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PREFACIO

Si continuaramog con la tradicion de publicar en loe Bole:
tines de nuestra Asociacion los trabajos presentados en las corres-
pondientes reuniones anuales, el pregente volumen. editado a la  memo
ria del Dr. Enrique Gaviola, deberilia incluilr lae contribuciones co-
rrespondientes a la Reunién No 35 de la Asocilacion Argentina de As-
tronomia, prevista originalmente para ser realizada en la ciudad de
San Juan en septiembre de 1988. Dicha reunidén, sin embargo, fue pos-
tergada para septiembre de 1880 debido a la realizacién de la Vlia.
Reunion Regional Latinocamericana de Astronomia, llevada a cabo en
Gramado (Brasil) en octubre de 188%.

Nosg encontramos asil frente a la disyuntiva de postergar por
un afo la edicion del Boletin Ne 46, o bilen publicar una edicion es-
pecial correspondiente al afio 1989 y abandonar de ahora en adelante la
tradicional correspondencia entre la numeraciédn del Boletin y el nu-
mero de la Reunidén Anual. Luego de una prolongada discusidén sobre el
tema, la Comisgidén Directiva de la Asociacién decidid optar por esta
segunda alternativa.

El presente ejemplar incluye contribuciones especiales de
destacados miembros de nuestra Asociacion pertenecientes a las dis-
tintas instituciones argentinaese en las cuales se desarrollan investi-
gaciones en Astronomia. Puesto que el presente volumen ha sido editado
a la memoria del Dr. Enrique Gaviola, nos parecid oportuno invitar al
Dr. Alberto P. Maiztegui a redactar una semblanza del destacado fisico
recientemente desaparecido.

Por loe Observatorios de Coérdoba, La Plata y Felix Aguilar
(San Juan) fueron invitados & contribuir al pregente Boletin los Dres.
Roberto F. Sisterd, Alejandro Feinstein y el Agr. Walter Manrigue,
respectivamente. El Dr. Hugo Levato, actual Director del Complejo As-
tronémico El Leoncito (CASLEO), ha aportado un minucioso informe re-
lacionado con la ingtitucién mn su cargo, en tanto que el Dr. Esteban
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Bajaja ha sido invitado a contribuir como representante del Instituto
Argentino de Radicastronomia (IAR). Finalmente, el presente Boletin
incluye una contribucién conjunta de 1los Dres. Marcos Machado (Comi-
sién Nacional de Investigaciones Espaciales) y Cristina Mandrini
(Instituto de Astronomia y Fisica del Espacilo).

Resulta oportuno destacar la intencién de la actual Comieidn
Directiva de 1la Asoclilacién de 1inclulr en el presente Boletin 1los
resumenes, en espafiol e inglés, de todos los trabajoe presentados por
astrénomos argentinos en la VIa. Reunién Regional Latinoamericana de
Astronomia realizada en Gramadoe (Brasil) en Octubre de 19689, Lamenta-
blemente, este deseo no pudo concretarse debido a la escasa colabora-
cién brindada por parte de los autores, salvo honrosas excepciones,
Qquienes no hicieron llegar al Editor los mencionados resumenes.

Nos es8 particularmente grato expresar nuestro agradecimiento
al CASLEQ y en especial a su Director, Dr. Hugo Levato, por la cola-
boraclién prestada en personal y equipos. Extendemos nuestro agradeci-
miento al CONICET por s8u valiosa contribucién a la financlacién del
presente ejemplar. Agradecemos también a la Dra. Stella Malaroda y a
la Sra. ©OSilvia Galliani de Picdé, por los cuildadosos trabajoes de
tipeado, correccitn y diagramado de los manuscritos.

Juan J. Claria
Editor
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PREFACK

If we continue our tradition of publishing in the Bulletins
of our Association the papers presented at the respective annual
meetinge, the present issue, edited in memory of Dr. Enrique Gaviola,
should include the contributions to Meeting No 35 of the Argentinian
Astronomical Assocliation, originally planned to take place at San Juan
in September 1989. This meeting was postponed till September 1990 due
to the sixth Regional Latin-American Astronomical Meeting which took
place at Gramado (Brasil) in October 1989.

Thus we faced the dilemma of either postponing the edition
of the Bulletin N¢ 35 for a year, or publishing a special issue for
1989, abandoning from now on the accordance of the Bulletin number
with those of the Annual Meetings. After a 1lenghty discussion, the
Committee of the Association opted for this second alternative.

The present issue 1includes special contributione of
outstanding members of our Agsoclation from various argentinian
institutions where reesearch in Astronomy is carried out. Ag the
present volume ig edited in memory of Dr. Enrique Gaviola, we found it
pertinent to invite Dr. Alberto P. Maiztegui to draw up an image of
this outstanding physicist recently deceased.

From the observatories of Cédrdoba, La Plata, and Feéelix
Aguilar (San Juan) were invited to contribute to the presgent Bulletin

Drs. Roberto F. Sisterd, Alejandro Feinstein, and Agr. Walter
Manrique, respectively. Dr. Hugo Levato, the actual Director of the
Complejo Astronédmico El Leoncito (CASLEO), hae contributed a detailed
information on the inestitution he is 1in charge of, and Dr. Esteban

Bajajs hae been invited to furnieh an article, as he represents the
Argentinian Inetitute of Radio Astronomy. Finally, the present
Bulletin includee a joint paper by Dre. Marcos Machado (National Space
Research Commiseion) and Cristina Mandrini (Aetronomy &and Space
Physice Institute).
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It is appropriate to point out the intention of the actual
Board of Directors of the Asgocliation to include in this Bulletin the
abstracts, in spanish and english, of all the papers presented by
argentinian astronomers at the s8ixth Regional Latin-American
Astronomical Meeting held at Gramado (Brasil) 1in october 1988.
Unfortunately, this intention could not be carried out, due to the
gcarce colaboration of the authore, who, save honorouble exceptions,
did not send in these abstracts.

We are specially pleased to express our thanks to CASLEO and
above all, ¢to its Director Dr. Hugo Levato for the collaboration,
personally and as teamwork. We extend our gratitude to %he CONICET for
their valuable contribution to the financing of the present issue. We
also thank Miss Stella Malaroda and Miss Silvia Galliani de Picodé for
thelr careful typing and diagramming of the manuscripts.

Juan J. Claria
The Editor
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DR. ENRIQUE GAVIOLA
31 de agosto de 1900 - 7 de agosto 1990




Dr. Enrique Gaviols (31-VIII-1900/7-VIII-1980)

El 7 de Agosto de 1390 murié Enrique Gaviola, uno de 1los
cientificoas argentinos que, 6in la menor duda, maée contribuyé a 1la
ciencia argentina, particularmente a la Fisica y a la Astronomia.

La formacién clentifica es llamativa: primero se recibilé6 de
Agrimensor en la Univereidad Nacional de La Plata, a pesar de que é1
ya estaba decidido a eer fisico;, sunque mejor seria decir “porque”
queria ser fisico, puee habia planeado estudiar en Alemania: con su
titulo y su trabajo como agrimensor, reunid el dinero necesario, pues
no existia entonces €l sistema de becane, ni internas y menoe externas.

Su libreta de estudiante tiene, entre otras, las firmae de

Planck, Sommerfeld, Einstein, Wien... El Dr. Martin Capelleti, también
de La Plata, gque esgtudibé en Alemania en aquella época, nos contd a
quienes trabajabamos con €1 en el Servicio Metereoldgico Nacional, una
anécdota sobre Einsteln y Gaviola, en una ocasién en la que Einstein
dijo, poco mas ¢ menos, qQue “s8i1 la Argentina tuviese varios Jjévenes
como Gaviola...” y terminé la frase inconclusa con un gesto admirati-
vo.

Durante sus afioe de fisico Joven estuvo en Alemania y en
Estados Unidos, donde realizdé trabajos de excelente nivel. En 1los

primeros afios de la década de 1830 regresd a la Argentina. Por que,
cuando su produccidén prometia tanto, vino a un lugar donde la inves-

tigaciédn clentifica era, en €1 mejor de los casgos, inciplente? A mi
Juicio, la respuesta debe de andar muy cerca de un propHésito de pro-
mover el desarrollo de la cliencia en eu propio pais: e€s la uinlica que
encaja en su actividad posterisdr. E1 azar 1o llevd en 1837 al Obser-
vatorio Astronédmico de CédHrdoba, pueg &1 no era astrdédnomo; o tal vez no
fue el azar sino €1 mismo quien buscédé ese destino, porque el observa-
torio era una de las pocas instituciones argentinas donde se realizaba

Bol. Asoc. Arg. de Astr. 7



investigacion clentifica, y la eligid como centro apropiado para desa
rrollarla vigoroeamente. Por clerto, eligio bien. En aquel momento,
Juan José Nissen, excelente astronomo, era el primer argentino en di-
rigir la institucién, después de mas de medio siglo de su creacidn.

El 24 de Julio de 1940, Gaviola se hizo cargo de la direc-
cién, y desde ella desarrolld con hechos una verdadera politica cien-
tifica particularmente en el ambito de la Fisica, mas que en el de la
Astronomia, aunque sus trabajos de optica de grandeas teleacopios fue-
ron descollantes.

Hacia 1910 Charles Dillon Perrine, astrénomo estadounidense
y en esa epoeca Director del Observatorio, resolvidé orientarlo hacla la
Astrofisica e inicidé 1la construccidon de la Estacidén Astrofisica de
Bosque Alegre. La figuracién del espejo tuvo grandes viscisitudes, vy
el 6ptico que en Estados Unidos 1intentaba darle la forma a su super-
ficie, no lo habia logrado. Gaviola, en representaclién del Observato-
rio llegd para recibir el espejo de conformidad, pero advirtié que el
trabajo no era aceptable. Y no 86lo detectd las fallas: adem&s 1indicd
al experto cémo subsanarlas. Este fue el origen del "método de 1la
cédustica” para controlar la forma de grandes espejogs como el de Bosque
Alegre, de 154 cm de diAametro. Aqui no se puede pasar por alto el
nombre de Ricardo Platzeck, formado en Optica a eu lado.

En "Evolucién de las Clenclas en la Republica Argentina
(1923-1972)" de la Sociedad Cientifica Argentina, Lule Milone astré-
nomo de Cérdoba, dice: "En 13939 aparece publicado en el Journal of the
Optical Society of America el procedimiento original de Enrigue
Gavicla y Ricardo Platzeck para controlar superficies Spticas. Cono-
cido como €l “método de la céustica”, permite la obtencién de una
precisiédn extraordinaria; en todo el mundo ha pasado a ser standard en

el control de toda superficle 6ptica de grandes dimensiones.

Aunque ahora el método haya sido superado, vale la pena que
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los jévenes argentinos conozcan (y log mayores recuerden) contribu-
ciones cientificas argentinas d& primerisima 1linea a la ciencia mun-
dial, de lag cualer el método de la caustica es s86lo una de ellas.

También vale la pena obrervar que el telescoplo de Bosque
Alegre fue iniclado hacia 1910 e 1inaugurado en 194Z; que El1 Leoncito
ge inicldé hacia 1960 y se lnauguré en 1985; y que el Observatorio de
Coérdoba se empczd a construir en 1869 y Sarmiento lo inaugurd en 1871,
con un discurso admirable que constituyé una definicién de politica
clentifica concretada en hechos.

Degde el punto de vista cientifico (posicidén Jjamés dejada
un lado por Gaviola) la 1inauguracién de la Estacién Astrofisica de
Bosque Alegre, el 2 de julio de 1942, fue aprovechada para realizar el
“Pequefio Congreso de Astronomia y Fisica” en el edificio del Observa-
torio en la ciludad de Cérdoba, los dias 4 y & de Julio. Gaviola siem-
pre consideré (con algo de razdén por sus intenciones, pero sin eco
entre los fisicos) que esa fue la reunidén No 1 de la Asociacidédn Fisica
Argentina. La negativa es razonable porque la AFA ge cred dos afios més
tarde; pero es clerto que el origen de 1la asociacidn estad ligado al
precursor “Pequefio Congreso” de Cérdoba. La Asoclacidédn Fisica Argen-
tina, fundada en La Plata en 1844, es otro de los suefice realizados de
Gaviola, logrado con la colaboracidn de muchos.

La observacién de la realidad cientifica argentina y su
consagracién a promover la investigacidén movieron a Gaviola a producir
hechos que por su propio peso constituyeron actos concretos de poli-
tica clentifica; entre ellos podemos mencionar: promover el acerca-
miento de Jjovenes cientificos extranjeros de primer nivel para elevar
el nuestro. Asi fue como incorpord al personal del Observatorio a
Guido Beck; y asi se habia logrado la aceptacién de Werner Heisenberg
para venir a la Argentina; crear un ambito para la intercomunicacién

de los8 fisicos (e inicialmente también de 1los astrénomos), funcidn
esencial de una institucién como 1la AFA. Todo lo hizo mediante una
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accién incansable, sin resolucién o decreto oficial, apoyado tan 86lo
en su condicién de Director del Observatorio de Cérdoba, y “hablando
con la gente”.

Y otro de sus suefios en esa fructifera década del 40 fue
crear una escuela de Fisica sobre la base del Observatorio. En ese
entoncee no lo pudo realizar: un desacuerdo con algin funcionario del
Ministerio de Jueticia e Instruccién Pablica (del cual dependia el
Oobgervatorio) le indujo a presentar su renuncia a la Direccién, en los
primeros meses de 1947. Yo sospecho que él la presentd para forzar a
gu favor la diferencia aludida, creyendo qQque no le seria aceptada.
Gaviola sabia de la importancia y trascendencia de sus acciones como
parte de una politica cientifica ein declaraciones pero concretada en
hechog: quien no lo sabia era el ministro (cuyo nombre no recuerdo)
que le aceptdé la renuncia.

Gaviola nunca se repuso de ese golpe: algo para mi extrafio,
pensando en su inteligencia brillantisima, en su caracter fuerte, en
su devocion por la ciencla. Tal vez los argentinos no lo comprendimos
suficientemente, o no lo supimos apoyar eén su posterior vida académi-
ca.

Después de alejarse del Observatorio, Gavicla hizo un 1in-
tento para el acercamiento entre la clencia y la industria (problema
ain actual) y trabajé unos aflos en la cristaleria Rigolleau, en Buenos
Alres. Posteriormente fue profesor en las Universidades de San Juan,
de Tucumén y en Buenos Alres estuvo un tiempo en la Facultad de Cien-
cias Exactas y Naturales y otro en la de Ingenieria. En 1954 la Comi-
816n de Energia Atomica le encargd la organizacién del futuro Insti-
tuto de Fisica de Bariloche, pero no llegdé a un acuerdo con las auto-
ridades. En todas partes tuvo problemas que nos inquietaban a quienes
lo queriamos y respetabamos. Su carécter no le ayudaba en sus rela-
cionea humanag: honesto a todo trance (honesto material y eapiritual-

mente) sobre una base verdadera solia elaborar conclusiones no
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siempre verdaderas, a veces arbltrarias, que lo llevaban a chocar con
los demé&g. Y como Gaviola, cuandoe llegaba a una conclusiédn era abso-
lutamente inconmovible, se producia la ruptura. En 1856 volvidé al Ob-
gervatorio e inmediatamente propuso a la Universidad Nacional, a 1la
que el Observatorio pertenecia desde 1854, la c¢reacidn del Inetituto
de Matematica, Astronomia y Fisica. iniclativa inmediatamente apoyada
por el Rector Jorge Nufiez y aprobada el 15 de noviembre de 1856.

Sin embargo, la mala fortuna de Gaviola o su car&cter rigi-
do, hicieron que un enfrentamiento con el Rector concluyera con su
geparacion del cargo de Director del Qbservatorlio Astronémico y del
IMAF, y ni siquiera alcanzdé a inaugurar el curso en 1957.

Afios m&s tarde, en 1862, fue llamado por Balsgeiro (uno de
agquellos jovenes fislicos que Gaviola acercd al Observatorio en la dé-
cada del 40) como profesor en el Inetituto de Fisica de Bariloche,
donde se lo acogiéd con afecto y un respeto qQque, sin duda, llenaron de
serenidad sus ultimos afioe de vida cientifica y docente. Finalmente
dejé su cara de Bariloche, construida por €1, con un hermoso jardin a
la vista del Lago Nahuel Huapi., primorosamente cuidado por sus propias
manoeg, Yy fue & vivir a Mendoza, donde habia nacido el 31 de agosto de
1900.

En la reunidn de la Asociacidn Fisica Argentina en La Plata
en 1979, el Doctor Mario Mariscotti, cientifico interesado en la his-
toria de la Fisica en la Argentina, como conferencista invitado dedicéd
su conferencia a 1la figura de Enrique Gaviola, hecho udnico en 1las
reuniones de la AFA. Mariscotfi hizo una descripcidn valiosa de este
hombre excepcional, generoso con los joévenes, c¢lentifico creativo,
dirigente lacide, de personalidad c¢on facetas extrafamente contra-
puestas como sus arbitrariedades y su racional consagracién a sus ta-
reas. Dejando a un lado matices y el temor de errar, puede decirse que
antes de Gaviola no existia en la Argentina una producciédn continua de

trabajos de investigacidon en Fisica. Después de &1, gi. Gaviola fue un
transformador de la Fisica de nuestro pais. Si se hubiera quedado en
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Alemania o Eetados Unidos, estdy eseguro que habria brillado como fi-
g8ico de primera linea. Entre nosotros su figura es la de un precursor
que hizo un trabajo admirable y fructifero. Sin &1, los clentificos vy
los estudiantes de hoy no tendriamos lo que tenemoe. Que seréd poco;

pero valioso, para nosotroe y principalmente para €1 paies.

Alberto P. Malztegui

12 Bol. Asoc. Arg. de Astr.



GAS MOLECULAR EN CUATRO GALAXIAS ESPIRALES BARREADAS
AUSTRALES

MOLECULAR GAS IN FOUR SOUTHERN BARRED SPIRAL GALAXIES

E. Bajaja

Instituto Argentino de Radicastronomia

RESUMEN: Se presentan los resultados obtenidos en la observacién de
cuatro galaxias espirales barreadas australes, NGC 613, NGC 1313, NGC
1566 y NGC 2442, con el SEST en 1la linea 12C0(1-0). Las detecciones
obtenidas han permitido confeccionar, para trees de las galaxias, mapas
de la distribucién de densidad superficial del gas molecular y del
campo de velocidad. De este ultimo se pudo derivar también la curva de
rotacién y la velocidad sietemAtica para cadsa una de ellas, asi como
lag masas de gae y cinemftica haclendo ueo de los disgramaes de posi-
cidén-velocidad y de loe perfiles globales. S61o en el caso de NGC 1313
las detecciones fueron marginales impidiendeo ls confeccién de dichos
mapas .

ABSTRACT: The results of the observations of four southern barred
spiral galaxies, NGC 613, NGC 1313, NGC 1566 and NGC 2442, with the
SEST, in the 12C0(1-0) line, are presented. Mapping has been possible
for three of the galaxies allowing the determination, for each of
them, of the molecular surface density distribution and the velocity
field, and, from this, the rotation curve and the systemic velocity.
Other parameters like the gas mass and kinematical total mase, were
also possible to determine from the position-velocity diagrams and the
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global profiles. Only in the case of NGC 1313 the detections were

marginal so no mapping was poseible.

1. INTRODUCTION

The study of galaxies requires the knowledge of the
parameters that define the physical conditions of each of their
constituents. Basically, galaxies consist of three main components:
stars, dust and gas, the last two being part of the interstellar
medium (ISM). Stars are formed out of the ISM and this receives back
part of it after being processed by the stars. There is, in
congsequence, a continuous physical and chemical interaction between
both, stars and ISM, which makes of their compositions, distributions
and kinematics, time dependent variables. The knowledge of these
parameters then is the first necessary s8tep for the study of the
evolution of the galaxy as a whole.

The simplest way of learning about this evolution would be to
study a sample of galaxies of the same type and different ages (i.e.,
at different distances). This 18 not directly possible, however,
because of the difficulty 1in determining that two galaxies of
different agee had 1identical 1initial conditions at the time of
formation. The study of the evolution, anyway, requires modelling with
the assumption of the initial c¢onditions for every particular galaxy
and, of course, a good knowledge of the processes of star formation
and evolution for deriving the mass function of the formed stars and
the physical and c¢chemical interaction with the ISM along the whole
existence c¢f the stars.

The main componente then, participating in this evolutionary
process, are the hydrogen, the stars, and the products of the star
burning returning to the ISM. The hydrogen is mostly present in three
forma: as atomic, HI, molecular, Hz2, and ionizad, HII. The ralative

distribution of each of these three components on the galaxy is the
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result of the interactionse mentioned above during the immediate past.
The distribution of the three components put together, must represent
the integration of the processes of star formation and 1interactions
through the evolutionary history of the galaxy. These are two
different aspects of the study of the galaxy. The first permits to
understand the “present” state. The second the history. In any case,
the knowledge of the distribution and kinematics of the three gaseous
components is fundamental for both types of studies.

The HI can be traced very easily through the detection of
its hyperfine transition at )21 cm. Large efforts have been put
observing this line on galaxieg. In the northern hemisphere synthesis
telescopes like the Westerbork Synthesis Radio Telescope (WSRT) and
the Very Large Array (VLA) have been very productive and useful for
mapping the HI with high angular resolutions (seconds of arc). From
these maps a much better knowledge of the characteristics of this gas
component has been gained, providing reliable information about the HI
distributions, the velocity fields, the rotation curves, the streaming
motions and their relationships with the other components (stars and
dust).

In the southern hemisphere, there have been also many
observations of HI in galaxies but, unfortunately, there has been not,
t111l now, any synthesis telescope for this line. In consequence, for
most of the spectacular southern galaxies, with the exception of the
Magellanic Clouds, there are not yet high angular resolution HI maps,
only global velocity profiles or, at most, for the largest ones,
mappings based on a few grid points. Nevertheless, these observations
provided useful information about the amount of gas, 1its mean
velocity and the highest relative projected velocity (through the
velocity width of the profile). Even a hint about the distribution of
the HI on the galactic plane may be obtained from the shape of the
velocity profile.

The HII 1is also easlily detectable through the radio
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continuum originated in the free-free transitions of the electrons in
that medium and optically through the Ha emission. With Hz the
situation ie quite different. Hz has no 1linee in the radio range.
Radiocastronomically it has to be detected indirectly through a related
emitter. One of the components of the ISM that can be related to the
Hz is the CO molecule which has transitiong between rotational levels
in the millimeter range. Only in recent years, however, the technology
reached the possibility of constructing radiotelescopes for millimeter
waves with low noise receivers and dishes large enough to be able to
detect the emission of the interstellar molecules that radiate at
those wavelengths. The gizes of these telescopes are from 10 to 45 m
and the rms deviations from the ideal parabolic surface are less than
100 um.

The 12C0O molecule (we shall refer to it sometime¢ gimply
with CO) 1is abundant in the ISM and the detection of ite 1 -0
transition at 2 2.6 mm is relatively easy with the new
radiotelescopes. With the mentioned telescope 8izes the angular
resolutions, at »2.6 mm, are 230" to 10" . These resolutions are
sufficient to resolve, on many nearby galaxies, features 1like the
arms, the bars and, eventually, the nuclear regions. These resgolutiocns
are also comparable to those attainable with synthesis radioteleacopes
at the HI )21 cm line 80 the mass and velocity distribution for both
forms of hydrogen can be directly compared, provided that the Hz can
be derived from the CO.

In the southern hemisphere, the Swedish-ESQ Submillimeter
Telescope (SEST), installed in the ESO Obgervatory at La Silla (Chi-
le), 18 a 15 m telescope with a Dbeam of 43" at the 2.6 mm wavelength
of the 12C0(1-0) transition. This beam is small enough to resolve the
nearest galaxies (diameters larger than about 6" ). With thls telescope
it is possible now to obtain high angular resolution C0O maps of
southern galaxies before any HI map of similar resolution is
avallable. This will happen, however, in the near future when the
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Australian Telescope starts to operate with a spectrometer. It will
be possible then to compare both data.

The observation of southern galaxies with the SEST was
gstarted in 1988. A group of epiral galaxies were selected by several
menbers of the Max-Planck-Institut fur Radiocastronomie (MPIfR) 1in
Bonn (FRA)! (including the author, at that time on leave at that
Institute) for their observation in the 12C0(1-0) line. The selection
rules were the following. First, we wanted to map the galaxies in
this 1line, 80 the probability of detection s8hould be high. The
best candidates are those where star formation is going on. This
means that the galaxies should show dust, Ha emiesion, blue stars,
IR, etc. Second, the angular sizes should be large enough to be
able to resolve the main features (arme, bar, etc.) and, at the same
time, small enough for keeping the observation time within
reasonable limite. 1In addition, the inclination angles of the
selected galaxies should be neither 80 low as to loose details of
the velocity field nor so high as to loose details of the arms, and
the declinations should be adequate for the SEST.

From the s8elected galaxies we have already observed NGC
613, NGC 1313, NGC 1566 and NGC 2442. These turned out to be all ba-
rred spirals of different types, which is consistent with the first
condition since the bar, being a source of dynamical perturbations
is8 also a source of shocke waves which may trigger the procese of star
formation. For all the observed galaxies, s8ingle dish HI 1line
observations are avalilable and three have been observed in the radio
continuum, at 843 Mhz, with the Molonglo Observatory Synthesis
Telescope (MOST) (Australia). These continuum observations were made
with an angular resolution of 43" which happen to be the same as the
resolution of the SEST at » 2.6 mm, a very convenient coincidence.

1 The follos peabers of the NPIfR participated in this project: J. Harmett, B> Husmel, H.-P. Reuter
ad L. Ileretiguki. d
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The fact that these galaxies are Dbarred spirals adds
interest to these observations. In spite of the fact that 43% of the
galaxies catalogued by de Vaucouleurs et al. (1876) (BGCII) are
of SB type and 31% SAB, the barred spirals are much less understood
than the normal spirals. The reason for this is that the nearest ba-
rred are farther than the nearest normals and the best exemplars of
barred galaxies are visible only from the southern hemisphere. In
consequence the resulte of these observations may turn out to be
important for the study of this particular type of galaxies.
Furthermore there 1is 1n general little HI emission from the bar
itself and 1t {is there where it 1s 1important to know the
distribution and the velocity field of the gas in order to coupare
them with the models. These models predict the ocurrence of shocks
due to the relative motions of the gas with respect to th= bar
boundaries. At least the dust lanes are consistent with those
predictions. A problem, anyway, that has to be faced when dealing
with bars is the fact that the presence of non-circular motions on
them makes it difficult to determine the rotation curve and the
local mass distribution.

