COOLNEW S A RESEARCH NEWSLETTER DEDICATED TO COOL STARS AND THE SUN

No. 46 — October 1999 Editor: Steve Skinner (coolnews@jila.colorado.edu)

TABLE OF CONTENTS

Stellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Solar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 Abstract Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Stellar Abstracts

The First Stellar Abundance Measurements in the Galactic Center: the M Supergiant IRS 7

John S. Carr^1, K. Sellgren^2 and Suchitra C. Balachandran^3 1 Naval Research Laboratory, Code 7217, Washington, DC, 20375 USA 2 Department of Astronomy, Ohio State University, Columbus, OH 43210 USA 3 Department of Astronomy, University of Maryland, College Park, MD, 20742 USA

The first measurement of the photospheric abundances in a star at the Galactic Center are presented. A detailed abundance analysis of the Galactic Center M2 supergiant IRS 7 was carried out using high-resolution near-infrared echelle spectra. The Fe abundance for IRS 7 was found to be close to solar, [Fe/H] = �0.02 � 0.13, and nearly identical to the Fe abundances we obtained for the nearby M supergiants α Ori and VV Cep. Analysis of the first and second overtone lines of CO was used to derive an effective temperature of 3600 � 230 K, a microturbulent velocity of 3.0 � 0.3 km s^{−1}, and a carbon abundance log ϵ(C) = 7.78 � 0.13, or [C/H] = -0.77. In addition, we find a high depletion of 0.74 � 0.32 dex in O and an enhancement of 0.92 � 0.18 dex in N. These abundances are consistent with the dredge-up of CNO-cycle products but require deep mixing in excess of that predicted by standard models for red supergiants. In light of our measured solar Fe abundance for IRS 7, we discuss other indicators of metallicity at the Galactic Center, the interpretation of low-resolution near-infrared spectra of late-type giants and supergiants, including the need for caution in using such spectra as measures of metallicity, and the evolution of massive young stars at the Galactic Center. We suggest the possibility that rapid stellar rotation is common for stars formed under conditions in the Galactic Center, and that extra internal mixing induced by high rotation rates, rather than evolution at high metallicity, is the explanation for many of the unusual properties of the hot emission-line stars in the Galactic Center.

Accepted by ApJ For preprints contact: carr@mriga.nrl.navy.mil

For preprints via ftp or WWW: astro-ph/9909037 or ftp://ftp.astronomy.ohio-state.edu/pub/sellgren/carr irs7.tar.gz

Starspot Photometry with Robotic Telescopes. UBV(RI)C and by Light Curves of 47 Active Stars in 1996/97

K. G. Strassmeier^1, E. Serkowitsch^1, Th. Granzer^1

1Institut für Astronomie, Universität Wien, Türkenschanzstraße 17, A-1180 Wien, Austria We present continuous multicolor photometry for 47 stars from October 1996 through June 1997. Altogether, 7073 V(RI)_c, UBV, and by data points, each the average of three individual readings, were acquired with three automatic photoelectric telescopes (APTs) at Fairborn Observatory in southern Arizona. Most of our targets are chromospherically active single and binary stars of spectral type G to K but there are also four pre-main-sequence objects and three pulsating stars in our sample. The light variability is generally due to rotational modulation of an asymmetrically spotted stellar surface and therefore precise rotational periods and their seasonal variations are determined from Fourier analysis. We also report on photometric variations of γ CrB (A0V) with a period of 0.44534 days. All data are available in numerical form. Accepted by A&AS

For preprints contact: strassmeier@astro.univie.ac.at

For preprints via ftp or WWW: http://www.astro.univie.ac.at/^∼kgs/publications/liste.html

Superflares on Ordinary Solar-Type Stars

B. E. Schaefer^1, J. R. King^2, C. P. Deliyannis^3

1 Dept. of Physics, Yale University, JWG 463, New Haven, CT 06520-8121 2 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 3 Dept. of Astronomy, Indiana University, 319 Swain West, Bloomington, IN 47405 Short duration flares are well known to occur on cool main-sequence stars as well as on many tpes of ‘exotic’ stars. Ordinary main-sequence stars are usually pictured as being static on time scales of millions or billions of years. Our sun has occasional flares involving up to ¸10^{31} ergs which produce optical brightenings too small in amplitude to be detected in disk-integrated brightness. However, we identify nine cases of superflares involving 10^{33} to 10^{38} ergs on normal solar-type stars. That is, these stars are on or near the main-sequence, are of spectral class from F8 to G8, are single (or in very wide binaries), are not rapid rotators, and are not exceedingly young in age. This class of stars includes many of those recently discovered to have planets as well as our own Sun, and the consequences for any life on surrounding planets could be profound. For the case of the Sun, historical records suggest that no superflares have occurred in the last two millennia. Accepted by ApJ For preprints contact: schaefer@grb2.physics.yale.edu

