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

No. 63 — April 2001 Editor: Steve Skinner (coolnews@jila.colorado.edu)

TABLE OF CONTENTS

Stellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Solar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 Announcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10 Abstract Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Stellar Abstracts

Membership, Lithium, and Metallicity in the Young Open Clusters IC 2602 and IC 2391: Enlarging the Sample

S. Randich^1, R. Pallavicini^2, G. Meola^2, J.R., Stauffer^3 and Suchitra C. Balachandran^4 1 Osservatorio Astrofisico di Arcetri, Largo Fermi 5, I-50125 Firenze, Italy 2 Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy 3 IPAC, California Institute of Technology, Pasadena, CA 91125, USA 4 Department of Astronomy, University of Maryland, College Park, MD 20740, USA

We present lithium abundances for ∼50 X-ray selected candidate members of the 30–50 Myr old open clusters IC 2602 and IC 2391. These data enlarge and extend to cooler temperatures previous Li surveys of these clusters by Stauffer et al. (1989) and Randich et al. (1997). We also give for the first time an estimate of the metallicity of the two clusters which turns out to be close to solar. Radial velocity measurements together with Hα chromospheric emission and the presence/absence of other spectroscopic features are used to ascertain the membership status for the sample stars not yet confirmed as cluster members; rotational velocities have also been determined for all sample stars. Stars more massive than ∼ 1 M_⊙ in both clusters show no sign of significant Li depletion, while lower mass stars are all lithium depleted, with the amount of Li depletion increasing to cooler temperatures. We confirm that the late G and early K stars in IC 2602 present a star-to-star scatter in Li abundances similar to, but not as large as the one in the Pleiades. A scatter is also seen among late–K and M dwarfs. Unlike in the Pleiades and Alpha Per clusters, the scatter among early–K stars in IC 2602 shows only marginal correlation with rotation. Our data suggest that the drop-off of lithium towards lower masses may start at an earlier color in IC 2391 than in IC 2602, but larger cluster samples are needed to confirm this result. In addition, whereas G and early K stars in the two clusters are, on average, more Li rich than their counterparts in the Pleiades, a fraction of the coolest stars, in particular in IC 2391, are as depleted as the lowest-Li Pleiades stars of the same mass. If they continue depleting Li on their way to the main sequence, they are expected to be more Li depleted than the Pleiades at the age of the latter cluster.

Accepted by A&A For preprints contact: randich@arcetri.astro.it

Time-series Photometric Spot Modeling IV. The Multi-periodic K5Ve Binary V833 Tauri

K. Oláh^1, K. G. Strassmeier^{2,3}, Zs. Kővári^1 and E. F. Guinan^4

1 Konkoly Observatory of the Hungarian Academy of Sciences, H-1525 Budapest, Hungary 2 Astrophysical Institute Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany 3 Institute for Astronomy, University of Vienna, A -1180 Vienna, Austria 4 Dept. of Astronomy and Astrophysics, Villanova University, Villanova, PA 19085, U.S.A.

We analysed all the existing photometric observations of V833 Tau and found long-term variability on time scales of ≈70 years, 6.5 years and 2.4 years. Using V and I_C -band data from 1990-2000, we obtained starspot surface distributions from 20 suitable light curves. We found that the spot-area changes generally follow the long-term light variations. Spot temperatures are determined for each of the datasets and an average value of 1230 K ± 270 K relative to the photosphere is found. This value agrees with previous result from TiO modeling (1330 K ± 110 K). Small scale spot temperature and area changes are recovered during 1997-1999, that we explain with a variable spot/faculae ratio. A powerful flare in UBV (RI)_C was observed in 1993 November. A 10,000 K fit yielded a total emitted flare energy of more than 10^{34} ergs from an area of about 1.3% of the stellar surface, 60% of it in the V (RI)_C bands. The flare characteristics are compared to another, 100-times smaller flare observed earlier in 1983.

