COOLNEW S

A RESEARCH NEWSLETTER DEDICATED TO COOL STARS AND THE SUN

No. 135 — June 2007 Editor: Steve Skinner (coolnews@jila.colorado.edu)

TABLE OF CONTENTS

Stellar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Solar Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 Ph.D. Thesis Abstract (Scott Gregory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 Abstract Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Stellar Abstracts

Optical Flares from the Faint mid-dM Star 2MASS J00453912+4140395

Zs. Kővári^1, F. Vilardell^2, I. Ribas^{3,4} , K. Vida^{1,5} , L. van Driel-Gesztelyi^{1,6,7}, C. Jordi^{2,4} and K. Oláh^1 1 Konkoly Observatory, P.O.Box 67, H-1525 Budapest, Hungary 2 Departament d’Astronomia i Meteorologia, Universitat de Barcelona, c/ Martí i Franquès, 1-11, 08028 Barcelona, Spain 3 Institut de Ciències de l’Espai – CSIC, Campus UAB, Facultat de Ciències, Torre C5 - parell - 2a planta, 08193 Bellaterra, Spain 4 Institut d’Estudis Espacials de Catalunya (IEEC), Edif. Nexus, C/Gran Capità, 2-4, 08034 Barcelona, Spain 5 Eötvös University, Department of Astronomy, P.O.Box. 32, H-1518 Budapest, Hungary 6 Observatoire de Paris, section Meudon, LESIA (CNRS), 92195 Meudon Principal Cedex, France 7 Mullard Space Science Laboratory, University College London, Holmbury St.Mary, Dorking, Surrey, RH5 6NT, UK We present B and V light curves of a large stellar flare obtained with the Wide Field Camera at the Isaac Newton 2.5-m telescope (La Palma). The source object is a faint (m_V = 21.38) foreground star in the field of the Andromeda galaxy, with its most probable spectral type being dM4. We provide an estimate of the total flare energy in the optical range and find it to be of the order of 10^{35} erg. The cooling phase of the large flare shows three additional weak flare-like events, which we interpret as results of a triggering mechanism also observed on the Sun during large coronal mass ejections.

Accepted by Astronomical Notes (2007 Apr. 05) For preprints contact: kovari@konkoly.hu

For preprints via ftp or WWW: http://www.konkoly.hu/staff/kovari/publications.html

Periodic Bursts of Coherent Radio Emission from an Ultracool Dwarf

G. Hallinan^1, S. Bourke^1, C. Lane^1, A. Antonova^2, R. T. Zavala^3, W. F. Brisken^4, R.P. Boyle^5, F. J. Vrba^3, J.G. Doyle^2 and A. Golden^1

1 Centre for Astronomy, National University of Ireland, Galway, Ireland 2 Armagh Observatory, College Hill, Armagh BT61 9DG, N. Ireland 3 United States Naval Observatory, Flagstaff Station, 10391 West Naval Observatory Road, Flagstaff, AZ 86001 3 National Radio Astronomy Observatory, P.O. Box O, Socorro, NM 87801 3 Vatican Observatory Research Group, Steward Observatory, University of Arizona, Tucson, AZ 85721

We report the detection of periodic (p = 1.96 hours) bursts of extremely bright, 100% circularly polarized, coherent radio emission from the M9 dwarf TVLM 513-46546. Simultaneous photometric monitoring observations have established this periodicity to be the rotation period of the dwarf. These bursts, which were not present in previous observations of this target, confirm that ultracool dwarfs can generate persistent levels of broadband, coherent radio emission, associated with the presence of kG magnetic fields in a large-scale, stable configuration. Compact sources located at the magnetic polar regions produce highly beamed emission generated by the electron cyclotron maser instability, the same mechanism known to generate planetary coherent radio emission in our solar system. The narrow beams of radiation pass our line of sight as the dwarf rotates, producing the associated periodic bursts. The resulting radio light curves are analogous to the periodic light curves associated with pulsar radio emission highlighting TVLM 513-46546 as the prototype of a new class of transient radio source. the name of journal, for example: Accepted by ApJ Letters

For preprints contact: gregg@it.nuigalway.ie

Diagnostics of Stellar Flares from X-ray Observations: from the Decay to the Rise Phase