For preprints via ftp or WWW: http://xxx.lanl.gov/abs/astro-ph/9909188

ASCA X-ray Observations of the Super-metal-rich Stars 30 Ari and η Boo

A. Maggio^1, F. Favata^2, H. Negoro^3, N.S. Brickhouse^4 and A.K. Dupree^4 1 Osservatorio Astronomico di Palermo “G.S. Vaiana”, Palazzo dei Normanni, I-90134, Palermo, Italy 2 Astrophysics Division – Space Science Dept. of ESA, ESTEC, Postbus 299, NL-2200 AG Noordwijk, The Netherlands 3 Institute of Physical and Chemical Research (RIKEN), 2-1 Hirosawa, Wako, Saitama, 351-0198, Japan 4 Smithsonian Astrophysical Observatory, 60 Garden Str., Cambridge, MA 02138, USA We present X-ray observations of two late-type stars, HR 764 (30 Ari B, F4V) and HR 5235 (η Boo, G0IV), with photospheric metal abundances about twice the solar value. We have derived the coronal temperatures and metallicities of these stars, and compared them with those of other stellar X-ray sources with solar or sub-solar photospheric composition, already observed with ROSAT and ASCA. The X-ray spectra of the two targets can be fitted with isothermal models yielding temperatures of 6.2 MK and 3.5 MK, and X-ray luminosities log L_x = 29.6 and 28.1 erg s^{−1}, for HR 764 and HR 5235 respectively. The best-fit model for HR 764, including a gaussian component which accounts for Fe xvii line emission from highly excited states, yields for its corona a solar (photospheric) iron abundance, while the best-fit iron abundance for HR 5235 is about half solar; however, in both cases, the uncertainties do not allow excluding values consistent with photospheric metallicities. Instead, the data indicate significant overabundances of

Mg and Si by factors 2–3 with respect to the Fe abundance, and suggest low O/Fe abundance ratios. We conclude that these two super-metal-rich stars appear to have coronal properties similar to those of other F and G main-sequence stars with “normal” photospheric abundances: in particular, HR 764 looks similar to the Hyades F stars, while the coronal temperature, luminosity and abundances of HR 5235 are similar to those of other field G dwarfs slightly younger than the Sun. The systematic pattern of O, Mg, Si, and Fe coronal abundances generally found for solar-type stars observed with ASCA is puzzling, because it does not appear related either to the photospheric composition or to the activity level. Accepted by A&A

For preprints contact: maggio@oapa.astropa.unipa.it

For preprints via WWW: http://www.astropa.unipa.it/Library/preprint oapa.html

An Extreme X-ray Flare Observed on EV Lac by ASCA in July 1998

F. Favata^1, F. Reale^2 G. Micela^3, S. Sciortino^3, A. Maggio^3 and H. Matsumoto^4

1Astrophysics Division – Space Science Department of ESA, ESTEC, Postbus 299, NL-2200 AG Noordwijk, The Netherlands 2Dip. Scienze FF. & AA., Sez. Astronomia, Univ. Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy 3Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy 4Center for Space Research – Massachusetts Institute of Technology, 77 Massachusetts Avenue, 02139 Cambridge (MA), USA We present a long (150 ks elapsed time) X-ray observation of the dM3.5e star EV Lac, performed with the ASCA observatory in July 1998, during which an exceptionally intense flaring event (lasting approximately 12 ks) was observed; at the flare’s peak, the X-ray count rate in the ASCA GIS detectors was ’ 300 times the quiescent value. The physical parameters of the flaring region have been derived by analyzing the decay, using both a “classic” quasistatic approach and an approach based on hydrodynamic simulations of decaying flaring loops. Notwithstanding the large peak X-ray luminosity, this second method shows that the flare’s decay is compatible with its being produced in a relatively compact region of semi-length L ’ 1.3 � 10^{10} cm (’ 0.5 R_∗), large but not exceptional even by solar standards. The flare decays is fast (with a measured e-folding time for the light curve of ˇ 2 ks), but nevertheless the hydrodynamic-based analysis shows strong evidence for sustained heating, with the shape of the light curve dominated by the time evolution of the heating rather than by the natural cooling of the flaring plasma. As a consequence, the quasi-static method yields a much larger estimate of the loop’s length (L ’ 2 R_∗). The event shows (similarly to some other well-studied large stellar flares) a light curve characterized by two separate decay time constants (with the initial decay being faster) and a significant enhancement in the plasma metal abundance at the peak of the flare. The energetics of the event are exceptional, with the peak X-ray luminosity of the event reaching up to ’ 25% of the bolometric luminosity of the star, making this one of the largest X-ray flare (in relative terms) observed to date on a main-sequence star. Accepted by A&A For preprints contact: fabio.favata@astro.estec.esa.nl