Accepted by A&A

For preprints contact: olah@konkoly.hu

Levels of Coronal and Chromospheric Activity of Late-type Stars and Various Kinds of Dynamo Waves

E.A. Bruevich^1, M.M. Katsova^1 and D.D. Sokoloff^2 1 Sternberg State Astronomical Institute, Moscow State University, 119899 Moscow, Russia 2 Department of Physics, Moscow State University, 119899 Moscow, Russia

The X-ray emission of the F, G and K stars with the investigated chromospheric activity in the HK Project is analysed. It is shown that stars with irregular long-term chromospheric variability possess more powerful coronae, while stars with a cyclic activity are characterized by relatively low X-ray luminosities and their ratios to the bolometric ones. From the point of view of the α − Ω dynamo theory, this means that features of a magnetic field enhancement in a convective shell vary significantly in passing from small dynamo numbers to large ones. Due to a strong dependence of both the dynamo number and the Rossby number on rotational velocities of stars, the former correlations of activity parameters versus the Rossby number do not contradict to our conclusions. This analysis allows us to obtain the first reliable conclusions on a niche of the solar activity among physical processes on late-type stars. Accepted by Astron. Reports of Russian Academy of Sciences Contact address : maria@sai.msu.ru

Dusty Debris Around Solar-Type Stars: Temporal Disk Evolution

C. Spangler^1, A.I. Sargent^1, M.D. Silverstone^2, E.E. Becklin^2 and B. Zuckerman^2 1 Division of Physics, Mathematics and Astronomy, California Institute of Technology, MS 105-24, Pasadena, CA 91125 2 Division of Astronomy and Astrophysics, University of California, Los Angeles, Los Angeles, CA 90095-1562 Using ISO-ISOPHOT we carried out a survey of almost 150 stars to search for evidence of emission from dust orbiting young main sequence stars, both in clusters and isolated systems. Over half of the detections are new examples of dusty stellar systems, and demonstrate that such dust can be detected around numerous stars older than a few ×10^6 years. Fluxes at 60 μm and either 90 or 100 μm for the new excess sources together with improved fluxes for a number of IRAS-identified sources are presented. Analysis of the excess luminosity relative to the stellar photosphere shows a systematic decline of this excess with stellar age consistent with a power law index of −2.

Accepted by ApJ For preprints contact: celeste@spanglers.com

For preprints via ftp or WWW: http://www.arXiv.org/abs/astro-ph/0103185

On the Determination of the Light Curve Parameters of Detached Active Binaries. I. The Prototype RS Canum Venaticorum

M. Rodonò^{1,2}, A. F. Lanza^2, U. Becciani^2

1 Dipartimento di Fisica e Astronomia dell’Università degli Studi di Catania 2 Osservatorio Astrofisico di Catania, via Santa Sofia, 78, Città Universitaria, I-95125, Catania, Italy Photospheric cool spots are responsible for wave-like distortions observed in the wide-band light curves of close active binaries. They affect the determination of the photometric parameters in eclipsing systems making it necessary to accurately modelling the spot effects in order to estimate the true luminosity ratio, the fractionary radii and the inclination of the orbital plane in a consistent way. We address such a problem for the prototype active binary RS Canum Venaticorum, for which the availability of a long-term and accurate series of light curves allows us to minimize the starspot effects on the estimation of the quoted parameters. We have analysed the available light curve sequence by using a new parallel code we specifically designed for such an application by solving simultaneously for the system parameters and spot configuration. The uniqueness and stability problems related to the spot mapping are solved by means of a regularization approach, following the method described by Lanza et al. (1998). We evaluate the best set of photometric parameters and their confidence levels by using a statistical method based on the total χ^2 criterion applied to the solution of the entire light curve sequence. The advantages offered by our approach include simplicity and generality with respect to other commonly used methods based on the covariance matrix. We discuss the quantitative effects of the starspots on the estimation of the parameters and compare our method and results with those of other authors. As an application of the derived results, we study the position of the components of RS CVn on the H-R diagram and compare them with computed evolutionary tracks. We find that the position of the primary component is compatible only by assuming a trigonometric parallax of ∼ 8.2 mas, i. e., at the lower boundary of the confidence interval given by Hipparcos. Conversely, the effective temperature of the cooler component turns out to be ∼ 5% smaller than expected on the basis of its radius. The comparison with evolutionary tracks also yields an estimate of log τ ≃ 9.41 years for the age of the system. Moreover, we address the high precision with which the inclination of the orbital plane can be estimated in eclipsing systems, despite the presence of an intense starspot activity. This opens the interesting possibility of detecting precessional motions in young RS CVn binaries, the spin angular momenta of which are not aligned yet with that of the orbital motion. Accepted by A&A For preprints contact: nla@sunct.ct.astro.it

