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Message from the President

he new issue of Hipparchos you are

holding in your hands is, in many
ways, a special issue as it celebrates the
100th anniversary of International As-
tonomical Union born on July 28, 1919.
This important anniversary, known as
“IAU 100 - Under One Sky” is celebrat-
ed around the globe,and in Greece, with
a series of events — for more information
see our Society’s site:

http://lwww.helas.gr/IAU100.php

Therefore it comes as no surprise that
the editor of Hipparchos decided that it
would be very timely to dedicate most
of this year’s issue to this unique event.

It was thus very appropriate to ask Ac-
ademician (and first President of our
Society) Prof. Georgios Contopou-
los to write a personal view of IAU as
he served, amongst other positions
of prominence, as its General Secre-
tary from 1973-1976. Prof. Contopou-
los’s recollections are an amazing mo-
saic of the mid to late 20th century his-
tory showing that science, like all human
activities, is closely related to its era. The
Cold War globally, and the Greek Jun-
ta on a local level, set the stony stage
where astronomers had to move in or-
der to meet and discuss science in an
epoch that international communication
was not as easy as it is today and nation-
al barriers were setting sometimes high
obstacles. Still the language of the scien-
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tists proves to be much more universal
than this of the politicians.

On the second installment concerning
the anniversary, Prof. Kanaris Tsinganos,
also former President of Hel. A.S. and,
at present, the National Outreach Co-
ordinator for IAU 100, undertakes the
difficult task to present us with the ma-
jor discoveries that marked these last
100 years of Astronomy. The task is
achieved as the author does not try to
cover everything — which would have
been exhausting for author, readers and
editor alike — but focuses instead on
some selected, hand-picked topics. This
works very well and the combination
of about fourty photographs/diagrams
accompanied by an informative text on
topics ranging from the Sun/Solar Sys-
tem to Cosmology conveys the width
and spread of the last 100 years of as-
tronomical discovery.

The current issue of Hipparchos con-
tains also two review articles not di-
rectly connected to IAU 100 but hav-
ing interest on their own. Dr Chris-
tophe Sauty (Observatoire de Paris)
gives us a very clear, from a theoret-
ical standpoint, review of MHD disks
and jets. The story behind the science
is also very interesting, since Dr. Sauty
is one of the very few examples of peo-
ple who came from abroad to work on
their PhD in Greece and in the process

he developed strong ties to the coun-
try —as well as to Hel.A.S. The other re-
view article is by our Secretary, Dr. Kos-
tis Gontikakis (KEAEM,Academy of Ath-
ens) and deals, in a brief but concise way,
with the upper solar atmosphere, a fas-
cinating topic that is still far from under-
stood.

| hope that all the above prove that the
present issue of Hipparchos is indeed
special. It gives us, from the authors’
personal perspectives, the tremenduous
growth of Astronomy during the last
100 years and makes us wonder what
the future might bring. Furthermore, the
“IAU 100 - Under One Sky” anniversa-
ry is a perfect opportunity for demon-
strating to the public the richness and
depth of the science we all practice and
love. It is also an opportunity to bolster
the scientific methods against the vari-
ous branches of pseudo-science which,
thanks to their sheer ultra-lightness and
enigmatic support, have become unde-
servedly fashionable. And, last but not
least, it gives us the opporunity to dem-
onstrate, in these high tension times,
that we indeed live under one sky and
the study of this sky breaks down the
barriers imposed not only on us, but al-
so on all of humanity.

Apostolos Mastichiadis
President of Hel.A.S.
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his year is the hundredth anniversa-
ry of the International Astronomical
Union (IAU).

The IAU forms the most impor-
tant collaboration of the astronomers
of the world. It has more than 13000
members, from more than 100 coun-
tries. Its members are at least doc-
tors of astronomy or of related fields. It
contains about 50 Commissions on var-
ious subjects and its governing body is
the Executive Committee that consists
of the President, the General Secretary,
the Assistant General Secretary and 5
more members.

Every Commission has its Organiz-
ing Committee, that includes its Presi-
dent and Vice President. The Commis-
sions deal with particular subjects, like
the dynamical astronomy, the planets,
the spectroscopy of the stars, the stel-
lar evolution, the Galaxy and other gal-
axies, the cosmology, the high energy as-
trophysics, etc.

The term of the Executive Com-
mittee and of all the Commissions’ of-
ficers is three years. Every 3 years there
is a General Assembly of the Union, that
brings together thousands of astron-
omers. During the General Assembly
there are many scientific meetings and
meetings on various organizational sub-
jects, like the introduction of new mem-
bers and countries, the election of the
new Presidium, and the ratification of
the decisions of the various Commis-
sions. E.g. the General Assembly rati-
fies the names of the various structures
of the moon and the planets, the basic
parameters of stellar astronomy and of
cosmology, the future Symposia etc.

| had the opportunity to participate
in many General Assemblies of the IAU
and to be elected President of the Com-
mission 33 on the Structure and Dynam-
ics of the Galaxy (1967), Assistant Gen-
eral Secretary (1970) and General Sec-
retary of the AU (1973).

Here | will mention some of my
reminiscences from my participation in
the IAU.

The first time that | participated in
a General Assembly was in Dublin, Ire-
land (1955).There | had the opportunity
to meet many leading astronomers, like
Ryle (Nobel prize for his work in radio-
astronomy, Fig. 1), Profs. Oort and Lind-
blad, leading specialists in galactic dy-

namics etc.The General Assemblies give
us a unique opportunity of contact with
astronomers from all around the world.
The most important result of these con-
tacts for me, was the invitation by Prof.
Lindblad (Fig. 2), to go for one month in
Stockholm, the following year. | met also

Figure 2:
Professor and
Mrs. Lindblad

at the Dublin
General Assembly.
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the Dutch Professor Oort, who was at
that time President of the Commission
on the Structure and Dynamics of the
Galaxy (Commission 33) and was then
succeeded by Professor Blaauw and lat-
er by Professor Bok.

During my visit to Stockholm in 1956
| had the opportunity to calculate with
the help of an electronic computer, for
the first time in international astronomy,
some 3-dimensional orbits of stars in a
galaxy. The forms of these orbits were
quite unexpected at that time. | present-
ed these orbits at the next General As-
sembly of the IAU in Moscow (1958).
| was the only Greek representative in
this General Assembly (see the Greek
flag in front of the University of Moscow
(Fig. 3) because the travel from Greece
to the Soviet Union at that time was not
permitted, and | got a special permission
with great difficulty.

At my lecture in Moscow there was
present Professor Dirk Brouwer, who
invited me to Yale University as a visit-
ing professor. Thus, Moscow opened for
me the road to the United States, where
| have been many times as visiting pro-
fessor in several universities.

Figure 3:

The flags

of the participant
countries

at the Moscow
General Assembly
of the IAU (1958) g
in front

of the Moscow
University.
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The next General Assemby was in
Berkeley, California (1961). There we
had the first meeting of the specialists
in Stellar and Galactic Dynamics. In this
meeting there were the American Ivan
King, the French Michel Hénon, the Brit-
ish Donald Lynden-Bell, the German Se-
bastian von Hoerner, and a few more,
and we decided to have in Greece the
first International Symposium in Dy-
namical Astronomy. This took place in
Thessaloniki in 1964. This Symposium
brought together for the first time peo-
ple that were working in Celestial Me-
chanics and those that were working on
Stellar and Galactic Dynamics. After that
meeting the field of Dynamical Astrono-
my had a spectacular development.