Accurate Masses of Very Low Mass Stars: I Gl 570BC (0.6 Mfi +0.4 Mfi)

Thierry Forveille^1, Jean-Luc Beuzit^{2;1;3}, Xavier Delfosse^{1;3;4}, Damien Segransan^1, Francoise Beck^1, Michel Mayor^3, Christian Perrier^1, Andrei Tokovinin^5, and Stéphane Udry^3 1 Observatoire de Grenoble, 414 rue de la Piscine, Domaine Universitaire de S^t Martin d’Hères, F-38041 Grenoble, France 2 Canada-France-Hawaii Telescope Corporation, P.O. Box 1597, Kamuela, HI 96743, U.S.A. 3 Observatoire de Genève CH-1290 Sauverny, Switzerland 4 Instituto de Astrofisica de Canarias, E-38200 La Laguna (Tenerife), Spain 5 Sternberg Astronomical Institute, Universitetsky prosp. 13, 119899 Moscow, Russia

We present very accurate individual masses (1.2% relative accuracy) for the two components of Gl 570BC, an interferometric and double-lined spectroscopic binary system. They were obtained from new high accuracy radial velocity and angular separation measurements, analysed together with previously published measurements. From those data we determine a much improved orbit through a simultaneous least square fit to the radial velocity, visual, and parallax information. The derived masses and absolute magnitudes generally validate the theoretical and empirical massluminosity relations around 0.5 M_⊙, but point towards some low level discrepancies at the 0.1 to 0.15 magnitude level. Forthcoming results of this observing program will extend the comparison to much lower masses with similar accuracy.

Accepted by A&A

For preprints contact: Thierry.Forveille@obs.ujf-grenoble.fr

For preprints via ftp or WWW: http://xxx.lanl.gov/abs/astro-ph/9909342, or any of its mirrors.

Two Nearby M Dwarf Binaries From 2MASS

John E. Gizis^1, David G. Monet^2, I. Neill Reid^3, J. Davy Kirkpatrick^4, and Adam J. Burgasser^5 1 Department of Physics and Astronomy, LGRT 532A, University of Massachusetts, Amherst, MA 01003-4525 2 U.S. Naval Observatory, P.O. Box 1149, Flagstaff, AZ 86002 3 Department of Physics and Astronomy, University of Pennsylvania, 209 South 33rd Street, Philadelphia PA 19104- 6396 4 Infrared Processing and Analysis Center, 100-22, California Institute of Technology, Pasadena, California 91125 5 Department of Physics, 103-33, California Institute of Technology, Pasadena, California 91125 We report the discovery of two binary M dwarf systems in the immediate solar neighborhood using 2MASS. The first is an M6.5 companion to the nearby G star HD 86728 (Gl 376). The known properties of HD 86728 indicate that the M dwarf (Gl 376B) is old, metal-rich and only 14.9 parsecs away. The M dwarf is highly active with both Hα and X-ray emission. Thus, Gl 376B offers the opportunity to study an old, bright, active M dwarf with known metallicity, age, and luminosity. We show that it is probable that Gl 376B is itself an unresolved pair. The other system consists of an M6.5 and an M8 dwarf with 14.5 arcseconds separation. We estimate a distance of ¸ 16 parsecs for this very low mass pair. Stronger activity is observed in the M6.5 dwarf, supporting evidence that chromospheric activity is weakening near the hydrogen burning limit.