We report here the basic results of the observationa of the
four mentioned barred spiral galaxies with the SEST in the X2.6 mmn of
the 12C0(1-0) 1ine. This is a kind of summary of the
observational and reduction work done and a display of the
preliminary resultse. The data will be further Processed and
published 1individually for each galaxy. In the next two
sections we describe the galaxies and the observations and in
section 1V the results.

2. THE GALAXIES

In Table 1 we list some of the main parameters of the four
selected galaxies as were known before the observationse with the
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SEST. The coordinates are those of the nucleus as obtained from
different optical and radio observations. The type, the diameter
(D2s5), the inclination (from R2s5) and the systemic velocity (Vo)
were taken from BGCII. The HI data are from Reif et al. (1982). As
can be 8een, the galaxies have angular dlameters between 6 and 8
minutes of arc approximately and all of them are barred spirals of
different types. We describe now, briefly each galaxy. Except
otherwise stated, all quoted velocities in this paper are
heliocentric and for the distance estimation a Hubble constant of 75
(km/8)/Mpc will be used.

Table 1
Optical and BI parameters of the observed galaxies

BGC 7} Dec Type dian i PA Vo Y11 Voo Wm

h » s o o o kn/s ka/s ka/s Io/lpc
613 01 31 59.4 -29 40 27 5B ra&bc 5 8 38 113 1500 1483 400 1.0
1313 03 17 39.0 -66 40 42 gB 8) 8.3 40 170 448 472 %99 10.2
1566 04 18 52.8 -55 03 24 SAB(s)be 7.8 36 14-30 1394 1505 228 3.2
2442 07 38 3. 0 -69 25 0 1.3

0 SB(n)b 8 9 24 40 851 1489 533

e —————- - - - -———— S e st e e, . . ——— = = -

NGC 613

This galaxy, classified as GSB(rz)be in the BGCII, shows
(Fig. l1a) that the nuclear region, the bar and the spiral arms are
well defined. A ring-like feature 1is also present around the bar.
The nuclear region c¢ontains bright HII regions which form epiral
armsg around a nucleus of 12"  in diameter which seeme to be
composed of old stars. A prominent dust lane 1i8s seen along the bar
and emission knots outline several arms to distances of about 100"

from the center. The most active star formation appears to occur at
the ends of the bar.
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Optical spectra from this galaxy were obtained by Burbidge
et al. (1964) who derived the rotation curve on the basis of
prominent Ha, [NII] and (SII] lines. They used for the poaition angle
the value of 1150, It has also been observed in the radio continuum at
26 cm and 20 cm with the VLA by Hummel et al. (1987) who detected
Jet-11ke features along the minor axis. They also made CCD
photometry in the Ha and [(0I11]1>%007 1lines finding the same kind of
features which they interpreted ag collimated ejections or
outflows perpendicularly to the galactic plane.

HI global profiles were obtained by Bajaja (1978) and Reif
et al. (1982) (hereafter B78 and RMGWS respectively) with the IAR
and Parkes single dishes respectively. The sengitivity of the
observations made with the Parkes radiotelescope were
considerably higher than that of the IAR 80 in Table 1 the Parkes data
were specified. IAR data are similar and the differences within
the errors.

On the basis of a recession velocity of 1458 km/s, the
distance is 19.4 Mpc 8o the linear scale on the galaxy is 94 pc/".

NGC1313

This galaxy (Fig. 2a), classified in the BGCII as SB(s)d,
has been defined by Sersic (1868) as very complex. Ite type is
intermediate between the bright spiralsa of type SBc and the type
represented by the Large Magellanic Cloud but the resemblance
to this one is remarkable (Sersgic, 1868). There are several blue knots
gcattered around the main body which account for a significative part
of the 1light coming from the galaxy.

Marcelin and Athanassoula (1982) derived the velocity field
from 8 interferograms in Ha. They obtained the velocity for 200
positions with a velocity resolution of 10 km/e. They found, from the
velocity field, that the rotation center 1is outside the bar, 1.5 kpc
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gsouth from the nucleus (a displacement of the rotation center had been
previously indicated by Carranza and Aguero (1977), but 1in the
opposite direction). They estimated the position angle of the maljor
axis as 170¢ and the systemic velocity as 465 km/s8. The PA of the Dbar
is 11¢ + 4¢ and the inclination of the galaxy 38¢. Marcelin and
Gondoin Zi983) catalogued 375 HII regions which are found to be rather
small, with an average diameter of 18.4 pc at 4.5 Mpc.

Aumy T

T T T T T Y T T T

100 [v] - 100

i

005

-005

200 300 400 500 600

Figare 2: Display of results for BGC 1313. a) As Ia Pig. 1a. b) As in Pig. 1b. Velocity raage 150 to 650
kn/s and tesperatare scale 0.0042 K/mn. c) Global velocity profile.

Harnett(1987) observed this galaxy in the continuum at 843
MHz with the MOST. Extended radio emission is detected from the whole
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galaxy. There are also five radio peaks, one of them probably
originated in a background source. This continuum map correlates very
well with the FIR map at 100 um obtained with the IRAS-CPC.There 1is

very little dust visible in this galaxy.
B78 and RMGWS have observed NGC1313 in the » 21 cm HI, both

with good s8/n ratio so thelr resulte are quite eimilar. The
distance has been estimated by de Vaucouleurs (1973) as 4.5 Mpc.
At this distance 1" represents 21.8 pc.

NGC 1566

Classified as SAB(s)bc in the BGCII, this galaxy (Fig.3a) 1is
the brightest member in the Dorado group. Three regions can be
distinguished: a) a <c¢entral region in which the nucleus (whose
characteristics, although weak and variable, suggest a Seyfert type)
and the lens appear to be dominated by o0ld population and a very weak
bar structure may be recognized at PA 354¢ (de Vaucouleurs, 1973);
b) an intermediate region with bright, broad arms, marked by
knots of HII regions and stars, which start at the ends of the
emall bar, and ¢) a region 1in which narrow spiral arme are defined
by blue knots. A fourth region might be defined by a pseudo ring
which, according to de Vaucouleursa (1973), looks 1like the
prolongation of the inner arms. This author derived different
inclination and poeition angles for the inner and outer regions
which suggests the presence of warps.

Comte and Duquennoy (1982) observed the Ha emission. They
were able to catalogue, from narrow band plates, 418 HII
regions which delineates the spiral arms. Three Ha
interferograms permitted them to obtain 273 radial velocities and to
map the velocity field. From these measurements they derived the

systemic velocity (1500 + 30 km/s8) and a rotation curve. They
concluded that the pseudo ring originates in the prolongation of
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the outer spiral pattern. They also derived different inclination
and position angles for the inner and outer regions (45¢ and 14°
within 8kpc and 40¢ and 30° outside, respectively).

Harnett (1984) observed NGC1566 with the MOST in the
continuum at 843 MHz. The obtained map shows a rather amooth
distribution of the radio emission peaked at the center and
extending over the nucleus and the disk. HI global profiles with
good s8/n ratio were obtained by B78, RMGWS and Whiteoak and Gardner
(18977). The HI parameters, as given by RMGWS, are shown in Table 1.

The recession velocity, about 1290 km/s, implies a distance
of 17.2 Mpc and a linear scale on the galaxy of 83.4 pc/".

NGC 2442

This spectacular galaxy (Fig.4a), classified as SB(s8)b in
the BGCII, shows an asymmetric pattern. On the northern side, a narrow
dust lane 1is seen projected against an also narrow, elightly
curved, spiral arm which starts at the end of the bar.The
southern arm is more curved and much less defined. The nucleus is
relatively small and s8hows s8trong Ha emission (Carranza, 1867).
The bar 1is surrounded by a clumpy distribution of dark and 1luminous
matter.

NGC 2442 {8 member of a small group of galaxies in
Volans. The systemic velocity quoted in the BGCII 1is 657 kn/s.
Sersic (1968) quoted 450 km/s and Bajaja (1978), from 21 cm HI 1line
measurements, but low s8/n ratio, 661 km/s. These are all low
velocities consistent with the apparent proximity of the
galaxy. The HI 1l1line measurements made by RMGWS with higher
sensitivity, however, indicated a mean velocity of 1469km/s.

This much higher value was confirmed later by Bajaja and Martin
(1985), also observing the HI 1line, who obtained a mean
velocity of 1430 km/s. Our CO observations, in consequence, if
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successful, would be able to confirm the right systemic
velocity.

NGC 2442 was observed in the continuum with the MOST, at
843 MHz, by Harnett (19884). The radio emisgion traces the main
features of the galaxy, particularly the northern spiral arm. The
radio continuum extends over the disk and the nucleus and shows
three peaks, one at the center and one on each of the ends of the
bar. There are no IRAS-CPC map for this galaxy. The position angle has

been estimated, approximately, in 40¢.
3. THE OBSERVATIONS

The observation of the 12C0(1-0) 1line (22.6 mm), on the
galaxies described in Section 2 were made with the SE3T at the ESO
Observatory in La Silla (Chile). The radiotelescope was dscribed
by Booth et al. (1887, 1988a.,b). At *2.6 mm the 15 m telescope has a
HPBW of 437, a beam efficiency of 0.78 and an aperture efficiency of
0.67. The dual polarization receiver, with cooled Schottky dilode
mixers, had a single side-band noise temperature of about 300 K. The
Acousto-Optic Sepectrometer (A0OS) consisted of 1728 channels spaced
690 kHz (1.8 km/s8). The antenna temperatures Ta were determined
ueing chopper-wheel calibrations. The pointing wae checked, every
hour, observing, generally, known 510 masers.

The observations of NGC 613 and NGC 1566 were made between
the 25th and the Z9th of July, 1988. NGC 1313 and NGC 2442 were
observed Dbetween the 24th and the 29th of March, 1989. The
observations were made in the beam-switch mode, integrating, on each
cycle, 2 minutes on the source and 2 minutes on a position 12° off the
source to the west. The total integration time for each observed point
was, in general, 16 minutes (on the source), except in the case of NGC
1313, on which, due to the very 1low flux density of the CO signal,
much more integration time (of the order of one hour per point) was
spent.
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Table 2
Observations

e L TR R Y PR T L T

P L L . L T T R T Rkttt

T

1568 40 3] 864
w2 W 68 40 1§72

P L L R e L E L 2 g

In Table 2 we have specified the grids and the total
integration times for each of the galaxies. The spectra were
reduced in the MPIfR and in the IAR wusing the goftware package
developed in Grenoble (GAG). The baselines were removed in each case
fitting polinomials of order 1 to 3, according to the extension
of the signal-free base line. The spectra were smoothed to a
velocity resolution of 14.4 km/s8. The results displayed in Figures
1 to 4 are all based on thie resolution.

4. RESULTS

In Figures 1 to 4 are displayed the main results of these
obeervations for each of the four galaxies. We were able to map the CO
emission detected on three of the galaxies. In the case of NGC 1313
the 8/n ratio in the spectra, in spite of the amount of integration
times, is s80 low that we may assume a marginal detection in only
some of the obeerved points. Each figure, except Fig. 2,
consists of seven panels: a) the optical picture, b)the velocity
profiles on the observed grid points, <c¢) the contour map, d) the
velocity field, e) and f) the position-velocity diagrams along the
major and minor axis respectively, and g) the global profile. 1In
Fig. 2 only the velocity profiles (individual and global), besides

26 Bol. Asoc. Arg. de Astr.



the optical picture. are shown. All the figures, except those of pa-
nel a), were built with the GAG software. Warning: In the cases
of panels c) and d) this software makes interpolations 1in regions
where no observations have been made assuming that the signal 1ies
null only at the boundary of the whole region. In
consequence those interpolations should be taken with care or simply
ignored.

We shall analyze now the results for each galaxy. For the
conversion of the velocity integrated CO temperatures, Wco, to the
molecular column density, N(H2), we use the conversion factor X =
3 10290 cm-2 /(K km/s8). This i1s a kind of mean value, with a poesible
error of 100%, of the several values derived by different authors,
like Sanders et al. (1984) and Bloemen et al. (1986) and other
quoted by them.

RGC 613

The distribution of the integration times is not uniform as
ie evidenced by the noise in the profiles of Fig 1b. The lowest noises
occur in the spectra along the major axis. The c¢oncentration
of the integration time on these grid points was due to their
importance for deriving the rotation curve and the related parameters
and also to the fact that they are located along the bar. From vi-
sual inspection it can be noticed that: a) The broadest profiles are
at the center and at 20" to the GSW along the minor axis; b) The
profiles within + 40" from the center along the major axis, are
Quite symmetric. In particular the two profiles at +40° and -40" are
like a mirror image of each other and both show a narrow velocity
component. ¢) The CO emission is asymmetrically distributed at
distances larger than 40", with respect to the center, along the
major axis. d) Along the minor axis the symmetry properties of the
spectra can not be easily derived because of the much poorer s/n
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ratio. It is obvious, however, that there is more CO emission from
the SW as from the NW. e) The profile at the extreme NE position,
along the major axis, shows two velocity components. Thie
position is in a region in which two arms appear to be crossing each
other. The interpretation might be then that there are projection
effects either due to warps or arms on different planes.

A better description of the CO distribution may be obtained
from the integrated intensities which should be proportional to the H:z
column densities. This distribution is shown 1n Figure 1c and we
remind here the warning, about the contour maps, made at the beginning
of this Section. The figure shows that the maximum in the column
density 1s displaced 13" to the SW, where nothing peculiar is seen on
Fig. la. The contours indicate also an elongation along the minor axis
resembling the ejection-like features detected by Hummel et al.
(1987) 1in the radio continuum and in the Ha and [OIII] lines. 1If
the molecular gas is distributed in the plane it would have an oval
shape with an axial ratio of 2:1.

This picture is complemented by Fig. 1d which shows the
velocity field of the mean velocity as obtained with the GAG soft-
ware. Migleading effects caused by the 1interpolations outside
the observed pointe are here more serious. Within the central
region, however, where the velocity field should be more reliable,
the contours show a rather wide plateau 1instead of the usual highest
gradient which 1s'displaced about 257 to the north. It is very im-
probable a displacement of the rotation center by this amount. A
better 1insight in the velocity behaviour can be obtained
analysing the position-velocity diagrams of Figs. 1le and 1f along
the major and wminor axis respectively. Between -20" and +20" along
the major axis and between -40" and +10° along the minor axis
the velocity profiles are about 400 km/8 wide at 20% level. The
velocity curve along the major axie can be well defined and it
shows that in the central region, from -20" to +20"°, the velocity
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curve, as defined by the CO peak temperatures, can be described by a

straight line with a steepness of about 3 (km/g)/".

The optical measurements by Burbidge et al. (1964) show that
within about 10" from the center, there are circular velocities
defined by a steep rotation curve with a total velocity range of
also 400 km/s8. The steepnessg in this case 1is about 18 (km/s8)/".
If there is co assoclated to this central fast rotating
feature, it is smeared out by the 43" beam of the SEST and that is
reflected in the width of the central CO velocity profiles. These
profiles have similar mean velocities and contribute to a
plateau-like velocity field.

From the velocity curve of Fig. 1le, as defined by the
temperature peaks, we can estimate the central velocity and the
highest projected velocities with respect to the center. The cen-

tral velocity is estimated as 1480 + 5 km/8. At the SE, from +20" ¢to
+80" the velocity remains constant at 1358 km/e8. Symmetrically, in

the NW, Dbetween -20" and -80", the velocity 1is 1610 km/s. The
average of these two velocities is 1484 km/s and the difference 252
kmn/8.

The position-velocity diagram along the minor axis (Fig. 1f)
shows that at an offset of +40" (NE) the CO is seen, with much
emaller velocity width, at the central velocity of 1480 km/s8. We can
assume, in consequence, that this velocity is the systemic
velocity and the recession velocity 1442 km/e. The distance to the
galaxy with the adopted Hubble constant, would be then 4 = 19.2 Mpc.

Between +40" and +120" there ieg another component in the
velocity curve at about 1307 km/s. There might be a similar
component, symmetrically placed at about 1660 km/8 in the NW, with
the same average and a difference of 354 km/s, but the
observations did not go far enough. A projected velocity of 177 km/s
with respect to the center (or a rotational velocity of 287 km/s,
assuming an inclination angle of 38¢), at a distance of 120", 1i.e.,
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11.2 kpc, permits a rough estimation (without any kind of
correction) of the total mass within that distance. We obtain for this
mase Mk = 2.1 1011 Mo.
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Finally, from Figure 1g which shows the CO global profile,
i.e. the result of adding up all the profiles of Figure 1b, we can
obtain the integrated intensity Wco = 167 K km/s. The global profile,
however, can be separated in two components, a main feature with W1 =
153 K kn/s8, mean velocity Vi1 = 1463 km/s and width AVl = 318 km/s, and
a second one with Wz = 24 K km/s, Vz = 1750 km/s and V2 = 57 knmn/s.
This second component is real and can be clearly seen in the central
profile. From the total integrated intensity the HZ mase is M(H2) =
2.7 10 Mo. This H2 mass, as will be the case for the other galaxies
too, is a lower 1limit since there 1is8 an underestimation due to
the incomplete coverage of the surveys.

The HI global velocity profile obtained by RMGWS is very
similar to the CO global profile of Fig. 1g in the shape and the
width. The mean velocity is somewhat higher, 1493 km/s8, but the
difference is within the errors. The HI mass derived from this
profile is M(HI)=3.6 108 Mo. In consequence, M(Hz)/M(HI)= 0.756 but,
in view of the uncertainties and the underestimation in the

derivation of N(Hz), we can simply say that both masses are similar.

BGC 1313

Figure 2b shows the velocity profiles obtained from the
observation of this galaxy. In Table 3 we have listed the
integration times spent on each grid point as well as the
parampeters derived from each profile. The spacing between the points
is 40" 80 the spectra are practically uncorrelated. The positions of
the obeerved grid points were selected in order to have them on the
center, on some blue knots and on regions of enhanced FIR as
depicted by the IRAS-CPC maps.

We are inclined to believe that the features eeen in the
spectra at offsets (in seconds of arc) (-80,-40), (0,0),
(40,0), (40,40) and (80,40), correspond to CO emission. All these
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features have poor 8/n ratio but their velocities, between 380
and 490 km/s, are compatible with the range of velocities
measured in Ha by Marcelin and Athanassoula (1982) and in HI by B78
and by RMGWS (360 to 575 km/s).

The low s8/n ratio for each individual profile and the
differences in the velocities make it difficult to recognize any
feature in the global profile of Figure 2¢. If we assume that the
global profile ies similar to the HI profile, as obtained by B78 and
RMGWS, at least in the width, then the apparent feature buried in
the noise, between 360 and 580 km/s, might be real. The parameters
of this feature are: mean velocity 464 km/e, velocity width
245 and integrated intensity, Wco, 0.48 K km/s8. Using for the distance
the value of 4.5 Mpc given by de Vaucouleurs (1873), the Hz mass
would be then M(Hz) = 1.7 1068Mo.

The HI mass as given by RMGWS is M(HI) = 1.3 108 Mo so the
ratio M(Hz)/M(HI) = 1.3 10-9, For this late type galaxy, however, it
could happen that the conversion factor X |is much higher than for
normal spirals. Dettmar and Heithausen (1989) found, for NGC 55, a
value 20 times higher than the one used here. Also for the Large
Magellanic Cloud it is 6 times higher (Cohen et al., 1988). Using for
X a value 20 times higher, M(H2) = 3.4 107 Mo, s8till a very low
value.

It must be noticed that the velocities of the apparent in-
dividual CO features do not agree strictly with the velocities
measured in Ha by Marcelin and Athanassoula (1982) at the same
positions. Also the CO profiles do not show symmetry with respect to
the center. So the doubt persists whether we have detected any CO at
all.
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Table 3
BGC 1313 spectra parameters
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0 0 9 54 0016 41l
W0 80 89 001y des
40 0 8 % -

NGC 1566

The whole extension of the bright arms of this galaxy has
been observed using a grid epacing of 40". The 1integration times
are, in general, 16 minutes on the source so the noise on all the
spectra are more or less the same (about 0.01 K) as can be seen 1in
Figure 3b. The visual inspection of the CO profiles permite to
appreciate a high degree of symmetry with respect to the center, as
well in the velocity structure as in the amplitudes. A good
correlation can also be seen between the arme and the CO esignal.
This correlation is seen better in the contour map of Figure 3c which
represents the distribution of the molecular component in the
galaxy.

The distribution is peaked in the center but the peak itself
is shifted 10" to the south. Since the grid spacing used for this
galaxy means an undersampling for a 43" beam, and the position of
the peak has been determined by the interpolation procedure of the
GAG software, the amount of the shift might contain an appreciable
error. The fact, however, that the other contours keep the symmetry
around this peak esecems to 1indicate that the shift is close to the
real one. The contours shows, furthermore, an oval shape with 1its
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major axis oriented along the minor axis of the galaxy. Both
effects, the shift of the peak and the oval distorsion, have
appeared also in the case of NGC613. The outer distorsions of the
contours to the north and the south indicate a correlation with
the thick arms but similar distorsions towards the NE and the
SW are not correlated with any optical feature.

The velocity field displayed in Figure 3d shows a kind of
standard velocity field in the northern part of the galaxy but the
isovelocity lines seem to indicate a rotation center 30" to the north
of the galactic center. The position-velocity diagram along the wmajor
axis of Figure 3e does not help to derive the velocity curve. This
diagram shows a narrow component, at about the systemic velocity along
the observed southern part of the major axis and up to 80"
along the northern part. This component 18 not seen along the
minor axis but here the situation is still worse because, from
-50" to +50~ up to 4 velocity components are visible there. We
recall here that de Vaucouleurs (1973) and Comte and Duquennoy
(1982) derived different position and inclination angles for the
inner and outer regions of the galaxy. We adopted here an
intermediate value of 25 for the position angle.

If the velocity curve ig determined by the strongest CO
peaks in Fig. 3e, then the central velocity is 1513 km/s . The
projected velocities at 40" from the center are 1419 and 1605 km/s
with a difference of 186 km/s8 and an average of 1512 km/s8, almost
identical to the central velocity. Adopting 1512 km/s for the systemic
velocity, the recession velocity would be 1296 km/s and the distance
17.3 Mpc. At +120" the projected velocity is 1396 km/s 80,
assuming an inclination angle of 36¢ , the circular velocity, at
that distance from the center, is 197 km/8. From the distance
and the circular velocity we can estimate, like 1in the case of
NGC 613, the total mass, within 9.9 kpc, as 9.1 1010 Mo,

Figure 3g shows the CO global profile. It is quite symmetric
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and 2-horns shaped, with steep sides. It shows clearly the narrow
component at the central velocity seen in Fig. 3e. It 1s very simllar
to the HI profiles as obtained by B78 and RMGWS. The mean velocity
is 1512 km/8, the width 222 km/s and the integrated intensity
75.4 K km/s. From this integrated intensity we can estimate the
Hz mase M(Hz) = 4.1 109 Mo and the ratio M(Hz)/M(HI) = 0.43. RGC 2442

We s8tarted the observation of this galaxy centering the
epectrometer at the low velocity quoted in the BGCII (see Section 2).
In view of the lack of detection we tried then the higher velocity,
given by RMGWS and Bajaja and Martin (1985), with immediate success,
80 we kept this velocity for the whole survey. As in the case of NGC
1566, this galaxy was observed with a rather uniform distribution of
integration times, in general 16 min. on the source for each point.
The grid spacing in this case, however, was 20", 1.e. a correct
sampling for the 43" beam of the SEST. Most of the visible part of
the galaxy was observed, obtaining 69 spectra which are shown in
Figure 4b. From visual inspection of the profilesg it 1is possible to
conclude: a) The CO signal is not symmetrically dietributed with
respect to the center. The peak temperatures are more than two times
higher in the NE than 1in the SE. b) In the c¢enter the peak
temperatures are lower than in the NE and SW but the profiles are much
broader.

The contour map produced with the integrated intensities of
the profiles of Fig. 4b are shown in Figure 4c (see warning at the
beginning of this Section). This map shows three peaks in the CO
distribution along the major axis, the strongest in the NE, the
weakest in the ©SW and an intermediate one at the center. The
latter shows an oval shape with its elongation oriented in the
E-W direction. A fourth peak appears in the NW, over the narrow arm
and well defined dust lane, where the profiles are also quite
broad. The contours in thie region do not show the real distribution
because of the limited number of points.
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The corresponding velocity field displayed in Figure 4d,
even simplifying 1it, bearing in mind the above mentioned warning,
shows a complicated pattern due mainly to regions with very low 8/n
ratio which makes the velocity values quite uncertain. In the regions
where the 8/n ratio is higher, the isovelocity lines are smoother and
better defined. These velocities, however, do not s8how the real
complexity of the velocity structure. This can be better appreciated
in the position-velocity diagrams of Figures 4e and 4f.

From the diagram for the major axis (Fig. 4e) it can be
concluded: a) There is a very steep velocity gradient at the center
a8 shown by the profiles at offsets -20", 0" and +20". The gradient
is about 22 km/s8/". b) The velocity of the center may be estimated as
1435 + 10 km/8. ¢) The velocity at the southern end of the major
axis may be estimated as 1618 km/e. d) The velocity in the
northern end should be, under symmetrical conditions, 1252 km/s8, but
this is just one of four components appearing on a broad profile at
80" from the center. At 100" there appears to be a cut off in the CO
eignal.

Along the minor axis (Fig. 4f) a broad velocity feature is
also present. It corresponds to a central velocity field picked up by
the beam also at -20" and +20". A veloclity gradient 1is also seen in
this case with a similar magnitude, 24 km/s/”, which can not be
understood if the broad velocity profile 1is due to a fast rotation
around the center and on the plane of the galaxy. From this figure
a shift of 7.5 of the rotation center might be posasible but along
the minor axis towarde the SE.

