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COVER ILLUSTRATION:

Mendocinean landscape showing a typical vineyard plantation with the Andes
mountains in the background. Surrounded by a mixture of arid and semiarid
landscapes, the city of Mendoza and its rural outskirts have been turned into a
fertile oasis, sustained by the melting of glaciers and snow and manmade dams,
channels, and drains. Also called “The land of Sun and good wine”, its diaphanous
skies and wine-producing fields attract over a million tourists every year.

Our Mendoza IAU Symposium on “Comparative Magnetic Minima” brought to-
gether scientists who studied the Sun, stars, and effects of magnetic activity on
planetary space environments. One such “space weather” effect is that of beauti-
ful aurorae, as illustrated here on a star field background courtesy of NASA and
The Hubble Heritage Team (STScI/AURA). The solar disc image is courtesy
of SDO (NASA) and the AIA consortium, while the solar corona is courtesy of
Williams College Eclipse Expedition (Jay M. Pasachoff, Muzhou Lu, and Craig
Malamut), captured on July 11, 2010.
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Preface

TAU Symposium 286, “Comparative Magnetic Minima: Characterizing Quiet Times
in the Sun and Stars”, was coordinated through Division II, with the strong support of
Division IV, including several of their associated commissions. It was held in Mendoza,
Argentina, from 3 to 7 October 2011, and attracted nearly 100 scientists expert on various
pertinent topics from 23 countries. The goal of the symposium was to consider solar and
stellar minima, from generative dynamo mechanisms to in-depth analyses from Sun to
Earth for recent well-observed and modeled minima, to a range of stellar cyclic activity, to
outlier “grand minima”. Solar, heliospheric, geospace, atmospheric, stellar, and planetary
sciences were included in the meeting’s scope.

Solar and stellar minima represent times of low magnetic activity and simple he-
lio/asterospheres. They are, thus, excellent targets for interdisciplinary, system-wide
studies of the origins of stellar variability and consequent impacts on planetary sys-
tems. The recent solar minimum extended longer and was “quieter” than any we have
observed in the Space Age, inspiring both scientific and public interest. A rich variety of
satellite and ground-based observations, in conjunction with theoretical and numerical
modeling advances, have allowed us to probe the peculiarities of this minimum as never
before. The implications are far-reaching, connecting Earth to Sun to stars, radio to X-
rays to cosmic rays, and the plethora of observations of recent minima to the Sun’s past
behavior as preserved in cosmogenic isotopes and historical sunspot and auroral records.

At the meeting, the keynote talk on “The nature and significance of solar minima” was
given by Eric Priest. This was followed by 28 invited, 6 solicited talks and 28 contributed
presentations spread over five sessions: Solar and Stellar Minima, Dynamos and Cycle
Variability, Comparative Solar Minima from Sun to Earth, Stellar Cycles and Grand
Minima, and Historical Records. A closing discussion on whether we are entering a grand
minimum was led by Karel Schrijver. Thirty one poster presentations were put up and
remained during the entire meeting. A public outreach talk on global warming and solar
activity was given by Pablo Mauas at the end of the symposium.

The presentations described how magnetic fields can be cyclically generated in solar
and stellar interiors via various dynamo processes. Numerical models have increased in
complexity to the point where many observed aspects of the cycles in the Sun and stars
are captured, although mysteries remain such as the origins of extended, or “grand”
minima. Both stellar observations and historical and cosmogenic records at the Earth
were presented, forming a basis of understanding of such intervals, and of solar/stellar
long-term variability in general. A simple method to reconcile the Ziirich Sunspot Num-
ber and the Group Sunspot Number was presented, with important and wide ranging
implications towards an agreed-upon and vetted single sunspot series for use in the future.

