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

No. 41 — May 1999 Editor: Steve Skinner (coolnews@jila.colorado.edu)

TABLE OF CONTENTS

Editor’s Note . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Stellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Solar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 Abstract Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

*** EARLY DEADLINE FOR JUNE ISSUE ***

Due to extended travel, I will be e-mailing out the June issue on May 29th. If you have a contribution for the June issue, please send it to me by May 28th. Thanks, Steve Skinner (ed.)

Stellar Abstracts

Abundances in the Metal-Poor Common Proper Motion Star BD+00 2058A

Jeremy R. King^1 1 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 Like two other metal-poor, late-type field stars showing odd abundance ratios suggestive of accreted origin, BD+00 2058A has a substantial apogalactocentric distance, reaches a large maximum height above the Galactic plane, and is a member of a common proper motion system. To examine whether whether such wide pairs might have a common origin in accreted subsystems, we present detailed abundances in BD+00 2058A derived from high S/N, high resolution optical spectroscopy. Using spectroscopically derived parameters, we find [Fe/H]= �1.16�0.07, a factor of 2-4 larger than previous (but less direct) estimates. We find the α-element, iron-peak, and n-capture abundances to be unremarkable compared to other field stars of similar [Fe/H]. The derived Li abundance, log N(Li)=2.53, is large compared to otherwise similar stars; the normal n-capture abundances and upper limits to^6Li/^7Li provide no evidence of Li enrichment from Li-rich AGB star material or spallation. Interestingly, the [C/Fe] and [Na/Fe] ratios appear to

be ¸0.3 dex lower and higher, respectively, then otherwise similar stars. This might point to Li enrichment by

contaminating material having undergone “cool bottom processing”, but the lack of radial velocity variations provides no evidence of a close companion. Comparison with theoretical isochrones suggests a distance of 150 pc, which is in better agreement with two previous studies’ estimates of the distance of the fainter wide companion; kinematic-based population classifications based on this distance are ambiguous. Finally, we draw attention to the importance of different, but reasonable, choices of Fe I gf values in our (and other) analyses.

Accepted by PASP

For preprints contact: jking@stsci.edu

Are Stars with Planets Anomalous?

Guillermo Gonzalez^1

1 University of Washington, Astronomy Department, Box 351580, Seattle, WA 98195 USA The chemical-dynamical properties of stars with giant planets are compared to those of a nearby star sample within the framework of a stellar orbital diffusion model. The stars-with-planets sample includes recently discovered extrasolar planets and the Sun. We find that the planet-bearing stars, 14 Her, ρ^1 Cnc, and τ Boo are much more metal-rich than stars of similar age and cannot be easily explained by orbital diffusion. We also confirm previous claims that the Sun’s motion relative to the LSR is very small compared to other G dwarfs of similar age and offer a possible explanation for this apparent anomaly.

Accepted by MNRAS

For preprints contact: gonzalez@astro.washington.edu

For preprints via ftp: ftp.astro.washington.edu/pub/users/gonzalez/MNPAPER/Gonzalez.tar.Z