Fabio Reale^{1,2} 1 Dipartimento di Scienze Fisiche & Astronomiche, Sezione di Astronomia, Università di Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy 2 INAF - Osservatorio Astronomico di Palermo “Giuseppe S. Vaiana”, Piazza del Parlamento 1, I-90134 Palermo, Italy The diagnostics of stellar flaring coronal loops have been so far largely basedon the analysis of the decay phase. We derive new diagnostics from the analysis of the rise and peak phase of stellar flares. We release the assumption of full equilibrium of the flaring loop at the flare peak, according to the frequently observed delay between the temperature and the density maximum. From scaling laws and hydrodynamic simulations we derive diagnostic formulas as a function of observable quantities and times. We obtain a diagnostic toolset related to the rise phase, including the loop length, density and aspect ratio. We discuss the limitations of this approach and find that the assumption of loop equilibrium in the analysis of the decay leads to a moderate overestimate of the loop length. A few relevant applications to previously analyzed stellar flares are shown. The analysis of the flare rise and peak phase complements and completes the analysis of the decay phase. Accepted by A&A For preprints contact: reale@astropa.unipa.it

Photospheric and Chromospheric Activity on EY Dra

H. Korhonen^1, K. Brogaard^2, K. Holhjem^{3,4}, S. Ramstedt^5, J. Rantala^6 C.C. Thöne^7 and K. Vida^{8,9}

1 Astrophysikalisches Institut Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany 2 Department of Physics and Astronomy, University of Aarhus, DK-8000 Aarhus C, Denmark 3 Nordic Optical Telescope, Apartado 474, E-38700 Santa Cruz de La Palma, Spain 4 Argelander-Institut für Astronomie, Auf dem Hügel 71, D-53121 Bonn, Germany 5 Stockholm Observatory, AlbaNova University Centre, S-10691 Stockholm, Sweden 6 Observatory, PO Box 14, FI-00014 University of Helsinki, Finland 7 Dark Cosmology Centre, Niels Bohr Institute, Juliane Maries Vej 30, DK-2100 Copenhagen Ø, Denmark 8 Eötvös Loránd University, Department of Astronomy, H-1518 Budapest, PO Box 32, Hungary

9 Konkoly Observatory of the Hungarian Academy of Sciences, H-1525 Budapest, Hungary Magnetic activity in the photosphere and chromosphere of the M dwarf EY Dra is studied and possible correlations between the two are investigated using photometric observations in the V and R bands and optical and near infrared spectroscopy. The longitudinal spot configuration in the photosphere is obtained from the V band photometry, and the chromospheric structures are investigated using variations in the Hα line profile and observations of the Paschen β line. The shape of the V band light-curve indicates two active regions on the stellar surface, about 0.4 in phase apart. The spectroscopic observations show enhanced Hα emission observed close to the phases of the photometrically detected starspots. This could indicate chromospheric plages associated with the photospheric starspots. Some indications of prominence structures are also seen. The chromospheric pressure is limited to log m_{TR} < −4 based on the non-detection of emission in the Paschen β wavelength region.

Accepted by Astronomische Nachrichten (Astronomical Notes)