Then there was the General Assem-
bly in Hamburg (1964). During this As-
sembly Professor Bok, President of the
Commission on the Structure and Dy-
namics of the Galaxy (Commission 33)
of the IAU, proposed me as his succes-
sor as President of the Commission. But
the Presidium of the IAU had objections.
As Prof. Bok told me, | had a basic draw-
back: the fact that | was not Dutch, as
all the previous Presidents of this Com-

mission. But Dr. Bok convened the Or-
ganizing Committee of Commission 33
and all of them unanimously, declared
that they did not want any other per-
son as President, besides Contopoulos.
After that the Presidium of the IAU gave
in. Thus, | became Vice President of the
Commission and after 3 years | became
its President.

The main job of the President of the
Commission was to write a Report on
the activities in the field of the Struc-
ture and Dynamics of the Galaxy dur-
ing the last three years. In this particu-
lar occasion | prepared, besides the usu-
al abridged review required by the IAU,
a big volume describing the recent sci-
entific developments in Dynamical As-
tronomy.This volume had a considerable
impact internationally.

The next big change for me came in
1970. The President of the IAU at that
time, was the German Professor Ot-
to Heckmann. Dr. Heckmann invited
me to Hamburg to give a lecture and
then he proposed to me to become the
next General Secretary of the Union. |
felt very honored, but | was skeptical if |
should accept, because Greece was un-
der a Junta, and | was not certain wheth-
er | would be free to travel frequent-
ly abroad as required. | was remember-
ing the case of a colleague of mine who
despite the fact that he had the required
permission to travel abroad, he was tak-
en out of a plane that he had boarded.
| told that to Dr. Heckmann, but he as-
sured me that the Junta would not dare
to stop me if | had this prestigious inter-
national position. Thus, | accepted, and |
was elected Assistant General Secretary
in 1970, at the Brighton, England General
Assembly of the IAU.

During this General Assembly |
made a proposal to the representatives
of the United Kingdom, France, Germa-
ny and the Soviet Union to form a Eu-
ropean Astronomical Society. All were
very favorable, but when the Soviet del-
egates returned to Moscow they were
not allowed to participate in such a So-
ciety. Thus, my project failed at that time
and it was realized only after a number
of years when the international condi-
tions were better.

Then | proposed a different proj-
ect, namely to have every year a large
local meeting in Europe, under the aus-
pices of the International Astronomi-
cal Union. This idea was quite success-
ful and the first European Meetings took



Figure 4:

The first European

Meeting under the

auspices of the IAU

in Athens (1972).

We see

Prof. Chandrasekhar

(Nobel prize) [right]

and Prof. Oort -
[center]. =

place in Athens (1972) and Thbilisi, Geor-
gia (USSR) in 1975. Later on, there were
many similar “Continental” Meetings not
only in Europe but also in Asia, in Aus-
tralia-New Zealand, and in Latin Amer-
ica.

The first European IAU Meeting in
Athens was very successful. (Fig. 3 shows
two leading astronomers, Prof. S. Chan-
drasekhar (Nobel prize) and J. Oort,
that attended our Meeting). Among oth-
er participants there were many people
from the Eastern countries, the Soviet
Union, Poland, Czechoslovakia, Yugosla-
via, Romania and Bulgaria. But most of
them were provided with only one dol-
lar per day for their expenses. Thus, we
provided free lodging and most of the
meals for them and they all were en-
thusiastic. This we could do because
the Ministry of Education had provided
some money for our expenses.

But the Minister of Education was
angry because in the booklet that de-
scribed the Program of the Meeting we
were not stating that the Meeting was
co-authored by the IAU and the Greek
Ministry of Education. | replied that the
IAU does not co-author Meetings with
local organizations. Then the Minister
threatened that he would cancel the
Meeting. But how this could be done
when many participants were already
arriving? Thus, | proposed a compromise

solution. To write that the Meeting was
organized by the IAU with financial sup-
port from the Greek Ministry of Educa-
tion. This was accepted, but reluctantly.

The next General Assembly took
place in Sydney, Australia, in 1973.There
| took over as General Secretary. But
before that Meeting there was a serious
controversy in the IAU because the Pol-
ish representative wanted to have this
General Assembly in Poland, because
this year was the 500th anniversary of
Copernicus. And the Soviets threatened
that they would withdraw if we would
not accept the Polish proposal. Thus, we
decided to have an Extraordinary Gen-
eral Assembly in Poland, immediately af-
ter the General Assembly in Australia.
Thus, many people travelled directly to
Poland from Australia.

In Poland we were treated very nice-
ly. Among other things the Polish pro-
vided us with a photocopy of the origi-
nal manuscript of Copernicus under the
title “De revolutionibus orbium coeles-
tium”. In this photocopy | noticed that
there was a page in which Copernicus
was referring to the Greek astronomer
Aristarchus, who was the first to pro-
pose the heliocentric theory. However,
this page was crossed out and it did not
appear in the published book of Coper-
nicus. | showed this page to the Pres-
ident of the IAU, Professor Leo Gold-

berg, and it made a strong impression
on him.Then at the opening ceremony
the next day, when the Polish organizers
emphasized the original theory of Co-
pernicus, when the time came for the
President of the IAU to speak, Dr. Gold-
berg emphasized the fact that Coperni-
cus, as a true scientist, he made the cor-
rect references to his predecessors, es-
pecially the Greek Aristarchus, who first
proposed the heliocentric theory.

As Assistant General Secretary of
the IAU | was supervising the Meet-
ings of the IAU, in particular its Sympo-
sia and Colloquia, and the correspond-
ing publications. During the 3-years peri-
od (1970-1973) | had to take care of 50
Symposia and Colloquia.

Later as General Secretary of the
IAU, | had to take care of all the corre-
spondence of the Union, thousands of
letters with the National Committees
(50 at the time), the 50 Commissions of
the Union and a large number of oth-
er Organizations and Unions. One of my
first efforts was the return to the Union
of China, which had withdrawn after Tai-
wan was accepted as a member coun-
try. Finally China accepted to return un-
der the condition that we should ac-
cept that there is only one China, but
there are two groups of Chinese repre-
sentatives, one from Beijing and the oth-
er from Taipei (capital of Taiwan). When
later the Chinese representatives from
Beijing came to our next General As-
sembly, they thanked me particularly for
my efforts in their favor.

Besides my other duties, | was the
representative of the IAU in ICSU (In-
ternational Council of Scientific Unions),
that had representatives from all the
countries and International Unions,
like the Unions of Physics, Mathemat-
ics, Chemistry, etc. The most important
meeting of the ICSU at that time took
place in Leningrad in 1974.There all the
representatives of the Unions empha-
sized their wish to have more ample
participation of scientists from the So-
viet Union. But the President of the So-
viet delegation, Professor Ambartsumi-
an, disappointed us by stressing that the
participation of scientists in Internation-
al Meetings should be arranged inter-na-
tions, which in his opinion means that
only the National Academies should
decide who should participate in such
Meetings and it was not correct to send
invitations to particular persons. After
Ambartsumian’s talk the atmosphere of
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the Meeting became chilly. Then | asked
to speak and | made the following re-
marks: “The isolation of the scientists is
an obstacle to the progress of Science.
And | have personal experience of that
because the Greek scientists are not
free to travel abroad (at that time we
had the restrictions of the Junta). The
same is true for the scientific status of
the Soviet Union, despite the fact that
this is a great country”. | am happy to
state that despite my disagreement with
Prof. Ambartsumian we remained good
friends. And | will give an example of our
relations.