Multi-site Observations of Surface Structures on AB Doradus in 1994 November

A. Collier Cameron^1, F.M. Walter^2, O. Vilhu^3, T. Böhm^4, C. Catala^4, S. Char^5, F. J. Clarke^1, P. Felenbok^6, B.H. Foing^7, K.K. Ghosh^8, J. Hao^9, L. Huang^9, D.A. Jackson^1, E. Janot-Pacheco^{10} , S. Jiang^9, A.-M. Lagrange^{11}, N. Suntzeff^{12}, D.S. Zhai^9 1School of Physics and Astronomy, University of St Andrews, North Haugh, St Andrews, Scotland KY16 9SS 2SUNY, Stony Brook, Dept of Earth & Space Sciences, Stony Brook, NY 11794, USA 3Observatory and Astrophysics Laboratory, University of Helsinki, SF-00014 Helsinki, Finland 4Observatoire Midi-Pyrenees, 14, Avenue Edouard Belin, 31400 Toulouse, France 5Department of Physics, University of La Serena, La Serena, Chile 6Observatoire de Paris, Sect. Meudon, F-92125 Meudon, France 7Solar System Division, ESA Space Science Department, ESTEC (SO), Postbus 299, 2200 AG Noordwijk, The Netherlands 8Vainu Bappu Observatory, Indian Institute of Astrophysics, Kavalur, Alangayam, T.N. 635701, India 9Beijing Astronomical Observatory, Chinese Academy of Sciences, Beijing 10080, China 10Departamento de Astronomia, Instituto Astronomico e Geofisico da USP, C. Postal 9638, 01065-970 Sao Paulo, Brazil 11Lab. d’Astrophysique de Grenoble, UJF, BP53X F, 38041 Grenoble Cedex, France 12AURA, Inc, Cerro Tololo Inter-American Observatory, La Serena, Chile We present time-resolved optical spectroscopy and broad-band photometry of the rapidly-rotating southern K0 dwarf star AB Doradus, obtained during 1994 November. The data were obtained as part of a collaboration dedicated to MUlti-SIte COntinuous Spectroscopy (MUSICOS), and entailed coordinated observations on three continents to obtain the fullest phase coverage possible subject to limitations of local weather conditions. The Doppler images from the three consecutive nights of the run show excellent mutual agreement, with a dark polar cap and numerous intermediate- and low-latitude features. Simultaneous optical photometry showed numerous short-duration U-band flares, and two longer-duration optical flares with durations of order hours. The latter produced broad-band continuum enhancements throughout the optical spectrum. Where simultaneous spectroscopy was available, both types of flare were seen to have counterparts in Hα and the Ca ii H line. Simultaneous time-resolved ultraviolet spectroscopy from the Goddard High Resolution Spectrograph aboard the Hubble Space Telescope, reported elsewhere, shows that at least one of the short-duration U-band flares was also observed in C iv with the GHRS. Time-series Hα spectra showed significant evolution of the circumstellar prominence system over five consecutive stellar rotations. One prominence underwent a dramatic increase in distance from the stellar rotation axis. We speculate that this event may have been associated with one of the long-duration flares.

Accepted by MNRAS For preprints contact: acc4@st-and.ac.uk

For preprints via ftp or WWW: http://star-www.st-and.ac.uk/astronomy/preprints.html

Heating and Cooling by Iron in Cool Star Winds

Peter Woitke^1 and Erwin Sedlmayr^1

1 Institut für Astronomie und Astrophysik, TU Berlin, Sekr. PN 8-1, Hardenbergstraße 36, D-10623 Berlin, Germany The role of iron for the energy balance in the extended atmospheres and circumstellar envelopes of cool stars is explored. Based on large non-LTE model atoms for Fe I and Fe II, we study the influence of fine-structure, forbidden, permitted and bound-free transitions on the radiative heating and cooling of the gas under various temperature, density and radiation field conditions. The results are compared to those obtained in LTE and to those calculated when ignoring optical depth effects in the lines. The number of levels in the model atoms necessary to achieve convergence of the results is discussed.

Accepted by A&A

For preprints contact: woitke@physik.tu-berlin.de

For preprints via WWW: http://export.physik.tu-berlin.de/¸woitke/arbeiten.html

Orbital Elements and Physical Parameters of Ten Chromospherically Active Binary Stars

F. C. Fekel^1, K. G. Strassmeier^2, M. Weber^2, A. Washuettl^2 1Ctr. of Excellence in Information Systems, Tennessee State University, Nashville, TN37203, U.S.A. 2Institut für Astronomie, Universität Wien, Türkenschanzstraße 17, A-1180 Wien, Austria

Orbital elements have been determined for 10 chromospherically active binaries from a combination of new velocities and velocities in the literature. First orbits for three binaries, HD 33363, HD 152178, and HD 208472, are presented, as well as updated orbits for seven other binaries. Two of the latter systems, LN Peg and HD 106225 were discovered to be triple, and both short- and long-period orbits have been computed for each. Fundamental properties have been determined for the chromopherically active primary in each system.