The recent extended minimum was the lowest and longest minimum in about a century,
having weak polar magnetic fields, a complex corona and heliosphere, and recurrent high-
speed streams. Simultaneously, it was found that solar minima do not all look alike, given
that the Sun can have different magnetic flux configurations even during very quiet times,
yielding distinct 3D magnetic flux distributions and, therefore, diverse structure of the
corona and heliosphere. During this recent minimum, the solar magnetic field achieved
a solar maximum-like corona and solar wind source situation, but with weak magnetic
fields and associated weak heating. The discussed results point out the need for text-
books and solar physics educators to revise the way they describe the solar wind and its
sources.
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In addition, the recent minimum provoked discussions on the possibility of a trend in
the Sun’s current magnetic cycles towards a grand minimum and the potential implica-
tions for the Earth’s climate. For instance, there is evidence that a strong decrease of solar
activity can lead to a delay of ozone recovery, partially compensating greenhouse warm-
ing, and that irradiance variability is the most important forcing for global problems.
A combination of the bottom-up and top-down models seems appropriate for radiative
solar forcing of the atmosphere. Although the forcing due to anthropogenic influences
is about seven times larger than the radiative solar forcing, solar activity certainly does
affect climate, and all relevant observations need to be maintained or extended.

The question of the origins and implications of cyclic behavior, for the Sun-Earth
system and also for other stellar-planetary systems, was the subject of several presen-
tations. For instance, it was shown that induced magnetospheres directly interact with
the solar wind and, therefore, are more prone to atmospheric evolution than intrinsic
magnetospheres.

This symposium was undoubtedly unique in the sense that it brought together a diverse
group of scientists that were able to take part in discussions, appreciate the scientific dis-
ciplines of others, and discover the common aspects of the physical processes involved in
the different studied environments from Sun to Earth, and stars to planets. The editors
take this opportunity to thank German Cristiani and Marcelo Lépez-Fuentes for their
valuable assistance in preparing this volume. We also are grateful to the following re-
viewers who assisted us in improving the papers: Drs. Thomas Ayres, Alisson Dal Lago,
Sergio Dasso, Marcelo Lopez-Fuentes, Daniel Gomez, Manuel Giidel, Gustavo Guerrero,
Jeffrey Hall, Margit Haberreiter, Kanya Kusano, Georgeta Maris, Leif Svalgaard, Andrey
Tlatov, Ilya Usoskin, Adriana Valio, and Alberto Vasquez. Please note that many of the
papers contain color figures, which are printed here in black and white but which can be
viewed online in color.

Sarah Gibson and Hebe Cremades, co-chairs SOC

Cristina H. Mandrini, chair LOC

Cristina H. Mandrini and David F. Webb, Proceedings Editors
Buenos Aires, Argentina, 29 March 2012

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921312006461

xii

THE ORGANIZING COMMITTEES

Scientific

Hebe Cremades (co-chair, Argentina) Jeffrey Hall (USA)

Sarah Gibson (co-chair, USA) Kanya Kusano (Japan)

Thomas Ayres (USA) Cristina Mandrini (Argentina)
Alisson Dal Lago (Brazil) Georgeta Maris (Romania)
Daniel Gémez (Argentina) Valentin Martinez-Pillet (Spain)
Manuel Giidel (Austria) Andrey Tlatov (Russia)
Gustavo Guerrero (Sweden) Ilya Usoskin (Finland)

Margit Haberreiter (Switzerland) Adriana Valio (Brazil)

Johanna Haigh (UK)

Local

Cristina Mandrini (chair) Sergio Dasso

Laura Balmaceda Marcelo Lépez-Fuentes
Hebe Cremades Maria Luisa Luoni

German Cristiani

Acknowledgements

The symposium was coordinated through IAU Division I (Sun and Heliosphere)
and sponsored and supported by IAU Divisions III (Planetary System Sciences)
and IV (Stars), including several of their associated Commissions: 10 (Solar Ac-
tivity), 12 (Solar Radiation and Structure), 49 (Interplanetary Plasma and He-
liosphere), and 36 (Theory of Stellar Atmospheres).

The Local Organizing Committee operated under the auspices of the
Instituto de Astronomia y Fisica del Espacio (IAFE) and the Universidad
Tecnolégica Nacional - Facultad Regional Mendoza (UTN-FRM).