When we had the Extraordinary
General Assembly in Poland, Professor
Ambartsumian was invited to give a ba-
sic invited lecture. But he had written
this lecture in Russian and he expected
someone to translate it to English dur-
ing his talk. But we could not find any
appropriate translator. Then Ambart-
sumian spent a night writing his lecture
in English. But while the subject of his
talk was important (it had to do essen-
tially with the dark matter in the Uni-
verse) his English was not good enough
and his pronunciation was worse. Thus
the audience did not understand almost
anything from his talk. But | got up af-
ter his talk and | said “I will tell you in
a few words the main points of the lec-
ture of Prof. Ambartsumian”. The audi-
ence then became very attentive. And
in the end the clapping of the hands was
enthusiastic.

On a different occasion the Presi-
dent of the |IAU Prof. Goldberg and my-
self sent a letter of support for a num-
ber of astronomers in the Soviet Union
that had been persecuted by the govern-
ment. After that | had a telephone call
from Prof. Mrs. Massevich, Vice Presi-
dent of the Soviet Astronomical Com-
mittee, who proposed to give a lecture
in our University. | was very happy to ac-
cept her proposal. After her talk, | took
her to dinner, but there Mrs. Massev-
ich criticized strongly the action of the
President and of myself. She said “What
is the importance of some reactionary
scientists, like Sakharov and some oth-
ers, when the large majority of the So-
viet scientists are supporting our gov-
ernment? What do you want? To with-
draw from the International Astronom-
ical Union?” Then | replied “Now | un-
derstand why you came to Greece.You
came just to tell me your criticisms.
Therefore, when you return home tell
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“them” that |, as General Secretary of
the IAU, | am obliged to help all the as-
tronomers of the world, whether they
support your government or not. And
you cannot ignore the contributions of
people like Sakharov, who promote the
bright image of the Soviet Union inter-
nationally”.

The most crucial event of my term
of General Secretary of the IAU hap-
pened when the General Assembly of
the ICSU took place in 1974, in Turkey. |
applied for a visa to Turkey but the Turks
did not give it to me (it was the time af-
ter the Turkish invasion of Cyprus).Then
the President of the IAU, Prof. Goldberg,
informed the President of ICSU, who re-
plied “Why don’t you send some other
person, besides Contopoulos, to rep-
resent your Union?” But Goldberg re-
plied “Contopoulos is the only legal rep-
resentative of the |IAU, and if the Turks
do not give him a visa, then according
to the statutes of ICSU, about the free
circulation of scientists, you are obliged
to cancel the ICSU General Assembly in
Turkey”. At the same time Goldberg in-
formed the National Academies of the
USA, England, Sweden etc. about this
problem and some academies informed
their representatives to depart from the
ICSU General Assembly in protest if
Contopoulos did not appear.

Thus, the last moment the Turks gave
in. A day before the opening of the ICSU
meeting they called me from the Turkish
consulate of Thessaloniki, to go and get
my visa. This day was a Saturday and the
consulate was closed. But they opened
it just to give me my visa.Thus, | left the
next day and | flew to Constantinople
(Istanbul) and Ankara. And there some
representatives told me that if | did not
appear at the meeting they had instruc-
tions to leave the ICSU meeting, in pro-
test.

During my 3-year term as General
Secretary a second Junta was established
in Greece.The change happened a Sun-
day. This Sunday the secretaries of the
General Secretariat, Mr. Jappel and Mrs.
Dankova, started with their car an ex-
cursion to Chalkidiki. On their way they
noticed many tanks in the streets, but
they did not pay much attention. They
thought that there were some maneu-
vers. But further on they were stopped
by a company of soldiers and the lead-
ing officer told them “Verboten”.“Why
verboten?” asked Jappel and the officer
replied in broken German “Wir haven

revolution. Papadopoulos kaput. Andere
Papadopoulos, andere demokratie.” (We
have a revolution. Papadopoulos is out.
Another Papadopoulos has come, an-
other democracy)! It was funny to call
this second Junta a “democracy”! Nev-
ertheless we survived, despite the terri-
ble destructions caused by this so-called
“democracy”.

My last duty as a General Secretary
of the IAU was the organization of the
General Assembly of Grenoble, France,
in 1976.1 had an enormous correspon-
dence with the Local Organizing Com-
mittee, the National Committees, all the
Commissions of the Union, the official
representatives etc. During this Gener-
al Assembly | had to organize about 250
special meetings, scientific and organiza-
tional.

Two things made me happy during
the closing session of this General As-
sembly, when there was the final Report
of the IAU.

First was the recognition by the Pres-
ident, Prof. Goldberg, of the huge work
that | had completed during my three-
year service. In particular he mentioned
the tact | had shown in our contacts
(meaning our disagreements), when |
had to indicate him his duties. He also
stressed that he was impressed that, de-
spite my important organizational work,
| did not stop my scientific work, and
that he was particularly impressed by a
recent seminar of mine that he had at-
tended.

Second: After the closing session
came to me the Soviet delegation with
Mrs. Massevich on top, to thank me for
all I had done to them. And in fact | had
done a lot of services to the Soviet as-
tronomers, independently of political at-
titudes, like scholarships, travel expens-
es, free books and journals etc.

This ended in principle my office as
General Secretary of the IAU. Howev-
er, my service to the IAU continued in
different ways. | remained as Consultant
to the Executive Committee for 3 more
years. Thus | participated in the Execu-
tive Committee of the next General As-
sembly in Montreal, Canada, in 1979.1 ar-
rived at the Committee’s meeting a little
late and as | entered the President told
me “Mister Contopoulos.We just decid-
ed to have the next General Assembly
in Greece”. “No kidding”, | replied, be-
cause | knew the next General Assem-
bly was scheduled to take place in Bul-
garia. But the President said “It is not



kidding. Look at the telegram in front of
you.” It was a telegram from the Bulgar-
ian representatives saying that it was im-
possible for them to organize the Gen-
eral Assembly in Bulgaria.Thus, we start-
ed an incredible correspondence and fi-
nally the 1982 General Assembly took
place in Patras, Greece.

My participation in this General As-
sembly was rather small. But | had the
basic responsibility to organize a related
Symposium on Cosmology in Kolymbari,
near the town of Chania, Crete.

During the General Assembly of Pa-
tras, the most important Soviet delegate
was Prof. Zeldovich, who gave an excel-
lent lecture on cosmology. He stressed
that the theory of Big Bang is as certain
as the heliocentric theory of the Solar
System (At that time it was not expect-
ed that a Soviet astronomer would sup-
port the Big Bang theory). Zeldovich
urged all the interested participants to
go to the cosmological Symposium in
Crete.When | went to congratulate him
he told me a few words in Russian. Then
an English participant nearby smiled. And
Zeldovich told him “Do not laugh. Con-
topoulos and | understand very well
each other, because we are both Ortho-
dox Christians”. | was quite impressed.