Accepted by MNRAS

For preprints contact: gizis@stratford.astro.umass.edu

For preprints via ftp or WWW: http://xxx.lanl.gov/ps/astro-ph/9909127

The Stellar Content of Soft X-ray Surveys II. Cross-correlation of the ROSAT All-Sky Survey with the Tycho and Hipparcos Catalogs

P. Guillout^{1;2}, J.H.M.M Schmitt^3, D. Egret^1, W. Voges^2, C. Motch^1 and M.F. Sterzik^4 1 Observatoire Astronomique, CNRS UMR 7550, 11 rue de l’Université, F-67000 Strasbourg, France 2 Max-Planck Institut für extraterrestrische Physik, D-85748 Garching, Germany 3 Universität Hamburg, Hamburger Sternwarte, Gojenbergsweg 112, D-210029 Hamburg, Germany 4 European Southern Observatory, Casilla 19001, Santiago 19, Chile

We present the result of the cross-correlation of the ROSAT All-Sky Survey with the Tycho and Hipparcos catalogs. The constructed RASS - Tycho (RasTyc) and RASS - Hipparcos (RasHip) samples respectively consist of 13 875 and 6 200 matches and represent the largest and most comprehensive samples of stellar X-ray sources constructed so far. The X-ray horizon allows to probe distances up to about 200 pc for F - G RasTyc - RasHip stars younger than 100 Myr but only to 80 pc or less for older ones. The magnitude limit of the optical catalogs determine the horizon for K - M RasTyc - RasHip stars which are sampled only within about 50 pc (or less) of the Sun whatever their ages are. We compare the Hipparcos and RasHip HR-diagrams and discuss the differences. X-ray selection strengthens the Zero Age Main Sequence but evolved stars are detected as well. We compute detection rate, mean Fx/Fopt and X-ray luminosity with an unprecedented color bin resolution for on (between the Zero and Terminal Age Main Sequence i.e. class V) and off (above the Terminal Age Main Sequence i.e. class III) main sequence regions. Once corrected for Fx/Fopt bias, the detection rate is remarkably constant for G-M on main sequence stars but reveals a peak of detection for F-type stars. Detection rate in the A-type stars region is compatible with those computed for F-M stars, as expected if a late type companion is responsible for the X-ray emission. High mass stars evolving along the post-main sequence evolutionary tracks are clearly detected in the main sequence turnoff and blue part of the ”clump” while no significant detection arises on the cool side. Theoretical considerations naturally explain these observations. We address the question of the presence of very young stars in the solar neighborhood and derive an upper limit on the number of ”possible” isolated pre-main sequence stars in the RasTyc-RasHip samples. Finally we discuss briefly the pending questions for which the RasTyc and RasHip samples are likely to give new insight. Accepted by A&A

For preprints contact: guillout@astro.u-strasbg.fr

The Hot Side of the Lithium Dip – LiBeB Abundances Beyond the Main Sequence

Corinne Charbonnel^1, Suzanne Talon^{2;3}

1 Laboratoire d’Astrophysique de Toulouse, CNRS UMR5572, France 2 Département de Physique, Université de Montréal, Canada 3 CERCA, Montréal, Canada

We extend to the case of A and early-F type stars our study of the transport of matter and angular momentum by wind-driven meridional circulation and shear turbulence. We show that our fully consistent treatment of the same hydrodynamical processes which can account for C and N anomalies in B type stars (Talon et al. 1997) and for the shape of the hot side of the Li dip in the open clusters (Talon & Charbonnel 1998) also explains LiBeB observations in stars with T_{eff} higher than 7000 K on the main sequence as well as in their evolved counterparts Accepted by A&A For preprints contact: corinne@obs-mip.fr

For preprints via ftp or WWW: http://xxx.lpthe.jussieu.fr/abs/astro-ph/astro-ph/9909209