The CO global velocity profile of Figure 4g shows that 1its
total width 1is of the order of 600 km/8, occupying most of the
available velocity range of the spectrometer. This may suggest
baseline removal difficulties. The profile is not single
peaked, there are two main componenteg with different amplitudes and
the sides are not steep. This shape for the global velocity profile is
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a consequence of asymmetry in the CO distribution seen in Fig. 4b.
The HI profiles obtained by RMGWS and Bajaja and Martin (1985) are
also broad but not as much as in CO. They do not show the two
components structure but the as/n ratio ie low in both cases and,
certainly, there must have been problems with the baseline removal.

Because of all these problems, the mean velocity of each of
these global profiles do not give the systemic velocity and the cen-
tral velocity may have a large error because of the Dbasgeline
uncertainty. The area of the global profile is also subject to these
errorse but in a less s8ensible way. The velocity integrated
intensity is 313.4 K km/s. Adopting for the systemic velocity
1435 km/s8, the recession velocity 1s 1161 km/s and the distance is
15.5 Mpc, 80 the Hz mass 1is M(Hz2) = 3.2 109 Mo and the ratio
M(Hz)/M(HI) = 1.0.

The projected velocity of 1618 km/s, at 120" from the center
along the major axis, represents a circular velocity of 450 km/s

assuming an inclination angle of 24¢ ., The total mass within 9
kpc can be estimated, as in the previous casges, as Mk = 4.2 1011
Mo.

CORCLUSIONS

We have observed four southern barred spiral galaxies,
NGC 613, NGC 1313, NGC 1566 and NGC 2442, 1in the 12C0(1-0) line
(115 GHz, >2.6 mm) with the GSEST. With the obtained detections we
have been able to map the CO emision of three of the galaxles
and we got marginal detections in the case of NGC 1313.

For each of the mapped galaxies we produced a contour map
for the CO integrated intensity and for the velocity field,
position-velocity diagrams along the major and the minor axis, and
the global velocity profile. These displays permitted us to derive,
for each galaxy:

J8 Bol. Asoc. Arg. de Astr.



a) The distribution of the molecular gas surface

density.

b) The mean-velocity field of the molecular gas.

¢) The velocity curve along the major axis and, from
this, the rotation curve for the galaxy.

d) The central (systemic?) velocity, Vays.

e) The velocity integrated intensity, or profile area,
Wco (K km/8).

f) The total width of the global velocity profile and
the highest projected velocity.

The parameters derived from these observations are: the
distance to the galaxy, A (Mpc), the mass of the molecular gas, M(Hz)
(Mo) and an estimation of the total mass from the rotational
velocity at certain distance from the center, Mk (Mo).

These parameters, together with the blue luminosity, LsB,as
quoted by RMGWS, are listed 1in Table 4 in which the ratios
M(Hz)/M(HI) and M(Hz)/Ls are also included for the 4 galaxies. We have
confirmed the high value for the systemic velocity of NGC 2442 as
found with observations in the HI 21 c¢m 1line, Thie implies a
disetance of the order o¢f 15 Mpc. The velocity width shown by this
galaxy is the largest observed 1in this sample, about 550 km/s,
which, corrected for the low inclination, gives a width of 1350 km/s.

We have obtalned quite different values for the velocity
integrated intensity, Wco. The highest value again correspond to NGC
2442 and the lowest to NGC 1313. In the latter, a large value for the
factor which converts the Wco to the Hz column density, N(Hz), could
be responsible for the low value of Wco. It is obvious anyway that
the CO is closely related to the presence of dust and star
formation.

The presence of the bar might be responsible for the very
wide velocity profiles in the centers of the galaxles ag evidenced in
the position-velocity diagrams of the three mapped galaxies. Each of
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these show also an oval distribution of the CO emission with the
peak displaced from the center of the galaxy and the elongation
aligned rather with the minor axis of the galaxy. In the case of NGC
613, the latter feature is shared by the radio continuum and the
(OIII].

The ratios M(Hz)/M(HI) and M(Hz2)/LB are distance independent
so at least one very important uncertain factor does not play a role
in the derived quantities. Still, due to the uncertainty in the CO
to Hz conversion factor, variations of even an order of magnitud can
be meaningless. The values for these ratios in Table 4 show that those
for NGC1313 are very different from the rest, and 1in this case the
difference is meaningful.

Table 4

Paraseters derived fros the CO observations

B6C  Vsys AV o 4 H(E2) B NE2)/ I» H(H2)/
ka/s kn/s [ kn/s Bpc 19880 101%Mo H(HI) 10%%0 LB

- - - ... - - . . - - = e = e . - = = = = e R - -

613 1480 360 167.1 19.2 27 21 0.7% 36.2 0.07%

13 464 245 048 4.5 [0.0017) --  ([0.0013] 8.1([2.11¢0-4]

1566 1512 215 154 113 41 .1 0.43 156 0.26

2042 1435 550 34 155 32 12 1.0 23.4 0.136
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ASTRONOMIA EN LAS CATACUMBAS: ESTRELLAS CON PECULIARIDADES ESPECTRALES
COMO MIEMBROS DE CUMULOS ABIERTOS

ASTRONONMY IN THE CATACOMBS: STARS WITH SPECTRAL PECULIARITIES AS
MEMBERS OF OPEN CLUSTERS

A. FEINSTEIN

Observatorio Astronémico de La Plata
CONICET

RESUMEN: Las esgtrellas con lineas de emision de tipos Of, WR y Be son
analizadas como miembros de cumulog ablertos de acuerdo a sus datos
fotométricos. De una detallada discusidn se encuentra que entre las
estrellas m&s luminosas, log objetos de tiro Of son més comunes que
las estrellas WR entre 1los miembros més brillantes de los cumulos
abiertos. Entre 10% y 30% de las estrellas WR son miembros de cumulos
ablertos. Los cuamulos con estrellas Of tienen sus estrellas brillantes
Bm&s luminosas que los qQue poseen esgtrellas WR. Con respecto a las es-
trellas Be, estan fuera de la secuencia principal; los excesos de co-
lor en E(B-V) del material circunestelar llegan a ser en casos extre-
mos hasta de (0,3 magnitudes.

ABSTRACT: The emission-line 0f-, WR- and Be-type stars as members of
open clusters are analyzed in particular related to their photometric
data. It is found that among the high-luminosity objects, the Of stars
are the more common starse among the Dbrightest members of open
clusters. About 10% to 30 % of the WR stars are members of open
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clusters. Those clusters with Of stars have much brighter apparent
magnitude stars than those with WR-type stars. Concerning the Be
stars, mostly are situated away of the main sequence; their color
excesses E(B-V) of the circumstellar envelope is up to 0.3 magnitudes

in extreme cases

1. Introduction

Most stars in galactic open clusters have normal spectral
types according to the MK system, that is membership stars have
absorption lines with no peculiar characteristics. However, in a few
cases some stars display emission lines, suggesting the presence of a
circumstellar material around them.

We will refer here to these kind of stars located in the
upper part of the main sequence (MS): stars with masses greater than
10Mo. On the other hand, there are also stars with emission-line
spectra in the lower MS (less than 1#lo¢), which we will not discuss in
this review,

Stars with emiesion-line spectra 1in the upper MS 1includes:
Of stare, Wolf-Rayet stars (WR) and Be stars. The firet two are hot
and luminous objects, and among the brightest members in young open
clusters. A certain number of (-type stars with emission only in the H
lines, at least Ha, but no emission in N III or other lines, have been
defined as Qe stars (Conti and Leeop, 1974). A few other 0-type stars
have a P-Cygni profile in the emission 1lines, that 18 a shortward
displaced absorption component and a more or lesgs undisplaced emission
component (Walborn, 1973).

In next paragraphs we will discuss each type of stars
related to the open clusters where they are members. It is important
to notice that the best method to derive information of the
characteristics of all those stars is to study the relation to the
cluster where each one is located.
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2. Or-type stars: characteristics.

The high temperature (0-type stars are characterized by an
optical absorption-type spectrum 1in which the 1lines of the hydrogen
Balmer series, He 1, He II and ions of C, N O and Si1 are visible. But
the 0-type stars have a subset called Of-type which have 14686 He I1I,
and usually accompanied by Ha emission. The emission is interpreted as
an indication of a presence of a high velocity stellar wind. Walborn
(1971) employed these emission features as a luminosity discriminator.
Depending on the 14634-40 NIII emission, the Of-stars are classified
ag O((f)), O0(f) and Of, whether ) 4686 He II is in absorption, filled
in, or in emission.

Thie clasgification of the Of-stare depends very much on the
dispersion employed. Besides this, Walborn (1872, 1973) in a series of
papers defined another type of Of stars having other emission lines as
» 4057 NIV, and 14088, 4116 51 IV. Also a few other O-type stars with
enigsion in the Balmer linee are related to the Be stars (Conti and
Leep, 1874).

In a c¢atalogue of 765 0(O-type stars (Garmany, Conti and
Chiosi, 1982), only 74 stare are classified as known very early type
stars. However these numbers may be changed with a more detailed
spectroscopic research in fainter 0-type stars.

3. Of-type stars in open clusters.

In a compilation of the Of-type in young open clusters,
Feinstein, Vazquez an Benvenuto (18986) analyzed the photometric and
spectroscopic data for 54 Of-stars belonging to 21 open clusters. It
was found that all then are high-luminoeity objects but slightly
evolved from the ZAMS. Also, it appears that these objects are quite
common in young open clusters, but more difficult to detect than the
Wolf-Rayet stars.
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The UBV data give us the possibllity to check the position

of the Of-gtars in the photometric diagrams. In this way they are
plotted in the first diagram the observed (B-V) color versus the (U-B)
color (Figure 1) for the Of stars. It becomes very clear that all them
are in the same reddening line. which means that they have nearly the
sape intrinsic color indices (B-V)o and (U-B)o . These values are in a
range between -0.30 and -0.33 for (B-V)o, and between -1.06 and -1.20

for the (U-B)o. Therefore, the mean values for all Of stars result,
<(B- V)0>=-0.32 £ 0.015 and <(U-Bj)o> = -1.155 t 0.054. In Figure 2 the

intrinsic c¢olor 1index versus the magnitude absolute diagram 1is

presented.

-1.2

(U-8)

rA 1 1 1 1 J
- .4 .0 A .8 1.2 1.6
(B-v)

Figure 1: The observed color indjces -¥) versus (0- diagran for the Of stars belongi to 2
ili;ie::& ’ie tocatloi of the 1‘35 )lld the .1..32:« rgddeninl line for early-type stgr:‘ are : 80
c. .
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In order to compare the location of the Of stars in the HR
diagram to the theoretical models for large mass stars, the effective
temperature Teff and the bolometric correction BC were computed with
the Schmidt-Kaler s tables (1982). In the paper of Feinstein et al.
(1986) the log Teff and Mvo1 for Of stare are listed. These values are
plotted in Figure 3, where the theoretical ZAMS according to Maeder
(1984) is also drawn. Meader computed these models with moderate nmass
loss. The right border of the main sequence band suggested by Maeder
is also indicated. The "wide” of the main sequence depends very much
of the initial mass of the stars, and becomes much wider for masses in
the range 60 Mo to 120 Mo,
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From Figure 3 the masges of the 0f stars would correspond to
valueg between 20 and 170 solar masses, if they would be on the main
sequence. Magg loss eventually would reduce the star s masses by an
amount of 20 to 30%.

The distribution of the Of-stars in the HR diagrams suggests
that they have already evolved from the ZAMS (Feinstein et al., 1986),
and 1in all cases the open clusters having gtars with of
characteristics should not be older thn 5.5 x 108 yr.

It is expected that the number of 0Of-type stars would
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increase in the future if epectroscopic research in fainter and bluer
open clusters having 0 stars will be more detailed classified.

Appendix A
Of-type stars as members of open clusters
Cluster Name v B-V U-B S. Type

I1C1805 15558 7.81 0.52 -0.56 OSIII(f)
15570 8.10 0.70 -0.40 04If
15629 8.42 0.43 -0.82 05V((f))
1C1848 17505 7.06 0.40 -0.84 08.5V((f))
17603 8.45 0.85 -0.42 07.5Ib(f)
1C2944 101131 7.16 0.05 -0.88 O0BV((f))
101190 7.32 0.06 -0.83 O0BV((f))
101205 6.48 0.07 -0.82 O7IIIn((f))
101223 8.08 0.17 -0.72 08V((f))
101298 8.07 0.09 -0.82 0BV((f))
NGC2244 46150 .76 0.13 -0.82 05V((f))
46223 7.28 0.22 -0.77 04V((f))
NGC2264 47839 4.67 -0.25 -1.086 O7V((f))
NGC2467 64568 9.39 0.11 -0.86 03V((f ))
CR228 93130 8.04 0.27 -0.71 OBIII(f)
93222 8.08 0.08 -0.84 O7III((f))
93632 8.39 0.29 -0.73 04III(f)
TR14 93128 8.84 0.25 -0.74 03V({£))
93129AB 6.97 0.16 -0.78 03If
93160 7.82 0.1 -0.77 OBIII(f)
93161 7.82 0.21 -0.70 08.5V((f))
-58°2620 9.40 0.17 -0.75 08.5V((f))
TR16 93250 7.37 0.16 -0.85 03V((f))
303308 8.17 0.12 -0.84 03V((f))
~59:2600 8.61 0.21 -0.78 O0BV((f))
-59°2603 8.77 0.14 -0.79 O7V((f))
112 9.29 0.32 -0.72 04.5V((f))
TR18 97434 8.08 0.13 -0.82 07.5III(n)((f))
C1715-387 LSS4067 11.16 1.54 0.37 04f
| 6 11.64 1.54 0.35 OSf
NGC6193 150135 6.89 0.17 -0.80 06.5V((f))
150136 5.62 0.16 -0.79 OSIII:n(f)
HOGG22 150958 7.29 0.32 -0.66 06.5Ia(n)f+
NGC6231 151804 5.22 0.07 -0.84 08laf
152233 6.56 0.14 -0.80 O6III:(f)p
152248 6.16 0.12 -0.82 07Ib:(n)(f)p
152408 5.77 0.14 -0.75 08:Iafpe
326331 7.71 0.14 -0.75 07.5IIIn((f))
NGC6334 156738 9.36 0.90 -0.14 06.5III(f)
319699 9.63 0.80 -0.24 0OSV((f))
319702 10.16 0.93 -0.12 O08III((f))
3189703A 10.71 1.14 0.04 07.5III((f))
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Appendix A (cont.)

NGCB8530 164794 5.97 0.03 -0.91 04V((f))
NGC6604 167971 7.50 0.77 -0.38 08Ib(f)p
168112 8.52 0.69 -0.40 OSITIC(E)
NGC6611 168075 8.76 0.45 -0.69 0BV((f))
168076 8.20 0.46 -0.70 04V ((£f))
-13 4927 9.53 0.84 -0.32 07Ib(f)
NGC6823 186980 9.97 0.69 -0.42 07 .5III((f))
+23 3782 9.34 0.56 -0.52 O7V((£f))
NGC6871 190429A 6.61 0.16 -0.80 04If+
190864 7.76 0.20 -0.78 06.5III(f)
NGC6913 182639 7.11 0.35 -0.63 07Ib(f)
193514 7.38 0.45 -0.51 O07Ib(f)

4- WR stars: characteristics.

The Wolf-Rayet spectra are dominated by strong and broad
emission linee. These emission lines correspond to iong of He, N, C
and 0, on a continuous spectra. They are clagsified 1in two groups
according to the lines which appeared in the spectra: a) the WN stars
in which the emission lines of ions of He and N dominated, and b) the
WC stars in which ions of He, C and 0 are eeen. Absorption lines are
generally not visible in both types, with the exception of very few WN
stars. Both classes, WN and WC, sBeem to differ in composition from one
another, the WN have more N and the WC more C and (0, than the other
class. Also, these groups can be ordered in sequences with numerical
subtypes, but there is no evidence that these sequences correspond to
a monotonic change in any phyeical parameter, like Teff or log g (see
Abbott and Conti, 1887).

From the strong emission lines it is expected that these
stars have significant mass loss, which suggests that there are in a
post mailn sequence state of eveolution, perhaps evolving from a massive

atar.
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5. WR stars in open clusters

An analysis of the WR stare in open clusters and
agsoclations was presented by Lundstrom and Stenholm (LS5) (1984), who
concluded that 10% to 30% of the galactic WR are probably members of
open clusters and a larger number are members of OB associations.
About 157 WH are classified 1in our Galaxy (van den Hucht et al.,
1988). Their membership to open clustere are not always clear due to
the fact that their magnitudes and colors are very much altered by the
influence of the etrong emission linee, which introduce difficulties
in 1locating them 1in the c¢color-magnitude diagram. A narrow-band
photometric system, defined sepeclally for these 8tars, has been
started to apply by Smith (1968), and later by other authors. With
this method it is possible to derive their intrinsic parameters.

LS listed 15 WR stare as members or probably members of open
clusters, but this number increased to about 21 WR in a more recent
paper of van den Hucht et al. (1988). However, there are a few nmore
which would be dubicus members of copen clusters.

Comparing in Figure 4 the open clustere having Of stars with
those with WR stars, those clusters with Of stars have much brighter
apparent magnitude stars than clusters with WR stars. Therefore, it
becomes evident that the young open clusters with WR stars, but
without 0f objects have more interstellar abeorption than those having
both type of stars, or only 0Of objects. This could be explained by a
selection effect due to the difficulty of detecting Of stars in faint
or more distant clusters. It appears obvious that stars with WR
characteristics are easier to found, ae their emission 1lines are
stronger and wider than the weak emission lines of the Of stars.
Furthermore, our results suggest that Of stars might be more numerous
than WR objects. It may be possible than clusters showing only WR
objects might have also Of stars as members, but they would be not
easy to discover.
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In a composite color-magnitude diagram with the brightest

stars of very young open clusters it appears obviously a 1larger

percentage of 0Of stare in comparison to WR stars (Figure 4).

The process which originate the WR s8tars has been the
subject of many papere. To mention the more recent one, van den Hucht
et al. (1888) 1indicated that 1in general the WR stars descend from
O-type stars with initial masses M > 25 Mo, but for the WC stars the
progenitors have masseg greater, that 1is nl > 35 Mo. These results
were confirmed by Vazquez and Feinstein (1989), who found that late WN
and late WC stars have initial masses greater than 50 Mo, while the
early WN objects preferentially result from less masgive stars. In
conclusion, the WR phase would be one stage of evolution for stars
more massive than 40-50 M o, being the O0Of-objects a possible
transeition phase.
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6. Be-type stars: characteristics.

The Be-type stars are defined as "non-supergiants stars of
gpectral type B which display at some times hydrogen 1lines 1in
emission” (Collins, 1887). The Balmer line Ha 1is the strongest
emiegion line, but in the cases when this line 18 very strong, also
are gseen in emission the HP and Hr 1lines. These s8tars display
sometimes irregular variations in the structure of the line profiles
ag much as in the intensity of the emission, which sometimes
disappears. These photometric variations are displayed 1in short and
long time scales. All these phenomena can be interpreted by changes in
the continuum energy distribution of its circumstellar envelope. The
presence of this material around the star can be explained by either
one or both of the following causes: a) evolutionary effects of stars
being in the core-contraction stage of the evolutionary phase
following the hydrogen exhaustion of the core, b) stars which rotates
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which centrifugal force

very rapid, near the critical velocity at

balances gravitational attraction. The
velocities in Be stars confirms that many are rotating very fast.

The survey of the field Be stars indicates a greater maximum
(Jaschek et al., 1983), and another

type B7-8. Some emission-line 0- and

measurement of rotation

distribution at spectral type B2
gmaller one at about spectral
A-type stars are assumed to be associated to this group of stars.

7. Be-type stars in open clusters.

A list of 121 Be-type stars belonging to 50 open clusters

has been compiled (Appendix C). All they have photometric UBV data and
spectral types in the MK system. In this list are only included stars

which were classified as being on the main sequence or very near it

according to the definition of Be stars.
The distance modulus and the mean

cluster where the Be stars are assumed to
obtain the absolute magnitude and the intrinsic color indices of

color excese for each
allow us to

each

be members

Be star.
Appendix B

Wf -tars in open clusters
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Cluster Nane Classificatian
Cr 121 HD 5S0RSH WC6
Ru 44 HD £5865 WN4 . 5+0B
Cr 173 HC 3827%Z WC8 + 091
Eo 7 CD-484457 WN7
Foa 10 HD 32809 WCe
Cr 128 Hiy 331701 WH7 sy
Tr i HD 33182 WN/+a
N3CZ JEC3 HD 37%50 WNE+D5H
Hogg 15 HLE 311%#84 WNB+05V
ClZ03/10-824 GZ7ES7RS44 wWC8
Pi 20 LS5 3528 WNG
NGC 8221 hD 151832 WN7
HD 1582270 WC7+05-2
C1715-387 LSS 4085 WN7
LSS 4CE4 WN7
Pi24 HD 15784 WC7+(i7-9
Tr 27 L3S 4261 WN7+4C7
165 WCSs
Bo 14 Ve2-45 wC9
Do 33 Vyi-3 WN7
NGC €871 HD 190918 WN4 S+0G8 357t
Be 886 HD :33578 WNS+(B
Ee 87 St 3 WOz
Ma 50 HD 219460C WN4a S+B1II7
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Appendix C

Be stars uwith UBV data as members of open clusters

Cluster Star v

NGC 457 13 11.28
126 9.63

153 9.49

238688 9.47

NGC 581 87 11.35
178 10.04

76 11.48

NGC 663 141 10.65
NGC 869 309 9.62
(h Persei) 566 9.62
NGC 884 1702 9.30
(chi Per) 2088 9.45
14422 3.03

2165 9.66

2234 9.68

NGC 9587 4 9.86
7 11.13

11 11.390

TR 2 18080 8.38
NGC 1883 43 11.53
Alfa Per 21551 5.83
22182 4.23

25940 4.04

Pleiades 23302 3.7%
234820 4.18

23630 2.87

33832 £.08

NGC 1860 34.1113 §.23
(M38) 245483 8.863

HGC 2244 33 11.35
CR 121 48917 5.29
58978 5.64

NGC 2421 L5S579 11.48
§5141 10.81
55142 12.24
NGC 2422 80855 §5.63

NGC 2438 6 10.48
g3 11.2
81 11.380

NGC 2451 81825 §5.99

NGC 2453 42 12.8%9

RU 44 L5885 10.9R:

NGC 2516 66184 5.76
65663 6.77

60.868 9.01

NGC 3103 7 13.25%
IC 2581 302840 9.80
302842 9.¢0
80187 8.81:

NGC 3293 303075 9.80
32 12.87

Tr 15 83180 8.58
Cr 228 305515 10.35

305533 10.32
Te 18 5 10.83
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U-B Spec.Type Remarks

B8 Ve -57224&

BO IVe -576243
Bl1.S Vpe -57.7240

B3 V

80 Vne

Bl IIle 582484

Bl Vpe 566493
B1.5 IIle 560548
B1.5 Vne 560583

Bl Vpe 566565

Bl Vne 56°566

Bl Vne 56°573

B1L V 56,657

B3 V

B7 V

B7 V no en. HR10S51
BSE IIle-snell

B4 Ve MX Per
BE IIle 17 Tau
B6 IVe 23 Tau
B7 1Ile Eta Tau
B8(V)e-shell Pleione BU Tau
B2 (I1l)e o

B2 (IIl)e 331103
B6 Vna

B2 Ve around T CHa
B0 IVpe around FY CHa
B7:

B2 IV:e

BS IYIne

B8 (Ve o
BO Yo far fr. nucl. -21.75154
B2 Vne

R7 V Cox A
(BSp) COX 41
B2:e

BG.S Ve No.4

Rl Ve No.7?