The Cosmological Symposium in
Crete took place in the Orthodox Acad-
emy of Crete and had a great success.
There were present some of the leading
cosmologists of the world. Among them
there were the Soviet cosmologists Shk-
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lovsky, Novikov and Einasto, who were
very happy.

After two years, in 1984, we had a
similar Symposium in Toulouse, France.
At the closing session all were prais-
ing the organizers of the Symposium for
their work. But when it was the turn of
Shklovsky to speak he said “This Sympo-
sium was very good. But it cannot reach
the level of the Symposium organized by
Contopoulos in Crete”.
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Later the IAU had even greater in-
fluence on the International Astronomy,
that continues today. And | must stress
that the participation of the Greek as-
tronomers is always important. | hope
and wish this active participation to be
continued in the future.

For more details see my book “Ad-
ventures in Order and Chaos. A Scientif-
ic Autobiography”, Kluwer, 2006 (Fig. 5).
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Figure 5:

The book
“Adventures

in Order and Chaos.
A Scientific
Autobiography”,
Kluwer, 2006.

Visit our website
http://iwww.helas.gr

The above web server contains information, both in
greek and english, about the Hellenic Astronomical
Society (Hel.A.S.), the major organization of profes-
sional astronomers in Greece.The Society was estab-
lished in 1993, it has more than 250 members, and it
follows the usual structure of most modern scientif-
ic societies. The web pages provide information and
pointers to astronomy related material, useful to both
professional and amateur astronomers in Greece. It
contains a directory of all members of the Society,
as well as an archive of all material published by the
Society, including electronic newsletters, past issues
of “Hipparchos”, and proceedings of Conferences of

Hel.A.S.The server is currently hosted by the Univer-
sity of Thessaloniki.
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1919-2019: a century of the
International Astronomical Union, an era
of splendid astronomical discoveries

by Prof. Kanaris Tsinganos

National & Kapodistrian University of Athens, IAU National Outreach Coordinator for Greece

n 2019, the International Astronomical

Union (IAU) is celebrating its 100t an-
niversary, as it was founded on the 28t
of July 1919, at the Constitutive Assem-
bly of the International Research Coun-
cil (now International Council for Sci-
ence) held in Brussels, Belgium. The 7
initial member states of the IAU were
Belgium, Canada, France, Great Britain,
Greece, Japan, and the United States.
The first General Assembly, took place
in Rome, Italy, 2-10 May 1922.

The mission of the International As-
tronomical Union is to promote and
safeguard the science of astronomy in
all its aspects, including research, educa-
tion, communication and development
through international cooperation. To
commemorate this milestone, in 2019
the IAU is organizing a year-long cele-
bration to increase awareness of a cen-
tury of astronomical discoveries.

In particular in Greece, a number of
events have been already taken place
while many others are planned in the
coming months. These centennial cele-
brations are aimed to stimulate nation-
wide interest in astronomy and science
and to reach out to the global astro-
nomical community, national science or-
ganizations and societies, policy-makers,
students, families and the general public.

After the second World War, Astron-
omy exploded in the 1950s and 1960s.
New technology that had been devel-
oped for military purposes in the Second
World War and the Cold War enabled
astronomers to open and observe new
parts of the electromagnetic spectrum.
For example, radio astronomy made an
entirely new kind of the universe visible.
Then, the Space Race made it possible to
observe X-ray, y-ray and ultraviolet ra-
diation and to visit other bodies in the
Solar System. New discoveries followed
each other at dizzying speed: the expan-
sion of the universe and the cosmic back-
ground radiation, radio galaxies, quasars,
blazars and active galactic nuclei, neutron
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stars and pulsars, white dwarfs, gamma-
ray bursts, the solar wind and relativistic
cosmic jets, gravitational lenses, dark mat-
ter in galaxy clusters, the Moon landing,
robotic exploration of Mars and the epic
crossing of the Heliopause, the accelerat-
ing expansion of the Universe, the detec-
tion of gravitational waves and supermas-
sive black holes, etc. Thirteen Nobel priz-
es in Physics have been awarded to astro-
physicists since 1921 when Einstein ex-
tended Newton’s theory of gravity to the
General Theory of Relativity.

This article aims to present a flavor
of representative discoveries in solar and
heliospheric physics, astrophysics and cos-
mology which took place during the last
century.The list of astronomical discover-
ies is very long and by no means exhaus-
tive, as it cannot present all revolutions
that have happened in Astronomy since
the turn of the 20t century. In fact today,
our understanding of the Universe we
live in has changed dramatically since the
founding of the IAU, just one century ago
(1919).The Universe is (several billions of

Figure 2: The distribution of the 82 national IAU members.



light years!) larger since the Big Bang, it is
more diverse and more dynamic than any-
body could have ever imagined. And much
is still unknown. The recent detection of
gravitational waves just opened another
new window — who knows what we will
see from there. Just this month of April
(2019) from such a new window we were
able to see the shadow of a several billion
solar masses black hole in the center of
the distant giant galaxy M87.

The following two tables of discover-
ies in the period 1905-1921 (Table A) and
1921-1933 (Table B) are indicative of the
last 100 year’s astronomical discoveries.
The remaining several tables covering the
period 1933-2019 cannot be displaced in
the present article, due to lack of space.
The interested reader may find them in
the book Above and Beyond which is pub-
lished in Greek by the author (2019).

Let us start with Solar and Helio-
spheric Physics. In the late 1950s, Eu-

gene Parker proposed the idea of the
supersonic solar wind and predicted the
so-called Parker spiral shape of the so-
lar magnetic field in the outer solar sys-
tem. Parker also theorized an explanation
for the superheated solar atmosphere,
the corona, which is —contrary to what
was expected by physics laws— hotter

Figure 3:

From the visit

of Henry Norris Russell
to the National
Observatory

of Athens (1937).
Credit: NOA.

than the surface of the sun itself. Specif-
ically, he proposed (1987) that the solar
corona might be heated by a myriad of ti-
ny "nanoflares", miniature brightenings re-
sembling solar flares that would occur all
over the surface of the Sun. His books, es-
pecially Cosmical Magnetic Fields, have been
read by generations of investigators.