I. UBV Photometry of Selected Members of the Pleiades and Alpha Persei Clusters in 1999.

Sergio Messina^1 1Catania Astrophysical Observatory, via S. Sofia 78, I-95125 Catania, Italy The rotational brightness variations in magnetically active stars are due to the combined light contribution of cool spots and bright faculae on the stellar photosphere. The amplitude of the rotational brightness variations can be used to probe the dependence of the amount of photospheric magnetic fields associated to such inhomogeneities on global stellar parameters such as the rotation rate. However, the upper envelope of the amplitude values must be considered, since the rotational modulation amplitude represents a lower limit of the spots and faculae coverage, being their visibility modulation reduced by several factors.

In order to determine accurately the maximum amplitude upper envelope and its dependence on global stellar parameters a program of photometric monitoring of ultra fast rotating active members of the Pleiades and Alpha Persei star clusters was undertaken in the fall of 1999. Light curves and period determinations of 21 target stars are presented as result from the first observing season. The newly determined values of amplitudes of the brightness variations versus rotation period have values as expected based on previous results. Accepted by A&A

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

Lithium in the Coma Berenices Open Cluster

A. Ford^1, R.D. Jeffries^1, D.J. James^2 and J.R. Barnes^2

1 Dept. of Physics, Keele University, Keele, Staffordshire, ST5 5BG, UK 2 School of Physics and Astronomy, University of St. Andrews, North Haugh, St. Andrews, Fife, KY16 9SS, UK Lithium abundances, radial velocities, and rotational velocities are reported for 20 candidate F, G and K stars of the sparse Coma Berenices open cluster. All the stars are proper-motion selected, and our radial velocities support the membership credentials of at least 12 of the candidates. Combining our data with that in the literature, we have a close-to-complete census of Li abundances for late-type stars with M_V <5.8. These data show that the Li-depletion pattern in Coma Ber is similar, but not identical, to that in the Hyades cluster, which has a similar age but higher metallicity. Several Coma Ber F stars have suffered significantly more Li depletion than their counterparts in the Hyades. The G and early-K stars of Coma Ber have undergone less Li depletion than those of the Hyades, but much more than that predicted by standard evolutionary models featuring only convective mixing. This provides strong evidence for additional mixing and Li depletion operating in these stars during their first 400Myr on the main sequence, amounting to 0.3 dex at 6000K and rising to 0.8-1.2 dex at 5400 K. We find that 4 of the radial-velocity non-members are among a small number of low-mass stars which were previously reported as part of an extra-tidal moving group associated with the Coma Ber cluster. As a result, we now find that the luminosity function of this moving group is indistinguishable from that of the central cluster. It is uncertain whether there may be a significant number of stars with even lower masses among the moving group. Accepted by A&A

For preprints contact: af@astro.keele.ac.uk For preprints via ftp or WWW: ftp://ftp.astro.keele.ac.uk/pub/preprints/preprints.html

Simultaneous Observations of Variability at all Atmospheric Levels of V824 Ara (HD 155555)

Robert C. Dempsey^1, James E. Neff^2 and Jeremy Lim^3

1 Astronomy Programs, Computer Sciences Corporation, Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 2 Dept. of Physics & Astronomy, College of Charleston, Charleston, SC 29424 3 Academia Sinica Institute of Astronomy & Astrophysics P.O. Box 1-87, Nankang, Taipei, Taiwan 115, ROC We conducted a multiwavelength campaign observing V824 Ara (HD 155555, G5 IV + K0 IV-V) continuously throughout one complete orbital cycle (∼1.7 days) in early May 1996. At the core of this campaign were observations using the GHRS on HST. In all, about 48,000 spectra, many in rapid readout mode, were obtained with the GHRS covering the C IV, Mg II, and Fe XXI wavelength regions at 11-15 separate phases. Simultaneous observations were made with the EUVE. Radio observations (3.5 & 6 cm) were conducted at the Australian Telescope, while ground-based visual spectroscopic and photometric observations were made at ESO, CTIO, AAT, and SAAO. Additional ground-based observations were obtained before, during, and after the campaign. Our primary intent was to obtain a 3-D model of the atmosphere, extending from the photosphere to the corona. Variability was clearly detected including several flares observed in the HST, EUVE, and radio data. We present results from modeling the ultraviolet transition region lines using an anisotropic macroturbulence model. Previous studies of transition region lines in late-type active stars have used multiple gaussians to fit the observed line profiles, adding additional, broad components to account for the extended wings observed in several active systems including V711 Tau (HR 1099). This broad component has been interpreted as arising from the continuous presence of microflaring. We demonstrate that anisotropic macroturbulence models can also explain the observed Mg II profiles.