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/

Rubidium in Metal-Deficient Disk and Halo Stars

Jocelyn Tomkin^1 and David L. Lambert^1 1 McDonald Observatory and Department of Astronomy, University of Texas, Austin, Texas 78712-1083, USA We report the first extensive study of stellar Rb abundances. High-resolution spectra have been used to determine, or set upper limits on, the abundances of this heavy element and the associated elements Y, Zr, and Ba in 44 dwarfs and giants with metallicities spanning the range �2.0 < [Fe/H] < 0.0. In metal-deficient stars Rb is systematically overabundant relative to Fe; we find an average [Rb/Fe] of +0.21 for the 32 stars with [Fe/H] < �0.5 and measured Rb. This behavior contrasts with that of Y, Zr, and Ba, which, with the exception of three new CH stars (HD 23439A and B and BD +5^o 3640), are consistently slightly deficient relative to Fe in the same stars; excluding the three CH stars, we find the stars with [Fe/H] < �0.5 have average [Y/Fe], [Zr/Fe], and [Ba/Fe] of –0.19 (24 stars), –0.12 (28 stars), and –0.06 (29 stars), respectively. The different behavior of Rb on the one hand and Y, Zr, and Ba on the other can be attributed in part to the fact that in the Sun and in these stars Rb has a large r-process component while Y, Zr, and Ba are mostly s-process elements with only small r-process components. In addition, the Rb s-process abundance is dependent on the neutron density at the s-processing site. Published observations of Rb in s-process enriched red giants indicate a higher neutron density in the metal-poor giants. These observations imply a higher s-process abundance for Rb in metal-poor stars. The calculated combination of the Rb r-process abundance, as estimated for the stellar Eu abundances, and the s-process abundance as estimated for red giants accounts satisfactorily for the observed run of [Rb/Fe] with [Fe/H].

Accepted by ApJ

For preprints contact: jt@alexis.as.utexas.edu

Beppo-SAX Observations of AR Lacertae

M. Rodonò^1, 2, I. Pagano^1, 3 G. Leto^1, F. Walter^4, S. Catalano^1, G. Cutispoto^1, and G. Umana^5

1 Osservatorio Astrofisico di Catania, Viale A. Doria 6, I-95125 Catania, Italy 2 Istituto di Astronomia, Università di Catania, Viale A. Doria 6, I-95125 Catania, Italy 3 JILA, Campus Box 440, Univ. of Colorado, Boulder, CO 80309 USA 4 Earth and Space Sciences Department, State University of New York, Stony Brook, NY 11794-2100, USA 5 Istituto di Radioastronomia C.N.R., Stazione VLBI, I-96017 Noto (SR), Italy We present the results of an X-ray observation of the binary system AR Lacertae (HD 210334) obtained with the Low and Medium Energy Concentrator Spectrometers (LECS & MECS) and with the Phoswich Detector System (PDS) on board the Beppo-SAX satellite.

Two flare episodes with comparable peak luminosities were detected, one in each of the two runs into which the observations were split. Several low amplitude flares appear to be superimposed on a rotational modulated light curve. A very tight and shallow primary eclipse was observed, which is different from primary eclipses observed at other epochs by other X-ray telescopes. No sign of secondary eclipse can be inferred from these data. The PDS data show that the emission in the 15-300 keV range is generally not detectable, but there is convincing evidence of hard photons during the onset of a flare on Nov 4 and during the flare on Nov 11. There was no significant emission in the 15-300 keV range during the major flare on Nov 4.

The AR Lac spectrum between 0.1 and 9 keV is well fit by a two component optical-thin plasma model based on the MEKAL plasma emission code with subsolar metal abundances. We also performed spectral analyses of the two separate segments of data, and found that the plasma temperatures, abundances and emission measures did not significantly change between the two time intervals.

Hints of possible H I absorption in corona or in the circumstellar enviroment are also discussed.

Accepted by A&A For preprints contact: ipagano@casa.colorado.edu, ipagano@ct.astro.it

Activity Cycle and Surface Differential Rotation of the Single Pleiades Star HD 82443 (DX Leo)

S. Messina^1, E. F. Guinan^2, A. F. Lanza^3 and C. Ambruster^2 1 Istituto di Astronomia, Università degli Studi di Catania, Viale A. Doria, 6 - I 95125 Catania, Italy 2 Astronomy and Astrophysics Dept., Villanova University, Villanova 19085, PA USA 3 Osservatorio Astrofisico di Catania, Viale A. Doria, 6 - I 95125 Catania, Italy The results of a long-term photometric monitoring of the young Pleiades moving group member HD 82443 are presented. A sequence of fifteen optical light curves obtained from 1989 to 1998 confirms the presence of a rotational modulation with a mean period of 5.377 days attributable to cool photospheric spots. The Maximum Entropy and the Tikhonov regularization criteria have been applied to compute maps of the photospheric spot pattern. They show that the total spotted area is subject to cyclic changes as large as ¸ 10% of the star’s surface with a mean period of 3.89 yr.