:B1 IIne LSS 8524
Bl IVne backgr.? -573480
B8 Ve

BO:IV:pe

B1.5 V sn Fe 44
BO.5:Vnn+shell Fe 7
B2:Vn +vweak shell ?
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NGC 3768 100856 8.58 0.01 -0.81 B2 IVp(e.
-60.3157 8.58 0.07 -0.63 B2 III
-£0.3125 9.06 -0.07 -2.60 B2 IVne
-60.71728 8.46 -0.04 -0.64 B2 [V-V 1S5 2400
60 2149 10.33 .93 (.51 R4 Vne
-60.3126 9.26 0.01 -D.61 B1.5 Vn
-60.3122 10.00 §.04 -0.21 Be npe shell
306797 9.58 0.00 -0.58 BS
306798 9.45 -0.01 -0.82 B2 V
IC 29844 308819 10.08 0.14 -0.22 B9 p(e)
STCCK 14 101794 8.57 0.04 -0.76 BO.S IVne
NGC 4303 -60.3743 3.19 9.21 -0.70 BG: e small beta
NGC 4483 108713 8.41 0.21 -0.63 B III e?
NGC 4755 -59.4531 10.32 ©.18 -3.55 Bnn
-59.4540 9.58 0.22 -0.53
-53 4546 3.73 0.22 -0.72 BZ IVne
-59.4553 9.72 0.20 -0.83 B1.5 pne
-59.4558 10.04 0.13 -0 81 B1 V
-59 4559 9.38 0.22 -9.55 32 iVne
I1I-24 10.31 0.18 -0.82 80 V BV Cru
NGC S158 -60.4735 10.36 0.13 -0.40 & III e?
NGC 2281 119682 7.98 (.13 -0.88 e? o
NGC €025 142448 7.30 -0.05 -0.76 B3 IVe -6075248
NGC 5087 14 9.70 0.09 -0.26 B8 Ve small beta -57°7791
NGC 5157 330950 3.49 0.5: -0.51 81 Ve
NGC 8221 226327 3.74 0.27 -0.60 B1.S IVe-shell
NGC 2383 317851 9.83 7 24 -0.40 Be:Vne
24 11.35 o 18 1 5 RB VYNe
NGC BS20 152 .51 9101 1.8 By Vm
(M 9) 315032 9.!8 0.Ud4 -0.75 B2 Vne 161
315023 10.08 0.15 -0.84 B2.5 Ve Ws
-24,13329 9.03 0 10 -0.71 81.5 Vne 178
-24713830 9.86 0.18 -0.85 B2 Ve 180
184 9.66 0.07 -0.88 Bl Ve
W61 10.29 0.12 -0.61 B2 Ve
1649C0€ 7.42 0.16 -0.76 BO IV pne 193
-247:36831 i0.14 0.1! -0.865 B2 Vpe 192
197 10.45 0.15 -0.81 B2 Ve
202 10.69 0.10 -0.56 82.5 Ve
315024 9.56 0.06 -0.78 82.5 Ve 204
-24713837 9.39 0.07 -0.72 B1 Ve weo
, 210 10.49 U0.13 -0.51 B2.5 Vne
-24,13840 8.75 0.16 -0.58 BZ Vne 215
-24913844 :10.81 0.09 -0.52 B2.5 Vne 230
164947 83.88 0.06 -0.56 B2 IVe w100
315085 10.81 0.25 -0.45 B2.5 Ve 256
NGC 6611 , 210 11.41 0.49 -0.58 B1.5 V(e)
-13%4928 9.94 0.60 -0.50 BO.5 Vne 280
351 11.30 0.46 -0.56 B! Vne
503 9.83 0.50 -0.72 BCe
1C 4725 -19%6889 10.16 0.43 -3.18 B7 Vne 44
NGC 6709 10 10.88 0.19 -0.08 B9: V(e)
NGC 6823 & 11.84 0.75 -0.29 BO V:pe
E4 10.42 0.78 -0.30 BO IVe
NGC €83G 245105 10.44 9.38 -0.15 B6 IVe 5
NGC €871 227611 8.82 0.35 -0.70 BOpe 35,3950
TR 37 239712 8.56 0.44 -0.35 B3 Vnpe 57°2354
5792358 10.12 9.33 -0.33 B3 Vnnpe o
206773 6.73 0.22 -3.84 BC Ynnpe 8772374
772276 9.74 5.30 -2 38 B2.5 Vprre
235753 9.50 0.24 -1.57 B2 .V:nneg 5892320
NGC 7180 208332 7.04 5.26 -0.56 B1 IV EM _Cep
NGC 7280 4 10.19 0.40 -0.12 25 Yne 5792615
NGC 7854 778 11.30 23.56 -3.02 Be
930 11.57 0.51 -0.11 Be
929 11.85 0.41 -0.06
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Then, in the observed color-color diagram (Figure 6) are
plotted all the Be stars (Feinstelin, 1987), which shows clearly that
with a few exceptions all are located away of the main sequence. On
the other hand, in the intrineic color-color diagram (Figure 7), many
gstars are gituated to the right of the main sequence suggesting an
additional reddening besides that of the cluster in which it |ie
member. In an intrinsic c¢olor (B-V)o versus absolute magnitude Mv
diagram (Figure 8), most of the stars are also to the right of the
main sequence band. However, a few are to the left which may be due to
various facte: a) errors in the measurementa due to the contamination
from a bright nebula in the field of the star, or b) wrong corrections
of the color indicee or perhaps, ¢) very blue open clusters with stars

having abnormal intrinsic colors.

Tigure 6: The observed two-color indices diagram for the Be stars in open clusters.
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The additional color excesses for the stars to the right of
the main 8equence are assumed to be due to their circumstellar
envelopes. Some of the more luminous starse are in the range up to 0.3
magnitudes farther in (B-V)o from the main sequence. It seems that the
higher the absolute magnitude, the larger is the possible range in the
color excess E(B-V) due to the circumstellar material. The same
conclusion becomes evident in the (U-B)o versus Mv dliagram (Figure 9).
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In Figure 10 is plotted the histogram of the number f [e
gtars in open clueters according to the age of the cluster where these
stars are located., The ages listed by Lyng& (1985) were employed. It
is found that a maximum distribution corresponds to ages about log t =
7.4, that is t = 2.5 x 107 years old, but clusters from 108 to 108
years ¢©ld have Be stars. The particular case of the young open cluster
NGC 6530 with the largest number or bright Be stars is alsc indicated
in the same figure.
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Pigare 10: The aunber of Be stars in open clusters according to the age of the cluster (Lynga, 1985).
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8. Conclusion

From the above analysis of the Of, WR and Be stars, all they
appear to be related with some state of the starse during their

evolution away from the main sequence.
In Figure 11 are plotted all the bright stars which are

membereg of open clusters, and with absolute magnitudes Mv < -5.5. The
O-type stars are plotted by a number which gives the sub class
corresponding to the O-type. 1n the same figure the WR stars are
underlined, and the Of-stars are inside a square. A few Be-type stars
are encircled. The location of the ZAMS (Vazquez, 18989) is also drawn.

All the 0, the WR and Of stars have intrinsic color 1indices
smaller than (B-V)o = -0.3. Moatly of the very bright stars, Mv < -6.5
are of Of-type. Congequently, the O0f starg would be the more common
objects among the very bright stars. Also it becomes clear that these
objects are nearby the ZAMS, indicating that they are the result of
some processes produced after the stars leave the maln sequence, or
perhaps coming back from the red stage. The location of the WR stars
is more difficult tho explain as the intrinsic UBV colors and magni-
tudes are affected by the strong emission lines.

In conclusion, the 0Of- and WR-types are spectral
classifications assigned to very hot and luminous stars with emission
lines, but in different evolutionary states. On  the other hand, the
Be-type corresponds to lesgg luminous stars with smaller temperatures.
It would be interesting to know if these types of emission-line s8tars
are whether different aspecte of the same phenomenon or different kind
of conditions in the starg themselves,

Appendix A listtes all the Of stars which are assumed to Dbe
membere of open clusters at the time this paper o8 written (February
1990). The WR stars are included in Appendix B and the Be stars in
Appendix C.
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EL GRUPO DE BINARIAS DEL OBSERVATORIO DE CORDOBA

THE WORKING GROUP ON BINARY STARS OF THE CORDOBA OBSERVATORY

R.F. SISTERO

Observatorio Astronémico de Cédrdoba

RESUMEN: Se describe sucintamente este grupo de trabajo del Observa-
torio Astronémico de Cérdoba. El mismo centra sus actividades en la
observacioéon fotométrica de sistemas binarios eclipsantes y en su 1in-
terpretacion fisica. Asimismo se utilizan técnicas espectroscédpicas
qQue complementan a los datog fotométricos para la determinacidn de
parametros absolutos.

ABSTRACT: This working group of the Astronomical Observatory of Cér-
doba is summarily described here. This team centers its activities
around the photometric observation of eclipsing binary systems and
their physical 1interpretation. At the same time spectroscopic
techniquees are used to complete the photometric data for the
determination of absolute parameters.

INTRODUCCION

El estudio de sistemas binarios cerrados, es decir pares de
estrellas cuyas separaciones son comparables a sus tamafios, tiene an-

tecedentes ocasionales en el QObservatorio de Codrdoba desde la época de
su fundacién. Cuando se realizaron los trabajos de determinaciones
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vigsualee de magnitudes para ia Uranometria Argentina se descubrieron
algunas estrelisax de brillo variable, y posteriormente ee confirmaron
parte de ellae como variablee eclipsantes. Uno de los ejemploe méa
notables es la hoy denominada RS en la constelaciédn de Sagitario que
fue descubierta entre 1870 y 1871 por B. Gould, quien estimé ocorrec-
tamente su periodo (orbital). Eetoe datoe se coneignaron en €l cata-
logo de la Uranometria Argentina, pag. 288, de 1879.

Pasaron muchose afioe antes que en el Obeervatorio de Cérdoba
se iniclaran los estudios especificos sobre estrellas binarias. Eeto
ocurrié hacia mediados de la decada del 40 con el advenimiento del
Telescopio Reflector de Bosque Alegre de 1.54 m de abertura, y el Es-
pectrégrafo I de red adosado a su foco Cassegrain. Easta epoca, en re-
alidad, marca el comienzo sistemético de la Astrofisica en el paie, no
8610 de sistemas binarioes eetelares. Deben reconocerse, sin embargo,
los antecedentes pioneros de C.D. Perrine con sus estudios posibili-
tados por el Reflector de 76 cm en el area de lag nebulosas
extragalacticas y de la espectroscopia esgtelar.

En la época mencionada, de los afios 40, el Dr. J. Sahade
desarrolld una intensa labor, basada en observaciones

espectrograficas, de sistemas binarios eclipsantes. También en la era
de Bosque Alegre, algo después, realizé estudios espectrograficos de

sistemas binarios el Dr. J. Landi Dessy; algunos de ellos en colabo-
racién con el Dr. J. Sahade. E1 Sr. J. Albarracin fue un importante
colaborador de ambos, en la observaciédn y posterior estudio
espectroscédpico de estos sistemas.

El Dr. Sahade se alejdé del Observatorio de Cérdoba a media-
dos de la década del 50 y el Dr. Landi c¢ontinué trabajando en
espectroscopia, aunque no orientado al estudio de binarias.

No hay antecedentes en Coérdoba, y en el pais, de estudios
fotométricos de binarias eclipsantes anteriores al afio 1965. Una ex-
cepcién la constituye el estudio de algunas binarias en las Nubes de
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Magallanes realizadas parcialmente con métodos fotograficos por Landi
y Dartayet, en sue trabajos cuya finalidad fue el estudio de Cefeidas

en lae nubes.
El Grupo de Binarias

Loe estudios fotometricos de binarias eclipsantes (y de
fotometria fotoeléctrica en e1 Observatorio de Cordoba) les inicid el
que guscribe este informe en el afio 1965. El estudio de binarias fue
sugerido criginalmente como tema de trabajo (eagpectroscopico!) de Te-
sis por el Dr. J. Sahade, entonces Director del Observatorio de La
Plata. Asi comensaron las observaciones fotoeléctricas UBV y en Dbanda
angoetsn de S Velorum en el  Observatorio de Cerro Tololo, cuamndo su
equipamiente era an reflector de 16 pulgadss en caellls de madcera.
Previamente se realizd un curso de fotowetris con log profegores A.G
de Moreno y H. Moreno en el Observatorio de Cerro Calan en Santiago,
de la Univereidad de Chile. En el mismo Cerro Tololo, en 1965, se co-
menzaron los primeros analisie claslicos de curvas de 1uz de binarias
eclipeantes con €l Dr. J. Irwvin. Posteriormente se continuwaron en  Fi-
ladelfia en el gruapo de F.B. Wood, donde estaban R.E. Wileon, E.
Devinney, K.C. Leung, Y. Kondo, E. Guinan, etc. Debe mencionarse que
entonces, 1966, Wileon y Devinney (teslietn) comenzaron a desgarrollar
el método sintetico computacional baeadoe en el modelo de Roche, hoy
universalmente cconocido y adoptade como método W-D.

Hasta &1 ahio 19696 en realidad no existia grupo de trabajo en
binarias. Durante ese aflo ge incorpord M.E. Castore quien permanecid
hasta su fallecimiento an 1978, También en 18469  se lncorpord J.J.
Clari&a, quien como tesgista en técnicas fotometricas s80lo observd bi-
nariae ocagionalmente, hasta que en 1974 ee alejdé del pais. Poste-
riormente realizédé su trabajo de licenclatura y doctorado E. Lapasset
en el grupo de binarise. En ests época ya contaba el Observatorio de
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Cérdoba, en Bosque Alegre, con un fotémetro fotoeléctrico desarrollado
bajo la direccién del Dr. Milone, y gque fue de enorme utilidad para el
grupo durante dos décadas, incluyendo observacliones reallizadas con el
mismo en el telescopio de 76 cm instalado por convenio de Cordoba vy
San Juan en El1 Leoncito. En esta época desarrolla una importante tarea
de observacién, reduccliones, etc. el Sr. B. Candellero, actividad
prolongada hasta el presente. E. Lapasset, como parte de su plan de
doctorado se especializé en el método sintético de W-D bajo la direc-
cién del propio R.E. Wilson, en Gaineeville, Universidad de S. Flori-
da. A su regresc el grupo se beneficld con esta técnica, y fue uno de
los primeros grupos en disponerla fuera del de Wileon. En 1980 regre-
san al pais E. Lapaeset y J.J. Clarii realizande una intensa labor en
el campo de las binarias. Realizé eu teeis en el grupo de Binarias
M.A. Cerruti, hoy en el IAFE. Realizaron también sus trabajos de 1i-
cenciatura S. Marton y A. Grieco y J.G. Funes bajo la direccién de E.
Lapasset. También elabord su tésis en el grupo S.L. Lipari y su tra-
bajo de licenciatura M.N. Gémez.

La orientacién de 1los trabajos del grupo es esencialmente
observacional. Como se menciond con anterioridad los estudios se basan
en el andlisis de curvas de luz con métodos que van desde los clasicos
de Russell-Merrill y sintéticos W-D, incluyendo la ultima versién del
analisis simultaneo de curvas de luz y velocidades radiales. Esta Gl-
tima versién fue 1incorporada al grupo por S. Marton, 1luego de una
breve estadia con Wilson en Gainesville. Las principales contribu-
ciones se han dado en la determinacidén de parametros fisicos de las
componentes de sistemas binarios cerrados, o interactuantes, algunos
de ellos en contacto profundo. Se hicieron aportes en la 1interpreta-
cién de distintos fendémenos de interaccidén entre las componentes, como
efectos de proximidad, acreciédn de luminosidad por transferencia de
materia, procesos evolutivos reflejados por las propiedades fisicas de
las componentes, la configuracion del sistema, transferencia de mate-
ria y pérdida de momento angular. Con métodos estadisticos se pudieron
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caracterizar los sistemas de configuracidén acoplada en distinta medida
con sus parametros de acople (o desacople) térmico. Con el estudio
pminucioso de loe periodoe orbitales s8e llegaron a establecer intere-
santes circunstancias evolutivag de sistemae préximoe al contacto: en
algunos casos ge& detectaron fases inestables durante el eestableci-
miento del contacto y en otros el comienzo de transferencia de mate-
ria.

Se da una lista anexa de trabajos realizados por el grupo
con la finalidad de describir en detalle las actividades del mismo.

Con sus trabajos el grupo logrdé establecer colaboracién con
los principales grupos, e investigadores lideres en el ambito inter-
nacional. Al presente, y desde 1989, el becario cubano R. Farifias esta
realizando una etapa de formacién en Coérdoba, como parte del plan de
promover la Astronomia en los paises de incipiente desarrollo en este
sentido, impulsado por el Dr. J. Sahade durante su presidencia en 1la
Unién Astrondémica Internacional.

Uno de los miembros del grupo es Editor para el Hemisferio
Sur del "Bibliography and Program Notes on Close Binary Systems”, de
la Comisidén 42 de la U.A.1. desde 1977. El suscripto fue miembro del
Scientific Organizing Committee del simposio sobre "Algols” llevado a
cabo en Sidney, B.C., Canada, en 1888 y fue designado “"chairman” del
Comité Organizador Local del Simposioc N¢ 151 de la U.A.I. a realizarse
en Cérdoba en 1891 sobre el tema “Evolutionary Processes in
Interacting Binary Stars”.

Resumen de los trabajos del Grupo de Binarias
del Observatorio de Cérdoba

1. "S Velorum”. Bol. A.A.A. 10, 1965. R.F. Sisters.

2. "Ultraviolet Excess of the Secondary Component of S Velorum". PASP
80, 474, 1968. R.F. Sisteré.
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10.

11,

12.

13.

14.

15.

16.

17.
18.

“The eclipsing Binary V78 in Omega Centauri”. IBVS 316, 1968, R.F.

Sisterod.

“Times of Minima and Light Elements of S Velorum™. IBVS 381,
1968.R.F. Sisterd.

“Investigaciédn Fotométrica del Sistema Binario Eclipsante S
Velorum”. Tesis, IMAF, U N.C. 1968, R.F. Sisteré.
"V-Observations and Light Elements of Omega Centauri V78°, IBVS
402, 1968. R.F. Sisterd, C.R. Fourcade and J.R. Laborde.
“"Photoelectric Times of Minimum of RR Centauri”. IBVS 453, 1970.
R.F. Sisterd and M.E. Castore de Sisterd.

"UBV and H-beta Photometry of the Eclipsing Binary S Velorum™.
Bull. Astron. Inat. Czech. 22, N° 4, 188, 1871. R.F. Sisterd.
"HD 101799: A Completely Eclipsing W UMa System”. IBVS 576, 1971.
R.F. Sisterd and M.E. Castore de Sistero.

“The W UMa System HD 101799". Bol. A.A.A. 17, 1971. R.F. Sistero
and M.E. Castore de Sistero.

“UBV Light Variation and Orbital Elements of HD 101798". Astron.
J. 78, 413, 1973. R.F. Sisterd and M.E. Castore de Sisters.

“Velocidades Radiales de HD 101789". Bol. A.A.A. 19, 1973. R.F.
Sisterd and M.E. Castore de Sistero.

“Radial Velocity Curvees of HD 101799". Astron. J. 79, 391, 1974.
R.F. Sisterd and M.E. Castore de Sisterd.

"UZ Octantis”. IBVS 888, 1974. R.F. Sistero and M.E. Castore de
Sistero.

“Las Binarias W UMa: UZ Oct, HD 123732 y MW Pav”. XX& Reuniodn
A.A.A. (Bol. A.A.A. 20-26, 137, 1981), 1974. M.E. Castore, R.F.
Sisteré and E. Lapasset.

"MW Pavonis™. IBVS 917, 1974. E. Lapasset.

"TY Mensae”. IBVS 1149, 1976. E. Lapasset.

"Modelos de Hot-Spot en Eetrellas W UMa“. Reunién A.A.A. 12,
1976. (Bol. A.A.A. 20-26, 339, 1981).
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19.

20.

21.

22.

23.

24.

29.
30.

J1.

33.

34.

“UBV Light Variation and Orbital Elements of MW Pavonis™. Ap.
Space Science 46, 155, 1877. E. Lapasset.

“Eatudio en Fotometria UBV de TY Mensae”. Primera Reunion
Latinoamericana de Astron. Publ. Depto. Astron. Univ. de Chile, p.
244, 1978. E. Lapasset.

“Epsilon Corona Austrinae”. Astrophys. J. 230, 822, 1979. C.
Herna&ndez, J. Sakade and R.F. Sisteré.

“0Z Octantis: UBV Light Curves”. Astron. Astrophys. Suppl. 38, No
2, 1979. R.F. Sister6, M.E. Castore de Sisteré and B. Candellero.

"HO Telescopii: Light Elements”. IBVS 1666, 1879. R.F. Sisterdé and

B. Candellero.

“BH Centauri”. IBVS 1700, 1979. R.F. Sistersé, B. Candellero and A.
Grieco.

"RY Indi: Light Elemente”. IBVS 1713, 1979. J.J. Claria and R.F.
Sistero.

“Light Elements of V757 Centauri”. IBVS 1703, 1979. M.A. Cerruti.

"Fotometria UBV de la Fuente de Rayos X HD 153919 (30 1700-37)".

Trabajo especial, IMAF, 1979. A. Grieco.

"Fundamental Photometric Data for Two Contact Binaries: MW Pav and
TY Men”. Aatron. J. 85, Neo 8, 1098, 1980. E. Lapasset.

"Light Elements of AG Phe”. IBVS 1830, 1980. M.A. Cerruti.

"On S Velorum”. The Obaservatory 100, Ne¢ 1037, 121, 1980. R.F.
Sisterds.

"Analisis de la Fotometria en el Lejano Ultravioleta de Beta
Lyrae”. Bol. A.A.A. 26, 74, 1980. E. Lapasset.

"UBY Photomstric Data of V757 Cen”. IAU Data Center, IAU (27)
RAS-7C, 1881. M.A. Cerruti.

"Método d& Curvas de Luz Sintéticas Aplicado a UZ Qct”. Bol.
A.AA. 26, T8, 1380. E. Lapasset y R.F. Sisteré.

"RW Dor, Light Curve and Study of the Period”. IBVS N« 1960, 1980.
S. Marton and A. Grieco.
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35. "Fotometria Fotoeléctrica UBV de V758 Cen”. Reunién A.A.A. 26,
124, 1980. S. Lipari.

36. “"Progress on a Quantitative Model for Beta Lyrae”. Astron.
Astrophys. 95, 328, 1881. R.E. Wilson and E. Lapaseset.

37. "CT Eri: Photometric Times of Minimum and Improved Period”. IBVS
1973, 1981. E. Lapasset and J.J. Claria.

38. "V758 Cen, Light Curve and Study of the Period”. IBVS 19809, 1981.
S. Lipari.

39. "Estudio Fotométrico del Sistema Binario Eclipsante V758
Centauri”. Trabajo Especial, IMAF, U.N. Cba., 1981, S. Lipari.

40. "RW Dor, Curvas de Luz y Estudio de su Periodo”. Reunién A.A.A.
27, 71, 1881. S. Marton y A. Grieco.

41. "Observaciones Fotométricas de Cinco Sistemas Binarios”. Reunién
A.A.A. 27, 72, 1981. 5. Marton.

42. "Determinacién de loe Elementos Orbitales Fotométricos de V758 Cen
Mediante el Método Clasico y Computacional de Wilson-Devinney"'.
Reunién A.A.A. 27, 70, 1981. S. Lipari y R.F. Sisters.

43. "Light Elements of W Gruis”. IBVS 2012, 1981. M.A. Cerruti and
M.A. De Laurenti.

44. "Light Elements of GG Vel”. IBVS 2052, 1981. M.A. Cerruti.

45. "Andlisis Fotométrico de las Binarias Eclipsantes RY Indi y ST
Carinae”. Bol. A.A.A. 27, 59, 1981, E. Lapasset y J.J. ClariAa.

46. "Resultados Fotométricos Preliminares de Sistemas Binarios
Cerrados”. Bol. A.A.A. 27, 52, 1981. J.J. Claria y E. Lapasset.

47. "U0Z Octantis: Sobre el problema de la convergencia de las
Soluciones por el Método de Wilson-Devinney”. Bol. A.A.A. 27, 47,
1981. E. Lapaeset y R.F. Sisteros.

48. "Photoelectric Minima Obeervations ¢of the Eclipeing Binary ST
Carinae”. IBVS 2049, 1981. J.J. Clarisa and E. Lapasset,.

49."Photoelectric Minima and Light Curvee of the Eclipeing Binary VZ
Librae”. IBVS 2035, 1981. J.J. Clari& and E. Lapascet.

Bol. Asoc. Arg. de Astr. 73



50. "Fotometria del Sietema de Contacto BH Centsuri”. Reunidén A.A.A.
27, 67, 1981. E.F. Sieter6é, A. Grieco y B. Candellero.

51. “Fotometrin UBV y An4alisie Clisico de VIST Centauri”. Reunidn
A A.A. 27, 68, 1981. M.A. Cerruti y R.F. Gletero.

52. "Photoretric Study f the BEclipsing Binary RY Indi anrd ST
Carinse”. P.A.S.F. 94, 524, 1982. E. Lapaseet y J.J. Claria.

53. "BR Muszcae: A& New Barly-Type Contact Binary”. Astron. Astrophys.
Suppl. 50, 13, 1882, J.J. CleriAa and E. Lapasset.

54. "The Cluoee Biarry VT57T Centaari”™. P.A.S.P. 94, 189, 138Z2. M.A.
Cerruti arnd R.F. Siaterd.

55, "The Early Contact Syaten BH Centauri: UBV Photometry”. Astrophys.
Space Sciences #31, 1983, R.F. Silgverd, A. Grieco and B. Candellero.

56. "Investigucidn Fotometrica de Sistemas Binarios Interactuantes”.
Tésia. IMAF, U.N. Cha. 1982, E. Lapasset.

57. "Fotometria DIC de ls Componente Secundaria de S5 Velorum”. Boletin
A.A A, 28, 6G, 1884, (Reunidén A.A.A. 28, 1982). R.F. Siaterd.

58. "Momentog Angulsres d= Bipnarias Eclipsantes”™. Boletin A.A.A. 28,
61. 1884. (Reunidn A ALA. 28, 1882). R.F. Sisterdé y S, Marton.

59. "Investigacidn Fotométrica de Cinco Sistemas Binarios del
Hemisfayrio Sur”™. E. Lapasset y J.Jd. Claria. Publ. del Primer
Encuentro de Astron. Ibercamericana, p. 64, 1983.

60. "Differential Correction Analysie of the UBV Photometry of 0Z
Octantis”. E. Lapasset and R.F. Sisterd. Astron. Astrophys. 130,
a7, 1984.

61. "The Angular Homentum of Eclipsing Binaries”. Astrophys. Space
Science 94, 185, 1883. R.F., Sigterdé and S. Marton.

62. "FT Lupi: Study of the Period and Light Curve”. Inf. Bull. Var.
Stara 2422, 1983. 5.L. Lipari and R.F. Sisterd.

63. "V7538 Centauri: UBY Photometry”. Astrophys. Space Sci. 103, 275,
1684. S. Lipari and R.F. Siaterd.
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64. “"Revised UBV Photometric Solutian of the Early Type Contact System
BH Centauri”. Astron. Journal 89, 872, 1984. K.C. Leung, D.5. Zhai,
R.F. Sisterd, A. Grieco and B. Candellero.

85. "FT Lupi: Eatudio de la Variacion de Pericdo y Curvas de Luz".
Reunién A.A.A. 30, 46, 1984. S. Lipari y R.F. Sisteré.

66. "UBV Photometric Analysis of V758 Centauri”. Astrophye. Space S5Sci.
109, 271, 1985. 5. Lipari and R.F. Sisterd.

67. "Andlisis de l1los Sistemas de Contacto con Desacople Térmico’.
Reunién A.A.A. 31, 372, 198%. 5. Liparl y R.F. Sisterds.

68. "Observaciones Fotoeléctricas y Anadlisis de Binarias Eclipsantes
de Corto Periodo: AU Phoenicis, SY Horologii y VV Ceti”. E.
Lapasset y J.J. Claria. Rev. Mexicana de Astron. y Astrof. 10, 187,
1985.