Accepted by AJ For preprints contact: neffj@cofc.edu

For preprints via ftp or WWW: http://www.cofc.edu/∼neffj/jen pubs.html

Quiescent and Flare Analysis for the Chromospherically Active Star Gl 355 (LQ Hya)

S. Covino^1, M.R. Panzera^1, G. Tagliaferri^1, R. Pallavicini^2

1 Brera Astronomical Observatory, Via Bianchi 46, I-23807 Merate, Italy 2 Palermo Astronomical Observatory, P.za del Parlamento 1, I-90134 Palermo, Italy We discuss ROSAT and ASCA observations of the young active star Gl 355. During the ROSAT observation a strong flare was detected with a peak flux more than an order of magnitude larger than the quiescent level. Spectral analysis of the data allows us to study the temperature and emission measure distribution, and the coronal metal abundance, for the quiescent phase and, in the case of ROSAT, also during the evolution of the flare. The global coronal metallicity Z/Z_⊙ ∼ 0.1 derived from both ROSAT and ASCA data is much lower than solar and presumably also much lower than the photospheric abundance expected for this very young star. The temperature structure of the quiescent corona was about the same during the various observations, with a cooler component at T_1 ∼ 7 MK and a hotter component (to which only ASCA was sensitive) at T_2 ∼ 20 MK. During the flare, the low temperature component remained approximately constant and equal to the quiescent value, hile the high-temperature component was the only one that varied. We have modeled the flare with the hydrodynamic-decay sustained-heating approach of Reale at al. (1997) and we have derived a loop semi–length of the order of ∼ 1.5 stellar radii, i.e. much larger than the dimensions of flares on the Sun, but comparable with the typical dimensions inferred for other stellar flares. We have compared the derived loop size with that estimated with a simpler (but physically inconsistent) approach, finding that for this, as well for several other stellar flares, the two methods give comparable loop sizes. Possible causes and consequences of this result are discussed. Accepted by A&A

For preprints contact: covino@merate.mi.astro.it For preprints via ftp or WWW: http://www.merate.mi.astro.it/∼covino/papers/gl355AeA.ps.Z

Solar Abstracts

Was One Sunspot Cycle Lost in Late XVIII Century?

I.G Usoskin^1, K. Mursula^2 and G.A. Kovaltsov^3 1 Sodankylä Geophysical Observatory (Oulu unit), FIN-90014 University of Oulu, Finland 2 Department of Physical Sciences, FIN-90014 University of Oulu, Finland 3 Ioffe Physical-Techical Institute, 194021 St.Petersburg, Russia We suggest that one solar cycle was lost in the beginning of the Dalton minimum because of sparse and partly unreliable sunspot observations. So far this cycle was combined with the preceding activity to form the exceptionally long solar cycle #4 in 1784-1799, leading to an irregular phase evolution of sunspot activity (known as a phase catastrophe) and other problems. We reanalyze the available group sunspot numbers and suggest that solar cycle #4 was in fact a superposition of two cycles: a normal cycle in 1784-1793 ending at the start of the Dalton minimum and a new weak cycle in 1793-1800 which was the first full cycle within the Dalton minimum. Including the new cycle resolves the problems mentioned above and leads to a consistent view of sunspot activity around the Dalton minimum. Moreover, it will restore the Gnevyshev-Ohl rule of cycle pairing throughout the 400-year interval of sunspot observations.