For preprints contact: hkorhonen@aip.de

Solar Abstracts

Inter-network Regions of the Sun at Millimetre Wavelengths

S. Wedemeyer-Böhm^{1,2}, H.-G. Ludwig^3, M. Steffen^4, J. Leenaarts^5, and B. Freytag^6

1 Institute of Theoretical Astrophysics, University of Oslo, P.O. Box 1029 Blindern, N-0315 Oslo, Norway 2 Kiepenheuer-Institut für Sonnenphysik, Schöneckstraße 6, 79104 Freiburg, Germany 3 Observatoire de Paris-Meudon, CIFIST/GEPI, Meudon Cedex, 92195, France 4 Astrophysikalisches Institut Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany 5 Sterrekundig Instituut, Utrecht University, Postbus 80 000, 3508 TA Utrecht, The Netherlands 6 Centre de Recherche Astronomique de Lyon - Ecole Normale Suprieure, 46, Alle d’Italie, F-69364 Lyon Cedex 07, France The continuum intensity at wavelengths around 1 mm provides an excellent way to probe the solar chromosphere and thus valuable input for the ongoing controversy on the thermal structure and the dynamics of this layer. The synthetic continuum intensity maps for near-millimetre wavelengths presented here demonstrate the potential of future observations of the small-scale structure and dynamics of internetwork regions on the Sun. The synthetic intensity / brightness temperature maps are calculated on basis of three-dimensional radiation (magneto-) hydrodynamic (MHD) simulations. The assumption of local thermodynamic equilibrium (LTE) is valid for the source function. The electron densities are also treated in LTE for most maps but also in non-LTE for a representative model snapshot. Quantities like intensity contrast, intensity contribution functions, spatial and temporal scales are analysed in dependence on wavelength and heliocentric angle.

While the millimetre continuum at 0.3 mm originates mainly from the upper photosphere, the longer wavelengths considered here map the low and middle chromosphere. The effective formation height increases generally with wavelength and also from disk-centre towards the solar limb. The average intensity contribution functions are usually rather broad and in some cases they are even double-peaked as there are contributions from hot shock waves and cool post-shock regions in the model chromosphere. The resulting shock-induced thermal structure translates to filamentary brightenings and fainter regions in between. Taking into account the deviations from ionisation equilibrium for hydrogen gives a less strong variation of the electron density and with it of the optical depth. The result is a narrower formation height range although the intensity maps still are characterised by a highly complex pattern. The average brightness temperature increases with wavelength and towards the limb although the wavelength-dependence is reversed for the MHD model and the NLTE brightness temperature maps. The relative contrast depends on wavelength in the same way as the average intensity but decreases towards the limb. The dependence of the brightness temperature distribution on wavelength and disk-position can be explained with the differences in formation height and the variation of temperature fluctuations with height in the model atmospheres. The related spatial and temporal scales of the chromospheric pattern should be accessible by future instruments.

Future high-resolution millimetre arrays, such as the Atacama Large Millimeter Array (ALMA), will be capable of directly mapping the thermal structure of the solar chromosphere. Simultaneous observations at different wavelengths could be exploited for a tomography of the chromosphere, mapping its three-dimensional structure, and also for tracking shock waves. The new generation of millimetre arrays will be thus of great value for understanding the dynamics and structure of the solar atmosphere. Accepted by A&A

For preprints contact: sven.wedemeyer@astro.uio.no

Examination of the Solar Cycle Variation of foF2 for Cycles 22 and 23

Ozguc, A.^1, Atac, T.^1 and Pektas, R.^1

1 Kandilli Observatory and E.R.I., Boazii University, engelky, Istanbul, Turkey The variation of monthly median noon values of foF2 at Slough and Rome are examined by using different solar activity indices (solar flare index, relative sunspot number, solar flux at 2800 MHz, and Mg II index) for solar cycles 22 and 23 (1986 - 2006). We compared dependence of foF2 on solar activity indices by using a single regression analysis, and showed that qualitative similarity of the ionospheric foF2 with the solar indices depends on the solar cycle. We found that hysteresis effect shows generally lower foF2 for the rising branches compared to the falling branches of the two solar cycles, and the strength of the hysteresis effect varies from index to index as well as from cycle to cycle. Accepted by JASTP

For preprints contact: ozguc@boun.edu.tr

Numerical Simulations of Fast and Slow Coronal Mass Ejections

Tibor Török^1 and Bernhard Kliem^{2,3} 1 University College London, Mullard Space Science Laboratory, Holmbury St. Mary, Dorking, Surrey, RH5 6NT, U.K.