Four Nearby L Dwarfs

I. Neill Reid^1, J. Davy Kirkpatrick^2, J.E. Gizis^3, C.C. Dahn^4, D.G. Monet^4, R.J. Williams^5, James Liebert^6, A.J. Burgasser^7 1 Department of Physics and Astronomy, University of Pennsylvania, 209 South 33rd Street, Philadelphia PA 19104- 6396 2 Infrared Processing and Analysis Center, 100-22, California Institute of Technology, Pasadena, California 91125 3 Department of Physics and Astronomy, LGRT 532A, University of Massachusetts, Amherst, MA 01003-4525 4 U.S. Naval Observatory, P.O. Box 1149, Flagstaff, AZ 86002 5 Department of Astronomy, MSC 152, California Institute of Technology, Pasadena CA 91126-0152 6 Steward Observatory, University of Arizona, Tucson, AZ 85721 7 Department of Physics, 103-33, California Institute of Technology, Pasadena CA 91125 We present spectroscopic, photometric and astrometric observations of four bright L dwarfs identified in the course of the 2MASS near-infrared survey. Our spectroscopic data extend to wavelengths shortward of 5000Å in the L0 dwarf 2MASSJ0746+2000 and the L4 dwarf 2MASSJ0036+1840, allowing the identification of absorption bands due to MgH and CaOH. The atomic resonance lines Ca I 4227Å and Na I 5890/5896Å are extremely strong, with the latter having an equivalent width of 240Å in the L4 dwarf. By spectral type L5, the D lines extend over ¸ 1000Å and absorb a substantial fraction of the flux emitted in the V band, with a corresponding effect on the (V-I) broadband colour. The KI resonance doublet at 7665/7699Å increases in equivalent width from spectral type M3 to M7, but decreases in strength from M7 to L0 before broadening substantially at later types. These variations are likely driven by dust formation in these cool atmospheres.

Accepted by AJ (to appear January 2000) For preprints contact: inr@herschel.physics.upenn.edu

For preprints via ftp or WWW: http://xxx.lanl.gov/ps/astro-ph/9909336

Coronal Structure and Abundances of Capella from Simultaneous EUVE and ASCA Spectroscopy

N. S. Brickhouse^1, A. K. Dupree^1, R. J. Edgar^1, D. A. Liedahl^2, S. A. Drake^3, N. E. White^3 and K. P. Singh^4

1 Smithsonian Astrophysical Observatory, 60 Garden Street, Cambridge, MA 02138 2 Lawrence Livermore National Laboratory, P. O. Box 808, L-41, Livermore, CA 94550 3 Laboratory for High Energy Astrophysics, Code 668, NASA/Goddard Space Flight Center, Greenbelt, MD 20771 4 Department of Astronomy & Astrophysics, Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400 005, India

We report analysis of the simultaneous 1996 March EUVE and ASCA observations of the spectroscopic binary Capella. The EUVE spectrum is dominated by lines of highly ionized Fe, requiring a continuous emission measure distribution over a wide range of temperatures. The ASCA spectrum shows He-like line emission features of S, Si, and Mg, as well as unresolved L-shell emission lines of Fe and Ni and H- and He-like Ne lines. The flux in these line features cannot be determined independently from the continuum flux. The ASCA spectrum is relatively soft, with few counts above 4 keV.

The emission measure distribution determined by Line-Based Analysis of the EUV Fe line intensities is well constrained from T_e ¸ 6 � 10^5 to 2 � 10^7 K, but is not constrained above this range, since Fe XXIV is the highest temperature line observed with EUVE. Since repeated observations of Capella by EUVE have shown that emission line intensities of the hottest EUV-emitting material (Fe XXI to XXIV) vary by factors up to four, the ASCA spectrum is important for extending the temperature coverage. Thus the high energy cut-off of the ASCA spectrum provides a constraint on the highest temperature emission measures.

Elemental abundances are in principle determined from global fits to the ASCA spectrum; however, no well-fitting model has been found for the high signal-to-noise ASCA performance verification spectrum of Capella (1993 September 2). The newer ASCA spectrum of Capella (1996 March 3–4) shows a similar pattern of fitting difficulties. Using the EUVE measurements (1996 March 3–7) to constrain models, we have conducted sensitivity studies of the atomic data, source physics, and instrument calibration. The plasma spectral emission models (Raymond-Smith, MEKAL, SPEX) around 1.2 keV appear to have flux deficits relative to the observed ASCA count spectrum. New atomic models of Liedahl and Brickhouse, calculated with the HULLAC code, provide a set of lines — missing from the existing plasma codes — to fill in this flux deficit. Incorporating these additional lines dramatically improves the spectral model fits to the data, allowing reliable determination of elemental abundances. The successful application of the new atomic models to the Capella problem can have widespread implications, affecting spectral models of galaxies, cluster cooling flows, and supernova remnants, as well as other stellar coronae.