69. “"Analisis Espectro-Fotométrico de la Variable Elipsoidal V470
Cygni”. J.G. Funes y E. Lapasset. Boletin A.A.A. 30, 33, 1984.

70. "VZ Librae: Parametros Fotométricos Fundamentales de una Binaria
de Contacto”., M.N. Gémez y E. Lapasset. Bol. A.A.A. 31, 364, 1985.

71. "Los efectos Fotométricos Secundarios en las Configuraciones
Estelares de Contacto”. M.M. Gémez y E. Lapasset, Bol. A.A.A. 31,
364, 1985.

72. "V508 Ophiuchi: Una Variable Peculiar”. E. Lapasset y J.G. Funes,
Bol. A.A.A. 31, 413, 1985.

73. "New Variable Stars Found in Southern Open Clusters”, E. Lapasset
y J.J. Claria, Inf. Bull. Var. Stars, 2749, 1985.

74. "Photoelectric Light Curves and Ephemeris of FM Velorum”. E.
Lapasset and J.J. Claria, Inf. Bull. Var. Stars 2827, 1985.

75. "The Peculiar Behaviour of the Photometric Variability of V508
Ophiuchi”. 1985, E. Lapasset and J.G. Funes, Astrophys. Space Sci.
113, 83.

76. “1985 - UBV Light Curve of V508 Ophiuchi”. 1885, E. Lapassaet, Inf.
Bull. Var. Stars 2828.

77. "FT Lupi: UBY Photometry and Synthetic Solution”. 1986, Monthly
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78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Not. R. Astron. Soc. 220, 883. S. Lipari and R.F. Sisteré.

“Estudio de Variacién de Periodos en Sistemas de Contacto
Marginal”. 1986, Reunién A.A.A. 32, 111. 5. Lipari y R.F. Sisteré$.

"RS Indi: Un Sistema de Contacto Virtual con Periodo QOrbital
Decreciente”. 1986, 32, 104. M.A. Cerruti, 5. Marton, A. Grieco,
R.F. Sisteré, E. Lapasset y J.J. Claria.

"Sinthetic Light Curve Method Applied to the W UMa Systems SY
Horologii and VV Ceti”. 1986, E. Lapasset and J.J. Claria. Astron.
Astrophys. 161, 264, 19886.

"BR Muscae: Un sistema Temprano de Componentes Similares en
Contacto Marginal”. 1986, Bol. A.A.A. 32, 97.M.N. Gbémez, E.
Lapasset y J.J. ClariA.

"CT Eridani: An&lisis Fotomeétrico de una Binaria Tipo B”. 1986,
Bol. A.A.A. 32, 89. M.N. Gémez y J.J. Claria.

"RS Indi: UBV Light Curves and Period Study”. Aetron. Aetrophys.
Suppl. 68, 351, 1987. M. A. Cerruti, S. Marton, A. Grieco, K.
Lapaeget, R.F. Sisteré and J.J. Claria.

"Studies of Period Variation in Close Binary Systems”. Astron. J.
94, 792, 1987. S. Liparil and R. Sisterd.

"Traneferencia de Materia y Pérdida de Momento Angular en Sistemas
Binarios de Contacto. Bol. A.A.A. 32, 317, 1987. R.F. Sisteré y S.
Lipari.

“CY Tel: Un Nuevo Sistema Binario de Contacto Marginal Desacoplado
Térmicamente”. Bol. A.A.A. 32, 347, 1887. S. Lipari y R.F. Sistero.

"Estadistica del Desacople Térmico en Sistemas W UMa™. Bol. A.A.A.
32, 297, 1987. S. Lipari y R.F. Sisterds.

"GY Tel: A Thermally Decoupled Near Contact Binary”. Publ. Astron.
Soc. Pacific 100, 380, 1988. S. Liparl y R.F. Sistero.

"A Photometric Analyeis of the Massive Contact Binary BR Muscae”.
E. Lapaseet,, M.N. Gémez y J.J. Claria. Rev. Mexicana de Astron.
Astrofis. 14, 402, 1987.

"FM Velorum: Un Sistema W UMa de Tipo W'. M.N. Gémez, E. Lapasset
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y J.J. Claria. Bol. A.A.A. 33, 308, 1987.

91. "Analisis Fotométrico de la Binaria Temprana de Contacto V593
Centauri”. E. Lapasset, M.N. Gémez y J.J. Claria. Bol. A.A.A. 33,
301, 1987.

92. "Photometric Times of Minimum of the Eclipeing Binary RT Hydri”
M.N. Gémez, J.J. Claria, D. Minitti y E. Lapasset. Inf. Bull. Var.
Stars, 3164, 1988.

93. "A NOte on Thermally Decoupled W UMa Systems™. Publ. Aetron. Soc.
Pacific 100, 377, 1988. S. Lipari and R.F. Sistero.

94. "Estudio Espectroscédépico de V758 Cen y GY Telk”™ Bol. A.A.A. 34,
190, 1988. S. Lipari y R.F. Sisteroé.

95. “Fotometria UBV de EZ Hya. Determinacién del Comienzo de
Transferencia de Materia”. Bol. A.A.A. 34, 190, 1988. S. Lipari y
R.F. Sistero.

896. “Puesta a Punto y Aplicacién del Programa de Wilson y Deviney
Simultaneo”., Bol. A.A.A. 34, 189, 1988. 5. Lipari y R.F. Sistero.

97. "Photoelectric Ephemeris of the Early-Type Eclipsing Binary V593
Centauri”. E. Lapasset, J.J. Claria y M.N. Gomez. Inf. Bull. Var.
Stars 3161, 1988.

98. “HY Pavonis: Photoelectric Times of Minimum and Improved Period".
E. Lapasset and M. Gémez. Inf. Bull. Var. Stars 3163, 1988.

99. “"Photoelectric Minima Observations of the Eclipsing Binary V676
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ASTROMETRIA EN EL OAFA. ROTACION DE LA TIERRA

ASTROMETRY AT OAFA. EARTH ROTATION

Walter T. Manrique

Obgervatorio Astrondmico "Félix Aguilar”

RESUMEN: Se trata de dar un breve informe de una de las s&actividades
astrométricas (Rotacidén de la Tierra), que s8e desarrolld en el OAFA
desde su inauguracidén hasta el presente; importancia de esta investi-
gacioén; colaboracién del OAFA con los Servicios Internacionales, BIH e
IPNS; empleo de las nuevas técnicas: VLBI, LLR y LSR; el nuevo Servi-
cio Internacional, IERG y sus Sistemas de Referenclia y un resumen de
las principales tareas realizadas y en ejecucidn en el (OAFA.

ABSTRACT: A brief report on one of the astrometric activities (Earth
Rotation) carried out at the "Félix Aguilar”™ Astronomical Observatory
since its opening up to the present is given. It deals with: the
importance of this research; the O0OAFA collaboration to the
International Services, BIH and IPMS; the application of new
techniques: VLBI, LLR and LSR, the new International Service, IERS,
and its Reference System; and a brief account on the main tasks
carried out and to be developped at the 0AFA.

INTRODUCCION

La investigacién en las ciencias astrondémicas en San Juan
nace al mismo tiempo que la Facultad de Ingenieria y Ciencias Exactas,
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Fisicas y Naturalea, cuando en 19847 el Rectorado de la Universidad
Nacional de Cuyo, eleva a la categoria de Facultad, la hasta entonces
denominada Escuela de Ingenieria.

En esa época un grupo de profesores tienen la visionaria
idea de darle a la Astronomia un lugar en esta Facultad, preparandose
asi el camino a la Astrometria en la que se han concentrado mas espe-
cificamente las actividades e interés de nuestra comunidad, naciendo
asi el Obeervatorio Astronémico "Félix AGuilar”.

Este Observatorio permite ahora a Astrénomos ¢ Investigado-
res, trabajar en forma sistemdtica en el estudio del Universo, com-
plementando con sus trabajos, 1los trabajos de 1los colegas del mundo
entero.

Esta realizacién ha hecho posible la participacién de nues-
tra Universidad en la gran aventura astronémica, donde los desarrollos
y aplicaciones tecnolégicas, sorprendentes y extraordinarios, no dejan
de ser apasionantes, tanto para clentificos como para el pablico en
general.,

Nuestro Observatorio ha cumplido 36 afios, edad que en la
egcala de tiempo y sucesos cotidianos, representa el trabajo y dedi-
cacién de muchos hombres que han dejado su juventud en el esfuerzo y
que sirve para valorar la importancia de la labor cumplida.

Rotacidén de la Tierra

Por diversos motivos, la Astronomia en San Juan se desarro-
116 con una orientacién definida hacia la Astrometria vy, dentro de
esta rama, con una orientacidén hacia el estudic de la Rotacién de 1la
Tierra.

Como todos sabemos, fue necesaro que pasaran miles de afios
para que el hombre llegara a su condicidén de tal y como hombre captara
la razén del movimiento aparente del sol, astros y estrellas en la
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b6veda celeste. No han pasado todavia cuatro siglos desde que la Ro-

tacién de la Tierra ea universalmente admitida y que loa hombres eax-

ponian su vida por aceptar y difundir esta verdad.

Desde el punto de vista cientifico, hace siglos que el hom-
bre ha tratado de estudiar, investigar y corprender las particulari-
dades que definen la Rotacién de nuestro Planeta y cémo benficiarse de
estos conocimientos. La Astronomia, la Geodesia, la Geofisica, la na-
vegacién, la medida del tiempo, han necesitado tradicionalmente de
este fendémeno considerado en un principio como absolutamente uniforme,
como el crondmetro mAs perfecto al que la técnica no podria igualar en
exactitud. A comienz2o de nuestro slglo ee tuvo que admitir lo contra-
rio frente a la evidencia de las observaciones mae recientes. E1 deg-
cubrimiento del movimiento de los Poloe, detectable, como todos sabe-
mos, a través del estudio de las variaciones de las Latitudes, como
asi también el descubrimiente de las mareas terreatrex, influyeron
para apartar definitivamente la idea de la uniformidad de la Rotacioén
Terrestre y de que la Tierra era un cuerpo sélido indeformable,

Irregularidades

En realidad, la Rotacién de 1la Tierra es un fenomeno irre-
gular e impredecible. Hasta ahora 8e desconocen las leyeg capaces de
deecribir en cada instante el vector rotacién terrestre, por lo cual
no es posible deducir con anticipacién qué posiciédn ocupara el Palo
sobre la Tierra en wun determinado momento y menoe aun predecir, con

exactitud, la posicién del meridiano correspondiente a nuestra posi-
cién geografica en un inestante determinado, con respecto s un  eietema
de referencia.

Estas irregularidades, plenamente confirmadas, se pueden
clasificar como:
a. Variaciones seculares: con amplitudes de algunos milésimos de seg.
por aflo y que cauwean un retraso continuo en la Rotacién.
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b. Variaciones periddicas: del orden de algunos milésimos de segundo,
vinculadas a las estaciones.
c. Variaciones accidentales: que se manifiestan como cambios en 1la
aceleracion de la rotacion.

Todas estas circunstancias han contribuido para que la Ro-
tacién de la Tierra haya sido y sea aun, uno de los fendOmenos mas es-
tudiados e 1investigados por Astronomos, Geodestas y Geofisicos de
Institutos de casli todos los paises del mundo.

El movimiento de los Polos como la Hora rotacional es de tal
interés para maltiples usuarios, que desde 1900 han funcionado Orga-
nismos encargados de compilar y procesar las observaciones como el
Bureau International de 1 Heure (BIH) y el International Polar Motion
Service (IPMS), hoy reemplazados por el INTERNATIONAL EARTH ROTATION
SERVICE (IERS) que compila, analiza y procesa la informacion propor-
cionada por nuevas y mas precisas técnicas.

Muchos son los fendmenos que s8e espera todavia descubrir e
investigar y muchas las aplicaciones que de ellos pueden derivarse.
Estas investigaciones se han realizado y se continuan aun, en diversos
Institutos y Observatorios del mundo, mediante el empleo de Tubos ce-
nitales, Astrolabios, Anteojos capitales, etc. reemplazados ahora por

instrumentos que emplean nuevas técnicas que han superado en precision
a las técnicas astronémicas clasicas.

Estas nuevas técnicas, nacidas o perfeccionadas a mitad de
este s8iglo, como 1la Radicastronomia, el Radar, 1la Telemetria Laser

Lunar y Satelitaria, métodos interferométricos como el VLBI; teécnicas
radioeléctricag como el Sistema Transit y tltimamente el sistema GPS,

han contribuido evidentemente al mejor conocimiento de la Rotaciédn
Terrestre. Logicamente que el empleo de estas técnicas exige un mejor
y mas acabado conocimiento de naestra rotacidn.

De ésto se deriva la necesidad del perfeccionamiento conti-
nuo de loa conocimientos ya logrados, como asi también de las técnicas

82 Bol. Asoc. Arg. de Astr.



empleadas, tratando de aunar esfuerzoe entre todoe log dque de una u
otra manera, colaboran en estog trabajos.

Contribucién del OAFA

Nuestro (Observatorio ha contribuido a estas investigaciones,
desde 1968, a través de las cbservaciones sistematicas con un Astro-
labio Impersonal Dajon, para la determinacidén muy precisa da la Hora y
Latitud. Del procesamiento de los datos de las estrellas observadas,
ge derivd el Tiempo Universal Coordinado local (UTCI) que con las La-
titudes simultaneamente obtenidas, se colabord, por mas de velinte
afios, con el BIH y con el 1INPS en la campafia mundial para el estudio
de la rotacidn de la tierra y manteniendo de la escala de tiempo, en-
viando la informacidn semanalmente.

Para cumplir con este compromiso se elabord un conjunto de
tareas basadas en los consejos y experiencia de 1los especialistas
franceses de los Observatorios de Paris y Besancon: Drs. B. Guinot, L.
Arbey, S. Billaud, Cholet. Se formdé asi un programa fundamental de
composicioén invariable, para la observacidén sistematica y posterior
procesamiento, y ademas un equipo de observadores, astrénomog del 0Ob-
servatorio.

No obstante los problemas derivados de la falta de medios
técnicos adecuados ¢ por causas econdmicas, hasta la fecha (21 afios
consecutivos de labor) se han observado mas de 200.000 pasajes este-
lares. Con este cumulo de observaciones, selecciconadas de acuerdo a
normas preestablecidas, s8e han elaborado trabajos de investigacion
publicados en el pais y en el exterior, para participar y colaborar
con la requerida investigacion.

Pero la utilizacidén del Astrolabioco de San Juan no solo se ha

limitado a esta tarea, sino que también se empled de manera competi-
tiva y complementaria, con relacién a otros instrumentos clésicos de
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la Astronomia para investigaciones como observacién de grandee plane-
tas, para el mejor conocimiento del eistema solar; obeervacidn de
radio-fuentes, 6pticas, catalégoe ecgtelares y movimientoe propios.

Por otro lado, la materializacidn de esietemae inerciales ha
sido, durante largo tiempo, responesablilidad de la Astrometria. Sin
embargo, en los ultimoe afios, esta tarea a pasado casl exclusivamente

a las nuevas técnicas,
Recordemos que la definicion del segundo a partir de la re-

sonancia del Cesio, ha introducido una base para las medidas de tiempo

cuyas caracteristicas sobrepasan las pogibilidades de 1los métodos as-
tronémicos. Kl tiempo Atémico Internacional, TAI, difiere de este en

un numero exacto de segundoe. Mediante ealtoe adecuadoe de un segundo
entero, se logra una buena representaciédn del Tiempo Universal Uno
UT1l, definido por la rotacion de la Tierra y muy utilizado por Astro-
nomos, Geodestae, Agrimensores, Geofisicos, para conocer, lo mejor
posible, la posliciédn de su meridiano con reepecto a un meridiano ori-
gen.

Esto implica que para definir completamente el UT1, es ne-
cesario medir la Rotacién de la Tierra. Durante muchos afios Argentina
ha colaborado activamente con 1lo8 Servicics de sus Estaciones
Astrométricas de Buenos Aires, La Plata, San Juan, Punta Indio y Tie-
rra del Fuego.

Nuevo Servicio Internacional

Como ya se ha citado, un nuevo Servicio Internacional, el
IERS (Internacional Earth Rotation Service), 8e puso en marcha. La
determinacién del movimiento del Polo y de la Rotacidon de la Tierra la
realiza este servicio en base a la informacién proporcionada por 1las
modernas técnicas: Very Long Baseline Interferometry (VLBI) Lunar
Laser Ranging (LLR) y Sately Laser Ranging (SLR), cuyas presiciones
sobrepasan las de los instrumentos astronémicos.
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El IERS fue establecido en 1987 por la Unién Astronémica
Internacional (UAI) y por la Unién Internacional de Geodesia y Geofi-
sica (IUGG) e inicidé sus tareas a partir del primero de enero de 1988.
Reemplaza al IPMS ¥ a 1la seccién Rotacidén de 1la Tierra del BIH. Las
actividades en tiempo del BIH son continuadas por el Bureau Interna-
cional des Poids et Mesures (BIPM), Paris, Francia.

Este nuevo servicio proporciona la informacidén necesaria
para definir y mantener un Sistema de Referencia Terrestre convencio-
nal y los relaciona mutuamente con otros sistemas usados en la deter-
minacioén de los parametros de orientacidn de la Tierra (EOQP).

Es responsable de:

1. Definicién y mantenimiento de un Sistema de Referencia Terrestre
convencional, basado en la informacidna de las Estaciones de
Observacion que utilizan técnicas de alta precision en Geodesia
Espacial.

2. Definicidén y mantenimiento de un Sistema de Referencia Celeste
convencional, basado en Radio-fuentes extragalacticas y lo
relacionado con otros sistemas celestes.

3. Determinacion de los parametros de orientacién de la Tierra, rela-
cionando estos sistemas y las coordenadas terrestres y celestes del
Polo y Tiempo Universal.

4. Organizacién de las actividades operativas para la observacién y
andlisis de la informacién.

Sistema de Referencia del I1IERS

El sistema de Referencia del IERS se compone de dos partes:
el IERS Standard y el Sistema de Ref. del IERS>. E1 IERS Standard
usado en 1988 es el Merit Standard. Este es un conjunto de constantes
Yy modelos usados por el Centro de An&lisis para LLR, LSR y VBLI, y
por el Bureau Central en la combinacidén de los resultados. E1 Sistema
del IERS se compone de:
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Sistema de Referencia Terrestre (ITRF): el origen, las direcciones
y la escala de este esistema estan implicitamente definidos por las
coordenadas adoptadas por las Estaciones terrestres. El origen es
el centro de masas de la Tierra, con una incertidumbre de 10 cm. La
unidad de longitud es el metro (SI). El1 polo de Referencia (IRP) y
el Meridiano de Referencia del IERS (IRM) son compatibles con las
direcciones del Sistema Terrestre del BIH (BTS) dentro de 0.003.
Sistema de Beferencla Celeste (ICRF): el origen del sistema es el
baricentro del sistema solar. La direcciédn del eje polar es dada
para la época J2000, por la precesidédn IAU 1976 y por la teoria de
la nutacion IAU 1980. Est& compuesto por 209 Radio-fuentes
extragalacticas y compilado en base a los sistemas individuales
extragalicticos obtenidoe de acuerdo con la solucién global del
Goddard Space Flight Center, del Jet Propulsion Laboratory y del

U.S. National Geodetic Survey.

Las Nuevas Técnlicas

Durante los ultimos afios las técnicas de Radio-interferome-

tria y Laser ranging han eldo usadas para proporcionar informacién de
alta precisién de la rotacién de la Tierra.

La orientacién angular de nuestro planeta en el espacio y su

movimiento alrededor de su eje de rotacién, pueden eer mhorsa determi-

nados con una precieidén del orden de los cinco nanoradianes.

Interferometria

Loe métodosd interferometricos se basan en la medicién del
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retardo diferencial de las sefiales emitidas por una radio-fuente
extragalactica y recibida en dos Estaciones diferentes.

Estas fuentes emiten ondas en el rango de centimetros o de-
cimetros, siendo 1indispensable contar para su recepcion, con
Radiotelescopios.

Han sido deaarrolladoas doa zsistemas y ean ambog ~amsos laza dos
Estaciones observan simultanecamente la misma fuente. En uno de 1los
sistemas, interferometria a base corta, las seflales de los receptores
son comparadas en tiempo real, gracias a la interconexiédn por cable o
radio. En el sistema a base larga, VLBI, las sefiales son registradas
en cada estaclién conjuntamente con marcas de tiempo y posteriormente

intercomparadas. Este método tiene la ventaja de ser independiente de
los problemas meteoroldégicos y no depender de la salida del objeto a

medir, ya que 8e dispone de Radio-fuentesz Dbien distribuidas en
ascenciodén recta.

Las desventajae son su complejidad, alto costo de 1los
Radiotelescopios y la alta precisidén requerida a los patrones de
tiempo de las Estaciones.

Las técnicas VLEI logran una resolucioén de aproximadamente
10-4 arcosegundos y las posicionesg relativas del telescopio pueden ser
determinadas con precisiones de 1 cm aproximadamente.

Estas capacidades han llevado a resultados de gran impacto
en Astrofisica y Geofisica. Resultados muy interegantes han sido pre-
sentado para estudios tan diversos como nuacleos galacticog activos,
quasars, radio-estrellas, Astrometria, Cosmologia, Geodesia,
precesién, nutacién, movimientos de los polos terrostresg, vartaclones
en UT, deformacién regional de la corteza y deriva continental.

El método puede determinar la posicién del Polo dentro de

los dos milisegundos de arco y el UT1 dentro de la décima de milesima
de tiempo, ademés mejorar las tablae de nutacién.

Las observaciones VLBI constituyen uno de los soportes fun-
damentalee del IERS.
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Durante la campafia 1889, tres programas de cuidadosas ob-
servaciones, han continuado: el proyecto IRIS International Radio
Interferometric Surveying), coordinado por el U.5. National Geodetic
Survey; el proyecto CDP (Crustal Dynamics Proyect), de la Nasa, y el
proyecto DSN (Deep Space Network), operado por el Jet Propulsion
Laboratory (JPL).

Laser Lunar y Satelitario:

Las propiedades particulares de la luz emitida por Laser,
han abierto todo un campo de aplicaciones originales inaccesibles a
las fuentes luminosas clasicas. En particular, 1la gran potencia del
Laser, asociado a su coherencia espacial y temporal, lo han transfor-
mado en un instrumento de preferencia en la investigacidén espacial,
donde las grandes distancias puestas en juego introducen atenuaciones
importantes.

La telemetria Laser funciona a la manera de un radar, pero
con precisiones muy superiores a este y sobre longitud de onda optica.
El principio del método consiste en medir el tiempo recorrido por 1la
luz en su trayecto de ida y vuelta entre emisor y receptor. Estas de-
terminaciones permiten un mejor y mas acabado conocimiento en diversos
dominios:

a- Orbita y movimientos de la Luna

b- Geodesia terrestre

c- Dinémica de la Tierra: fluctuaciones del Polo, irregularidades de
la rotacién

d- Mecé&nica celeste: Medidas de GM.

La atenuacidén que sufre la seflal en estas determinaciones es
muy significativa y s86lo sera detectable si la energia de la sefial es
muy concentrada angularmente, tanto de ida como de vuelta. Esto Jjus-
tifica el empleo del Laser como fuente y exige la utilizacién de re-
flectores capaces de reenviar los rayos incidentes en un fino haz en
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la direccién de incidencia, cualquiera que sea esta direccién.

Las técnicas de medicién Laser a la Luna, no difieren em 1lo
esencial de las mediciones a satélites artificiales. Su mayor comple-
jidad es debida a la mayor distancia a recorrer lo que implica mayor
potencia, mejor direccionabilidad y menor divergencla del haz. Las
mediciones a la Luna son posibles gracias a la instalacién en su su-
perficie de retroreflectores en las misiones Apollo 11, 14 y 15 y en
la misién Lunakhod Z.

El modelo matem&tico para el tratamiento de las mediciones
LLR es complejo. Al vector observacion: Estacién-Reflector, debe ha-
cerse corresponder los vectores: Estacién-Centro de masas de la Tie-
rra;: Centro de masas de la Tierra-Centro de masas de la Luna; Centro
de masas de la Luna-Reflector. E1 vector que une los centros de masa,
encierra toda 1la complejidad de la mecénica del movimiento de 1los
cuerpos en un sistema inercial.

Cada uno de estos vectores se definen en sistemas de coor-
denadas diferentes en los que las escalas de tiempo, para la datacién
del evento, son distintas. Asi la propia observacién se expresa en
OTC;: la rotacién de la Tierra en UT1, mientras que las coordenadas de
la Luna vienen dadas en funcién de la escala TDT (tiempo dinémico te-
rrestre).

Como las coordenadas geocéntricas de las Estacliones y sus
variaciones, el movimiento del Polo y la Rotacién de la Tierra inter-
vienen en la definicidén del modelo, resultan determinados en el pro-
ceso de ajuste.

La 6rbita lunar, a diferencia de los satélites artificiales,
permite mayor estabilidad en el tiempo del gistema &asi definido.

Resumiendo podemos decir que la alta precieién alcanzada en
la medida de intervalos de tiempo, la posibilidad de emitir, por medio
de un Laser una sefial 6ptica extremadamente corta y coherente y las
potencias obtenidas, permiten las medidas de las distancias qQue separa
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una Estacion terrestre de un punto del euelo lunar o gsatelite artifi-

cial.
Estas medidas contribuyen al mejor conocimiento de las di-

mensiones y movimientos de la Luna y permiten calcular, con gran pre-
cisién, la distancia que separa la Estacién del eje de rotacion te-
rrestre y su longitud. La determinacién de estos mismos elementos re-
lativos a varias estaciones, aunque muy alejadas, permite relacionar-
los y deducir el movimiento del eje terrestre.

En 1988 tres Estaciones han estado en funcionamiento: Cerga
(Grace, Francia), Haleakala (Hawaii, USA) y la m&s antigua, McDonald,
MLRS (Texas, USA). Es la primera ocasién que s8e recibe informacién
desde tres lugares, a 1o largo del afio, segan informacidén del IERS.