The seasonal photometric period shows variations correlated with the phase of the activity cycle, which can be interpreted as the result of a migration of the starspots in latitude over a differentially rotating star. The dependence of the photometric period on the cycle phase is opposite that of the Sun and similar to those observed in HD 114710 and HD 10476. A lower limit for the amplitude of the differential rotation in latitude can be estimated to be^{ΔΩ}_Ω ’ 0.04.

Nearly simultaneous UV observations obtained in 1991 show the presence of chromospheric and transition region plages which do not seem to be in close spatial association with the photospheric spots. Accepted by A&A

For preprints contact: sme@sunct.ct.astro.it

For preprints via ftp or WWW: ftp sunct.ct.astro.it, login: anonymous, subdirectory /pub/smessina

Photospheric Magnetic Activity in a Proxy for the Young Sun: HD 134319

S. Messina^1, E. F. Guinan^2 and A. F. Lanza^3

1 Istituto di Astronomia, Università degli Studi di Catania, Viale A. Doria, 6 - I 95125 Catania, Italy 2 Astronomy and Astrophysics Dept., Villanova University, Villanova 19085, PA USA 3 Osservatorio Astrofisico di Catania, Viale A. Doria, 6 - I 95125 Catania, Italy We present the results of a long-term photometric monitoring of the young single main-sequence star HD134319. It shows short-term variability of the optical-band continuum flux with a period of 4.448 days. The variability is attributed to dark spots or spots groups unevenly distributed in longitude on the star’s photosphere, whose visibility is modulated by the star’s rotation. Maps of the photospheric spot pattern have been obtained with light curve inversion techniques based on the Maximum Entropy and the Tikhonov regularization criteria.

The overall spot pattern shows evidence for two long-lasting active longitudes located about 180^∘ apart, with a total area of at least 16% of the stellar surface (assuming an inclination of the stellar rotation axis of 90^∘ on the line of sight). The longitude distribution of the spot pattern and its total area do not show any clear evidence for a long-term variation along the five years of observations.

A comparison with recent mean field dynamo models is also addressed, suggesting a possible interpretation of such a behaviour.

Singularity, spectral type, youth and a high level of photospheric and chromospheric activity make HD134319 a suitable proxy for studying the magnetic activity of the young Sun not far after its arrival on the zero age main sequence. Accepted by Astrophysics and Space Science

For preprints contact: sme@sunct.ct.astro.it

For preprints via ftp or WWW: ftp sunct.ct.astro.it, login: anonymous, subdirectory /pub/smessina

Probing the Na i D and K i ˘7699 Resonance Lines Sensitivity to Background Opacity in Late-type Stars

A. Tripicchio^1, M. T. Gomez^1, G. Severino^1, E. Covino^1, R. J. García López^2 and L. Terranegra^1

1 Osservatorio Astronomico di Capodimonte, Via Moiariello 16, I - 80131 Naples, Italy 2 Instituto de Astrofísica de Canarias, E-38200 La Laguna, Tenerife, Spain We have measured the equivalent width W_K of the K i resonance line at 7699Å for a large sample of low activity latetype stars observed with high spectral resolution and we have verified that the relation W_K vs. T_{eff} is monotonically decreasing, for both dwarf and giant stars. This behaviour is different from that of the Na i D lines for stars of the same type, which showed that the relation W_{Na} vs. T_{eff} has a maximum for T_{eff} ¸ 4000 K, which is better defined for giants than for dwarfs (Tripicchio et al. 1997).

The fit of the observed K i equivalent widths by means of a NLTE spectral line synthesis using conventional background opacity shows that, for dwarf stars, the adopted models overestimate the observed W_K for temperatures ˇ 4000 K. This result is similar to that discussed for the Na i D lines in our previous paper. On the other hand, for giant stars with T_{eff} ˇ 3800 K these models in general underestimate W_K.