Analysis with the new atomic models of the simultaneous ASCA and EUVE data confirms the previous EUVE results that the continuous emission measure distribution of Capella has a strong enhancement at T_e ¸ 6 � 10^6 K. While a two-temperature model actually provides a better fit to the ASCA spectrum than the EUVE-derived continuous model, the EUVE data are not well fit with only two temperatures. We find that the abundances of Mg, Si, S, and Fe are consistent with solar photospheric values, while Ne appears to be under-abundant by a factor of ¸ 3 to 4. Accepted by ApJ

For preprints contact: nbrickhouse@cfa.harvard.edu

Velocity Variations of Semiregular Variables in the Infrared

Thomas Lebzelter^1

1 Insitut f.Astronomie, Univ. Vienna, Tuerkenschanzstr.17, A-1180 Vienna, Austria We obtained time series of high resolution spectra around 1.6 μm for 15 short period semiregular variables to study the velocity variations in their atmospheres with the help of second overtone vibration-rotational lines of CO. All objects of our sample clearly show velocity variations of a few km/s. The amplitude of the ‘blue’ SRVs (according to Kerschbaum & Hron 1992) is on the average a factor of two smaller than that of the ‘red’ SRVs. Periodicity of the variations differs from star to star. Some SRVs vary with the period listed in the General Catalogue of Variable Stars (GCVS4), others with a considerable longer period. But for all SRVs the measured velocities at 1.6 μm are over a large part of the cycle smaller than the velocities found in the literature. Different explanations of this feature are discussed. We think that the observed difference in mean velocity might be caused by a blueshift due to large convective cells on the stellar surface. Accepted by A&A

For reprints contact: lebzelter@astro.univie.ac.at

Solar Abstracts

Evidence for Non-Maxwellian Electron Energy Distributions in the Solar Transition Region: Si III Line Ratios from SUMER

D. J. Pinfield^1, F. P. Keenan^1, M. Mathioudakis^1, K. Philips^2, W. Curdt^3 and K. Wilhelm^3

1 Dept. of Pure and Applied Physics, The Queen’s University of Belfast, Belfast, BT7 1NN, Northern Ireland 2 Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, OX11 0QX, U.K. 3 Max-Planck Institut fur Aeronomie, Max-Planck-Str. 2, D 37136 Katlenburg-Lindau, Germany

Recent calculations of Si III emission line strengths are compared with SUMER observations from a quiet solar region, a coronal hole and an active region. Diagnostic line ratios are used to derive T_e and N_e for the emitting plasma in each region, and good agreement between theory and observations is found. A major enhancement in the intensity of the 1313 Å emission line is observed, as well as some evidence of a small decrease in the temperature of maximum ionization fraction, as one moves from the coronal hole to the active region. Possible explanations for these effects are discussed, and it is concluded that they may be caused by the presence of non-thermal electrons in the transition region.

Accepted by ApJ For preprints contact: dpi@star.pst.qub.ac.uk

Preconditioning the DEM(Te) Inverse Problem

Scott W. McIntosh^{1;2}, Paul Charbonneau^1, and John C. Brown^2 1High Altitude Observatory, NCAR, P.O. Box 3000, Boulder CO80307-3000, USA 2Dept. of Physics and Astronomy, University of Glasgow, Glasgow G12 8QQ, Scotland, UK In an inverse problem of any kind, poor conditioning of the inverse operator decreases the numerical stability of any unregularized solution in the presence of data noise. In this paper we show that the numerical stability of the differential emission measure (DEM) inverse problem can be considerably improved by judicious choice of the integral operator. Specifically, we formulate a combinatorial optimization problem where, in a preconditioning step, a subset of spectral lines is selected in such a way as to minimize explicitly the condition number of the discretized integral operator. We tackle this large combinatorial optimization problem using a genetic algorithm. We apply this preconditioning technique to a synthetic dataset comprised of solar UV/EUV emission lines in the SOHO SUMER/CDS wavelength range. Following which we test the same hypothesis on lines observed by the Harvard S-055 EUV spectroheliometer. On performing the inversion we see that the temperature distribution in the emitting region of the solar atmosphere is recovered with considerably better stability and smaller error bars when our preconditioning technique is used, in both synthetic and “real” cases, even though this involves the analysis of fewer spectral lines than in the “All-lines” approach. The preconditioning step leads to regularized inversions that compare favorably to inversions by Singular Value Decomposition, while providing greater flexibility in the incorporation of physically and/or observationally-based constraints in the line selection process.