La precision de las medidas esta dentro de 2 a 3 cm. Como el
rmg es normalmente menor que 1 ¢cm. en una sola noche, la meta de 1
centimetro podra ser alcanzada dentro de 1 a 2 afios. UTO-UTC puede ser
determinado en sesiones de observacidén de una hora a una hora y media,
segun informe del IERS.

El grafico siguiente muestra el numero de valores de UT por
lunacién para 1888.
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Laser Satelitario (SLR)

En el empleo de Satélites artificiales convergen conoci-
mientos de distintas ramas de 1la cliencla: Mecanica celeste, fisica
solar, fisica de la atmoésfera, fisica de la Tierra, meteorologia, Op-
tica, electronica, computacién, lo que ha traido aparejado un acerca-
miento de cientificos de distinta formacidén y como resultado un 1in-
cremento de la investigacidén cientifica mundial.

El procesamiento de la informacion proporcionada por 1los
satélites, ha permitido avances significativos en el conocimiento de
miltiples temas de Astronomia, Geodesia y Geofisica. Por ejemplo: de-
terminacion de GM; coeficientes del potenclial terrestre y determina-
cién del geoide; tectdonica global y movimiento de placas; tectdnica
lunar y planetaria; definicién de sistemas de referencia, y en el caso
que nos ocupa, determinacién del movimiento del polo, velocidad de
rotacion de la Tierra, deformacién de nuestro planeta.

La precisidén en los resultados depende del grado de conoci-
miento que s8e tenga del modelo de fuerzas que rige el desplazamiento
del Satélite, del sistema de coordenadas al que estan vinculadas las
Estaciones de observacion, del modelo de propagacidén de las zefiales vy
particularmente de la precisidn en el registro de la sefial.

Estos modelos s8on, en general, el resultado del analisis
conjunto de las observaciones satelitarias disponibles en el instante
de calculo, al que s8e agrega 1informacion gravimétrica terrestre. La
realizacion de un nuevo modelo exige dieponer de informacién de &alta
calidad. Eeta 1informacién ee proporcionada por eatellites disenados
para permitir mediciones lager: el LAGEOS (Laser Geodynamics
Satellite) de 60 cm. de diametro, 407 kg. de maesa, perigeo: 5858 km.,
apogeo: 5958 km., 1 = 1109, ¢ = 0.004, vy el STARLETTE, de 24 cm. de
dismetro, 47 kg. de masa, apodgeo 1105 Kkm., perigeo: 810 km., 1 = 55¢,
e = 0.051.
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No obstante la alta precisién alcanzada, las observaciones
laser estan limitadas por las condiciones metereologicas.

Las ecuaciones de movimiento de un satélite se expresan en
un sistema inercial. Conocidas las relaciones entre este eistema y un
sistema fijo a la Tierra, no eg obstadculo que la integracidn se rea-
lice précticamente en este ultimo. Como &1 modelo potencial terrestre
e8 conocido en €l sistema fijo & la Tierrsa, ee necesario utilizar un
sistema terrestre convencional y un esistema celeste convencional que
deben ser materializados. Su definicién implica establecer un origen y
la direccién de doe de sue ejes. Eetose slstemas deben ser permanente-
mente monltoreadoe ya que la Tierra no €8 un cuerpo indeformable y de
dinémica muy compleja.

Los resultados del Serviclio rapido de la Rotacién de 1la
Tierra de los Parametros de orientacidén: x e y, UT1 y LOD, son calcu-
lados semanalmente a partir de la informacién proporcionada por LAGEQS
principalmente, que en 1988 ha sido uno de los soportes del IERS.

1. Xx e y son las coordenadas del Polo celeste con respecto al Polo de
referencia del I1ERS.
El eje x estd en la direccidon del meridiano de referencia del 1ERS.
El eje y est& en la direccidédn de los 90¢ de longitud ceste.

2. UT1 est& relaclonado al tiempo sidereo medio de Greenwich por medio
de una relacion convencional (Acki et al., 1982). Esta expresado
como la diferencia: UT1 - TAI o UT1 - UTC.

TAI e8 la escala de tiempo atémico del BIPM (Bureau International
des Polds et Mesures), formada por la integracién de tiempos
unitarios o segundos, de acuerdo con la definicién del SI (Siztema
Internacional de unidades). Su origen, asi como la diferencia
UT1-UTC, es el 1¢ de enero de 1958 a las cero horas. La estabilidad
del TAI es unas seis veces superior a la del UT1. Al disponer de

una escala de tiempo de tan grandes cualidades, es 1égico hacer uso
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de ella en Astronomia y otras clencias para referencla y estudioc de
sus investigaciones.

Mas conocida, debido al gran namero de usuarios, es la
denominada “Escala de tiempo universal coordinado”™, UTC, definida
de acuerdo a la recomendacién del CCIR 460-4 (1986). Difiere del
TAI en un nimero entero de segundoz, de manera tal que UT1l - UTC e=s
menor que (.9 seg. en valor absoluto. La decisidén de introducir
saltos de un segundo es responsabilidad del IERS. Estos saltos se
introducen, en primer lugar, a fines de diciembre o junio y en
segundo lugar, a fines de mayo o setiembre. UTC es el tiempo que
con ayuda de los husos horarios rige la Hora oficial de los
praises.

DUT1 es la diferencia UT1 - UTC, expresada con (%1 de precisién. Se
tranemite inserta en lae sefialee horariae. Los cambios de DUT1 son
decididoe por el IERS.

UT2 puede ser deducido de UT1 agregando términos convencionales
anualee y semi-anuales.

La diferencia entre la duracién del dia (D), determinada aetronédmi-
camente y 86400 segundos del TAI, s8e denomina también “duracion del
dia” (led). Su relacidn con la velocldad angular, w, de la Tierra
Be eXpregsa asi:

w = 72921151.467064 - 0.843894803 D

donde w esta dada en picorradianes/seg. v D en unidades de 0.01 ms.
UT1, y en consecuencia D y w estan sujetos a variaciones ocaeiona-
das por efectos de las mareas terrestres.

3. dy, de 8on los términos de corto periodo de l1la nutacién en
longitud y oblicuidad € del Polo celeste, con respecto a una
posicidn definida por los modelos de precesion-nutacién
convencional de la UAI.

Bol. Asoc. Arg. de Astr. 93



Nuestro pais ha contribuido por mas de un siglo al desarro-
llo de la Astronomia, en todas sus ramas, a través de 1investigacliones
y trabajoe de alto nivel. Particularmente, en la investigacién de la
rotacién de la Tierra, ha dado muestrae de responsabilidad y entu-
siasmo en todas las tareas realizadas en sue distintae Esetaciones

astrométricas: Observatorio Astronomico de La Plata, Punta Indio, O0Ob-
gervatorio Naval, Instituto Geografico Militar, Estaciédn Rio Grande,

Observatorio de Cordoba y Observatorio Astronémico "Félix Aguilar”™ de

San Juan.

Se impone entonces que Argentina cuente en breve o mediano
plazo con alguna de estas nuevas tégnicas, no sd6lo para contribulr con
el IERS, sino también para enriquecer 1los conocimientos adquiridos.
Para tal fin, ser&a necesario aunar esfuerzos entre los distintos ins-

titutos interesados, y sobre todo, con decisidén, encarar la tarea con
optimismo, 8in dejar de reconocer la importancia que tendria la ayuda
de lo8 centros internacionales.

Finalmente, creo que sera de utilidad citar muy brevemente
algunos de los principales trabajos realizados y en ejecucidén por 1los
distintos Grupos de investigacidén del OAFA, que a través de estos 36
afios, han realizado todo un esfuerzo para bien de la Aetronomia ar-
gentina.

ASTROMETRIA EXTRAMERIDIANA

INSTRUMENTO: Astrolabio Imperaonal Danjon No 36.
Abertura del objetivo: 100 mm
Distancia focal: 100 cm

Ocular ortoscopico de 20 mm de foco, 175 aumentos y 11°
de campo.
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Algunos de los trabajos realizados:

a. Determinacién de la Latitud y Tiempo (UTO-UTC)i, para colaborar con
el BIH e IPMS desde enero de 1968 a enero de 1888.

b. Primer Catalogo Astrolabio de San Juan.

¢. Segundo Catalogo Astrolabio de San Juan.

d. Analisis de la Latitud. Pilar Astrolabio: 1968-1978.

Observacidén de grandes Planetas y Radio-fuentes Opticas.

Trabajos en ejecucidn:

a. Tercer Catalogo Astrolabio de San Juan.

b. Observacidon de grandes Planetas: Urano y Saturno.
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c. Cadlculo de movimientos propios.
d. Observacion de Radio-fuentes Opticas.

SERVICIO INTERNO DE HORA

Como base para las observaciones astrondmicas, el OAFA dis-
pone de un conjunto horario compuesto por relojes cuyas esgtabilidades
y precisgiones satisfacen plenamente las exigencias de los distintos
programas de investigacidén. Se dispone de:
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Tres relojes a cristal de cuarzo, Rodhe y Schwarz. con estabilida-
des de frecuencia de 1 x 10-9 y 1 x 10-19, reglados en UTC1.

Dog relojes a cristal de cuarzo, Rodhe y Schwarz, reglados en
tiempo sidereo y estabilidades de 1 x 10-9.

Un compacto patrén secundario, que utiliza la frecuencia de
resonancia niperfina del rubidio 87, para estabilizar la frecuencia
de un oscilador de cuarzo.

Sistema de distribucién y transmision de la Hora.

Sigtema de baterias que asegura el funcionamiento del conjunto
horario por 48 horas.

ASTROMETRIA MERIDIANA

CIRCULO MERIDIANO "REPSOLD": Abertura: 190 mm; Distancia focal: 2,206 m

Trabajos realizados:

1. Primer Catalogo Fundamental Circulo Meridiano de San Juan.

935 estrellas FK4; ¢ cos s= 09022, €5 = 047

. Segundo Catéalogo Circulo Meridiano de San Juan (FKSZ)

617 estrellas FKSZ: Zona: -90° a +30°; ¢, cog 6= 09021, e, = 0739

. Catdlogo San Juan 72

7184 estrellas; Zonas: -40° a -60° y -60° a -90°; Equin.: 1950.0

e, cosdé = 1 (09021, £s= t07.41

Cuarto Catélogo Circulo Meridiano de San Juan
364 estrellaes FEK4; Zonsa: -90° a -30°; e, CO8 6= 098023, e = 0.33

. Quinto Catalogo Fundamental Circulo Meridianmo de San Juan

689 estrellae FK4; Zona: -90° a -30°; ¢4 cos §= 092020 , ¢, = 0731
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Trabajos en ejecuciédn:

Observacion de un listado de 512 radio-estrellas, de magni-
tud m&s brillante que 10 y declinacién al sur de § = +40°, con el
objeto de contribuir a la vinculacién de loes sistemas 6ptico y radial.

ESTACION DE ALTURA EL LEONCITO
ASTROMETRIA FOTOGRAFICA

ASTROGRAFO DOBLE:

Consta de dos objetivos cromatizados de 20 de abertura.
Longitud de onda efectiva: 4300 A en el azul y 5500 A en el amarillo.
Distancia focal: 3,70 m. Permite fotografiar el cielo en un campo de

9
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6,3x6,3, usando placas de 17"x17". Limite de magnitud: 19 en el azul y
18 en el amarillo.
Programas de investigacion

1. Movimientos propios (SPM): se lleva a cabo en colaboracion con la
Universidad de Yale, USA; es complementario del realizado por el
Observatorio de Lick, en el hemisferio norte.

2. Observaciédn de Asteroldes: se trata de observar y reobservar
asteroides, para mejorar su posgicidén. Se puede dividir este

Programa en:
a. Obgervacion de asteroides deébiles.
b. Obgservacion de asteroides de lista critica e inusuales

c. Observacion de asteroides para otros proyectos:

¢l) Para el proyecto Telescopio Espacial, a pedido de la
Universidad de Texas.

c2) Para el proyecto Giotto, se observan log asteroides IDA y
HAMBURGA.

3. Observacidén de Cometas: este proyecto se cumple dentro de las
posibilidades de tiempo del Instrumento. Se han descubierto seis de
estos objetos.

4. Observacidén de Grandes Planetas: Plutdédn en particular, a pedido del
Observatorio Naval de Washington.

ESTACION DE ALTURA EL LEONCITO
AREA ELECTRONICA

TELESCOPIO DOBLE SUPER SCHMIT: f = 350 mm y F/0.75. Dotado de camaras

de TV de alta sensibilidad y camaras
fotograficas.
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Tareas realizadas en colaboraciém con el Instituto Max Planck de Fi-
gica Extraterrestre (MPE) de Alemania.

1. Obgervacion y registro de log experimentos realizados en la

magnetésfera por el satélite IRM (Injection Release Module), 1984.

2. Observaciones Spticas,
intenasificada,

&8 través de la camara de TY tipo CID

de la experiencia del proyecto internacional AMPTE
(Active Magnetospheric Particle Tracer (1885)),

para el estudio del
campo maghético terrestre y la incidencia de los vientos solares,

a
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traveg de la inyeccion, en la alta atmésfera, de nubes ionlzadas de
bario, litio y europio.
3. Observacién de Cometas: Halley, Wilson y otros.

Tareas futuras: Continuacion de las experiencias con nubes ionizadas

en colaboracion con el Instituto Max Planck.
ASTRONOMIA TEORICA
Proyectos de investigacién
A. Espectroscopia y Atmésferas estelares

1. Determinacién de abundancias quimicas de estrellas quimicamente
peculiares.

Se realiza en base a espectrogramas de 16.9 A/mm de dispersion,

obtenidos en el espectrografo Coudé del telescopio de 2,10 m del Kitt
Peak National Obeervatory, USA.

2. Rotacién y anomalias espectrales en el Bright Star Catalogue

Proyecto en colaboracién con Astrédnomoe del CASLEO, Observatorio de
La Plata y Observatorio de Cérdoba.

3. Frecuencia de binarias en estrellas con anomaliag de He y CNO.

En colaboraciétn con investigadores del Observatorio de La Plata y
CASLEO,

Bol. Asoc. Arg. de Astr. 101



B. Astronomia Dinamica

1. Estudios cualitativos y cuantitativos de pequeflos sistemas

estelares (N 25)

Se estudia la evolucion dinamica, ¢riterios de establlidad. captura

y escape.

2. C4lculo de efemérides de miembros del Sistema Solar. (cometas, as-
teroides, etc.).

AREA ELECTRONICA DEL OAFA

El area electronica se dedica al desarrollo y mantenimiento

de equipos del QAFA y Estacion de Altura El Leoncito.

Trabajos realizados

1. Construccién de un fotometro fotoeléctrico digital para el
telescopio reflector de 76 cm. y 20 m. de distancia focal.

2. Elaboracién del modelo y construccidn del Sistema de distribuciédn
de la Hora del OAFA.

3. Construccién de fuentes de tensiones reguladas permanentes.

4. Construccion de sendos crondgrafos totalizadores digitales para el
Astrolabio y Circulo Meridiano.

5. Desarrollo de un nuevo sistema de seguimiento electrénico para el

Telescopio de 76 cm.

Trabajos en ejecucién

Proyecto de modernizacidén del Astrografo Doble, incluyendo su au-
tomatizacién.
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EL COMPLEJO ASTRONOMICO EL LEONCITO

Hugo Levato

Complejo Astronémico, Casillah 467, S5an Juan, Argentina

RESUMEN: Describo en este trabajo las caracteristicas generales del
nuevo QObservatorio construido en Argentina para observaciones astro-
némicas desde la superficie terrestre. El sitio se encuentra en las
estribaciones orientales de Los Andes a -31¢ de latitud. Dispone de un
telescopio de 2.15 m de diametro. La cantidad de noches autiles en el
lugar es de 270 en promedio. Describo resumidamente el instrumental
auxiliar actual y los planes para el futuro cercano. El1 presupuesto
total para la operacioén del Observatorio incluidos sueldos es de u$s
250.000.

ABSTRACT: We describe the main characteristicse of the new National
facility built in Argentina for ground -based astronomical
observations. Located at the Argentinien side of the Andes and at a
southern latitude of -31°, the Complejo Astronémico E1 Leoncito,
operates a 2.15 m reflector. The gite has almost 270 useful nighte per
year. We describe the present auxiliary instrumentation and the plans
for the near future. The total budget for the operation of the
observatory is u$s 250.000.
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INTRODUCCION

El Complejo Astrondmico El1 Leoncito (CASLEQO) es un servicio
especializado que se brinda a 1la comunidad astrondmica a los efectos
de que que los astrénomos puedan llevar a cabo sus programas de ob-
servacion. Este Instituto funciona dependiente del Consejo Nacional de
Investigaciones Cientificas y Técnicas de 1la Republica Argentina
(CONICET) y & través de un acuerdo con las Universidades Nacionales de
La Plata, Cérdoba y San Juan. Inaugurado en septiembre de 1986 comenzéd
su operacién efectiva en marzo de 1887.

La misiédn fundamental del CASLEQ es mantener, operar y des-
arrollar instrumental astrondmico para satisfacer, dentro de sus po-
sibilidades, las necesidades observacionales de los astronomos.

EL SITIO Y SU CLIMA

El CASLEO se encuentra ubicade en las sigulentes coordenadas

geograficase:
longitud QOeste: 4hre 37m 128
latitud sur: 31° 47 57"

Su altura sobre el nivel del mar es de 2.552 m. E1 lugar se
encuentra en las estribaciones occidentales de la cadena del Tontal en
la precordillera sanjuanina, 30 km al sur de la localidad de Barreal,
en el Dto. Calingasta de la Provincia de San Juan.

La foto 1 muestra una vista aérea del lugar donde pueden
apreciarse lam caracteristicas de aislamiento y magnificencia del
paisaje,

Segun estadisticas recogidas durante mas de 15 afios en la
Estacion de Altura “Carlos U. Cesco” de la Universidad Nacional de San
Juan, ubicada a 2 km del telescopio del CASLEQ, mas datos recogidos en
los Gltimos tres anos en el propio CASLEQO, la region goza de 270 no-

ches GUtiles por aflo (seis horas continuadas s8in nubes) de las cuales
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150 son fotométricas. La Figura 1 indica la distribucién de las noches
dtiles y fotométricas a lo largo del afio.

El brille del fondo del cielo es otro de los pardmetros
fundamentales que caracterizan las cualidades astrondmicas de una re-
gi6n. Ese brillo fue recientemente medido por Claria y Bica (1980),
Los valores por ellos obtenidos son: U= 22.1, B= 23.3 y V= 22.7, todos
expresados en magnitudes por segundo de arco cuadrado, cerca del seanit

y ¢con luna de edad cero.
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DISTRIBUCION NOCHES FOTCHETRICAS Y UTILES 1974-84
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Figura 1

El contenido de vapor de agua en 1la atmésfera sobre El
Leoncito es un dato importante para futuras instalaciones que permitan
observar la regién infrarroja del espectro y en especial 1la regioén de
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ondas milimétricas y submilimétricas. Ese contenido fue medido por
Filloy y Arnal (1988) durante un afio. Los resultados se observan en la

Figura 2, donde se muestran los valores de vapor de agua precipitable,
en milimetros, contenidos en la atmésfera sobre El Leoncito.

AGUA PRECIPITABLE EN EL LEONCITO
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Figura 2

El tamafio de las imagenes ea fundamental an la seleccion de
un sitio astrondémicamente apto. El “seeing” en la zona y siempre de
acuerdo con las estadisticas de mas de 15 affos indicada anteriormente,
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es en promedio de 1".6. La Figura 3 muestra la distribucidon en fre-
cuencia de los tamafios de las imagenes. Es sumamente importante des-
tacar que el “seeing” indicado no corresponde exactamente al observado
en el telescopio del CASLEO, pues aan no hay datos suficientes ni ob-
jetivos como para producir una estadistica confiable. Es bien sabido
qQque el “"seeing” puede variar suatancialmente de un cerro a otro, auan
dentro de 1la misma zona y ademas estamos seguros que tal como ha ocu-
rrido invariablemente en otros observatorios la cupula y sus depen-
dencias contribuyen en forma sustancial al tamafio de la imagen. Tra-

bajos para evitar esta contribucidén se encuentran en marcha.

DISTRIBUCION DEL "SELING"
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Para completar el panorama climatico con los datos dlsponi-
bles, la Figura 4 muestra las temperaturas maximas y minimas durante
el afio mientras que la Figura 5 indica la distribucidn de vientos en
la zona.

Puede concluirse de la experiencia acumulada hasta el pre-
sente que el gitico donde se encuentra el telescopio reflector del
CASLEO es bueno. No esta a la altura de los 3 o 4 sitios, que sobre la

guperficie terrestre poseen condiciones excepcionales desde el punto
de vista astronémico, tal como La Palma, el Norte Chico chileno o
Hawai, pero si se encuentra entre los sitios buenos.

TEMPERATURAS MAXIHAS Y MINIMAS
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FRECUENCIA DE LA DIRECCION oL LOS VIENTOS
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Figura 5

El tamafno de la imagen requiere aun de observaciones cuida-
dosas y continuadas asi como también son necegarias observaciones que
permitan determinar la estructura de la variacidén de temperatura den-
tro de la cupula misma y la determinacidon de las fuentes de calor, con
el fin de disminuir la influencia de factores no naturales que puedan
influir sobre el tamafo de la imagen. De todas maneras, de la expe-
riencia recogida hasta el presente mi impresion es que el telescoplo
no ha s8ido instalado en la elevacién mads conveniente de la zona te-

niendo en cuenta la orografia circundante. La misma conjuntamente con
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la direccion de los vientos determina la laminaridad del flujo, con-
dicién fundamental para un buen “"seeing”. Obviamente de confirmarse
egta presuncion, no existe solucidén para el problema pero si confio en
poder reducir a un minimo la contribucion humana al tamaio de la 1ima-
gen.

En 1287 la legislatura de la Provincia de San Juan aprobd
una Ley de Proteccién del Cielo que impide el deterioro del mismo a
través del control de 1la iluminacidén artificial, las explotaciones
mineras y otras actividades perjudiciales para las condiciones atmos-

féricas.

ORGANIZACION DEL CASLEO

El CASLE0O es dirigido por un Director secundado por astré-

nomos residentes, ademas cuenta con un Comité Directivo y un Comite
Cientifico. Esete Vltimo ee responesaple de asignar loe turnos de ob-

servacién a los astrénomos que los solicitan. Eeta aeignaciéon tiene en
cuenta fundamentalmente la calidad cilentifica de los programae pro-
puestose. El Comité Directivo estia integrado por los maximos repregen-
tantes de las instituciones participantes del Convenio de Creacidn del
CASLEQ, es decir, el Secretario de Ciencia y Técnica de la Nacién, el
Presidente del CONICKT y loe Rectores de cada una de lasg tres Univer-

sidades Nacionales de La Plata, CéHrdoba y San Juan. El Comité Direc-
tivo tiene a su cargo las relacionees institucionales del CASLEO y debe

asegurar, entre otras funciones, el presupuesto ordinario de funcio-
namiento.

La modalidad operativa del CAGLEO es similar a la de otros
observatorios con las mismas caracteristicas de investigacion y ser-
vicios. En CASLEO la situacién de alslamiento se hace sentir en forma
notable debido a la lejania de la ciudad de apoyo, 220 km, por un ca-
mino de transito dirigido y con complicaciones aleatorias en su cir-
culacioén. Semestralmente el Comité Cilentifico asigna 1loe turnos de
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observacion a 1los astrénomos peticionantes, quienes viajan a San Juan
en las fechas previstas. Alli son recibidos, transportados y alojados
en El1 Leoncito. El1 personal técnico tiene la misién de tener preparado
y en el mejor estado operativo posible ,el telescopio ¥y el equipo au-
xiliar que sera utilizado durante el turno. El1 astrénomo es asistido

durante su observaciédn por el personal técnico de guardia y por un
asistente de observacién. El personal total con que cuenta el CASLEO

es de 41 personas y se encuentra distribuido para cumplir con sue fi-
nes segin €l esquema que 8¢ muestra en la Figura 6. El sistema de
trabajo es de 8 dias corridos en la montafia por seie diae corridoes de
descanso.

COMODIDADES HOTELERAS Y SERVICIOS AUXILIARES

Dada la naturaleza del lugar, su clima bastante riguroso vy
la necesidad, a la que se ve sometido el personal, de vivir alejados
de las familias durante buena parte del tiempo, se debe contar con un
nivel minimo de confort en E1 Leoncito. Como todos los comienzos, el
del Leoncito ha sido duro. Es Gtil comparar los primeros tiempos del
nismo con la descripcidén referida al Observatorio de San Pedro Martir,
en Baja California, Mexico realizada por Alvarez y Lopez (1883). Si
bien es cierto que en el caso del CASLEQO, astrénomos y técnicos no
debieron construiree sus viviendas de primera época, cortar lefia o
acarrear agua, las eimilitudes entre loe doe proceeoce son grandes. En
lose comienzoe no se contaba con esae comodidades minimas indicadae, no
exietia instalacidn telefdnica ni de BLU, ni tampoco se dieponia de la
cantidad minima de dormitorios necesaria. Actualmente lae condiciones
estén lejos de ser Sptimas pero han mejorado sin duda reepecto de lae

primeras épocas. En El1 Leoncito 8e cuentan con nueve dormitorios do-
bles, un edificio de casi 150 m2 cubiertos con un comedor de 70 m2,

una cocina, una despensa y dos dormitorios para el personal de 1l1im-
pleza y que atiende el servicio de comidas. Los astronomos y el
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operador de telescopio viven en una residencia de dos dormitorios.

SECYT CONICET UNLP UNC UNSJ
COMITE COMITE
DIRECTIVO CIENTIFICO
DIRECCION
3
V| | 1
| 1
] SECCION 1 SECCION
APOYO LOGISTI. APOYQ CIENTIF.

GRUPO orFcC. GRUPO GRUPO GROPO GRUPO GRUPO
CONRS/1. ADMBEST. CONBLED. AP .ORSER, ELECTRON. QIMPUTAC. MBC INST.
4 3 11 3 4 3 6
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CASLEO cuenta con una linea eléctrica comercial de 13.6 KW
pero posee Adenae una usina propia que se pone en marcha en caso de
cortee en el suministro comercial. El combustible para la Usina como
para otrog ueos e8 conservado en doe tanques bajo tierra de 10.000
litros cada uno.