The discrepancies between observed and computed W_K and W_{Na} for cool stars are much stronger than the variations due to uncertainties in either atmospheric model or line parameters, like effective temperature and surface gravity, or Van der Waals broadening. For M dwarf stars, the most convincing explanation for the disagreement is the lack of atomic and molecular line opacity in the adopted models. In fact, a NLTE spectral synthesis including an additional background opacity reproduces with a good level of accuracy the equivalent widths, as well as the general shape of the profiles for both the Na i D and K i lines, in a subsample of early-M dwarfs. Accepted by A&A

For preprints contact: tripicchio@na.astro.it

IUE Observations of the High-velocity Symbiotic Star AG Draconis. III A Compendium of 17 Years of UV Monitoring, and Comparison With Optical and X-ray Observations

R. González-Riestra^1, R. Viotti^2, T. Iijima^3 and J. Greiner^4

1 Laboratorio de Astrofísica Espacial y Física Fundamental, VILSPA, Madrid, Spain 2 Istituto di Astrofisica Spaziale, CNR, Area di Ricerca Tor Vergata, Via del Fosso del Cavaliere, 00133 Roma, Italy 3 Astronomical Observatory of Padova, Asiago Section, Osservatorio Astrofisico, 36012 Asiago, Italy 4 Astrophysical Institute Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany

We present the first extensive analysis of the ultraviolet observations with the IUE mission of the high velocity symbiotic system AG Dra, covering the period June 1979–February 1996 which included three active phases of the system with six light maxima. The low resolution IUE line and continuum fluxes are compared with optical observations and with archival X-ray data. The analysis of the IUE observations near minimum (quiescence) led us to find that during the orbital motion the hot WD component is not eclipsed, in agreement with a not small inclination of the binary system orbit. The larger modulation of the N V, C IV, He II, and O I lines with respect to the intercombination lines indicates that the former are formed in a region near the line connecting the two stars, probably slightly receding, while the latter lines originate in an extended ionized nebula surrounding the white dwarf. Large orbit–to–orbit variation are probably associated with fluctuation of the K–star wind density. From the He II line we determine for the WD during quiescence a Zanstra temperature of 109600�5400^∘K, implying, at a distance of 2.5 kpc, a radius of 0.08�0.01 R_⊙, and a luminosity of 900�200 L_⊙.

During the different outbursts AG Dra displayed a variety of behaviours. According to the strength of the HeII/FUV continuum ratio we have identified cool and hot bursts. In fact, during the “minor” 1985–1986 outbursts the peak flux of the high ionization emission lines was comparable to those during the 1980–83 and 1994–95 major outbursts. The white dwarf temperature decreased to about 90000^∘K during the “cool” ourbursts, while it increased to 120000- 130000^∘K during the 1985-86 “hot” outbursts. The behaviour during the major (“cool”) outbursts is explained by expansion and cooling of the white dwarf atmosphere, which better explains the marked anticorrelation between optical/UV and X–ray fluxes. The minimum X–ray flux observed also during the minor (“hot”) outbursts might attributed to the increased opacity of the WD envelope and wind to photons shorward the N^{+4} ionization limit. We also note that the beginning of the last activity phase of AG Dra was marked by the temporary appearance in July 1994 of strong P Cygni absorptions in the high ionization resonance lines with quite high terminal velocities of at least –700 km s^{−1}.

Accepted by A&A For preprints contact: ch@laeff.esa.es

For preprints via ftp: ftp.ias.rm.cnr.it/pub/uvspace/agdra.ps.gz

Solar Abstracts

SOHO Observations of the Structure and Dynamics of Sunspot Region Atmospheres

N. Brynildsen^1, P. Maltby^1, P. Brekke^1, S. V. H. Haugan, and O. Kjeldseth-Moe^1 1 Institute of Theoretical Astrophysics, University of Oslo, Oslo, Norway

We present results from a study of the spatial distributions of line emission and relative line-of-sight velocity in the atmosphere above 17 sunspot regions, from the chromosphere, through the transition region and into the corona, based on simultaneous observations of ten EUV emission lines with the Coronal Diagnostic Spectrometer – CDS on SOHO. We find that the spatial distributions are non-uniform over the sunspot region and introduce the notation “sunspot loop” to describe an enhanced transition region emission feature that looks like a magnetic loop, extending from inside the sunspot to the surrounding regions. We find little evidence for the siphon flow. Attention is given to the time variations since we observe both a rapid variation with a characteristic time of a few to several minutes and a slow variation with a time constant of several hours to ß 1 day.