Accepted by A&A Letters

For preprints contact: Ilya.Usoskin@oulu.fi

Prolateness of the Solar Tachocline Inferred From Latitudinal Force Balance in an MHD Shallow Water Model

M. Dikpati^1, and P. A. Gilman^1

1High Altitude Observatory, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307, USA Motivated by recent helioseismic observations concerning solar tachocline shape and thickness, and by the theoretical development of MHD shallow-water equations for the tachocline, we compute the prolateness of the tachocline using an MHD shallow water model in which the shape and thickness are determined from latitudinal force balance equation. We show that a strong toroidal magnetic field stored at or below the overshoot part of the tachocline leads to a pile-up of fluid at high latitude due to the poleward magnetic curvature stress which has to be balanced by an equatorward latitudinal hydrostatic pressure gradient. For toroidal fields of solar amplitude (∼100 kG), results for differentially rotating and uniformly rotating tachoclines are almost the same. In contrast, the unmagnetized differentially rotating tachocline would always be weakly oblate.

We propose that a strong toroidal field in the overshoot part of the tachocline should tend to suppress the overshooting, thereby increasing the magnetic storage capacity of the layer, since the stratification there should become more subadiabatic. We illustrate the effect of this process on the shape and thickness of the layer, by assuming its effective gravity is a function of field strength.

If toroidal fields are concentrated in relatively narrow bands which migrate toward the equator with the advance of the sunspot cycle, then they should be accompanied by a ’thickness front’ advancing at the same rate. Applying our model to the prolateness estimate of Charbonneau et al. Yield toroidal fields of 60-150 kG in the overshoot layer, consistent with other considerations. Their prolateness in the radiative part of the tachocline would require ∼600 kG fields to be present.

Accepted by ApJ For preprints contact: gilman@hao.ucar.edu

Flux-Transport Dynamos with Alpha-Effect From Global Instability of Tachocline Differential Rotation; A Solution for Magnetic Parity Selection in the Sun

M. Dikpati^1, and P. A. Gilman^1 1High Altitude Observatory, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307, USA We propose here an αΩ flux-transport dynamo driven by a tachocline α-effect, produced by the global hydrodynamic instability of latitudinal differential rotation in the tachocline as calculated using a shallow-water model. Growing, unstable shallow-water modes propagating longitudinally in the tachocline create alternate vortices which correlate with upward/downward radial motion of top boundary, associated with convergence/divergence of the disturbance flow to produce a longitude-averaged net kinetic helicity, and hence an αeffect. We show that a flux-transport dynamo driven by a tachocline αeffect is equally successful as a Babcock-Leighton flux-transport dynamo in reproducing many large-scale solar cycle features, including the most difficult feature of phase relationship between the subsurface toroidal field and surface radial field. In view of the success of flux-transport dynamos, with the αeffect being either at the surface or in the tachocline, we argue that the solar dynamo should be considered to involve three basic processes, rather than two (αeffect and Ωeffect only). The third important process is the advective transport of flux by meridional circulation. In reality, both αeffects (Babcock-Leighton type and tachocline αeffect) are likely to exist, but it is hard to estimate their relative magnitudes. We show, by extending the simulation in a full spherical shell model that a fluxtransport dynamo driven by a tachocline αeffect selects toroidal field that is antisymmetric about the equator, while a Babcock-Leighton flux-transport dynamo selects symmetric toroidal field. Since our present Sun selects antisymmetric fields, we argue that tachocline αeffect must be more important than a Babcock-Leighton αeffect. Submitted to ApJ For preprints contact: gilman@hao.ucar.edu

“Shallow Water” MHD Waves in the Solar Tachocline

D. A. Schecter^1, J. F. Boyd^2, and P. A. Gilman^2

1Advanced Study Program, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307, USA 2High Altitude Observatory, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307, USA

This Letter discusses waves in a rotating magnetized fluid layer, governed by ”shallow water” magnetohydrodynamics. Such waves likely exist in the solar tachocline, and we focus on this application. A dispersion relation is derived, giving two branches of waves: Alfvén and magneto-gravity waves can propagate without change of shape. However, if the Coriolis force is absent, as on the equator of the tachocline, finite magneto-gravity waves steepen and develop singularities in a time τ_s. It is shown that τ_s increases monotonically with the ambient magnetic field strength.