Funding support by the
International Astronomical Union (IAU),

Agencia Nacional de Promocién Cientifica y Tecnolégica (ANPCyT),
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET),
Air Force Office of Scientific Research - Southern Office of Aerospace Research
and Development (AFOSR-SOARD),

Scientific Committee on Solar-Terrestrial Physics (SCOSTEP),
Committee on Space Research (COSPAR),

Comisién Nacional de Actividades Espaciales (CONAE),
and
Centro Latinoamericano de Fisica (CLAF),
is gratefully acknowledged.

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921312006461

xiii

CONFERENCE PHOTOGRAPH

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921312006461

xiv Conference photograph

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921312006461

© 003D U= W~

. Lela Taliashvili

. Blanca Mendoza

. Inez Batista

. Werner Schmutz

. Madhulika Guhathakurta
. Caius Selhorst

. Eric Priest

. Adriana Valio

Cristina Mandrini

. Hebe Cremades

. Cesar Bertucci

. Maria Luisa Luoni

. Lidia van Driel-Gesztelyi
. Ximena Abrevaya

. Mariela Vieytes

. Bernardo Vargas Cardenas
. Sarah Gibson

. Romina Garcia

. Nadezhda Zolotova

. Maximiliano Crescitelli

. Deysi Cornejo Espinoza

. Lurdes Martinez Meneses
. Lois Linsky

. Accompanying person

(Raphael Steinitz)

. Raphael Steinitz

. Jaime Osorio Rosales

. Jeffrey Linsky

. Mariano Poisson

. Marlos Rockenbach da Silva
. Carolina Salas Matamoros

. Andrey Tlatov

. Ilya Usoskin

Conference photograph

. Francesco Zuccarello
. Sasha Brun

. Michael Thompson

. Kate Thompson

. Ivonne Elsworth

. Hiroko Miyahara

. David Webb

. Heidi Korhonen

. Marcelo Lépez-Fuentes
. Katja Poppenhaeger
. Dibyendu Nandi

. Volker Bothmer

. Romina Petrucci

. Eugene Rozanov

. Alisson Dal Lago

. Pablo Mauas

. Ezequiel Echer

. Margit Haberreiter

. Carlene Skeffington
. Ed Cliver

. Joern Warnecke

. John Linker

. Dmitry Sokoloff

. Matthias Rheinhardt

. Marc DeRosa

. Andres Munoz Jaramillo
. Leif Svalgaard

. Laura Balmaceda

. Pedro Corona Romero

. Matthew Browning

. Karel Schrijver

. Bidya B. Karak

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press

XV

. Raul Terrazas Ramos

. Giuliana de Toma

. Cristian Ferradas Alva
. Emre Isik

. Alberto Véasquez

. Germéan Cristiani

. Steven Saar

. Jurgen Schmitt

. Abraham Chian

. Mark Giampappa

. Arnab Choudhuri

. Axel Brandenburg

. Federico Nuevo

. Simon Candelaresi

. José Vaquero

. Gustavo Guerrero

. Jenny Rodriguez Gémez
. Marialejandra Luna Cardozo
. Fabio del Sordo

. Fernando Lépez

. Daniel Gémez

. Maria Emilia Ruiz

. Ramon Lopez

. Paulo Batista

. Sergio Dasso

. Francisco Iglesias

. Janet Luhman

. Vera Hurlburt

. Neal Hurlburt

. Kazuoki Munakata


https://doi.org/10.1017/S1743921312006461

xvi Participants

Participants

Ximena Abrevaya, Instituto de Astronomia y Fisica del Espacio, IAFE,
Buenos Aires, Argentina

Laura Balmaceda, Inst. de Cs. Astronémicas de la Tierra y del Espacio,
ICATE, San Juan, Argentina

Inez Batista, Instituto Nacional de Pesquisas Espaciais, INPE, Sao José
dos Campos, Brazil