The most prominent features in the transition region intensity maps are the sunspot plumes. We introduce an updated criterion for the presence of plumes and find that 15 out of 17 sunspots contain a plume in the temperature range log

T ß 5.2 - 5.6. The relative line-of-sight velocity in sunspot plumes is high and directed into the Sun in the transition

region. Almost all the sunspot regions contain one or a few prominent, strongly redshifted velocity channels, several of the channels extend from the sunspot plume to considerable distances from the sunspot. The flow appears to be maintained by plasmas at transition region temperatures, moving from regions located at a greater height outside the sunspots and towards the sunspot.

The spatial correlation is high to moderate between emission lines formed in the transition region lines, but low between the transition region lines and the coronal lines. From detailed comparisons of intensity and velocity maps we find transition region emission features without any sign of coronal emission in the vicinity. A possible explanation is that the emission originates in magnetic flux tubes that are too cold to emit coronal emission. The comparisons suggest that gas at transition region temperature occur in loops different from loops with coronal temperature. However, we cannot exclude the presence of transition region temperatures close to the footpoints of flux tubes emitting at coronal temperatures. Regions with enhanced transition region line emission tend to be redshifted, but the correlation between line emission and relative line-of-sight velocity is weak. We extend our conditional probability studies and confirm that there is a tendency for line profiles with large intensities and redshifts (blueshifts) above the average to constitute an increasing (decreasing) fraction of the profiles as the wavelength shift increases.

Accepted by Solar Physics For preprints contact: per.maltby@astro.uio.no

For preprints via ftp or WWW: http://www.astro.uio.no/¸nilsbr

The Anomalous Intensities of Helium Lines in the Quiet Solar Transition Region.

K.P. Macpherson^1 and C. Jordan^1

1Department of Physics (Theoretical Physics), University of Oxford, 1 Keble Road, Oxford OX1 3NP, UK Previous studies using observations made at low spatial and spectral resolution showed that the resonance lines of He i and He ii are anomalously strong in the quiet Sun when compared with other transition region lines formed at similar temperatures. Here, the higher spatial and spectral resolution provided by the Coronal Diagnostic Spectrometer (cds) instrument onboard the Solar and Heliospheric Observatory (SOHO) is used to re-examine the behaviour of the He i and He ii lines and other transition region lines, in quiet regions near Sun centre. Supergranulation cell boundaries and cell interiors are examined separately. Near simultaneous observations with the sumer instrument provide information on the lower transition region and the electron pressure. While the lines of He i and He ii have a common behaviour, as do the other transition region lines, the behaviour of the helium lines relative to the other transition region lines is significantly different. The emission measure distributions that account for all transition region lines except those of helium, fail to produce sufficient emission in the He i and He ii resonance lines by around an order of magnitude, in both supergranulation cell boundary and cell interior regions. The electron pressure appears to be higher in the cell interiors than in the average cell boundaries, although the uncertainties are large. While the VAL-D model gives a closer match to the He i 584.3-Å line, it does not successfully reproduce other transition region lines. Accepted by MNRAS For preprints contact: k.macpherson1@physics.ox.ac.uk

Exploring the Dynamical Nature of the Lower Solar Chromosphere

J.G. Doyle^1, G.H.J. van den Oord^2, E. O’Shea^3 & D. Banerjee^1

1 Armagh Observatory, Armagh BT61 9DG, N. Ireland 2 Sterrekundig Instituut, P.O. Box 80.000, 3508 TA Utrecht, The Netherlands 3 Dept. of Pure & Applied Phys., Queens University Belfast, Belfast BT7 1NN, N. Ireland

We examine spectral time-series of two lower-chromospheric lines (N i 1319 Å and C ii 1335 Å) observed with the SUMER instrument on the SOHO spacecraft. We point out differences between (intensity and velocity) power spectra of network and internetwork regions and argue that the behaviour resembles that of Ca ii power spectra. No significant phase differences are found between the intensities of both lines. However, when phase spectra are averaged along the slit there is some evidence that the C ii intensity lags that of N i by 16 sec near 3 mHz. Intensity power spectra of C ii are affected at higher frequencies by streams of emitting structures. Using contrast-enhanced time slices we show that 1) there exists a grain-like pattern which is found in both network and internetwork regions; 2) streams of supersonically moving structures probably outline a wave interference pattern; 3) the sizes of structures observed in N i are smaller than when observed in C ii. At various points our findings disagree with earlier results from SUMER. A cookbook formalism is presented to derive confidence levels for power, phase, gain and coherency spectra. Accepted by A&A