Table A

Important discoveries/breakthroughs: 1905-1915 Important discoveries/breakthroughs: 1915-1921

Discovery of:

Researcher(s): Discovery of: Year Researcher(s)

The Special Theory of Relativity 1905 | Albert Einslein, Swiss Patent Oflice, Bern, = ‘ The General Theory of Relativity | 1915 | Albert Einstein, Germany

Switzerland (Nobel prize in Physics 1921)
The first astrophysical jet from the | 1908 | Heber Curtis, Lick Observatory, California, A model for a static Universe 1917 | Albert Einstein, Germany
elliptical galaxy M8&7 USA
Shapley’s model of the Galaxy 1918 | Marlow Shapley, AwsvOuvnig tov Harvard

1908 | George Hale, Mount Wilson Solar

Strong magnetic fields in Sunspots
8 Magnetic P Observatory, USA.

using glaobular clusters College Observatory 1921-1952

energy source of the Sun

1 -avitational deflecti light 1919 | Arthur Edding Cambridge, UK
The White Dwarts 1910 | Williamina Fleming, Edward Pickering, I gt:i:,]‘id:;.?’& IdQ ?oe[t]tllzgljrf elcgii se e Bddnston, Camfridze
Henry Norris Russell, Cambridge MA,USA s = - P
== T 1912 | Henry Norris Russell, Harlow Shapley, . The Shapley—Curtis Debate 1920 | Harlow ‘bha};‘yleyj quvz?ld Qbservatory,
= L Tleber Curtis. Lick Observatory, USA
and Princeton, USA ; — - -
Observation of first redshifts in the | 1912 | Vesto Slipher, Lowell Observatory, AZ, I' ) ‘ Thermonuclear fusion as the 1920 | Arthur Eddington, Cambridge, UK

spectral lines of «spiral nebulae» USA i T

The period/luminosity relation in | 1912 | Henrietta Leavitt, Harvard College 1hs i el et TEpA| | Miagth Nl S, Lt

y
the Cepheid variable stars Obscrvatory, Cambridge, MA, USA -‘ﬁ
The Hertzsprung — Russel diagram | 1914 | Ejnar Hertzsprung, Potsdam, Henry Norris 3
r
1

Interferometric measurement of 1921 | Albert Michelson, USA (Nobel prize in
the diameter of red giant stars Physics 1907), experimental
determination of the speed of light

Russel, Princeton, USA

The stellar mass-luminosity 1915 | Jacob Halm, Cape South Observatory, Ejnar|
relationship

Hertzsprung, Potsdam

Table B
Important discoveries/breakthroughs: 1927-1933

Important discoveries/breakthroughs: 1921-1925

Discovery of: Year ‘

Researcher(s)

Discovery of:

Researcher(s)

Photocxcitation and photoioniza- [ 1921 | Henry Russcl, USA, (1921), D. Menzel, The expansion of the Universe - 1927 | Georges Lenuitre, Katholieke w!
tion of the interstellar medium USA, (1924), B. Stromgren, Aavia, «The Primeval Atom» Universiteit Leuven, Belgium -

1939) f

- N - ( - - - The diflerential rotation of the 1927 | Jan Oort, Leiden, Odhovdia ]

Friedmann’s model of the Universe | 1922 | Alexander Friedmann (1922, 1924), L Galaxy

EZFA i

A P F «Nebulli 5 o S § B dFin

Distribution of stars in the Galaxy | 1922 | Jacob Kapteyn, OMAavdio - ::?;:i}z:ﬁz;;:ﬂ i]ll:glglzrg>z>+11nes 1927 {lhi iziz%:;%rz:‘l:,dif/} fist director of
and the mass density in the disk of Ly
the Galaxy The theory of White Dwarfs 1929 | S. Chandrasekhar, Un. of Chicago, USA
Tonization states of ions in stellar | 1923 | Ralph Fowler, UK (introduced Dirac, = ] (Nobel prize in Physics 1985), Wilhelm

Anderson, Estonia

atmospheres Lennard-Jones, Birkhoff, to quantum |
theory), Edward Milne UK, (1923, 1924) The quantum barrier penetration in | 1929 | Fritz Houtermans, Germany, Robert
The theory of stellar internal 1924 | Arthur Eddington, Cambridge, UK i solar thermonuelear reactions Atkinson, USA a b
structure and evolution (1916-1924) 2 The recession of the nebulae 1929 | Edwin Hubble, Camegie Institutions, Q_ \
The spiral nebulae are extragalactic | 1925 | Knut Lundmark, Zoundia, Edwin = j Mount Wilson Obscrvatory, California, \3
systems Hubble, USA (1920, 1925) USA
> : - . . q
The rotation of the Galaxy 1925 | Bertil Lindbland, Zovndia Ay The dark matter in clusters of 1933 | Fritz Zwicky, USA/EABetia Q
- | galaxies

The composition of the stars 1925 | Cecilia Payne-Gaposhkin, Harvard, USA & -

T

E

10 HIPPARCHOS | Volume 3, Issue 2



In 2017, NASA renamed the Solar
Probe mission for Eugene Parker, the S.
Chandrasekhar Distinguished Service Pro-
fessor Emeritus, Department of Astronomy
and Astrophysics at the University of Chica-
go.This is the first NASA mission that has
been named for a living individual. The Park-
er Solar Probe (PSP) will swoop to with-
in 6.4 million km of the Sun's surface, fac-
ing heat and radiation like no spacecraft be-
fore it. Launched in August 12t, 2018, the
Parker Solar Probe has already started pro-
viding new data on solar activity and mak-
ing critical contributions to our ability to
forecast major space-weather events that
impact life on Earth. The PSP aims to un-
lock the mysteries of the corona and also
to protect our society that is increasingly
dependent on technology from the threats
of space weather.

A solar prominence (a filament
when viewed against the solar disk) is a
large, bright feature extending outward
from the Sun’s surface. Prominences are
anchored to the Sun’s surface in the pho-
tosphere, and extend outwards into the
Sun’s hot outer atmosphere, the corona.
A prominence forms over timescales of
about a day, and stable prominences may
persist in the corona for several months,
looping hundreds of thousands of kms in-
to space. The red-glowing looped materi-
al is hot plasma, comprised of electrically
charged hydrogen and helium.The prom-
inence plasma flows along a tangled and
twisted structure of magnetic fields gen-
erated by the sun’s internal dynamo. An
erupting prominence occurs when such
a structure becomes unstable and bursts
outward, releasing the plasma.

Another explosive solar structure is
solar jets: we have shown via numerical
simulations (Fig. 7 ) that they can be un-
derstood as the result of the interaction of
emerging magnetic flux from the solar inte-
rior via magnetic buoyancy with preexisting
magnetic flux in the solar atmosphere.

Figure 6: A solar eruptive prominence as seen
in extreme UV light on March 30, 2010. Credit:
NASA/SDO.
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Figure 4: Eugene Parker, professor emeritus at the University of Chicago, visiting the spacecraft that
bears his name: NASA’s Parker Solar Probe. Standing behind Parker is prof. S. Krimigis, former Head of
the Space Department (1991-2004), Johns Hopkins University, Applied Physics Laboratory. Engineers in
the clean room at the Johns Hopkins Applied Physics Laboratory in Laurel, Maryland, where the Probe
was designed and is being built point out the instruments that will collect data as the mission travels
directly through the Sun’s atmosphere. Credit: NASA/Johns Hopkins APL/Ed Whitman.

STEREO-A: 12/16/2008 14:00:00

Angle Around Sun (degrees)

10
Angle from Sun (degrees)

Figure 5: One of the most significant results of the STEREO mission has been the 3-dimensional map-
ping of the solar wind inhomogeneities which are caused by coronal mass ejections (CMEs).These CMEs
start from the solar base and move through the interstellar medium towards Earth and beyond it, shap-
ing thus the conditions of Space Weather. Credit: picture kindly provided by Dr Angelos Vourlidas, from
Howard et al, The Astrophysical Journal, 754, article id. 102, 10 pp. (2012).