Accepted by ApJ For preprints contact: mscott@ncar.ucar.edu

Laboratory Spectroscopy of Hot Water Vapor in the 1.7 � 4.0 μm (2500 – 6000 cm�^1) Region: Application to Sunspots

Nikolai F. Zobov,^1 Oleg L. Polyansky,^1, Jonathan Tennyson,^1 Sergey V. Shirin,^2, Ray Nassar,^3 Tsuyoshi Hirao,^3 Takashi Imajo,^3 Peter F. Bernath^3 and Lloyd Wallace^4

1 Department of Physics and Astronomy, University College London, Gower St., London WC1E 6BT, U.K. 2 Department of Mathematics, Nizhnii Novgorod State University, Nizhnii Novgorod, Russia. 3 Departments of Chemistry and Physics, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1 4 National Optical Astronomy Observatories, PO Box 26732, Tucson, AZ 85732, USA The infrared spectrum of a sunspot is analysed in the L-band region 4.0 μm (2497 – 3195 cm^{−1}) and 2.02 � 2.35 μm (4251 – 4962 cm^{−1}) in the K-band. A new laboratory emission spectrum covering 2500 – 6000 cm^{−1} is analysed to help make the assignments. Quantum number assignments are made using linelists computed using variational calculations, assisted by tabulations of experimental energy levels. 1207 new H_2^{16}O lines are assigned in the L-band and 508 new lines in the K-band. Vibrational band origins of 11242.8 � 0.1 cm^{−1} and 12586 � 1 cm^{−1} are obtained for the (051) and (061) states.

Accepted by ApJ

For preprints contact: j.tennyson@ucl.ac.uk

Observations of Sunspot Transition Region Oscillations

N. Brynildsen^1, P. Maltby^1, T. Leifsen^1, O. Kjeldseth-Moe^1, and K. Wilhelm^2 1 Institute of Theoretical Astrophysics, University of Oslo, Oslo, Norway 2 Max–Planck–Institut für Aeronomie, D-37191 Katlenburg–Lindau, Germany

Oscillations with a period of 3 minutes are observed in the transition region of six sunspots with the Solar and Heliospheric Observatory - SOHO joint observing programme for velocity fields in sunspot regions. Observations of the transition region lines O V λ629 and N V λλ1238, 1242 with the SUMER instrument show significant differences in the amplitude of the 3 minute oscillations from one sunspot to another, both in intensity and line-of-sight velocity. In four sunspots the central part of the umbra is observed. Two of these sunspots show coincidence between the maxima in peak line intensity and velocity directed towards the observer, as is expected for an upward-propagating acoustic wave. The two other sunspots show large oscillation amplitudes and a difference of 25^∘ between maxima in intensity and blueshift. The possible effect of partial wave reflection on the observed phase relation is discussed. For one sunspot only a part of the umbra, close to the penumbra, was observed and the observations show a difference of 50^∘ between maxima in intensity and blueshift. For the smallest sunspot the observations are found to be contaminated by contributions from an area without oscillations. Observed oscillations in line width are small, but probably significant in two sunspots. The observations of NOAA 8378 allow us to compare simultaneous recordings of the oscillations in the chromospheric Si II λ1260 line with the oscillations in the transition region lines. We question the suggestion by Fludra (1999) that the sunspot transition region oscillations are a typical feature of the sunspot plumes. Accepted by Solar Physics For preprints contact: per.maltby@astro.uio.no

Magnetic Energy Release in Flux Pile-up Merging

Yuri E. Litvinenko^1 and I.J.D. Craig^2

1 Institute for the Study of Earth, Oceans, and Space, University of New Hampshire, Durham, NH 03824-3525, USA 2 Department of Mathematics, University of Waikato, Private Bag 3105, Hamilton, New Zealand The problem of pressure limitations on the rate of flux pile-up magnetic reconnection is studied. We first examine the recent suggestion of Jardine & Allen (1998) for moderating the build-up of magnetic pressure in the current sheet by considering inflows with nonzero vorticity. An analytic argument shows, however, that unbounded magnetic pressures in the limit of small resistivities can be avoided only at the cost of unphysical dynamic pressures in the plasma. Hence the pressure limitation on the reconnection rate in a low-beta plasma cannot be avoided completely. Nevertheless, we demonstrate that reconnection can be more rapid in a new solution that balances the build-up in dynamic pressure against both the plasma and magnetic pressures. This exact MHD solution has the characteristics of merging driven by the coalescence instability. The maximum energy release rate of the model is capable of explaining a modest solar flare.