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

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

Electron Densities Above a Polar Coronal Hole Based on Improved Si ix Density Diagnostics

J.G. Doyle^1, F.P. Keenan^2, R.S.I. Ryans^2, K.M. Aggarwal^2, A. Fludra^3 1 Armagh Observatory, Armagh BT61 9DG, N. Ireland 2 Dept. of Pure & Applied Phys., Queens University Belfast, Belfast BT7 1NN, N. Ireland 3 Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire OX11 0QX, UK

Using new close-coupling excitation rates for the C-like ion Si ix, density-diagnostic ratios based on Si ix lines have been re-evaluated and applied to a sequence of CDS observations taken above a polar coronal hole. The derived electron densities are in excellent agreement with previous values of N_e estimated from the N–like ion Si viii for another coronal hole. The confirmed trend is for a fall-off of one order of magnitude within the first 0.3R_⊙ above the limb. These densities are well fitted with an analytic formulae for the density profile out to at least 8R_⊙, by which stage the electron density has fallen to ¸ 4 10^3 cm^{−3}, from 1.5 10^8 cm^{−3} at 1.0R_⊙. Accepted by Solar Physics

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

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

Transient Events In The EUV Transition Region and Chromosphere.

P. T. Gallagher^{1,2}, K. J. H. Phillips^2, L. K. Harra-Murnion^3, F. Baudin^4, F. P. Keenan^1

1 Department of Pure and Applied Physics, The Queen’s University of Belfast, Belfast, BT7 1NN, N. Ireland 2 Space Science Department, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon. OX11 0QX, U.K. 3 Mullard Space Science Laboratory, Holmbury St Mary, Dorking, Surrey RH5 6NT, U.K. 4 Institut d’Astrophysique Spatiale, Université Paris XI-CNRS, Bât. 121, F-91405 Orsay Cedex, France Rapid time cadence observations of the quiet Sun extreme ultraviolet emission, observed by the cds instrument on soho, are discussed. Numerous transient brightenings are observed in network features in both a transition region line (O v 629.73Å) and a chromospheric line (He i 584.33 Å), indicating a dynamic coupling between the chromospheric and transition region network. Their durations are between 80 and 200 s and dimensions 6 000–10 000 km. A wavelet analysis reveals a tendency for semi-periodic behaviour, with excess power at a frequency of about 4 mHz. The variations are much less evident in the internetwork or cell regions, although they are again semi-periodic. Relative line-of-sight velocities have also been derived from the data, the cds spectral resolution allowing a precision of between 4.7 and 6 km s^{−1}. There is a clear association of brightenings in the network with downflows of ¸ 13 km s^{−1} at 250 000 K with some events having velocities of up to ¸ 20 km s^{−1}, these being measured relative to the average quiet Sun emission. Within the internetwork, we also find a weak correlation between events seen in the He i (584.33 Å) and the O v (629.73Å) lines. In this case, the events have a smaller size (ˇ 2 000 km), amplitude (both in terms of their intensity and velocity), and also show a higher frequency of about 6 mHz.

The apparent differing properties of network and internetwork events implies that both these regions are heated by two distinct mechanisms. In the case of the internetwork, these results further confirm that acoustic waves propagating up from the photosphere and forming shocks in the overlying atmosphere are the most likely heating mechanism. For the network, it is apparent that the heating required must be in excess of that supplied by acoustic shocks. Our view is that the network events are produced by nanoflare-like magnetic reconnections in the corona, or possibly excitation due to a spicule-type event in which there is a repeated rebound.

Submitted to A&A

For preprints contact: P.Gallagher@qub.ac.uk

Benchmarking the MEKAL Spectral Code with Solar X-ray Spectra

K. J. H. Phillips^1, R. Mewe^2, L. K. Harra-Murnion^3, J. S. Kaastra^2, P. Beiersdorfer^4, G. V. Brown^4 and D. A. Liedahl^4

1 Space Science Dept., Rutherford Appleton Laboratory, Chilton, Didcot, Oxon. OX11 0QX, U.K. 2 SRON Laboratory for Space Research, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands 3 Mullard Space Science Laboratory, Holmbury St Mary, Dorking, Surrey RH5 6NT, U.K. 4 Dept. of Physics and Space Technology, Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA 94551, U.S.A.