Accepted by ApJ Letters

For preprints contact: gilman@hao.ucar.edu

Analysis of Hydrodynamic Stability of Solar Tachocline Latitudinal Differential Rotation Using a Shallow-Water Model

M. Dikpati^1, and P. A. Gilman^1

1High Altitude Observatory, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307, USA We examine the global, hydrodynamic stability of solar latitudinal differential rotation in a “shallow-water” model of the tachocline. Charbonneau, Dikpati, and Gilman (1999) have recently shown that 2D disturbances are stable in the tachocline (which contains a pole-to-equator differential rotation s < 18%). In our model, the upper boundary of the thin shell is allowed to deform in latitude, longitude, and time, thus including simplified 3D effects. We examine the stability of differential rotation as a function of the effective gravity of the stratification in the tachocline. High effective gravity corresponds to the radiative part of the tachocline; for this case, the instability is similar to the strictly 2D case (appearing only for s ≥ 18%), driven primarily by the kinetic energy of differential rotation extracted through the work of Reynolds stress. For low effective gravity, which corresponds to the overshoot part of the tachocline, a second mode of instability occurs, fed again by the kinetic energy of differential rotation which is primarily extracted by additional stresses and correlations of perturbations arising in the deformed shell. In this case, instability occurs for differential rotation as low as about 11% between equator and pole. If this mode occurs in the Sun, it should destabilize the latitudinal differential rotation in the overshoot part of the tachocline, even without a toroidal field.

For the full range of effective gravity, the vorticity associated with the perturbations, coupled with radial motion due to horizontal divergence/convergence of the fluid, gives rise to a longitude-averaged, net kinetic helicity pattern, and hence a source of α-effect and the latitudinal and radial gradients of rotation. Accepted by ApJ For preprints contact: gilman@hao.ucar.edu

Dual Flows and Oscillations in the Sunspot Transition Region

N. Brynildsen^1, P. Maltby^1, O. Kjeldseth-Moe^1 and K. Wilhelm^2 1 Institute of Theoretical Astrophysics, University of Oslo, P.O. Box 1029 Blindern, 0315 Oslo, Norway 2 Max-Planck-Institut für Aeronomie, 37191 Katlenburg-Lindau, Germany New knowledge about sunspot transition region lines that deviate significantly from a Gaussian shape are presented. Attention is given to ‘multiple flows’, a line profile phenomenon where two or more distinct velocities are observed within the same spatial resolution element. We observe line profiles that are well represented by two Gaussian line components in the N V λ 1242 and O V λ629 lines and introduce the notation ‘dual flow’. We have detected transition region oscillations in one of the line components in the dual flow events.

Accepted by ApJ Letters

For preprints contact: per.maltby@astro.uio.no For preprints via ftp or WWW: http://www.astro.uio.no/ nilsbr/

Thermal Relaxation of Very Small Solar Magnetic Structures in Intergranules: A Process that Produces kG Magnetic Field Strengths

J. Sánchez Almeida^1 1 Instituto de Astrofísica de Canarias E-38200 La Laguna, Tenerife, Spain

The equilibrium configuration of very small magnetic fluxtubes in an intergranular environment automatically produces kG magnetic field strengths. We argue that such process takes place in the Sun and complements the convective collapse (CC), which is traditionally invoked to explain the formation of kG magnetic concentrations in the solar photosphere. In particular, it can concentrate the very weak magnetic fluxes revealed by the new IR spectro-polarimeters, for which the operation of the CC may have difficulty. As part of the argument, we show the existence of solar magnetic features of very weak fluxes yet concentrated magnetic fields (some 3×10^{16} Mx and 1500 G).

Accepted by ApJ (to appear in vol. 556, Jul 20, 2001.

For preprints contact: jos@ll.iac.es For preprints via ftp or WWW:

http://xxx.unizar.es/abs/astro-ph/0103415 http://www.iac.es/folleto/research/Publi01/preprints01.html

Spatial Analysis of Solar Type III Events Associated with Narrow Band Spikes at Metric Wavelengths

G. Paesold^{1,2}, A.O. Benz^1, K.-L. Klein^3 and N. Vilmer^3 1 Institute of Astronomy, ETH Zentrum, CH-8092 Zurich, Switzerland 2 Paul Scherrer Institute, Würenlingen und Villigen, CH-5232 Villigen PSI, Switzerland 3 Observatoire de Paris, Section de Meudon, DASOP & CNRS UMR 8645, 92195 Meudon, France

