ofv2—-3 for stars with temperatures above 5500K and for thode tivé weakest
emission. In general the photospheric contribution wippeled not only on a star’'s temperature,
but its chromospheric activity level and rate of rotatione Wbte, any photospheric contribution

not accounted for will only act to increase the Ca fluxes, maréase them.

Surface fluxes are calculated using the relationship betwéserved flux and surface
flux given in (Oranje et al. 1982; Rutten et al. 1939; Mathiakid & Doyle| 1989, 1992).
Reddening values far Per were taken from Randich et al. (1996) witBBE{ V) = 0.1, and
from|Patten & Siman (1996) for IC 2391 and Randich etlal. ()96b61C 2602 with EG — V) =
0.006 and 0.04, respectively. Bolometric corrections wiaken from Johnson (1966) and Bessell
(1991). Rotational velocitiewsini) were taken from the literature, and rotational periodsyd?e
derived from these using = 27R./vsini, where R is the stellar radius from the ratio of the stellar
flux to observed flux as given in equation 1 in Mathioudakis &[@q1992). Possible sources
of error in the periods from the stellar radii are treated &1 Marsden et al. 2009 have shown

rotational velocity values for IC 2391 and IC 2602 from therature to be in good agreement
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with their derived values. Previously (Christian & Mathdakis 2002) we had used relations for
Rossby number anB — V from (Noyes et al. 1984). However these relations are flalafi@r
type stars wittB — V > 1 (see discussion In ffdes et al| ((2011)), and we calculated the Rossby

number using the relation:

log(NRr) = log(P) — 1.1 + 0.510g(Lpe /Lo) (1)

from|Jdiries et al! 1(2011). Where ]Ns the Rossby number, P is the stellar rotation period,
Lo IS the bolometric luminosity anddlis the solar bolometric luminosity. The scale factor 1.1 is
set for the log of the convective turnover time for solar tgpaas (Novyes et &l. 1984;{iges et al.

2011).

3. Reaults

Approximately 85% of the stars in our sample showed Ca Il H &kKemission. The
remaining 15% had no detectable Ca Il H & K in emission. Thdgeats are of the earlier
spectral typesB — V < 0.6, and the non-detection is most likely due to the comnaif strong
photospheric continuum and spectral resolution rather tha absence of a chromosphere. The
Call H &K line fluxes and stellar parameters are shown in TabM/e computed thecak /Lo for
the stars in our sample using the relationship between vbddiux and surface flux (Rutten et al.

1989; Mathioudakis & Doyle 1989).

The X-ray emission of coronally active late-type stars s at~ 1 part in 1000 of the
stars bolometric luminosityL/Lpy). Many stars in our sample hatg/Lpy between 10° and
10-4. We compare the X-ray and Ca Il K luminosity ratios in Figureld the figure we have
indicated stars showing super-saturation in X-rays fromekaet al.|(2000)L(x /Ly, and vsim >

90 km s1), and the figure shows a slight trend that stars with highesrabbspheric luminosity
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have lower X-ray luminosities. Thiecax luminosities for the supersaturated star$etifrom the

entire sample with a modest, but significant Kolmogorov4®om statistic of 0.6.

In Figure 5 we plot thé.cak /Luo as a function of gini. The average lodicax /Lo ) is —4.08.
We have estimated the errors for lag{x /Lno) combining a 10% uncertainty in the flux estimates
and an additional 10% possible systematic error in comgftom counts to flux along with any
uncertainty in radii used in calculating the bolometric lnosities (generally less than 10%).
Combining these errors, we conservatively estimate a 308értainty inLcak /Lpo @and show a
sample error of 30% in Figure 5. Although there is significsratter below 50 km$, there is no
evidence for a decrease lig /Lo fOr the highest rotational velocities and this is treated ¢h
The low point in the figure, at170 km st is AP 139, which had an anomalously low Ca Il K flux
for its rotational velocity, but its rotational velocity waletermined from its photometric period

(Stauter et al! 1997), and may actually be a binary.