Accepted by Solar Physics

For preprints contact: yuri.litvinenko@unh.edu

Temporal Variability in the Electron Density at the Solar Transition Region

M.E. Pérez^1, J.G. Doyle^1, E. O’Shea^2 & F.P. Keenan^2

1 Armagh Observatory, Armagh BT61 9DG, N. Ireland 2 Dept. of Pure & Applied Phys., Queen’s University Belfast, Belfast BT7 1NN, N. Ireland The electron density as measured in the transition region of a coronal hole, a ‘quiet’ Sun region at disk center plus an active region shows variations of up to a factor of two at T_e ¸ 1.5 10^5K, lasting at most only a few minutes. There is remarkable agreement between the number of such variations, their temporal variability and duration in the coronal hole and ‘quiet’ Sun datasets, consistent with an earlier bright point study. There appears to be evidence of super-granular cells, with the increases in electron density occurring along the network boundaries. At some locations, periodicities of between 8 and 16 mins are visible in the electron density variations. We associate these variations with the sites of explosive events. Accepted by A&A

For preprints contact: epp@star.arm.ac.uk

For preprints via WWW: http://star.arm.ac.uk/¸ambn/preprints.html

Modelling Explosive Events in the Solar Atmosphere

L.M. Sarro^1, R. Erdélyi^2, J.G. Doyle^3 & M.E. Pérez^3 1 Laboratorio de Astrofísica Espacial y Física Fundamental (LAEFF) INTA, P.O. Box 50727, 28080 Madrid, Spain 2 Department of Applied Mathematics, University of Sheffield, Hicks Building, Western Bank, S3 7RH, England 3 Armagh Observatory, Armagh BT61 9DG, N. Ireland

High–resolution ultraviolet (UV) spectra of the outer solar atmosphere show transient brightenings often referred to as explosive events. These are localized regions of small spatial extent that show sudden enhancements in the intensities of lines formed between 20,000 and 200,000 K, accompanied by strong non-gaussian profiles. The present work is an attempt to extract observational consequences from computational simulations of the dynamic response of a coronal loop to energy perturbations. Explosive events are simulated in semi-circular magnetic flux tubes. Thermal energy perturbations drive flows along the flux tube giving rise to thermodynamic phenomena. The temporal evolution of the thermodynamic state of the loop is converted into C iv λ 1548.2 Å line profiles in (non)-equilibrium ionization. Time dependent carbon ion populations are obtained in the non-equilibrium conditions derived from the thermodynamic variables by means of an adaptive grid code. Most important, departures from ionization equilibrium are assessed for the first time under conditions such as those encountered in explosive events. Accepted by A&A

For preprints contact: jgd@star.arm.ac.uk

For preprints via WWW: http://star.arm.ac.uk/¸ambn/preprints.html

Abstract Guidelines

Abstracts for COOLNEWS are solicited for papers that have been recently accepted by or submitted to refereed journals, and for recent Ph.D. theses. Abstracts for conference proceedings articles are not posted in COOLNEWS. The subject matter should pertain directly to cool stars (spectral types F,G,K, or M) or the sun. Both theoretical and observational abstracts are appropriate.

Abstracts dealing with cool pre-main-sequence (PMS) stars will generally not be included in COOLNEWS, since they are already covered by the Star Formation Newsletter. Exceptions to this rule will be considered if the subject matter is truly cross-disciplinary. If you wish to submit a cross-disciplinary abstract on PMS stars, then first submit it to the Star Formation Newsletter. After doing so, submit the abstract to COOLNEWS accompanied by a short e-mail stating that it has already been submitted to the Star Formation Newsletter, and summarizing why it will be of interest to the cool star/solar community at large.

A monthly call for abstracts will be issued and abstracts received by the last day of the month will usually appear in the following month’s newsletter. Announcements of general interest to the cool star and solar communities may also be submitted for posting in the newsletter. These might include (but are not restricted to) the following: (i) Job Openings directed toward cool star or solar researchers, (ii) announcements of Upcoming Meetings, (iii) announcements of Upcoming Observing Campaigns for which participation is solicited from the community at large, (iv) reviews of New Books, and (v) General Announcements that provide or request research-related information. Please send all correspondence to the editor at coolnews@jila.colorado.edu. Abstract templates and back issues can be obtained from the COOLNEWS Web-page at

http://casa.colorado.edu/~skinners/coolnews.html .