César Bertucci, Instituto de Astronomia y Fisica del Espacio, IAFE,
Buenos Aires, Argentina,

Volker Bothmer, Institute for Astrophysics,
Gottingen, Germany

Axel Brandenburg, Nordic Institute for Theoretical Physics, NORDITA,
Sweden

Matthew Browning, CITA, University of Exeter, UK

Allan S. Brun, CEA, Saclay, France

Simon Candelaresi, Nordic Institute for Theoretical Physics, NORDITA,
Sweden

Abraham Chian, Paris Observatory, Meudon, Paris, France

Arnab Choudhuri, Department of Physics, Indian Institute of Science,
Bangalore, India

Rodolfo Cionco, Facultad Regional San Nicolds, Universidad Tecnoldgica
Nacional, Argentina

Edward Cliver, Air Force Research Laboratory, USA

Deysi Cornejo Espinoza, Comisién Nacional de Investigaciéon y Desarrollo
Aeroespacial, CONIDA, Peru

Pedro Corona Romero, Instituto de Geofisica, UNAM, México

Hebe Cremades, Facultad Regional Mendoza, Universidad Tecnolégica Na-
cional, Argentina

Maximiliano Crescitelli, Facultad Regional Mendoza, Universidad Tec-
nolégica Nacional, Argentina

German Cristiani, Instituto de Astronomia y Fisica del Espacio, IAFE,
Buenos Aires, Argentina

Alisson Dal Lago, Instituto Nacional de Pesquisas Espaciais, INPE, Sao
José dos Campos, Brazil

Sergio Dasso, Instituto de Astronomia y Fisica del Espacio, IJAFE, Buenos
Aires, Argentina

Giuliana De Toma, High Altitude Observatory, National Center for Atmo-
spheric Research, USA

Fabio Del Sordo, Nordic Institute for Theoretical Physics, NORDITA,
Sweden

Ezequiel Echer, Instituto Nacional de Pesquisas Espaciais, INPE, Sao José
dos Campos, Brazil

Yvonne Elsworth, School of Physics and Astronomy University of Birm-
ingham, UK

Cristian Ferradas Alva, Comisién Nacional de Investigacién y Desarrollo
Aeroespacial, CONIDA, Peru

Romina Garcia, Universidad Nacional de San Juan, San Juan, Argentina
Mark Giampapa, National Solar Observatory, NOAO, USA

Sarah Gibson, High Altitude Observatory, National Center for Atmo-
spheric Research, USA

Daniel Gémez, Departamento de Fisica, FCEN, UBA, Buenos Aires, Ar-
gentina

Walter Gonzdlez, Instituto Nacional de Pesquisas Espaciais, INPE, Sao
José dos Campos, Brazil

Gustavo Guerrero, Nordic Institute for Theoretical Physics, NORDITA,
Sweden

Madhulika Guhathakurta, Heliophysics Division, NASA Headquarters,
USA

Heidy Gutiérrez, Centro de Investigaciones Espaciales, Universidad de
Costa Rica, Costa Rica

Margit Haberreiter, Physikalisch-Meteorologisches Observatorium Davos,
WRC, Switzerland

Neal Hurlburt, Lockheed Martin Advanced Technology Center, USA
Francisco Iglesias, Facultad Regional Mendoza, Universidad Tecnoldgica
Nacional, Argentina

Emre Isik, Istanbul Kultur University, Istanbul, Turkey

Bidya Karak, Department of Physics, Indian Institute of Science, Banga-
lore, India

Heidi Korhonen, Niels Bohr Institute University of Copenhagen, Copen-
hagen, Denmark

Jon Linker, Predictive Science Inc., USA

Jeffrey Linsky, Joint Institute for Laboratory Astrophysics, University of
Colorado,

Fernando Lépez, Universidad Nacional de San Juan, San Juan

Ramén Lopez, Department of Physics, University of Texas at Arlington,
USA

Marcelo Lépez Fuentes, Instituto de Astronomia y Fisica del Espacio,
IAFE, Buenos Aires, Argentina