To compare the rotation and activity of our sample of stath ditferent masses and radii it is
convenient to use the Rossby numbey [atio of rotation period to convective turnover timg
(Jeffries et al.| 2011). Periods were derived from rotational eiéiks and stellar radius calculated
from|Mathioudakis & Doyle!(1992) as described in Section 220% error in the stellar radii
will cause a 20% error in derived periods, but this only ttates to a change in log@)lof 0.08.
The saturation levels of coronal X-rays are reached at IRgEN-1 (Lx /Ly =~ 10°3) and extend
to log(Ng) ~ —1.8 (Jefries et al/l 2011). Similar ranges were found for pre-mairusaqe stars
by Feigelson et all (2003). The discovery of super-satmadi the highest stellar rotation rates
(Prosser et al. 1996; Randich etlal. 1996; Senet al. 1997), was recently confirmed using a
sample of G & K dwarfs by Jéries et al. ((2011). The same authors do not find strong evalenc
for super-saturation in M dwarfs. Some evidence for supéuration has also been found in the

extreme-ultraviolet (Christian & Mathioudakis 2002).

Our sample has 26 stars with the log of the Rossby numbei})dé€ss than-1.6. In Figure
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6 we plot our Ca Il K luminositiesl{cak /Lio) @s a function of Rossby number. Although there is
a large amount of scatter lix .« /Lo fOr the lowest Rossby numbers, there is no obvious decrease
in Lcak /Lpol fOr the fastest rotators (log@)l < —1.8). We over-plot (dotted line) linear fits to the
X-ray observations from Jkies et al! ((2011) in the 3 regimes: log{\< —1.8, —1.8 < log(Nr)

< -0.8, and log(M) > —0.8, where we used the slopes in these regions and set thatedtregion
to the mean of.c.« /Lwo. We note, the over-plotted loci are not formally correcttfoe latest-type
stars in our sample, but are included for comparison. We baxreerted the published rotational
velocities to periods for calculations of the Rossby nuralagrd this may add some additional
uncertainty, but in the x-direction, not I« /Lpo. We show a sample error of logéN~ 0.08

in Figure 6. For example, using the relation for Rossby frooyés et al.|(1984) generally finds
values 0.2 higher than thefdges et al. ((2011) relation shown in Figure 6, butthe Noyes et

(1984) relation is not correct for stars wilB+ V > 1, as discussed in Section 2.2.

4. Discussion: Lcak/Lpo @and Chromospheric Emission

Marsden et al. (2009) found saturation to set in near loggBys= —0.8 using observations
of the Ca Il IR triplet for the fast rotators in IC 2391 and 10026 Although our Rossby diagram
(Fig 6) has much scatter, we find a saturation level for the Garkssion at lod{cax /L) Of
—4.08 and to be consistent with setting in at ldg) of ~ —0.8, although given the limited sample

and scatter, the range could be betweenNay6f ~ —0.6 to—1.0.

The coronal emission of very fast rotating stars begins toedese at a v sini 100 km s?,
Rossby number of —1.6. Several authors, (Stéer et al! 1997; Queloz et al. 1998; James et al.
2000) have observed that coronal emission decreased fdagtest rotating stars (v sini
100 km s?') and at a Rossby number of-1.6. No significant decrease bfax /Ly With
higher rotational velocities or lower Rossby numbers waseoled in our sample. The mean

Lcax /Lbo Was 8.76x 107° for stars withvsini less than 100 km=$ and the average for stars
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with vsini greater than 100 kntswas 9.68x 10°. These two values fier by~10% and are
well within uncertainties. For comparison, the X-ray saengl K & M stars show decrease of
the mean lod(x/Lyy) from —3.0 for the complete sample t3.5 for stars at log(Rossby)

-2 (Jefries et al/| 2011). Marsden et al. (2009) find a similar de&@dasthe X-ray saturation
levels for the fastest rotators. However, here we have founevidence for the decrease in the

chromospheric emission of Ca Il K.

Marsden et al. (2009) suggest that saturation in the chrphese (8542A) and corona occur
at a Rossby number ef —1. The Mg Il results from _Cardini & Cassatella (2007) sugdbat
saturation occurs at log@)lof ~ —0.7. However, Marsden etial. (2009) argue these are possibly
still within the error bars. Also, the results|of Feigelsamk (2003) and James et al. (2000) find
that the saturation levels for the corona may occur as earyRossby value 6f0.7. Although
we agree these results may be within the errors for satarati®kossby values 6f1 seen for
the corona, we can then asWhat does this mean if the corona actually reaches saturation at
a higher Rossby number (slower rotation rate) than the chromosphere? This may be related to
the fact that the co-rotation radius is larger for sloweatots and the onset of saturation of the
dynamo can occur at higher Rossby number in both the corahalamomosphere, although the

exact mechanism for saturation in presently not well urtdecs

An explanation for the saturation of coronal X-rays has bggan as the reduction of
the X-ray emitting volume of late-type stars due to cengr@ustripping [(James etlal. 2000;
Jardine & Unruh 1999; Marsden et al. 2009). The increaseationtal velocity decreases the
apparent surface gravity and the centrifugal forces irsdhe pressure and density in the
loop summits. This outward pressure may eventually foreddtgest closed loops to open up,
releasing their plasma into the stellar wind. This processldireduce the volume of confined
plasma in the corona and would therefore reduce the overadl>emission, potentially masking

the onset of dynamo saturation. Support for the coronad@trg model has been found by Jardine
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(2004).