Figure 7: A 3-dimensional visualization of the production of solar jets, via numerical simulations, from
the article Recurrent solar jets in active regions, by V. Archontis, K. Gontikakis and K.Tsinganos, As-
tronomy & Astrophysics,Vol. 512, p. L2-L4 (2010). The blue lines represent the existing magnetic flux
on the solar photosphere which interact with an emerging from the solar interior magnetic flux (green
lines). After magnetic reconnection of these two magnetic flux systems, the red and orange magnetic
lines are produced. The brown sheets represent the surfaces of equal velocity in the formed jets. The
visualization corresponds at two times, t = 144 (left) and t = 184 (right).
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During the solar eclipse of March
29t 2009, the path of totality of the
Moon’s shadow began at sunrise in Bra-
zil and extended across the Atlantic to
Africa, traveling across Ghana, the south-
eastern tip of Ivory Coast, Togo, Benin, Ni-
geria, Niger; Chad, Libya, and a small cor-
ner of northwest Egypt and from there
across the Mediterranean sea to Kas-
tellérizo. From 1:51:59 till 1:55:00 pm the
little island of Kastellorizo was immersed
in the dark. A large group, including the
author, from the Section of Astrophysics
of the Dept. of Physics of the University
of Athens, participated in the internation-
al expedition to observe this eclipse, tak-
ing therein this picture (Fig. 8).

On the 20t of July 1969, a histori-
cal milestone took place: Neil Armstrong
became the first man to set foot on the
Moon. There, he spoke the now-famous
words: “That’s one small step for [a] man,
one giant leap for mankind.” This memora-
ble moment was broadcasted live around
the world on television and radio. It be-
came the most watched TV programming
up to that date, with over 500 million view-
ers worldwide, and was covered heavily in
the press. This event has also help a last-
ing impression in popular culture, including
reference and portrayal in film, television,
video games, folklore, literature and more.
This moment was integral and influential
for astronomy and space travel research.
Not only does this event hold importance
for the space industry, but also for human-
kind. Sending two astronauts into space,
landing smoothly on the Moon and re-
turning them safely to Earth was a dream
many believed to be impossible. This huge
achievement allowed for the conception
and development of more human space-
flight missions.

The lightweight (10.6 kg) wheeled ro-
botic Mars rover Sojourner (Pathfind-
er), became the first rover to operate
outside the Earth-Moon system (Fig. 10).
It is equipped with the Alpha Particle X-
ray Spectrometer (APXS, developed by the
team of Dr Thanasis Economou at the
Un. of Chicago) to determine the com-
position of Martian rocks. It found all the
elements except hydrogen, which con-
stitutes just 0.1 percent of the rock’s or
soil's mass. The APXS works by irradiat-
ing rocks and soil samples with alpha par-
ticles. The results indicated that the rocks
are much like Earth’s andesites, confirm-
ing past volcanic activity. The Pathfinder
marked the beginning of the robotic ex-
ploration of Mars which continues today

Figure 8: The total solar eclipse of March
29th, 2006, as seen at Kastellorizo. Credit: Un.
of Athens, Dept. of Physics, Section of Astro-
physics.

That's one small
#Step for a man,
ong giant leap

s A e e = St
Figure 9: The 20th of July 1969, Neil Arm-

strong becoming the first man to set foot on
the Moon. Credit: NASA.

Pathfinder, July 4™, 1997, 1% rover on a planet

Figure 11: Dark narrow streaks, called ‘recurring slope lineae’, emanate from the walls of Garni Crater on
Mars. According to NASA, the above images captured about two weeks apart, show the growth of flows
seen near the equator. Credit: NASA’s Goddard Space Flight Center and NASA/JPL/University of Arizona.

with NASA’s InSight (Interior Exploration
using Seismic Investigations, Geodesy and
Heat Transport) mission which landed on
Mars on November 26, 2018.

Mars is drier than the most arid des-
erts on Earth, yet we now know it har-

bors liquid water just beneath its surface.
Images from the HiRISE camera aboard
NASA’s Mars Reconnaissance Orbiter
spacecraft reveal seeps of moisture slid-
ing down steep Martian cliffs that come
and go with the seasons (Fig. 11). These
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dark streaks, called recurring slope lineae,
appear on sun-facing hillsides, often in-
side craters. They usually advance slowly,
over days or weeks, before fading away at
summer’s end. Dissolved salts lower the
water’s freezing point, perhaps explain-
ing why flows are seen even at low tem-
peratures.The water doesn’t collect into
streams or lakes like it might on Earth. In-
stead, it evaporates into the dry Martian
air; leaving behind telltale traces of salt.
Jupiter, is best known for its colorful
storms, the most famous being the Great
Red Spot. By using the ultraviolet capabil-
ities of NASA’s Hubble Space Telescope,
combined with the in situ measurements
of the Juno mission, another beautiful fea-
ture of the planet, is its intense auroras.
In fact, Jupiter’s magnetosphere is 20,000
times stronger than Earth’s. Not only are
Jupiter’s auroras huge in size, but they
are also hundreds of times more ener-
getic than auroras on Earth. It is useful
to determine how Jupiter’s auroras re-
spond to changing conditions in the solar
wind. For example, the Juno mission has
observed signatures of powerful electric

Figure 12: The Jovian aurora captured by the
HST and the planet Jupiter captured by the
Juno spacecraft. Credit: NASA/HST.

Figure 13: A composite image showing plumes
of water vapor erupting at the 8 o’clock po-
sition off the limb of Europa, photographed
by NASA’s Hubble’s Space Telescope Imaging
Spectrograph, superimposed on image of Eu-
ropa assembled from data from the Galileo
and Voyager missions. Credit: NASA/HSTScl.
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potentials, aligned with Jupiter’s magnetic
field, that accelerate electrons toward the
Jovian atmosphere at energies up to 400
keV. This is 10 to 30 times higher than
the largest auroral potentials observed at
Earth, where only several keV are typical-
ly needed to generate the most intense
auroras — known as discrete auroras —
the dazzling, twisting, snake-like northern
and southern lights seen in places like
Alaska and Canada, northern Europe, and
many other northern and southern polar
regions. But, unlike those on Earth, Jupi-
ter’s auroras never cease.VWhile on Earth
the most intense auroras are caused
by solar storms — when charged parti-
cles raining down on the upper atmo-
sphere, exciting gases, and causing them
to glow red, green, and purple — Jupiter
has an additional source for its auroras:
the strong magnetic field of the gas gi-
ant grabs charged particles from its sur-
roundings (Fig. 12). This includes not on-
ly the charged particles within the solar
wind, but also the particles thrown into
space by its orbiting moon lo, known for
its numerous and large volcanos.