Janet Luhmann, Space Sciences Laboratory, University of California,
Berkeley, USA

Marialejandra Luna Cardozo, Instituto de Astronomia y Fisica del Espa-
cio, IAFE, Buenos Aires, Argentina

Maria L. Luoni, Instituto de Astronomia y Fisica del Espacio, IAFE,
Buenos Aires, Argentina

Cristina H. Mandrini, Instituto de Astronomia y Fisica del Espacio, IAFE,
Buenos Aires, Argentina

Lurdes Martinez Meneses, Universidad Nacional San Luis Gonzaga de
Ica, Peru

Pablo Mauas, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

University of Gottingen,

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press

abrevaya@iafe.uba.ar
Ibalmaceda@icate-conicet.gob.ar
inez@dae.inpe.br

cbertucci@iafe.uba.ar
bothmer@astro.physik.uni-goettingen.de
brandenb@nordita.org
browning@cita.utoronto.ca
sacha.brun@cea.fr

iomsn@physto.se

abraham.chian@gmail.com
arnab@physics.iisc.ernet.in

gcionco@frsn.utn.edu.ar

edcliver@gmail.com
veronicadce@gmail.com.pe

piter.cr@gmail.com
hebe.cremades@frm.utn.edu.ar

albertut@hotmail.com
geristiani@iafe.uba.ar
dallago@dge.inpe.br
sdasso@ijafe.uba.ar
detoma@ucar.edu
brandenb@nordita.org
ezequiel.echer@gmail.com
y.p.elsworth@bham.ac.uk
cristian.ferradas@pucp.edu.pe
rominita dance@hotmail.com
giampapa@noao.edu
sgibson@ucar.edu
dgomez@df.uba.ar
gonzalez@dge.inpe.br
guerrero@nordita.org
madhulika.guhathakurta@nasa.gov
heidy.gutierrez@Qucr.ac.cr
margit.haberreiter@pmodwrc.ch

hurlburt@Lmsal.com
franciscoaiglesias@hotmail.com

e.isik@iku.edu.tr
bidya karak@physics.iisc.ernet.in

heidi.h.korhonen@utu.fi

linkerj@predsci.com
jlinsky@jila.colorado.edu

ferl1983@hotmail.com
relopez@uta.edu

lopezf@iafe.uba.ar
jgluhman@ssl.berkeley.edu
mluna@iafe.uba.ar
mluoni@iafe.uba.ar
mandrini@iafe.uba.ar
lurdesmartinez5@yahoo.es

pablo@iafe.uba.ar


https://doi.org/10.1017/S1743921312006461

Participants

Blanca Mendoza Ortega, Instituto de Geofisica, UNAM, México

Hiroko Miyahara, The University of TokyoLeiden Observatory, Tokio, Japan
Kazuoki Munakata, Physics Department, Shinshu University, Japan

Andrés Munoz Jaramillo, Harvard-Smithsonian Center for Astrophysics, USA
Dibyendu Nandi, Indian Institute of Science Education and Research, Kolkata,
India

Federico Nuevo, Instituto de Astronomia y
Aires, Argentina

Constantin Oprea, Institute of Geodynamics, Romanian Academy, Romania
Jaime Osorio Rosales, Instituto de Geofisica, UNAM, México

Romina Petrucci, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

Mariano Poisson, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

Katja Poppenhaeger, Hamburg Observatory, Hamburg, Germany

Eric Priest, Saint Andrews University, UK

Matthias Rheinhardt, Nordic Institute for Theoretical Physics, NORDITA,
Sweden

Marlos Rockenbach da Silva, Universidade do Vale do Paraiba, UNIVAP,
Brazil

Jenny Rodriguez Gémez, Observatorio Astronémico Nacional, Universidad
Nacional de Colombia, Colombia

Eugene Rozanov, Physikalisch-Meteorologisches Observatorium Davos, WRC,
Switzerland