An additional éfect of rapid rotation has also been suggested by Antiochals Et986)
and Stern et all (1999). Since at any given height the plasesspre decreases with decreasing
temperature, low temperature loops have a lower pressarehigh temperature loops and are
therefore less susceptible to centrifugal stripping. Hidarotators were to possess a higher
proportion of cool loops, these could remain closed out ighte where hotter loops would
have been opened up by their internal pressure. These agm lmight contribute to the UV
and EUV radiation, but not to X-rays. The shape of the emissieasure distribution with
temperature would therefore shift, with more emission appg at lower temperatures. Thus, if
the coronal heating mechanism in rapid rotators were torfédneproduction of a greater fraction
of cool loops than in slowly-rotating stars, this might exiplthe saturation of X-ray emission
measure with increasing rotation rate. This would also yntipat there should be no evidence
for super-saturation at chromospheric temperatures asdgnees well with our results found
here for Ca Il H & K and recent results for observations of tizelR triplet (Marsden et al. 2009;

Jackson & Jffries||2010).

5. Conclusions

Some extremely fast rotating stars show a decline in theoral emission with increasing
rotation. This &ect has been termestliper-saturation and as coronal X-rays cool down to
chromospheric temperatures more cool loops emitting inrolespheric and transition region
lines can exist but not in X-rays. We have investigated tiésmiby observing the Ca Il H& K
emission from a sample of rapidly rotating stars in both thehrern and southern hemispheres.
Our moderate resolution optical observations find a chrqinesc saturation level dfcak /Lpol
= -4.08. Comparison ofca /Lyo With vsini shows no significant decrease for the fastest

rotators. Similarly no decrease is observed for stars witfiNg) < —1.6. Our results are in



—-13-—

agreement with recent studies of the Ca IR triplet and thusuper-saturation exists in stellar
chromospheres. However, as pointed out by many of thesemsutie true causes of saturation

and super-saturation are still an open topic.
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Fig. 1.— Color-magnitude diagrams for our sample of statevé in the left panel is V magni-
tude versu® — V, and V versu¥/ — K is shown in the right panel. Stars framPer are shown as
triangles, the southern clusters, 1C2391, IC2602 are shasagircles and hexagons, respectively,
and miscellaneousolar neighborhood stars are shown as crosses. Symbol size are proportional
to rotational velocities, with the smallest symbols shoanvsini < 25 km s and the largest for

vsini > 150 km s,
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Fig. 2.— Sample Ca Il H & K spectra. THeft panel shows sample INT IDS spectra for: AP
65, a K star with rotational velocity of 10 knt’s AP 117, a K star with a rotational velocity of
83 km s! and AP 100 an ultrafast rotating K7 star with vsin205 km st. Shown in theright
panel are sample spectra taken with the R-C spectrographl@tor: IC 2602 R59 a KO star with
a rotational velocity of 39 km, IC 2602 R88a, an ultrafast rotating K4 star wiisini = 200
km s, and IC 2391 VXR 47, a fast rotating M star withini = 95 km s*.
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Fig. 3.— Sample spectra including a synthesized photogph®del from SME. Thdeft panel
shows the observed spectra plotted as the black histogrdrtharSME model is over-plotted as
the solid red line. Theight panel shows the ffierence of the observed spectrum and SME model
over-plotted with the fitted Gaussian as a solid blue linev8hfrom top to bottom in both panels,
are: AD Leo (T=3600K, vsini= 6 km s1), AP 15 (T=4000, vsini= 52 km s1), AP 37 (T=4900K,
vsini= 29 km s?), and AP 149 (E£6300, vsini= 117 km s?1).
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Fig. 4.— The X-ray luminosityLx plotted as a function of Ca K luminosities« for cluster
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higher chromospheric emission (see text). Stars faoRer are shown as triangles, the southern
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Table 1. CaH & K Line Fluxes and Stellar Parameters