2 Astrophysical Institute Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany 3 Kiepenheuer-Institut für Sonnenphysik, Schöneckstraße 6, 79104 Freiburg, Germany Solar coronal mass ejections (CMEs) show a large variety in their kinematic properties. CMEs originating in active regions and accompanied by strong flares are usually faster and accelerated more impulsively than CMEs associated with filament eruptions outside active regions and weak flares. It has been proposed more than two decades ago that there are two separate types of CMEs, fast (impulsive) CMEs and slow (gradual) CMEs. However, this concept may not be valid, since the large data sets acquired in recent years do not show two distinct peaks in the CME velocity distribution and reveal that both fast and slow CMEs can be accompanied by both weak and strong flares. We present numerical simulations which confirm our earlier analytical result that a flux-rope CME model permits describing fast and slow CMEs in a unified manner. We consider a force-free coronal magnetic flux rope embedded in the potential field of model bipolar and quadrupolar active regions. The eruption is driven by the torus instability which occurs if the field overlying the flux rope decreases sufficiently rapidly with height. The acceleration profile depends on the steepness of this field decrease, corresponding to fast CMEs for rapid decrease, as is typical of active regions, and to slow CMEs for gentle decrease, as is typical of the quiet Sun. Complex (quadrupolar) active regions lead to the fastest CMEs.

Accepted by Astron. Nachr.

For preprints contact: tt@mssl.ucl.ac.uk For preprints via ftp or WWW: http://arXiv.org/abs/0705.2100

Solar Rossby Wave ‘Hills’ Identified As Supergranules

P. E. Williams^1, D. H. Hathaway^2 and M. Cuntz^1

1 Department of Physics, University of Texas at Arlington, Box 19059, Arlington, TX 76019, USA 2 NASA Marshall Space Flight Center, Huntsville, AL 35812, USA

We explore the nature of ‘hills’ observed on the solar surface which had previously been attributed to Rossby waves. We investigate the solar hills phenomenon by analyzing the output from a synthetic model based solely on the observed solar photospheric convection spectrum. We show that the characteristics of these hills can be explained by the corrugation of the surface produced by the radial flows of the convection. The hills in our simulations are dominated by supergranules, a well-known component of solar convection. Rossby waves have been predicted to exist within the

Sun and may play an important role in the dynamics of the solar interior, including the Sun’s differential rotation and magnetic dynamo. Our study suggests, however, that the hills observed at the solar limb do not confirm the existence of solar Rossby waves. Accepted by ApJ Letters

For preprints contact: pwilliams@uta.edu

Modified p-Modes in Penumbral Filaments?

D. S. Bloomfield^1, S. K. Solanki^1, A. Lagg^1, J. M. Borrero^2 and P. S. Cally^3

1 Max-Planck-Institut für Sonnensystemforschung, Max-Planck-Str. 2, 37191 Katlenburg-Lindau, Germany 2 High Altitude Observatory, 3450 Mitchell Lane, Boulder, 80301 Colorado, USA 3 Centre for Stellar and Planetary Astrophysics, School of Mathematical Sciences, Monash University, Victoria, 3800, Australia

Aims. The primary objective of this study is to search for and identify wave modes within a sunspot penumbra. Methods. Infrared spectropolarimetric time series data are inverted using a model comprising two atmospheric components in each spatial pixel. Fourier phase difference analysis is performed on the line-of-sight velocities retrieved from both components to determine time delays between the velocity signals. In addition, the vertical separation between the signals in the two components is calculated from the Stokes velocity response functions. Results. The inversion yields two atmospheric components, one permeated by a nearly horizontal magnetic field, the other with a less-inclined magnetic field. Time delays between the oscillations in the two components in the frequency range 2.5 − 4.5 mHz are combined with speeds of atmospheric wave modes to determine wave travel distances. These are compared to expected path lengths obtained from response functions of the observed spectral lines in the different atmospheric components. Fast-mode (i.e., modified p-mode) waves exhibit the best agreement with the observations when propagating toward the sunspot at an angle ∼50^∘ to the vertical. Accepted by A&A For preprints contact: bloomfield@mps.mpg.de

Grand Minima and Maxima of Solar Activity: New Observational Constraints

I.G. Usoskin^1, S.K. Solanki^2 and G.A. Kovaltsov^3 1 Sodankylä Geophysical Observatory (Oulu unit), POB 3000, University of Oulu, Finland 2 Max-Planck-Institut für Sonnensystemforschung, 37191 Katlenburg-Lindau, Germany 3 Ioffe Physical-Technical Institute, Politekhnicheskaya 26, RU-194021 St. Petersburg, Russia