Maria E. Ruiz, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

Steven Saar, Smithsonian Astrophysical Observatory, USA

Carolina Salas Matamoros, Centro de Investigaciones Espaciales, Univ. de
Costa Rica, Costa Rica

Jirgen Schmitt, Hamburger Sternwarte, Germany

Werner Schmutz, Physikalisch-Meteorologisches Observatorium Davos, WRC,
Switzerland

Karel Schrijver, Lockheed Martin Advanced Technology Center, USA

Caius Selhorst, Universidade do Vale do Paraiba, UNIVAP, Brazil

Dmitry Sokoloff, Moscow State University, Moscow, Russia

Raphael Steinitz, Ben Gurion University, Israel

Leif Svalgaard, Stanford University, USA

Natalia Szajko, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

Lela Taliashvili, Centro de Investigaciones Espaciales, Universidad de Costa
Rica, Costa Rica

Rail Terrazas Ramos, Universidad Nacional San Luis Gonzaga de Ica, Peri
Michael Thompson, High Altitude Observatory, National Center for Atmo-
spheric Research, USA

Andrey Tlatov, Kislovodsk Mountain Astronomical Station, Pulkovo Observa-
tory, Russia

Ilya Usoskin, Department of Physics, University of Oulu, Finland

Adriana Valio, CRAAM, Mackenzie University, Sao Paulo, Brazil

Lidia van Driel-Gesztelyi, Konkoly Observatory, Hungary

José Vaquero, Universidad de Extremadura, Espana

Bernardo Vargas Cardenas, Instituto de Geofisica, UNAM, México

Alberto Vasquez, Instituto de Astronomia y Fisica del Espacio, IAFE, Buenos
Aires, Argentina

Mariela Vieytes, Instituto de Astronomia y Fisica del Espacio, ITAFE, Buenos
Aires, Argentina

Joern Wernecke, Nordic Institute for Theoretical Physics, NORDITA, Sweden
David Webb, Institute of Scientific Research, Boston College, USA

Nadezhda Zolotova, Saint Petersburg State University, Saint Petersburg, Rus-
sia

Francesco Zuccarello, Centrum voor Plasma-Astrofysic, KU Leuven, Belgium

"{sica del Espacio, IAFE, Buenos

https://doi.org/10.1017/51743921312006461 Published online by Cambridge University Press

xXvii

blanca@geofisica.unam.mx
hmiya@icrr.u-tokyo.ac.jp
kmuna00@shinshu-u.ac.jp
amunoz@cfa.harvard.edu
dnandi@iiserkol.ac.in

federico@ijafe.uba.ar
const_oprea@yahoo.com

jaime@geofisica.unam.mx
romina@iafe.uba.ar

mpoisson@iafe.uba.ar

katja.poppenhaeger@hs.uni-hamburg.de
eric@mes.st-and.ac.uk
mreinhardt@nordita.org

marlosrs@gmail.com
jemfisi@hotmail.com
e.rozanov@pmodwrc.ch
meruiz@iafe.uba.ar

saar@cfa.harvard.edu
carolina.salas@planetario.ucr.ac.cr

jschmitt@hs.uni-hamburg.de
werner.schmutz@pmodwrc.ch

schrijver@lmsal.com
caiuslucius@gmail.com
sokoloff@dds.srcc.msu.su
raphael@bgu.ac.il
leif@leif.org
pajarin@gmail.com

lela.taliashvili@cinespa.ucr.ac.cr

raulterrazas81@gmail.com
mjt@Qucar.edu

tlatov@mail.ru

ilya.usoskin@oulu.fi
avalio@craam.mackenzie.br
Lidia.vanDriel@obspm.fr
jvaquero@unex.es
bernardo@geofisica.unam.mx
albert@jafe.uba.ar

mariela@ijafe.uba.ar
joern@nordita.org
david.webb@bc.edu

myagkalapka@gmail.com

francesco.zuccarello@wis.kuleuven.be


https://doi.org/10.1017/S1743921312006461