Sourcé@ Line Fluxe$ d m/@ B-V V-K vsin log(Lcak/Lbo)® 109(Lx/Lpo)® Ng® Comment

CakK CaH

(10*ergenm?st A1) (po) (km st
VXR60n 5.2 5.9 160.0 13.0 1.31 2.71 150 -3.90 -3.52 -1.97 19123
VXR60s 3.5 2.7 160.0 13.2 1.49 2.92 15 -4.23 -3.44 -0.90 S97
VXR47 5.0 4.9 160.0 13.7 1.44 3.81 95 -3.50 -3.36 -2.03 S97 I
R50a 1.1 0.5 160.0 125 0.68 -0.96 64 -4.41 -3.32 -1.47 S97 m
R62a 2.1 2.2 160.0 11.0 1.31 1.54 52 -5.08 -0.94 S97 !
R80a 13.6 11.8 160.0 120 0.92 -1.79 150 -3.60 -3.29 -1.70 S97
R3 3.6 1.0 160.0 11.3 1.02 2.01 25 -4.50 -3.14 -0.89 IC 2602
R24a 1.3 2.1 160.0 146 1.22 4.01 34 -3.97 -3.07 -1.64 S97
R31 2.4 2.1 160.0 151 141 4.54 35 -3.70 -2.97 -1.68 S97
R43 0.9 0.4 160.0 12.1 0.63 2.52 50 -4.67 -3.05 -1.48 S97
R52 6.7 5.7 160.0 125 0.46 2.90 95 -3.78 -3.42 -1.79 S97
R58 0.8 160.0 10.6 0.59 1.76 93 -5.30 -3.22 -1.34 S97

R59 1.8 15 160.0 12.1 0.62 2.60 34 -4.35 -3.13 -1.32 S97



Table 1—Continued

Sourcé@ Line Fluxe$ d m/@ B-V V-K vsin log(Lcak/Lbo)® 109(Lx/Lpo)® Ng® Comment
CakK CaH
(10*ergem?st A1)  (po) (km st
R83 0.8 0.2 160.0 10.9 0.50 1.80 30 -5.18 -3.55 -0.92 S97
R88a 2.8 2.9 160.0 12.7 1.45 3.05 200 -3.92 -3.54 -2.23 S97
J1131-34.6 394 45.3 18.0 115 1.40 4.80 60 -3.71 -3.34 -2.24 EUVE I
J0825-16.3 44.8 534 46.0 105 1.22 3.72 20 -3.88 -3.12 -1.23 EUVE E
J1258-70.4 11.7 9.0 330.0 12.0 0.65 -3.08 20 -3.60 -3.40 5-0.5 EUVE |
HD 174429 290.3 162.8 160.0 84 0.78 2.03 70 -3.67 -0.80
GJ431 68.2 80.8 29.0 115 1.39 4.99 18 -3.47 -3.01 -1.50
AP 15 0.5 0.5 176.0 14.1 1.29 3.36 52 -4.45 -3.08 -1.a3Per, R96
AP 25 1.9 1.3 176.0 12.2 0.88 2.24 12 -4.35 -3.07 -0.78
AP 37 1.6 1.0 176.0 12.6 0.96 2.40 29 -4.29 -3.11 -1.24 R96
AP 43 2.6 2.7 176.0 12.8 0.97 2.73 72 -3.99 -3.00 -1.71 R96
AP 56 2.8 2.6 176.0 13.0 1.00 2.66 110 -3.92 -3.21 -1.91 R96
AP 63 3.0 2.7 176.0 12.3 0.92 2.43 161 -4.13 -3.37 -1.94 R96