With the likelihood that high-resolution soft X-ray spectra of non-solar astronomical sources will soon become available, it is desirable to examine the accuracy of spectral synthesis codes. In this paper, a benchmark study of the MEKAL code, extensively used in the past for spectra from EUV, Chandra, and other spacecraft, is presented using highresolution solar flare X-ray spectra obtained with the Bragg Flat Crystal Spectrometer (FCS) on Solar Maximum Mission (SMM). Lines in the range 5–20 Å are used to adjust the wavelengths in the MEKAL code. Many of the lines are due to Fe ions, and arise from 3–2 transitions for spectra obtained during the decay phase of one of the flares, while others arise from higher-excitation (4–2, 5-2 etc.) transitions for spectra obtained near the peak of a second flare. Laboratory measurements of the wavelengths of these lines were also used to confirm the SMM values as well as published identifications from the HULLAC atomic code. The adjustments needed were up to 35 mÅ for line wavelengths above 13 Å but much less at shorter wavelengths. Some of these adjustments will be perceptible for spectra from the forthcoming Chandra spacecraft. Accepted by A&A For preprints contact: K.J.H.Phillips@rl.ac.uk

Electron Density and Temperature of the Lower Solar Corona

A. Fludra^1, G. Del Zanna^2, D. Alexander^3 and B.J.I. Bromage^2 1 Rutherford Appleton Laboratory, Chilton, Didcot, OX11 0QX, UK 2 University of Central Lancashire, Preston, UK 3 Lockheed Martin Solar & Astrophysics Lab., Palo Alto, California, USA Off limb observations of the quiet Sun corona were made with the Coronal Diagnostic Spectrometer (CDS) on SOHO during the Whole Sun Month campaign in August 1996. Selected spectral lines in the Normal Incidence range were recorded up to 1.2 solar radii above the east and west limb and above the polar coronal holes. Intensities of the coronal lines covering the temperature range from 9 � 10^5 to 2 � 10^6 K have been measured and used to derive electron temperature and electron density as a function of the radial distance above the solar limb. Results from the east and west equatorial regions and polar coronal holes are compared. The temperature and density in the coronal holes is found to be lower than in the closed field regions. A density-sensitive line ratio of Si IX 350/342 Å is used to derive an average electron density which is found to decrease from 5 � 10^8 cm^{−3} near the limb to 1 � 10^8 cm^{−3} at 1.15R_S, in the equatorial region. Over the polar coronal holes, where polar plumes dominate the emission close to the limb, the density varies from 2 � 10^8 cm^{−3} at the limb to 6 � 10^7 cm^{−3} at 1.1R_S. The lowest density found inside the coronal hole on the disk is 9.9 � 10^7 cm^{−3}. An increase in the quiet Sun temperature with the radial distance is found from the Si XII/Mg X and Si XII/Mg IX line ratios, and an increase in the coronal hole temperature is seen from the Mg X/Mg IX ratio. The Si XII/Mg X temperature varies from 1.1 � 10^6 K at r = R_S to 1.4 � 10^6 K at r = 1.2R_S in the equatorial regions. The EUV emission is compared with that of the soft X rays as measured by the Yohkoh SXT. The densities and temperatures determined from the SXT show a similar behavior to that determined from the CDS. Density and temperature, averaged over a position angle range of 20 � 54 deg, show very little variation over a period of 20 days.

Accepted by J. Geophys. Res. (“Whole Sun Month” special issue) E-mail: fludra@cds8.nascom.nasa.gov

EUV Observations Above Polar Coronal Holes

A. Fludra^1, G. Del Zanna^2 and B.J.I. Bromage^2

1 Rutherford Appleton Laboratory, Chilton, Didcot, OX11 0QX, UK 2 University of Central Lancashire, Preston, UK We derive electron temperature and density as a function of height up to 0.2R_⊙ above the limb in polar coronal holes, using five EUV datasets recorded by the SOHO Coronal Diagnostic Spectrometer between July 1997 and February 1998. Radial T_e and N_e distributions, averaged in a 2 � 10 degree range of position angles, are the same above the North and South coronal holes. They do not show any time variability over a period of seven months. Polar plumes are found to have lower electron temperature and higher density than the interplume lanes. The electron density slope suggests that the proton temperatures are twice as high as the electron temperatures.

Accepted by Sp. Sci. Rev.

For preprints contact: fludra@cds8.nascom.nasa.gov

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 .