El suministro de agua se efectia a través de una captacién
que llena en formc continua una sisterna de 20.000 litroe y se die-

tribuye a la red previa presurizacién.

Los Talleree de Mecénica y Electrénica cuentan con un equi-
pamiento minimo indispeneable para el mantenimiento y reparacién de
los equipos existentes en El Leoncito.

La Foto 2 muestra la residencia de los astrénomos mientras

que la foto 3 muestra la ueina eléctrica y sobre la derecha se alcanza
a ver la pared sur de la reeidencia. La foto 4 muestra la cdGpula del

telescopio reflector de 215 cm y en la foto & se observa al fondo el
nuevo edificio del comedor en etapa de terminacién.

Foto 2: Vista de 1a Residencia de Astrémomos. Al fondo 1a cadesa del Tontal, con una altara mayor a los
4000 metros de altura.
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foto 5: caminos intermos que conducen a 1a residencia de astrémomos en primer lugar y detrés el asevo
conedor en etapas finales de terminacion.

INSTRUMENTAL CIENTIFICO

El Telescopio

El telezcopio del CASLEO ez un reflector Richey Chretian de

215 cm de diametro. La razén focal en su foco cassegrain es £/8.48 con
la cual la escala en dicho foco es de 11"/mm. Los movimientos del te-
lescopio van desde 1°.5 por segundo hasta 1° por segundo. E1 espejo
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Toto 3: usina electrica. Sobre la derecha se observa pared geste de 1a residencia de astrénomos.

foto 4: Cipala albergue del telescopio reflector.
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primario estd soportado por un sistema hidro-neumdtico. Inmediatamente
adosado al telescopio se ubica un off-set guider que hace de interfase
para los dem&s periféricos. E1 offset guider permite el montale de una
lente aplanadora de campo que produce un campo titil de 45°. La Foto 6

muestra el telescopio reflector.

Foto 6: Telescopio reflector de 215 ca.

Instrumental auxiliar

El telescopio dispone actualmente de 1los siguientes
periféricos en estado operativo:
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Fotopolarimetro: Este instrumento pertenece a la Universidad de Ari-
gona. Permite medir polarizaciédn y efectuar fotometria en distintos

gigtemas fotométricos. Sus dos fotomultiplicadcoras son RCA 31034A. La
descripcion de este instrumento puede leerse en Magalhaes, Benedetti y

Roland (1984). La magnitud limite practica para la combinacién teles-
copio - fotopolarimetro es alrededor de V=18. Entre sus caracteristi-

cas tiene la posibilidad de trabajar con.un filtro interferencial mé-
vil para efectuar barridos en una linea espectral.

Espectrégrafo Cassegrain

Este espectrégrafo es un Boller & Chivens modelo 31523.
Tiene 5 redes que producen las Jdisparsiones que ge indican en la si-
guliente tabla:

. e = - - e G G o G e e e M = S A . Wt A er e e mm i e e e ta e e e WP Lme fdm . G MO e - — WS —- e A= e o ——
— e S SE e G = G Ge S . S S - S e Mot e e . = i AT e e et Ged e mem tae Mt b e et me e G tde W M - —— - — — — - n— -

Red Lineas Blaze Dispersién Eficiencia

[A] {A/mm} % en( )
580 400 3pzd 178 64(3650) 62(3800) 60(4100)
260 600 5000 119 74(4047) 85(4916) 77(5790)
080 600 4000 119 7T85(3650) 77(4047) 72(4358)
460 831 8125 86 84(8000) 82(8460) 80(9000)
360 1200 7500 &8 BO(7250) T78(7500) T7(7750)

Los detectores que CASLEQ puede ofrecer actualmente son:
1) placa fotografica ubicada inmediatamente detras de la camara o de-
trés de un tubo magnético de dos etapas y un reticon intensificado

Con placa directa puede obtenerse un espectro con propdsitos de
clasificacion espectral de una estrella con B=10 en 15 minutos. Para
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velocidad radial (30-40 A/mm) se requieren 10 minutos para una estre-
lla de magnitud B=8, siempre en el zenith y sobre placas II a-0 sin
hornear y con un tamafio de imagen de 2" o0 menos.

Con el tubo. magnético estos tiempos bajan en un factor b
aproximadamente .

2) Reticon intensificado: E1 reticon intensificado es un detector
perteneciente al Observatorio Nacional de Rio de Janeiro que permanece
en el CASLEQ a través de un convenio. El detector consiste en un
Reticon de 1800 pixels, intensificado a través de tres tubos VARO 1i-
gados entre 81 por fibra Sptica. El detector estéd refrigerado. El
sistema estd controlado con una computadora NOVA3 que utiliza discos
rigidos vy diecos flexibles y un gabinete de cinta magnética para
guardar los datos. Eetoe pueden ser transportados por el usuario en
cinta magnética grabada en FITS. El1 soft disponible en el equipo esté&
especialmente preparado para medir velocidades radiales de objetos
extragalacicos, pero es posible realizar observacliones espectrofoto-
métricas y tambien medir velocidades radiales en objetos galacticos.
La foto 7 muestra el espectrografo cassegrain con la "Z machine 1ins-

taladc”

Foto T: Yoco Cassegrain del Telescopio con “méquina I° {astalada.
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3) Reticon 8in intensificar: Este detector forma parte del paquete
OMA2 fabricado por la Princeton Applied Regearch. Actualmente se 1lle-

van a cabo trabajos para controlar este detector de 1024 pixels a

través de una XT.

Proyectos Instrumentales Inmedliatos.

Entre los proyectos instrumentales en vias de concretarse se
encuentra la adquisicion de un Astronomical Package AS5-4000 de 1la

firma Photometrics de Arizona, USA consistente en un CCD, completo con
gu controlador, dewar, chip y equipo para adquirir y reducir datos.
CONICET ya emitido la orden de compra respectiva. Se han adquirido para
este equipo dos chips diferentes: un Thompson y un Photometrics.

Ambos chips estan recublertos con una capa de Methachrome 11
para aumentar su eficiencia en el ultravioleta.

El equipo de computo que adquirira y reducira las observacio-
nes esta basado en un procesador 68000,

Eepectrografo Echelle

Los elementos para construilr el espectrédgrafo echelle estén
a la fecha en la etapa de obtener los permisos de importacién que re-
quiere la Aduana Nacional. El1 espectréografo estara montado sobre una

mesa O6pntica ubicada en la sala coudé. Hasta allili la luz se llevara con
fibra éptica transmisora en el UV, La dispersion producida sera de
alrededor de 5 A/mm y el detector ser& un CCD marca Photometrics.

Fotopolarimetro: Se encuentra e&n estado avanzado de conestruccidédn un
fotopolarimetro qQque reemplazara al YATPOL. La electrénica se encuentra
terminada en un 80% y la mecanica en un 40%. Se encuentra disgponible

la é6ptica necesaria.
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E1 Uso del Telescopio y sus Periféricos Actuales.

Durante 1988 el uso del telescopio por instrumental auxiliar

fue el que se presenta en la Figura 7.

DISTRIBUCION USO INSTRUMENTOS 1989

ESPEC + TI

I‘"
Ve
A

32 ' : . rSPEC+ Z MACHINE

— 7 4 ‘Nl ESPEC + OMAZ

———— VATPOL

PRESUPUESTO

El presupuesto de funcionamiento de CASLEO es del orden de 1los
uss 100.000 anuales sin contar los sueldos del personal que suma el
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equivalente a uds 120.000 anuales aproximadamente.

La distribucién de los gsstos por rubro durante el afio 1989 se
puestra en la figura 3.

Este presupuesto no incluye nuevos desarrollos instrumentales

para los cuales deben obtenaerse fondos adicionales a través del sis-
tema de subsidioe de CONICET u otrss entidadee.

DISTRIRBUCION DE GASTOS 1989

COMSUNMO

" ».
e

B PERSONAL

MANTEMIMIENTO
EL FUTURO

El futuro inmediato debe ver cristalizados los provectos instru-
mentales que permitan dotar al telescopio de detectores digitales
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tanto para imagen directa, para espectroscopia cassegrain con sus co-
rrespondientes posibilidades en cuanto al procesamiento de imagenes.
Debe concretarse ademas el proyecto de construccidén de la echelle vya
indicada anteriormente, con lo cual se dotaria al telescopio de posi-
bilidades muy competitivas.

En el mediano plazo debera instalarse un telescopio menor, del
orden de 1 m de diémetro que permita efectuar todos aquellos programas
accesibles para ese diametro con detectores eficientes.

Sea a través del CASLEQO o de otro instituto la Astronomia Argen-
tina debe contar a mediano plazo c¢on una organizacidn que permita
desarrollar instrumental astronémico tanto para CASLEQ como para otras
ramas instrumentales. Desarrollar instrumentos es muy duro en los co-
mienzos pero luego es8 invalorable 1la ventaja de mantener y mejorar
aquello que fuera desarrollado por personal propio.

En el mas largo plazo, la instalacién de un telegcopio mayor y de
radiotelescopios puede canalizarse en la misma zona ya que existen
lugares suficientes y una infraestructura que no debe desaprovecharse.

En este sentido es necesario formar una masga critica 1indispensa-
ble de astrénomos instrumentistas que participen en forma activa de la
obgservacion astrondémica y del desarrollo y mejora de nuevog 1instru-
mentos. Esto no significa que no deban desarrollarse al mismo tiempo
laa otrazs ramas de la ciencia astrondmica que requieren en forma pri-
mordial otro tipo de equipamiento, pero es8 evidente que en cuanto sge
brinda a la comunidad astronomica la posibilidad de contar con teles-
copios y equipo auxiliar competitivo, ésta responde en forma inmediata
utilizando eege equipamiento. Actuanlmente, el uso del telescopio de 215
cm esta completo y en tliempo oscuro esta gobresolicitado en un  factor
1.5, & peegar de no contar aun con un CCD, ni con posibilidades para
alta dispereidn.

Deseo rescatar finalmente un parrafo del trabajo de Alvarez vy
Lopez (19883) que creo, como ellos mismos lo 1indican, se aplica per-
fectamente a nuestro tiempo y lugar.
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“ La tradicién astronémica mexicana tiene cimientos profundos a
1o largo de la historia, pero también refleja uno de los problemas que
gon comun denominador a la mayoria de las accliones emprendidas en
nuestrog paises ( dependientes’, 'del tercer mundo , ‘en desarrollo ,
etc). Este comun denominador es la existencia de la visidén global de
un proyecto pero de manera cagi exclusivamente personal’ faltando
esta misma visioén global a nivel institucional. Los esfuerzos indivi-
duales pocas veces trascienden vy es necesario revisar periédicamente
los esquemnas originales, que la mayoria de las veces cambian y hay que
adaptarlos debido a las c¢ircunstancias en las que nos vemos envuel-
tos”

Este parrafo es tan valido para el proyecto CASLEO, comoc para
quizas otros proyectos de la ciencia en 1la Argentina, que podriamos
cambiar "mexicana’ por ‘“argentina' an la primara frase =sin temor a
equivocarnos,

Los astrdonomos que usan el CASLEQ y muchos de 108 que no 1lo
usan tanto, desean que el proyecto avance, se perfeccione, se congo-
lide y brinde todo aguello que debe brindar. Las instituciones real-
mente quieren lo mismo?
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IMPLICATIONS OF MODERN OBSERVATIONS ON SOLAR FLARE THEORY

IMPLICACIONES DE LAS OBSERVACIONES MODERNAS EN LA TEORIA DE LAS
FULGURACIONES SOLARES

Cristina H. Mandrini
Instituto de Astronomia y Fisica del Espacio

and

Marcos E. Machado
Observatorio de Fisica Cosmica - CNIE

RESUMEN: Describimos, en forma general, 1la fenomenologia de 1las
fulguraciones solares a traves de diversos aspectos: una revieion
breve de la historia de las observacioneg, una descripcion general de
sus caracteristicas observadas y, por ultimo, una enumeracion de 1los
requisitos basicos que deben satisfacer los modelos de fulguracion. En
segundo termino, resumimos algunos de nuestros resultados recientes
referidos a las caracteristicas de la liberacion de energia observadas
en eventos que abarcan un rango, tanto espacial como energetico, muy
amplio: fulguraciones, microfulguraciones y abrillantamientos de gran
escala. La base de nuestro analisis es el conjunto de datos, unicos en
su tipo, obtenidos por el Espectrometro de Imagenes en Rayos X Duros
Que volo a bordo del satelite Mision para el Maximo Solar vy
magnetogramas vectoriales del Centro de Vuelces Espaciales Marshall.

1 Fellow of the CONICET
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ABSTRACT: We present, in general, the solar flare phenomenon going
through several aspects: a brief hietorical survey of solar flare
observations, a general description of its observed characteristics
and, finally, an account of the basic requirements set on solar flare
models by the observational data. As a second step, wWe summarize some
of our recent results on the observed character of energy release in a
vast energetic and spatial range of events: flares, microflares and
large scale brightenings. The base of our analysis ie the unique set
of data provided by the Hard X-ray Imaging ©Spectrometer, that flew
aboard Solar Maximum Mission satellite, and ground-based vector
magnetograms from the Marshall Space Flight Center.

1. INTRODUCTION

1.1 A little history

Solar flares are energy releage transient phenomena, the
most spectacular and violent (2 1032 erg in » 102 - 103 g8, in extreme
cases; form of activity in the sun atmosphere.

On September 1, 1859, R.C. Carrington (1860) and R. Hodgson
(1860) observed for the firet time & white light flare, being this
type of event not the moet common within theee phenomena. From then
on, and until the launching of the Orbiting Solar Obsesevatory (050)
satellites, the data were obtained mainly from earth 1in several
wavelengthe. There existe an overvhelming gquantity of obeervations,
mainly in Ha, which have been the basement for general conclusions
about the size, shape, intensity, etc. of flares. In particular, these
evente have been classified according to the area covered and
intensity obsgerved in this wavelength (eee e.g. Svestka, 1976). This
clagegification describes qQquite well the coldest region of a flare (T o
6 - 8 103 K) and ite 1levels of 1importance are related to certain
effecte induced in earth, such sae: geomagnetic estorme and auroras.
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However, ae Parker has eaid: “"trying to underetand the baeic phyeical
processes at work in flares ueing only Ha data, ie the same 1like
trying to describe a dinoeaur looking only at ite footprinte”. In this
line, the analyeie of &a hotter (T = 108 K) emission component, that
has come evident in modern observatione, hae thrown light in the
understanding of the physice of flares.

It ie known, from long time &ago, that almost all flaree
develop in active regione (AReg) with sunspots and that they are more
frequent as wore complex the sunepot group ie (Bell and Glazer, 1959;
Dodeon &and Hedeman, 1970). It hae also been obeerved that the evente
that take place in the penumbral part of a sunspot release the largest
amounte of energy (see review works by veetka, 1968, 1981 and etudiee
by Dodson and Hedeman, 1960; Ellieson et al., 1961; Martres =mnd Pick,
1962, Neildig, 1977; Dwivedl et &al., 1984). However, the Tfiret
obgervatione showed that flares do not appear in the umbra (Svestka et
al., 1961), being evident that there are other important aspects 1in
the magnetic configuration beeidee the field 1intensity. With the
advent of the solar magnetograph designed by Babcock in 1953, it was
poseible o compare directly the photospheric magnetic field and the
region of the flare. Ite location with respect 1o the longitudinal
neutral line (Bi11 = 0) was estudied by Martree et al. (13966) and
Moreton and Severny (1968), who related it with the presence of small

-bright Ha pointe; these appeared &t both sides of Bi1i1 = 0 at the

beginning of the event 1in regione of intense field gradient. Though
the firet data provided information of the longitudinal magnetic field
only, it wae poseible to infer, under certain aseumptions, the
direction of +the transverse component (Zvereva and Severny, 1970).
Zirin and Tanaka (1973) and Tanaka and Nakagawa (1973) were the first
to discuse the importance of the observed magnetic shesar in the
structure where the evente develop. Magnetic shear gives the idem of
the departure of the local magnetic field from =& potential
configuration; being the eshear angle, defined by Hagyard et al.
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(1984), the angular difference betuween the observed and the potential
field direction calculated from longitudinal field measuremente. We
will discuse thie point in relation to the energy released by indivi-
dual bipoles in the following Section.

There are obgervatione of two typee of phenomena that point
out the essential role of the magnetic field structure and dynamics.
These are: sympathetic and homologoue flaree. Almoet simultaneoue
events, called esympathetic, are often observed 1in different active
regione (Richardeon, 1936, 1951; Becker, 1958, Moreton and Rameey,
1960; Valniaék, 1961; Athay and Moreton, 1961) the interconnecting
loope seem to be the channele through which different +typee of
perturbatione can travel from one active region to another giving
place to thies phenomenon. On the other hand, it 1ie frequently eseen
that one event happene in the same place and preserving the esame
geonetry ag & previous one. Thie recurring character of flaree was
cbeerved for the first time by Waldmelier (1938) and ehowe that:
either the non-potential configuration 1ie rebuilt after every event,
or only a part of the stored energy ie releaced after every event.

It was during the 60°e that conglderable progreee was made
in the observational area. The data obtained from satelliteese gave the
chance of analyzing flaree in wavelengthe not yet detected from earth.
The first soft X-ray obeervatione were provided by the inetruments
sboard 05S0-1 (White, 1964). The spectrometers on 0S0-3 (Hudeon et al.,
1969), 0GO-5 (Orbiting Geophysical Obegervatory, Kane and Anderson,
1870) &and 0S0-7 (Datlowe et a&al., 1974a,b) obgerved innumerable
emall events between 5 keV to ~ 100 keV. These data were used mainly
for statistical studies. In the EUV, the first data with epatial
resolution were +those of the 1instrument of +the Harvard College
Obeervatory (300-1350 K) aboard 050-4 and 050-6 (Wood et al., 1972).
Conparing these obgervations with those obtained simultaneously in
X-rays by other satellites, Wood and Noyes (1972) concluded that the
EUV emigsion wae a combination of two components: the firet associated
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to the non-thermal and impuleive X-ray radiation, that would reeult
after the injection of accelerated electrone in the denee chromosphere
during the flare triggering and the second related to the thermal
X-ray emission, that would come from the indirect heating of the
chromospheric plasma due to a coronal source,

Theee early USA satellite experiments were complemented by
the TD-1A of +the European Space Research Organization in 1972; 1ite
hard X-ray spectrometer (Van Beek, 1973) obeerved the solar radiation
between 25 keV and 1050 keV with high temporal resolution. Hoyng et
al. (1976) &analyaed thoroughly the data 1in relation to the source
models for hard X-ray emission during flares.

Skylab wae the firset manned miseion that observed the Sun
(1973 - 1974). Thie space etation had 8 telescopes (Apollo Telescope
Mount, ATM) covering a wide wavelenght range (2-7000 ), which allowed
to obtain information of the different zonee in the esolar atmosphere.
A review of the observations and most important concluesione of ATM can
be found in Zirker (1977), Sturrock (1980&a) and Orrall (1981);
though, perhaps, the outetanding reeult of thie miseion wae the
recognizance that the clasgic picture of a homogeneous corona heated
by sound waves is, at most, a minor component.. The egolar corona 1is
structured in a vaet hierarchy of magnetic loope, playing the magnetic
field an essential role 1in the heating of the external eolar
atmosphere (see Kuperue et al., 1381 for a review). On the other hsand,
regione of open field lines show reduced coronal emiseion and are the
slites where the egolar wind originates.

Though Skylab was launched during the minimum of the solar
cycle, a esubestantial leap forward in flare modelling took place after
ite high epatial resolution X-ray and UV pictures. In particular,
flares were eeen like very bright coronal loope that could come in two
pmain clasgsee, distinguiehed by the global form snd action of the
magnetic field in which they occurred (Pallavicini et al., 1977; Moore
et al., 1980). In one claes, the flare develops within the loops of a
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single bipole, loope that remain closed throughout the event. In the
other clase, the flare occure in a sheared magnetic arcade ae an in-
tegral part of the eruption and expuleion of the magnetic field
carried in & filawent and coronal maee ejection. Moore et al. (1980)
referred to the above two classee &8 “compact” and “two-ribbon”
flares. Following Svestka (1986), we shall call the firet clase
“confined” and the other "ejective”, according in thie laet case
with the terminology in Machado €t al. (1988a); we do this so as to
emphagize the eesential differences between both.

After this mwmission we <can mention: the International Sun
Earth Explorer (ISEE, 1978) and P78-1 (1979) satellites. The
firet spacecraft carried aboard " hard X-ray spectrometer
observing between 26 and 3170 keV  (Rane et al., 1979); the reesults
obtained, relevant s fTlares, can be found 1in Kane (1983). In
relation with F78-1, Doschek (1983a) describes the 1lnetrumente aboard
and Doschek (1983b) summarizes the conclusionse derived from these da-
ta.

Besides the numerous satellite experiments already
mentioned, a great dexl of information was provided during the same
period by imstruments that flew 1in Dballoons. All these data,
compiied along almeost ZG years, were surpassed 1in quality in
gome caseg and complemented in others by the cbaervations of the
Solar Maximum HMission (SMM). This USA gsatellite, together with
Hinotori from Japan, were the last two devoted, almost
exclusively, to the observation of solar flares. Kondo (1983) and
Tanaka (1983, 1987) deacribe the intrumentation and the main
results from Hinotori, respectively.

oMM was launched on February 14, 1980, near the maximum
of solar cycle No 21. In November 1980, the spacecraft attitude
control system failed; being repaired in orbit by the crew of the
Space Shuttle in November 1834, The satellite de-orbited and was
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lost on December 2, 1988 in the Indian Ocean. During 1its useful
life, more than 400 papera based on oMM  observations and their
interpretation have appeared in scientific journals. A compilation of
SMM results can be found in Kundu and Woodgate (1986), while Solar
Physics Ro 65 was devoted exclusively to a description of the
instruments aboard.

We shall now coutline briefly the main features of the
Hard X-ray Imaging Spectrometer (HXIS5, Van Beek et al., 1980), s8ince
its observations are the basis of our next analysis. Two dimensio-
nal imaging in hard X-ray of flarea became possible for the first
time with HXIS. This inegtrument consisted of an imaging collimator
of ten grid plates divided into 576 sections and a poeition sensgitive
detector system. The grids formed a coarse field of view (CFOV) 6°
24" in extent (with 32"~ resolution square picture elements or
“"Pixels”) and a fine field of view (FFOV) of 2° 40" (with 8~
resolution pixels). Every pixel waz observed, with time resclution
down to 1.25 8 and up to 7 8 depending on the operational mode, in
8ix energy bands ranging from 3.5 to 30 keV and arranged in the
following way: Bl 3.5-5.5 keV, B2 5.5-3.0 keVY, B3 8.0-11.5 keV, B4
11.5-16.0 keV, BS 16.0-22.0 keV and B6 22.0-30.0 keVY. Though HXIS
had only nine months of active operation its data set constitutes a
unique record of sasolar flares, with a spatial resgolution never
before achlieved at those high energies,

In this survey wa have emphasgized the observations that
have been more relevant for golar flare theory. At present,

several satellite experiments are being prepared to fly during this
solar cycle (82e Rovira, 1990) which will try to throw 1light in
several points that still rewalin cbscure, not only in relation to
flares but also in many other aspects of solar physics.
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1.2 Basic description of flare spectrum

In Figure 1 we ghow the temporal evolution of a typical flare; it
Zgeneral agreement, the light

be seen that, though there exists a
can completely

curves are different enough so that no one

Solar flares emit radiation in a wide range of wavelengths.

describe the event.
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Fig. 1 Inteasity as a function of tige at different wavelengths for a typical flare. We have indicated
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Some flares may also eject plasma into the corona and
the interplanetary space originating a shock wave. As this
wave travels, it excites plasma oscillations that give place to a
type 1I burst, a drifting radio emission. Part of the electrons
that have been accelerated during the flare stay trapped behind
the shock producing, through gyrosynchrotron radiation, a metric ra-
dio continuum called type IV radio burst. This emission can
be stationary or moving, either if it comes from the electrons that
stay in zones of closed magnetic field lines or from those that are in
the ascending plasma cloud.

The temporal evolution of the observed intensity in
different wavelengths is often divided in phases that are related, |in
first approximation, with distinct physical processeg. In the X-ray
range (see Fig. 1), we shall talk of: onget, impulsive and gradual
phases (8ee Machado et al., 1988a). The onset phage indicates
the beginning of the event with a slow rise in soft X-rays. This phase
can, eventually, sppear in hard X-rays. Afterwards an impulsive
phase is observed in hard X-rays, during this period the soft X-ray
light curve has not reached its maximum but shows a steep slope.
The gradual phase, that may not be present 1in many events, follows
the impulsive in hard X-rays. In the soft X-ray curve, the period
after the maximum i3 often called main pPhage (Bee e.g. Priest,
1982).

1.3 Basic requirements for flare models

The theoretical interpretation of solar flares has been
the subject of lorg discussions in the last years, and the great
number of models that have appeared do not explain the flare
phenomenon in all ites aspects. Most of these are qualitative in nature
and agree with observations in a general way. Some of the basic
physical parameters used in models, as e.g€. the size 8cale of the
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energy release zone, are orders of magnitude smaller than the
ninimum instrumental gpatial resolution ever achieved and,
therefore, direct comparison between  observations and theory is
not vyet posaible. On the other hand, the flare observables are the
result of the convolution of the primary energy release
characteristics with those of the environment where the flare
occurs, through a combination of plasma instabilities and energy
transport processes. Despite all these constraints, observations
obtained in the last two decades have Dbeen suostantial for flare
theory.

The problem of flare nodel requiremente ia not a
completely objective matter, and a discussion giving different
welght to certain aspects of flare phenomenon can be found in
different reviews about solar flare models (Sturroci, 1980Db;
Spicer and Brown, 1981). We point out that the requirenments we
enumnerate here, are the basic ones that eamerge from the analysis
presented 1in  the next Section.