The spatial association of narrow band metric radio spikes with type III bursts is analyzed. The analysis addresses the question of a possible causal relation between the spike emission and the acceleration of the energetic electrons causing the type III burst. The spikes are identified by the Phoenix-2 spectrometer (ETH Zurich) from survey solar observations in the frequency range from 220 MHz to 530 MHz. Simultaneous spatial information was provided by the Nançay Radioheliograph (NRH) at several frequencies. Five events were selected showing spikes at one or two and type III bursts at two or more Nançay frequencies. The 3–dimensional geometry of the single events has been reconstructed by applying different coronal density models. As a working hypothesis it is assumed that emission at the plasma frequency or its harmonic is the responsible radiation process for the spikes as well as for the type III bursts. It has been found that the spike source location is consistent with the backward extrapolation of the trajectory of the type III bursts, tracing a magnetic field line. In one of the analyzed events, type III bursts with two different trajectories originating from the same spike source could be identified. These findings support the hypothesis that narrow band metric spikes are closely related to the acceleration region. Accepted by A&A For preprints contact: gpaesold@astro.phys.ethz.ch

For preprints via ftp or WWW: http://www.astro.phys.ethz.ch/papers/paesold/

G-band Spectral Synthesis in Solar Magnetic Concentrations

J. Sánchez Almeida^1, A. Asensio Ramos^1, J. Trujillo Bueno^{1,3} and J. Cernicharo^{2,3}

1 Instituto de Astrofísica de Canarias, E-38200 La Laguna, Tenerife, Spain 2 Instituto de Estructura de la Materia, Serrano 123, E-28006 Madrid, Spain 3 Consejo Superior de Investigaciones Científicas, Spain

Narrow band imaging in the G-band is commonly used to trace the small magnetic field concentrations of the Sun, although the mechanism that makes them bright has remained unclear. We carry out LTE syntheses of the G-band in an assorted set of semi-empirical model magnetic concentrations. The syntheses include all CH lines as well as the main atomic lines within the band-pass. The model atmospheres produce bright G-band spectra having many properties in common with the observed G-band bright points. In particular, the contrast referred to the quiet Sun is about twice the contrast in continuum wavelengths. The agreement with observations does not depend on the specificities of the model atmosphere, rather it holds from single fluxtubes to MIcro-Structured Magnetic Atmospheres. However, the agreement requires that the real G-band bright points are not spatially resolved, even in the best observations. Since the predicted G-band intensities exceed by far the observed values, we foresee a notable increase of contrast of the G-band images upon improvement of the angular resolution. According to the LTE modeling, the G-band spectrum emerges from the deep photosphere that produces the continuum. Our syntheses also predict solar magnetic concentrations showing up in continuum images but not in the G-band . Finally, we have examined the importance of the CH photo-dissociation in setting the amount of G-band absorption. It turns out to play a minor role.

Accepted by ApJ (to appear Vol. 554, June 20 issue

For preprints contact: jos@ll.iac.es

High Frequency Oscillations in a Solar Active Region Coronal Loop

D.R. Williams^1, K.J.H. Phillips^2, P. Rudawy^3, M. Mathioudakis^1, P.T. Gallagher^4, E. O’Shea^1, F.P. Keenan^1, P. Read,^2 B. Rompolt^3

1 Department of Pure & Applied Physics, The Queen’s University of Belfast, Belfast BT7 1NN, Northern Ireland, U.K.

2 Space Science & Technology Department, Rutherford Appleton Laboratory Chilton, Didcot, Oxon. OX11 0QX, U.K.

3 Institute for Astronomy, University of Wrocław, Wrocław, Poland.

4 Big Bear Solar Observatory, New Jersey Institute of Technology, Big Bear City, CA 92314, USA. The Solar Eclipse Corona Imaging System (SECIS) was used to record high-cadence observations of the solar corona during the total solar eclipse of 11th August 1999. During the 2 min 23.5 s of totality, 6364 images were recorded simultaneously in each of two channels: a white light channel, and the Fe xiv (5303 Å) ‘green line’ channel (T ∼ 2MK). We report initial results from the SECIS experiment, including the discovery of a 6 sec intensity oscillation in an active region coronal loop. Accepted by MNRAS

For preprints contact: d.williams@qub.ac.uk

A Nanoflare Heating Model for the Quiet Solar Corona

Urmila Mitra Kraev^1 and Arnold O. Benz^1 1Institute of Astronomy, ETH-Zentrum, CH-8092 Zurich, Switzerland