Table 1—Continued

Sourcé@ Line Fluxe$ d m/@ B-V V-K vsin log(Lcak/Lbo)® 109(Lx/Lpo)¢ Ng® Comment
CakK CaH
(10*ergecm?stAt)  (po) (km st
AP 65 1.2 0.9 176.0 13.0 1.05 2.58 10 -4.29 -3.41 -0.86 R96
AP 86 0.9 1.0 176.0 143 1.32 3.54 140 -4.15 -3.29 -2.20 R96
AP 95 3.9 2.4 176.0 12.3 0.88 2.36 140 -4.02 <-3.29 -1.87 R96
AP 100 2.1 1.7 176.0 12.8 1.13 3.20 205 -4.24 -3.37 -2.11 R96
AP 112 1.0 0.9 176.0 13.7 1.15 3.08 13 -4.22 -2.84 -1.09 R96
AP 124 1.3 1.4 176.0 134 1.25 3.20 -4.18 <-3.36 R96
AP 117 1.8 1.8 176.0 13.1 0.95 2.71 83 -4.06 -3.00 -1.82 R96
AP 118 3.1 1.7 176.0 121 0.81 2.29 160 -4.19 -3.11 -1.89 R96
AP 139 1.3 0.5 176.0 120 1.32 2.64 170 -4.90 -3.41 -1.77 R96
AP 149 4.3 2.8 176.0 11.7 0.56 2.29 117 -4.12 -3.14 -1.71 R96
AP 167 14 1.4 176.0 135 1.18 3.08 96 -4.17 -2.08 -1.91 R96
AP 197 1.8 1.3 176.0 123 1.00 -3.01 12 -4.39 -3.70 -0.62 R96
AP 199 35 2.4 176.0 121 0.98 2.51 23 -4.17 -3.30 -1.05 R96



Table 1—Continued

Sourcé@ Line Fluxe$ d my/ B-V V-K vsin log(Lcak/Lbo)® 109(Lx/Lpo)® Ng® Comment
CakK CaH
(10 %ergen?st A1) (pe) (km st
HE 350 3.3 2.1 176.0 111 0.71 1.87 47 -4.51 -3.79 -1.11 R96
HE 917 35 2.3 176.0 10.9 0.66 1.66 40 -4.55 -3.46 -0.96 R96
HD 19305 13.7 10.0 148 9.1 1.39 3.45 0 -5.13 0.01 I
HD 17878 0.7 1.0 740 39 073 -4.49 25 -8.10 1.41 g
HD 283518 10.7 11.1 136.8 10.8 -1.02 3.17 77 -4.48 -1.33 !
HD 283571 39.9 18.4 133.5 10.2 0.90 4.80 52 -3.95 -1.23
V1005 Ori 22.1 20.9 26.7 10.1 1.38 3.84 14 -4.51 -1.15
J0723-20 26.9 33.2 258 99 1.15 3.02 10 -4.30 -1.05 RE
YZ CMi 25.9 30.5 5.9 11.2 1.60 5.50 6 -4.28 -1.54
REJO808&21 17.0 11.3 6.0 11.7 1.15 5.62 -3.78 RE
CV Cnc 1.9 1.9 128 136 1.50 5.88 6
J1004+50 31.0 34.3 14.0 11.3 1.44 4.10 15 -3.97 -1.67 EUVE

GJ 380 173.6 130.2 4.9 66 138 3.64 3 -5.01 -0.51



Table 1—Continued

Sourcé@ Line Fluxe$ d my B-V V-K vsin log(Lcak/Lbo)? log(Lx/Lpg)® Ng¢ Comment

CakK CaH
(10*ergem?st A1)  (pe) (km s?)

AD Leo 103.1 92.7 47 94 1.54 4.81 6 -4.34 -3.21 -1.31

CN Leo 5.0 4.8 23 135 201 7.42 2 -4.32 -1.72

GJ411 302.0 136.0 25 8.0 1.51 4.75 50 -4.39 -4.30 0.25

HD 131156 1624.0 950.0 250 46 077 2.63 3 -4.44 0.34

J213K1-23 96.7 93.9 251 93 1.05 2.92 69 -3.93 -1.82 EUVE

EV Lac 95.3 127.3 51 10.1 1.39 4.79 6 -3.89 -1.57

FK Aqgr 35.2 35.9 86 9.1 1.46 4.27 70 -4.92 -2.05

GT Peg 10.5 104 143 118 1.20 491 11 -3.39 -2.05

GJ 890 24.2 31.1 22.0 108 1.42 3.69 70 -4.25 -3.18 -2.04

aStar names using the convention of Stauet al. 1997 for IC2391 and IC 2602, and Randich et al. 1986 feer.



bCa H & Ca K Fluxes and &ak /Lo from the current work.

€X-ray luminoisty, Lx/Lpo and vsini references with: S97Staufer et al. 1997 for IC 2391 and IC 2602,
unless otherwise noted. R86Randich et al. 1996 far Per (AP); JOO= James et al. 2000.

dNg Rossby number (Jiies et alll 2011)

€Comment of Star Cluster Name or abbreviated star name; REG&GAT EUV and EUVE

for Extreme Ultraviolet Explorer from Christian & Mathioaklis 2002.

fStart of solar neighborhood stars
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