All the hypothesis that are made about the nature of
golar flares give an important role to the magnetic fileld of solar
active regions, as can be inferred from the observations
described previcusly. It is accepted, in general, that a solar flare
is a coronal phenomenon and that the energy released is stored
in gtressed (current-carrying) magnetic structures; being the energy
etorage process one of the pointa that has to be considered.

Provided that the coronal and photospheric plasma is highly
conducting, the moat estraightforward way of increasing the energy
content of a coronal potential configuration, where B <<1 (8, ratio of
the gas pressure to the magnetic presgssure), 1is through the
motion &f the photospheric (8 >>1) footpoints of magnetic loops.
Thig energy storage can be considered as a slow process along which
the magnetic field evolves through a succesion of force-free

configurations, ending up in a higher energy state (Low, 1982).
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This process seems to be possible since the photospheric motions
timescale is of the order of days, while the coronal field would
adjust to this perturbation, with the Alfven velocity, |in a
timescale of the qrder of seconds. Figure 2 shows the way in which
the original configuration can be deformed: a whirling velocity field
can twist the footpoints of a loop (upper drawing) or an arcade can be
sheared due to motions tangent to Ri1 = 0 (lower drawing).

—_—

Hg. 2 OSchesatic represeatation of  the deformation  of potential coronal
sotions: a teisted loop (upper draming) and a sheared arcade of loops (lower drawing). flelds due to  footpotat

Bol. Asoc. Arg. de Astr. 135



McClymont and Fisher (1989) evaluate the mechanic energy
agsoclated to the turbulent motiones of the upper convective zone.
They find out that the energy needed for a flare cannot be
instantaneously provided, but that along ~ 1 day a flux tube would
gtore 1031 erg. In hisg model of coronal heating, Parker (1981a,b,
1983a,b) proposes that footpoint motions continuously drive the

coronal magnetic field into states of dynamical nonequilibrium. In
this process, many discontinulities (current sheets) are
gpontaneously formed; in theges reglions the field reconnects
enhancing, thus, Joule dizzipation and sinplifying the magnetico

structure. However, Anticchos (1937} showus that for continuous
boundary conditione only contiaucus gclutions are allowed for the
coronal iforce-fiee flelds: being  thus not proved Parker’s
agssertion. There are alsc corond&l heating models based on the
excitation of nagnetohvdrodynamlic (MHD) turbulence (van
Ballegooiden, 1886;: Gomez and Farro Fontan, 1988); according to
them, the energy coming from  photospheric motions undergoes a
cascade process towards the microscale where it 1is efficiently
disgipated through Jdoule effect. Theee modele are stationary and do
not takes into account an eventual energy storage. At this point,
the problem of explaining through the same process coronal heating
and energy storage for a flare has not yet been solved.

The obeervation of photospheric magnetic ghear along longitudinal
neutral lines (Krall et al., 1882, Hagyard, 1988) suggests the
existence of net currents flowing from the photosphere towards the
corcna and, on  the other hand, the fact that the longitudinal
magnetic configuration of an active region does not change after
flare (remember alsgo homologous flareg) indicates that the energy
reicased ia energy in s=xceas over the potential one. Our resulte
also suggest that, differences in the energetic evolution oy
independent bipecles are due to different levele of energy storag.
(Bee next Section).
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Most of flare models (see however Henoux and Somov, 1987) do
not consider the energy storage procegs and assume that eneragy is
already available in the coronal loops.

The coronal field deformation, Just described, is an ongoing
process. However, it 18 not expected that the magnetic stresses can
increase indefinitely. Models that study sequence of force-free
equilibria in arcades (as those shown in Figure 2) find that the

structure eventually reaches a metastable state (Birn and
Schindler, 1981) and infer that, at this moment and due to some
perturbation, the flare 1ie triggered, the configuration releases

its free energy and returns to a low energy state. The presence of an
impulsive phase at the beginning of the emiesion in certain
wavelengths shows that the energy release is violent. A flare model
must then consider a flare trigaering mechanism. Those that propose
that the geometry of the event i3 given by more than one bipole,
asgsume that the interaction between them atarts the energy release
(see e.g. Heyvaerts et al., 1877); while +those that consider that
flares take place within one cloged lcop, propose the development of
some type or instabilicty (see e.g. Spicer, 1977; Van Hoven, 1976,
1881). Our resulta support both the idea that the interaction between
bipoles, probably through reconnention, occure at the beginning
of most flaresa and the idea that the Dbulk of energy release
takes place within the bipolesz (eee next Section).

Another problem that flare models have to explain, is that of
the energy release wechaniesm. In particular, the 1impulsive phase
seems to be the one that sets the major requirements. During thia
period, the observations Indicate the presence of high energy
accelerated particles and, therefore, the proposed mechaniem has to be
able of heating the plasma and accelerating particles. For
example, the hard X-ray emigsion reguires, according to the asgsumed
source model, either the presence of zones with T > 108 K (Brown et
al., 1979; Smith and Lilliequiest, 1979) or the acceleration of
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~1086 electrons s-1! (Hoyng et al., 1876). Most of modern flare
m;dela consider magnetic reconnection or annihilation in current
sheets as the energy release mechanism, being then the topology of
the reconnecting region what characterizes the model. Excellent
reviews of flare modeles are those by Sturrock (1880b) and Spicer

and Brown (19881).

2. FLARE AND FLARE-LIKE PHENOMENA IN MAGNETICALLY COMPLEX ACTIVE
REGIONS

In recent works (Machado et al., 1988a,b; Mandrini et al.,
1989; Mandrini and Machado, 1990) we have analized the properties of
flares and other associated phenomena that are determined from HXIS
data and combined ground-based observations of the magnetic field.
In our analysis we have considered the s8o0ft and hard X-ray
spatiotemporal evolution, the time dependence of the thermal
energy content 1in different magnetic bipoles participating in the
flares and the relationship of the X-ray behaviour to the strength and
observable shear of the magnetic field. Our aim with this study
has been to draw a picture of flares meaningful for the
understanding of the energy release process and the field topology
where they occur, confirming and/or adding to the findings of
previous observations, i.e. those of the Skylab. In this Section we
summarize and illustrate our main results.

We point out that we take as a working premise that the hard
X-ray emission at photon energies ¢ 2 16 keV is intrinsically
aggoclated with the primary energy release process, irreepective of
whether the bremeetrahlung emiseion at such energies 1is thermal
non-thermal or & combination of both. This premise 1is based on the
fact that the higheat energy release powers (erg-! 8) are thoaa
needed to explain the observations during the hard X-ray burst,
whatever the eource of this emission is (see Machado, 1982; Vlahos et
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al., 1986 for reviews). The limit e = 16 keV to +the hard xX-ray
emigsion i s8et only for instrumental reaeons, 8ince 1t 1e the
inferior boundary of the lowest energy band (B5) of HXIS that is not
severely contaminated by radiation from the (T o 107 K) soft x-ray
emitting plasema.

2.1 Confined and ejective eventis

Machado et al. (1888a) included in thelr analysis of flare
properties 23 events from HXIS data set. Here we describe, in
particular, three flares showing similar morphological characteristics
that developed in AR 2778 (NOAA number) during November 1980, and then
extend our conclusions to some other examples from the original 1list
(see Table I in Machado et al., 1888a).

In Figure 3 we show the evolution of the overall magnetic
field of AR 2779 between Nov. 6 and 12, 1980. It can be seen that the
positive polarity regione appears split towards the E (central
magnetogram), with respect to the original configuration (upper
magnetogram), evolving to the situation in which the analyzed events
took place (lower magnetogram). AR 2779 was composed of two main
sunspote with a reversed polarity region between them (see Fig. 3 and
Fig. 4a). In Figure 4c we give a schematic representation of the
coronal field lines across the neutral lines labelled as A, B and C
(Fig. 4b), plus a large structure D which connects the leading and
trailing spots. Such configuration should have and X-type neutral
point region above the intermediate neutral line A, which we have
encircled in Figure 4c¢. This line was the region with the largest
observable magnetic shear along the period shown 1in Figure 3;
according to Hagyard et al. (1884) the maximum shear angle exceeded
70
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Figure 5 depicte the soft and hard X-ray light curves for
the three events, The impulsive phase, marked with a bar,
ja charactaerized by the hardest X-ray spectrum (largest flux of high
energy, ¢ > 100 keV, photons) in the Hard X-ray Burst Spectrometer
(HXRBS, Orwig et al., 1930) data (Dennis, 19887); thie indicates the
generation and precipitation of high energy electrons (Emslie and
Machado, 1987). After +the impulsive spike, a gradual phase is
clearly seen in Nov. 11 flare; belng aleo present, though less
intense, in HXRBS data for the other two events. This component has a
softer spectrum,

1000 600
10 <7 10 5] 200

33 65
22 30keV

" N L
\ A
: { A AW
1 L'v/‘{ 1 \I‘\A-,.l- P mpn L 1\! T\Jll \11 ‘111”1?’1‘;
20:45 UT 02:44 03:00 utr 110 11:09 Ut

T I T T s e T ’5;“&#“?5. M0 ofbverts. 06" ol ML Reatls upper’ 16l
coracr) correspokd Lo the soft (top) and hard (below) X-ray ¢ s-1.

Figures 6, 7 and 8 sahow the spatial development of the
emission seen by the HXIS low energy bands as a function of time;
here we have outlined the neutral lines A and B (see Fig. 4). A
en&all and bright zone. labelled F1 in the three cases, is observed
over neutral line A. Thie region ig surrounded by other two: one
extending towards the NW (F3) and another, much more elongated,
towards the E-NRE (F2). According to the location relative to the
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neutral lines, the identified zones correspond to three independent
bipoles. The earliest flare emission site was located within the
intermediate region (F1) of highly stressed field (see Fig. 3).

F1

180 cs™!

F2

20:56:42 21:05:43
ig. 6 3.5 - 0.0 keV fmagea in the BXIS F¥OV  for  Rov. flare. lver{ step is equal to 167 in the
ah. The coatours correspond to: 9§90, 25, 10 and 51 of the maximus number of counts which s

poted withia BXI5 field. The nunbgr below  every  tigure is  the corresponding UT. We bave
superinposed neutral lines A aad B (see Fig. d

Subsequently, the emission expanded into FZ and F3 in close
association with the development of the impulsive phase, this suggests
strong interaction between the bipcles. This behaviour is8 seen better
in Figures 9a, 10a and 11a, where we show the goft X-ray light curves
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and the thermal energy (Eth = 3k T Y% V% [erg], where Y 18 the
emission measure and V the volume) evolution for the three structures.
It can also be noticed (Bee Fig. 6, 7 and 8 too) that at flare maximum
F2 18 the predominant source; note 1in Figure 3 that this structure
extended over a neutral line with observable magnetic shear. Regarding
the hard X-ray (16 - 30 keV) emission, the compact F1 bipole i8 the
most important structure towards the beginning of the impulsive phase;
while the bulk of this emission is concentrated only over F2 during
the gradual phase (see, as an example, Fig. 12).

F1
' 3bhesT
t
2\ ’l
/'“F, ) '
L
N
02:46:37 I—>W 02:51:09
}134.6cs’1 F3 :' 13.4¢8]

02:52:42 03:09:02 D

Pig. 7 Ides PRig. 6 for Bov. 12, 02:42 0T flare. Notice the location of the large scale structure D in the
last image.
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Pig. § ldes Pig. 6 for Nov. 12, 11:00 UT flare. We bave indicated the position of D in the last image.

He can now compare the characteristics of the hard X-ray
burst emission with the temporal variation of Eth in every region. As
it can be noticed from Figures 8b, 10b and 11b, Eth for F1l reaches its
maximum and also starts decaying slightly before the end of the
impulsive phase. The slopes of theege curves are quite steep at both
sides of their maximum, being this behaviour consistent with the
evolution of the soft X-ray emission within this bipolar structure. In
the case of FZ and F3, the larger values of dEth/dt are observed
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during the impulsive peaks; this agrees with our previous statement

that this phase is8 c¢characterized by the apread of the emigsion over
the two structures. It 1is however quite clear that after this
initial rise the behaviour of F2 and F3 is clearly different. This is
particularly avident in the caze of the Nov. 11 and Nov. 12, 11:00
UT flares, where we see that Eth(F2Z) continues rising ~ 5 m after
the impulsive peak; while Eth(F3) reaches a plateau during this
period. The evolution of the Nov. 12, 02:42 uT event is
slightly more complicated due to the considerable level of preburst
activity (de Jager and Boelee, 1984; Cheng et al., 1985), but s8till
the same type of behaviour can be recognized.
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L ] [ )
150:_ — 800 0.8+ —0.4
[ ] : 1
- -1 600 0.6 —023
100~ ] i }
i <4 400 04f Jo2
50 ] ; f
i » 200 0.2+ 101
tJ; a - E:‘ b :
0 ~ a1 Aad l e g o 1 P 0 OO MR U U O S O S l 4 N l [ | OO
20:48 20:54 21:00 21:06 VT 20:48 20:54 21:00 21:06 VT
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eek et al., ]
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extending towards a strong field region, compel the conclusion that
the bulk of the energy release in these flares took place within
this structure. On the other hand, the instability that triggered
the phenomenon seems to start elither within F1 or at the
interaction s8ite Dbetween bipoles where the X-ray nucleus ie
observed during the onset phase. F1 is the seat of intense magnetic
shear and its hard X-ray emission and Eth dominates during this
period, suggesting that gome energy release also occurs here in
close association with the production of high energy particles.

lch]

20:53:00 20:54:23

=7

F2

21:02 22

fig. 12 16 - 30 keV images of HIIS FFOV fgrt llo{i 11 tlare. Contours are 80, 79, 50, 25 and 10 of maximua
intensity.
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While bipole F3, contrary to Fl1 and F2, has 1little shear and no
appreciable hard X-ray emission 1indicating that this structure
receives most of its energy from the others rather than from its
own internal content. When internally stored energy 1is released
within a bipole, we call it active and, in the opposite case, we
call it passive. According to this, F1 and FZ2Z are active structures
and F3 is passive.

A series of flares that developed from April 7 to 10, 1880
in AR 2372 presented similar characteristics as those just described
(Machado et al, 19883; Machado, 19885; Machado et al., 1988a). The
magnetic configuration of AR 2372 was also composed of two main
spots and a reversed polarity region in between; a sketch as the
one in Figure 4dc is also sBuitable for thise region. 1In this
particular casge, the MLFC coverage during 4 days with little
foreshortening ailowed an accurate egtimate of the evolution of the
transverse field. It wag observed that while the Dbipole over
neutral line A was the site of pergistent shear, neutral line
regione B and C showad varying degrees of deformation from
potential with tinme.

HXIS X-ray images show that during this period the energy
release in AR 2372 flares began and spread among the different
bipoles according to their relative shear, evolving as the
ralative magnetic gtresa did. In all casas the onget of the X-ray
flare took place at the location of a small bipole; either over
neutral line A from April 7 to 8 or a s8mall loop across neutral
line B on April 10, this was <¢lose to the larger loops over B
(Machado et al., 188Z; Machado and Moore, 1887). The impulsive
phage was characterized by the expansion of the X-ray emission
into bipoles ¢cver neutral lines B and C, being one of these the
most important source during the gradual phase and changing
predominance according to the magneti¢ evolution. During the
impulsive phase chromospheric footpoints were observed in some of the
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interacting bipoles, having this component the hardest spectrum;
these facts indicate the presence of energetic electrons. In this case
also Eth(t) for the three structures (see e.g. Fig. 5 for April 8,
02:57 UT event in  Machado et al., 1988a) evolved in a similar way as
in the November flares; being the small bipole predominant during the
flare onset phase and dominating one of the other s8tructures the
thermal energy content of the whole flare, while the third behaved as
a passive bipole.

A common characteristic, to both November and April flares,
was the slow brightening of the global bipole of the active region
(structure D in Fig. 4c¢). Figures 13 and 14 show the spatial evolution
of a large scale structure in HXIS images after the November flares
and the April 7, 05:27 UT event. In a magnetic configuration like the
one of AR 2779 and AR 2372, the natural site for reconnection and
particle injection into different structures is at the X-type neutral
point depicted 1in Figure 4c¢ (see theoretical work by Syrovatskli,
1969a,b, 1972, 1882).

Flare associated large scale (> 1010 cm) X-ray brightenings,
the so-called “"giant arches”, were discovered in HXIS images hours
after the onset of the ejective flare of May 21, 1880 (Svestka et
al., 1982a). In this and following studies (Svestka et al., 1982b;
5vestka, 1984; Hick and $vestka, 1985, 1987; Hick et al., 1987) it was
shown that giant arches appeared after two-ribbon flares and it was
inferred that both phenomena were due to a common underlying physical
model. In a recent work (Mandrini and Machado, 1990) we have shown
that large scale loop brightenings are observed in a large variety of
situations, of which the events Jjust described are an example, being
not uniquely related to two-ribbon flares. Furthermore, our analysis
shows that when 1large scale structures are observed in association
with ejective events, they appear in a topologically distinct set of
magnetic loops than those that give raise to the classical (post)flare
loops. QOur results suggest that this large brightenings., not only in
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confined flares but alaoc in ejective flares, are pre-axizsting coronal
systems of loops energized by the underlying flare. The observation
of s8imilar phenomena 1in different c¢lasges of flares (confined and
ejective) emphasize the global character of energy releage 1in the
maghetic structures of an active region.

We have been presenting up to now an 8cenario for flare
occurrence in which 1impacted bipoles participate in the events,
being the interaction clogely associated with the impulsive energy
release, but coming the bulk of the energy from the internal
repository within these gtructures. Other interesting examples
from the original list are the May 9, July 14 and May 21, 1980
flares. The first 18 a confined fiare, the second one can be
classified as a composite of confined and ejective and the third is
a typical two-ribbon event.

May 8, 1980 flare from AR 2418 (Doscheck et al., 1981;
Antonucci, 19882; Machado et al., 1988a,b) was composed of two
interacting bipoles; one was observed ag a compact and bright
feature and the other as a large and dim gtructure. The smaller
bipole was l»ycated over a neutral line showing 1intense 8ghear, at
both sides of which chromospheric footpoints appeared during the
impulsive phase. This s8ite was also characterized by a strong
total vector field. The large X-ray structure was a sgystem of
loops (B8ee Fig. 10 in Machade =t al., 1988a) extending from one of the
footpoints of the compact bipole into a region of weak field. Machado
et al. (1988b) detected two X-ray fronts moving from the bright
gsource along these loops; according to their egtimates thesge
fronts might have been originated during the strongest hard X-ray
peak. Besides, the analysis of the thermal energy content of each
bipole shows that mcost of the flare energy was released within
the small region; while the large loops passively received energy
injected from the X-ray kernel.
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July 14, 1980 flare in AR 2562 also comprised two
interacting bipoles. The X-ray and Ha development of this flare (Fig.
12 in Machado et al., 1988a) shows a small nucleus and an extended
configuration of two-ribbon type. The main difference between this
event and the one mentioned before, is that both structures
present an independent, but quantitatively comparable, thermal energy
evolution. This, along with a filament eruption 1in the large system
of loops, indicates that stored magnetic energy was released in this

structure.
We refer now to the well-studied two-ribbon flare on May 21,

1980 in AR 2456 (see de Jager and Svestka, 19885 for a review) as
another example of interaction between bipoles in a different type of
event. Prior to the flare impulsive phase ( 35 m) new magnetic flux
was observed in the longitudinal magnetograms obtained at the Kitt
Peak National Observatory (Harvey, 1983). Hoyng et al. (1981) proposed
that the emergence of this small bipole was the likely cause of the
destablilization of the AR filament (see the emergence flux model,
Heyvaerts et al., 1977). The X-ray emission from this region, which
wag the site of a hard X-ray footpoint at the time of the impulzive
peaks (Duijveman et al., 1882), evolved in a different time scale
than that of the large bipole above which the filament was located,
showing its individual character. On the other hand, the gradual hard
X-ray component was observed high in the corona at the top of the
growing system of (post)flare 1loops; these dominated the thermal
energy content of the flare (Duijveman, 1983).

The results just described confirm the picture presgented in
the case of more complex events. More examples and/or more details on
the events in this Section can be found in Table I of Machado et al.
(1988a) and references therein.
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2.2 Microflares

We turn. now to the study of weak flare-like transient
brightenings, often called “microflares”, and then put this in
perspective with the flares analyzed previously. These phenomena,
detected for the first time in HXIS data by Schadee et al. (1983),
are observed frequently and simultanecusly in actlive regions. Here, we
describe briefly HXIS observations of AR 2779 along 12 h on Nov. 6,
1980 (Mandrini et al., 1989).

Figure 12 (top) shows approximately the configuration 1in
which the brightenings took place. This magnetogram was obtained on
Nov. 7, 1880 when foreshortening effects did not render the
magnetic obgervations unreliable. The soft X-ray intensity and the
thermal evolution for the different events are depicted in Figure 15.
The plots in this figure correspond to several zones in the AR,
whose location haa been 1indicated in Figure 16. Here we show HXIS
FFOV stretched in the E - W direction to compensate foreshortening
differences petwesn Nov. 6 (X-ray observations) and 7 (magnetic
data). In Figure 15 we have omitted the contribution of an ejective
event that developed towards the GE and whose position is shown as
TRF in Figure 16. The numerous weak brightenings that occurred
during this day had peak intensitlies of several tenths in HXIS
observations (Fig. 156). In the HXIS count rate gcale a small to

medium size flare (type B or C in the X-ray classification, see
e.g. évestka. 1976) reaches a maximum of several hundreths to
1000 ¢c 8 , while larger events (type M or X) show peak intensities

above the last value., It can be seen that, 1in s8pite of their
weaknese, T in these zones during microfiares are between 10 K and 2
10 K which are typical of more important flares.

In Figure 17 we present a get of soft X-ray images in which
the morphology of flares and microflarese can be appreciated. The
three contours in the gecond row show flares in progress. The first
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two correspond to the evolution of the growing system of
(post)flare loops after Nov. 6, 14:44 UT two-ribbon flare; notice
the soft X-ray kernel in A simultaneously. Figure 17f, on the other
hand, is an image of a confined flare that started at 17:25 UT and
which comprises two magnetic structures (Mandrini, 1989): a compact
bipole B and a 1large bipole C, 1in agreement with the general
picture of multiple loop flare topologies as discussed before,

The recurrent pattern of activity observed in the images 1is
particularly remarkable. Regions A and B, along a neutral line with
intense magnetic shear (see Fig. 3), are the sites of repeated
X-ray emission of varied intensity. The fact we want to emphasize is
that the shape of the emitting regions is preserved
notwithstanding differences in 1intensity among events, compare
contours in Figure 17f for the flare with weak brighteninge in 17¢, h
and 1. That is to say, the global morphology of two bipoles does not
change no matter the brightness ratio between flares and
microflares.

We have also found that averaging over the period of our
observations, the brightenings imply a mean energy input rate of ~1028
erg 8-1 which is enough to heat the active region corona (see also Lin
et al., 1884).

The similitude in the X-ray emission observed during flares
and microflares suggests very strongly that both phenomena are
driven by the same basic physical process. That 1is8 to gay,
interaction between impacted bipoles triggers the event and induces
the release of stored energy. The pogsibility of a common
phenomenology between flares and microflares was discussed by Lin et
al. (1884) and Athay (1984). We have found similar results for weak
brightenings in AR 2372 (Hernandez et al., 1980).
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3. DISCUSSION

The observational properties presented in the previous
Section lead us to the following picture. The basic structure of a
flare consists of an initiating closed bipole plus one or more
adjacent bipoles impacted against it. As far as our observations can
tell, the energy release can begin either within the initiating
magnetic structure or at the interaction site between them. There is
ample evidence showing that the Dbipoles interact strongly in
the impulsive phase, during which most of the energy 18 released
inaside one or more structureg rather than at the interaction
site. Besides, the strongest and most impulsive particle accceleration
is closely associated with the loop system showing the greatest
magnetic Btress. If an adjacent bipole has stored energy (indicated by
the product of the spatial extent, strength and degree of
deformation from potential of 1its magnetic field) and is
sufficiently unstable, the 1interaction can trigger energy release
within it; on the other hand, if this does not happen or the
structure is sufficiently satable, no energy 1is released within it
but particles and/or heat can be injected from the interaction

gsite.

The interaction between bipoles suggests the formation of an
external current sheet and reconnection at the interface,
triggering the impulsive production of energetic particles.

Afterwards, our results indicate that the way in which a flare
would evolve is characterized by the internal energy available in
every bipolar region (see Fig. 14 in Machado et al., 1988a). That is
to say, the responsabllity of releasing the flare energy does not
rest on the external current sheet as in many flare models but on the
loope themselves (see reviews on flare modela mentioned before).
The results derived from the analysis of microflares shows that this
same scenario expands over a vast range of energies.
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Our data are, on the other hand, compatible with previous

well-stablished observational flare c¢characterisgtics (B3 nection
1.1): mainly those concerning the association of flare activity
with regions of high field gradient, as well as strong shear,. They

are also consistent with Gkylab picture of coronal loops as the
basic structure of flares, being 1in this case the main new
findings: the importance of bipole interactions as the trigger
mechanism for flares and other weak events and the lack of a clear
physical distinction between confined and ejective events. In this
last case we refer not only to common characteristics of energy
release and triggering, but also to the possibility that both
clagseg of events may encompass global magnetic structures in the
active region. OQOur observations of large scale brightenings,
asgociated to both types of flares, also show the 1importance of
field connections as the building blocks of the energy release

Process.

Finally, we want to call the attention to the fact that all
the examples from the original 1ist in Machado et al., (1988a), to
which we can add up microflares in AR 2779 (Mandrini et al., 1989)
and in AR 2372 (Hernandez et al., 1990) and also giant arches in
two-ribbon flarex (see e.g. Nov. 6, 1980 event 1in Mandrini and
Machado, 1980), encompassed more than one system of loops; meaning

thie that the picture of interacting bipoles seemsg to be a COoOmmon
scenario for these phenomena.

In fact, all these new results show that flares are not
isolated self-contained phenomena 1in active regions. Their overall
properties span several decades in all basic characteristics like:

total energy output, power, brightness and temporal and length
scale. The flare phenomenon is, thus, much more associated with the

global properties of an active region than what previous results
led us to believe.
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