The energy input into the lower solar corona by flare evaporation events has been modeled according to the available observations for quiet regions. The question is addressed whether such heating events can provide the observed average level of the coronal emission measure and thus of the observed flux of extreme ultraviolet (EUV) and X-ray emission without contradicting the observed average power spectrum of the emission measure, the typical emission measure variations observed for individual pixels and the observed flare energy distribution. As the assumed flare height influences the derived flare energy, the mathematical foundations of nanoflare distributions and their conversion to different height assumptions are studied first. This also allows a comparison with various published energy distributions differing in height assumptions and to relate the observations to the input parameters of the heating model. An analytic evaluation of the power spectrum yields the relationship between the average time profile of nanoflares (or microflares), assumed to be self-similar in energy, and the power spectrum. We find that the power spectrum is very sensitive to the chosen time profile of the flares. Models are found by numerical simulation that fit all available observations. They are not unique but severely constrained. We concentrate on a model with a flare height proportional to the square root of the flare area. The existence of a fitting model demonstrates that nanoflare heating of the corona is a viable and attractive mechanism. Accepted by A&A For preprints contact: benz@astro.phys.ethz.ch For preprints via ftp or WWW: http://www.astro.phys.ethz.ch/papers/benz/soho6.ps

ANNOUNCEMENT

NCAR Report on Coronal Magnetometry

Coronal Magnetometry: A Fesibility Study

P. G. Judge, R. Casini, S. Tomczyk, D. P. Edwards^2, E. Francis^2 1 High Altitude Observatory, National Center for Atmospheric Research, 3450 Mitchell Lane, Boulder, CO 80301. 2Atmospheric Chemistry Division, National Center for Atmospheric Research

Measurements of components of the vector magnetic field in the solar corona can potentially yield information critical to our understanding of coronal structure, dynamics and heating. In this report we re-examine various techniques for such measurements, in particular those that can be applied outside of active regions, to investigate issues critical to the development of a new “coronal magnetometer”, and to lay down some foundations upon which a suitable instrument may be developed for synoptic observations.

The well-known forbidden coronal emission lines of magnetic dipole (M1) character appear to have the highest potential to address outstanding problems in coronal physics, especially those related to the storage and release of magnetic free energy. Measurements of the full Stokes vector of M1 lines can constrain both the line-of-sight (LOS) field strength, B_‖, through the longitudinal Zeeman effect seen in Stokes V profiles, and the direction of the vector field projected onto the plane-of-the-sky (POS), through the analysis of resonance scattering-induced linear polarization seen in Stokes Q and U, in the so-called “strong field” regime of the Hanle effect. Such measurements can, coupled with additional data and models, reveal information on coronal magnetic fields, potentially including current systems, unobtainable by other means available now or in the near future.

Measuring the weak, Zeeman-induced Stokes V signal presents the greatest observational challenge. Recent work at the NSO Evans coronograph succeeded in detecting convincingly the Zeeman V signal in Fe XIII 1.0746 μm. A more dedicated instrument designed to detect this effect from the outset will have (in principle) little trouble in measuring the linearly polarized signal from the resonance scattering process. The major obstacle is to account for cross-talk in V induced by the dominant (by a factor of 10^2) linear polarization signal.

Both effects can in principle be studied with a single coronagraphic instrument. Based upon simulations of the Stokes profiles, we argue that any new instrument must be able to measure^V_I profiles to 1 part in 10^4, and it should span wavelengths from 1.0746 μm (the wavelength of a line of Fe XIII) with capability extending ultimately to 4 μm (to include lines of Mg VIII and Si IX), and down to 0.5303 μm (Fe XIV). This wavelength range points to a reflecting coronagraph. We argue that first priority should be given to build a spectro-polarimeter that includes the 1.0746, 1.0798 μm M1 lines of Fe XIII, the permitted He I lines near 1.0830 μm, and perhaps the Fe XIV 0.5303 μm line in a higher spectral order, keeping longer wavelength capability as a secondary goal. The He I 1.0830 μm line can in principle be used to determine vector magnetic fields through the Hanle effect in prominence fields with | ⃗B| ∼ 1 Gauss, and to determine the LOS strength and POS field direction in the “strong field” regime expected in prominences with stronger fields.

NCAR Technical Note 446+STR, published January 2001 For preprints contact: judge@ucar.edu

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,M or L), brown dwarfs, 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 .