Using a reconstruction of sunspot numbers stretching over multiple millennia, we analyze the statistics of the occurrence of grand minima and maxima and set new observational constraints on long-term solar and stellar dynamo models. We present an updated reconstruction of sunspot number over multiple millennia, from^{14}C data by means of a physicsbased model, using an updated model of the evolution of the solar open magnetic flux. A list of grand minima and maxima of solar activity is presented for the Holocene (since 9500 BC) and the statistics of both the length of individual events as well as the waiting time between them are analyzed. The occurrence of grand minima/maxima is driven not by long-term cyclic variability, but by a stochastic/chaotic process. The waiting time distribution of the occurrence of grand minima/maxima deviates from an exponential distribution, implying that these events tend to cluster together with long event-free periods between the clusters. Two different types of grand minima are observed: short (30–90 years) minima of Maunder type and long (>110 years) minima of Spörer type, implying that a deterministic behaviour of the dynamo during a grand minimum defines its length. The duration of grand maxima follows an exponential distribution, suggesting that the duration of a grand maximum is determined by a random process. These results set new observational constraints upon the long-term behaviour of the solar dynamo.

Accepted by A&A

For preprints contact: ilya.uoskin@oulu.fi

Ph.D. Thesis Abstracts

T Tauri Stars: Mass Accretion and X-ray Emission

Scott G. Gregory Thesis work conducted at: School of Physics and Astronomy, University of St Andrews, UK

Current address: School of Physics and Astronomy, Univ. of St Andrews, St Andrews, Fife, KY16 9SS, UK E-mail: sg64@st-andrews.ac.uk

Ph.D dissertation directed by: Moira Jardine

Ph.D degree awarded: April 2007

I develop the first magnetospheric accretion model to take account of the observed complexity of T Tauri magnetic fields, and the influence of stellar coronae. It is now accepted that accretion onto classical T Tauri stars is controlled by the stellar magnetosphere, yet to date the majority of accretion models have assumed that the stellar magnetic field is dipolar. By considering a simple steady state accretion model with both dipolar and complex magnetic fields I find a correlation between mass accretion rate and stellar mass of the form Ṁ ∝ M^α_∗ , with my results consistent within observed scatter. For any particular stellar mass there can be several orders of magnitude difference in the mass accretion rate, with accretion filling factors of a few percent. I demonstrate that the field geometry has a significant effect in controlling the location and distribution of hot spots, formed on the stellar surface from the high velocity impact of accreting material. I find that hot spots are often at mid to low latitudes, in contrast to what is expected for accretion to dipolar fields, and that particularly for higher mass stars, accreting material is predominantly carried by open field lines. Material accreting onto stars with fields that have a realistic degree of complexity does so with a distribution of in-fall speeds.

I have also modelled the rotational modulation of X-ray emission from T Tauri stars assuming that they have isothermal, magnetically confined coronae. By extrapolating from surface magnetograms I find that T Tauri coronae are compact and clumpy, such that rotational modulation arises from X-ray emitting regions being eclipsed as the star rotates. Emitting regions are close to the stellar surface and inhomogeneously distributed about the star. However some regions of the stellar surface, which contain wind bearing open field lines, are dark in X-rays. From simulated X-ray light curves, obtained using stellar parameters from the Chandra Orion Ultradeep Project, I calculate X-ray periods and make comparisons with optically determined rotation periods. I find that X-ray periods are typically equal to, or are half of, the optical periods. Further, I find that X-ray periods are dependent upon the stellar inclination, but that the ratio of X-ray to optical period is independent of stellar mass and radius.

I also present some results that show that the largest flares detected on T Tauri stars may occur inside extended magnetic structures arising from the reconnection of open field lines within the disc. I am currently working to establish whether such large field line loops can remain closed for a long enough time to fill with plasma before being torn open by the differential rotation between the star and the disc. Finally I discuss the current limitations of the model and suggest future developments and new avenues of research.

Thesis-related Publications: MNRAS, 367, 917; MNRAS, 371, 999; MNRAS, 373, 827; MNRAS, in press (astroph/0704.2958)

Editor’s Note: The above thesis abstract is being cross-listed with the Star Formation Newsletter.

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), substellar objects, 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 .

*** Please send abstracts in the body of the message and not as attachments.***