When Galileo discovered Jupiter’s
moon Europa in 1610, along with three
other satellites whirling around the giant
planet, he could have barely imagined it
was such a world of wonder. This reve-
lation didn’t happen until 1979, when
NASA’s Voyager 1 and 2 spacecrafts flew
by Jupiter and found evidence that Euro-
pa’s interior, encapsulated under a crust

Figure 14: (top):Vid Flumina, a river of liquid methane and ethane on Saturn’s moon Titan. Image credit:
NASA/JPL-Caltech/ASI. (bottom).The Nile river. Image credit: NASA.

of ice, has been kept warm over billions
of years.The warmer temperature is due
to gravitational tidal forces that flex the
moon’s interior — like squeezing a rub-
ber ball — keeping it warm. At the time,
it was speculated that the Voyagers might
catch a snapshot of geysers on Europa.
Such activity turned out to be so elusive
that we had to wait over three decades
for the peering eye of Hubble to mon-
itor Europa for signs of venting activi-
ty. A newly discovered plume seen tow-
ering more than about 100 kilometers
above the surface in 2016 is at precise-
ly the same location as a similar plume
seen on this moon two years earlier by
Hubble (Fig. 13). These observations bol-
ster evidence that the plumes are a real
phenomenon, flaring up intermittently in
the same region on Europa.The location
of the plumes corresponds to the posi-
tion of an unusually warm spot on Eu-
ropa’s icy crust, as measured in the late
1990s by NASA’s Galileo spacecraft. It is
speculated that this might be circumstan-
tial evidence for material venting from
the moon’s subsurface. The water in the
plumes is believed to come from a sub-
surface ocean on Europa and could be as-
sociated with the global ocean that is be-
lieved to be present beneath the frozen
crust.The plumes offer an opportunity to
sample what might be in the ocean, in the
search for life on that distant moon.
Figure 14 is the first ever image of a
400 km-long river in an alien world, cap-
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tured by NASA’s Cassini spacecraft. Vid
Flumina is a river of liquid methane and
ethane on Saturn’s moon Titan. The
river has been compared to the Nile. It
is more than 400 km long and flows into
Titan’s second largest hydrocarbon sea,
Ligeia Mare. Radar studies show thatVid
Flumina and its tributaries flow through
canyons about one km wide and 0.57 km
deep, with slopes of about 40°. Flowing
methane was detected in the channels.
The elevation of the main channel was
found to be within 1 m of that of Ligeia
Mare, while tributary channels have high-
er elevations. The canyons are thought
to have formed by erosion stimulated ei-
ther by uplift of the area or a decline in
the level of Ligeia Mare.

A historic crossing of the Heliopause
by Voyager 1 took place in 2012 at 122 AU
(Fig. 15). Voyager 1 is already now travel-
ling in the ISM, heading towards the near-
est star (Fig. 16). A prominent role in the
exploration of the planetary system has
been played by prof. S. Krimigis, former
Head of the Space Department (1991-
2004), Johns Hopkins University, Applied
Physics Laboratory and his instruments.

Turning next to major discoveries in
Astrophysics, we should first mention
the role of the Hubble Space tele-
scope (HST), which in its almost 30
years life till now (1990-2019) has re-
corded some of the most detailed vis-
ible astronomical images ever, allowing a
deep view into space and time. Many of
the HST observations have led to break-
throughs in astrophysics, such as accu-
rately determining the rate of expansion
of the Universe. HST has produced an
amazing outcome till now: about 15.000
publications with 700.000 citations, more
than 2 papers per day and 20% of as-
tronomy papers give a reference to HST
while more than 600 PhD thesis are
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Figure 15. (left): Readings from the instrument LAT on Voyager 1 consisting of collisions of greater than
0.5 MeVInuc nuclei, principally protons, sensitive to low-energy phenomena in interplanetary space.
Credit: NASA. (right):The new bubble-like symmetric shape of the heliosphere with label (a) observed
by Voyager and Cassini, proposed in the article of K. Dialynas, S.M. Krimigis, D.G. Mitchell, R.B. Decker
and E.C. Roelof, Nature Astronomy, Vol. 1, 2017.The inset with label (b) refers to the old magneto-

sphere-like heliotail model used till now.
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Figure 16: According to the data of Fig. 15 (above-left), Voyager 1 crossed the Heliopause in August
2012. Logarithmic scale of the Solar System with Voyager 1’s position. Gliese 445 on the far right, by way
of contrast, is approximately at a distance 10,000 times further from the Sun than Voyager is now.

based on its findings. The NASA chart
at the left depicts the evolution of de-
tecting the early Universe, from ground-
based space telescopes to HST and the
future JWST.

Located 1.500 light-years away from
Earth, the Orion nebula is our clos-

- Hubﬁle Probes the- Early Universe

est massive star-formation factory, con-
taining several thousand young stars with
disks surrounding them. A composite
image from NASA’s Hubble and Spitzer
Space Telescopes shows the Orion neb-
ula in an explosion of infrared, ultravio-
let and visible-light colors (Fig. 18). This

Figure 17: lllustration of ground based observatories, the Hubble Space telescope and the upcoming James Webb Space telescope, in probing the early Uni-
verse. lllustration Credit: NASA, ESA, and A. Feild (STScl).
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image was painted by hundreds of baby
stars on a canvas of gas and dust, with in-
tense ultraviolet light and strong stellar
winds as brushes. At the heart of this art-
work is the set of the four monstrously
massive stars, the Trapezium.These behe-
moths are approximately 100,000 times
brighter than our sun. Their community
can be identified as the yellow smudge
near the center of the composite. The
swirls of green are ultraviolet emission
by hydrogen and sulfur gases heated by
intense ultraviolet radiation from the Tra-
pezium'’s stars.Wisps of red, also detect-
ed by Spitzer, indicate infrared light from
illuminated clouds containing carbon-rich
molecules of polycyclic aromatic hydro-
carbons. [On Earth, polycyclic aromatic
hydrocarbons are found on burnt toast
and in automobile exhaust]. Additional
stars in Orion are sprinkled throughout
the image in a rainbow of colors. Spitzer
exposed infant stars deeply embedded in
a cocoon of dust and gas (orange-yellow
dots). HST found less embedded stars
(specks of green) and stars in the fore-
ground (blue). Stellar winds from clusters
of newborn stars scattered throughout
the cloud etched all of the well-defined
ridges and cavities.

The Orion Nebula

NASA / JPLCaltech / T. Megeath [University of Toledo] & M. Robberto [STSel]

Figure 18: The Orion nebula, photographed by the Hubble and the Spitzer Space

telescope. Credit: NASA.
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HST views of three gaseous jets
in Figure 19 from three newly forming
stars have shown a level of detail in the
star formation process, which has helped
to solve decade-old questions about the
secrets of star birth. (Upper left): View
of the protostellar object HH-30 reveal-
ing an edge-on disk of dust encircling a
newly forming star. Light from the form-
ing star illuminates the top and bottom
surfaces of the disk, making them visible,
while the star itself is hidden behind the
densest parts of the disk. (Upper right):
View of the more distant jet in the ob-
ject HH-34 shows a remarkable bead-
ed structure. This structure is produced
by a machine-gun-like blast of ’bullets’
of dense gas ejected from the star at
speeds of 800 thousand kilometres per
hour. The scale in both images is 1.000
AU. (Bottom image): This view of HH-47
reveals a very complicated jet pattern
that indicates the star (hidden inside a
dust cloud near the left edge of the im-
age) might be wobbling, possibly caused
by the gravitational pull of a companion
star. Although the outflow is bipolar, on-
ly one jet is visible. The counterjet is in-
visible as it is moving away from Earth
into the dark cloud that hosts the star

s5c2006-21a

Jets from Young Stars
£ OPO - June B, 1995
s J. Hester (AZ State U}, J, Morse (!

inside it. At infrared wavelengths, how-
ever, it is clearly visible.The object is at a
distance of about 1470 light years in the
constellation Vela and the length of the
visible jet is about one light year, while
the overall actual size of the complex is
about 10 light years.

HL Tauri is a very young T Tauri star
in the constellation Taurus, approximate-
ly 450 light-years from Earth in the Taurus
Molecular Cloud. The luminosity and ef-
fective temperature of HL Tauri imply that
its age is less than 100.000 years. It is sur-
rounded by a protoplanetary disk (Fig.20)
with size about 300 AU, greater than our
solar system, marked by dark bands visible
in submillimeter radiation that may indi-
cate a number of planets in the process of
formation. All stars are believed to form
within clouds of gas and dust that collapse
under gravity. Over time, the surrounding
dust particles stick together; growing into
sand, pebbles, and larger-size rocks, which
eventually settle into a thin protoplanetary
disk where asteroids, comets, and planets
form. Once these planetary bodies acquire
enough mass, they dramatically reshape
the structure of their natal disk, fashioning
rings and gaps as the planets sweep their
orbits clear of debris and shepherd dust

il
HST - WFPC2

Scl), MASA

Figure 19: Three Herbig-Haro objects, clockwise from top: HH30,
HH34 and HH47, photographed by the HST. Credit: C. Burrows (STScl
& ESA), J. Hester (Arizona State University), |. Morse/STScl and NASA.

Figure 20:

The HL Tau
protoplanetary
disk, with a size
of about 300 AU.
Credit:

ALMA (NRAO/
ESO/NAQ)J);

C. Brogan,

B. Saxton
(NRAO/AUIINSF)
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and gas into tighter and more confined
zones. This HL Tau disk is also accompa-
nied by the Herbig—Haro object HH 151,
wherein a jet of gas emitted along the ro-
tational axis of the disk is colliding with
nearby interstellar dust and gas.

51 Pegasi b, is an extrasolar plan-
et approximately 50 light-years away in

the constellation of Pegasus. It is the first
exoplanet to be discovered orbiting a
main-sequence star, the Sun-like star 51
Pegasi. It marked a breakthrough in as-
tronomical research and it is the proto-
type for a class of planets called hot Ju-
piters. In 2017, traces of water were dis-
covered in the planet’s atmosphere.

1995: Discovery of first exoplanets

(Michel Mayor and Didier Queloz, Geneva Observatory, Switzerland)
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Figure 21: (left). The light curve of 51 Pegasi b, giving its radial velocity as a function of the phase of
the orbital motion around the center of mass of the binary system. Credit: G. Marcy P. Butler, San Fran-
cisco State University. (right). Light curve of the slight dimming of the star HD 209458 due to a planet
passing directly in front of it, HST/STIS, April-May 2000. Credit: NASA,T. M. Brown, D. Charbonneau, R.

L. Gilliland, R.W. Noyes, & A. Burrows.
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Figure 22: Cumulative
detection of exoplan-
ets grouped by discovery
method. Credit: NASA Ex-
oplanet archive https://
exoplanetarchive.ipac.
caltech.edu.
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Figure 23: Stellar orbits at the meridional plane of axisymmetric galaxies. (a) Far away from resonances
(B) near the resonance 2/3 (y) near the resonance 5/4.

The radial reflex motion of a star
in response to an orbiting planet can
be measured through precise Doppler
measurement, revealing the period, dis-
tance and shape of the orbit and pro-
viding information about the orbiting
planet’s mass. The detection of plane-
tary transits is among the oldest planet
detection methods. Other less efficient
methods are direct imaging, gravitation-
al microlensing, astrometry, timing varia-
tions and orbital brightness modulation.

In the area of Galactic Dynamics,
some of the most important discoveries
have been made by prof. George Conto-
poulos and his group:

* The “third integral” (1960), which ex-
plains the shapes of stellar orbits in a
galaxy.

* He developed (1966) numerical pro-
grams for calculating higher order
terms of the third integral and gave
for it a series expansion, which does
not converge near stable periodic or-
bits but it does converge near unsta-
ble periodic orbits, wherein there is
chaotic behavior and hence it is use-
ful to study chaotic orbits. Another
related contribution is the proof that
resonance overlap creates chaos.

* He has shown (1971) that galactic spi-
rals are trailing and not leading.

* He developed the nonlinear theo-
ry of galactic spirals, as density waves
(1979).

* In 1980 he has shown that galac-
tic bars end at corotation, while the
most prominent galactic spirals in
nonbar galaxies end near the reso-
nance 4/1 (1985). Also, he has shown
that galactic spirals (outside corota-
tion) consist of chaotic orbits and
provided an analytical expression of
these stellar orbits.

* Chaotic behavior was found around
two black holes, actually the first dis-
covery of chaos in General Relativity
(1990).

* In 1994 it was found that the spectra
of various dynamical systems are co-
variant and in the areas of chaotic or-
bits there exist small regions of orga-
nized orbits.

* In 2006 they studied order and cha-
os in quantum mechanics (de Broglie
— Bohm theory) and found new cas-
es of integrable systems. The condi-
tions under which a density distribu-
tion tends to the limiting distribution
|W|2 of quantum mechanics (where W

HIPPARCHOS | Volume 3, Issue 2



is the wave function) were calculated
and also several cases where chaotic
behavior does not cover all space.

The P-Pdot diagram is very useful
for following the lives of pulsars, play-
ing a role similar to the Hertzsprung-
Russell diagram for ordinary stars. It en-
codes a tremendous amount of informa-
tion about the pulsar population and its
properties, as determined and estimated
from two of the primary observables, P
and Pdot (Fig. 24). Using those param-
eters, one can estimate the pulsar age,
magnetic field strength B, and spin-down
power E.In the horizontal axis is the pe-
riod ranging from about 1 msec for the
fastest-spinning pulsar known, at present,
which rotates once every 1.4 millisec-
onds, that’s 716 times per second. Until
now, the slowest-spinning pulsar is locat-
ed in the constellation Cassiopeia some
5,200 light-years away from Earth, and
spins at the much slower rate of once
every 23.5 seconds. Almost all short-pe-
riod pulsars below the spin-up line are
in binary systems, as evidenced by peri-
odic (i.e. orbital) variations in their ob-
served pulse periods.

Figure 25 is a diagram showing the ev-
idence that the Binary Pulsar B1913+16
(the Hulse-Taylor pulsar) emits gravita-
tional radiation. As gravitational radiation
carries energy away from the binary sys-
tem, the orbit loses energy, the stars spi-
ral in toward each other, and the pulsar
runs “early” in its orbit.The dots are mea-
surements of how early the pulsar is in
its orbit, while the curve represents the
expected behavior if gravitational waves
are carrying energy away from the sys-
tem at the rate predicated by Einstein’s
Theory of General Relativity. The excel-
lent agreement between observation and
theory represents the strongest current
evidence for the existence of gravitation-
al radiation.

The first direct detection of grav-
itational waves and the first obser-
vation of the collision and merger of
a pair of black holes took place at the
14th of Sept 2015 (GW150914). Two
black holes with masses of about 36
times and 29 times the mass of the Sun,
merged while the post-merger merger
spinning black hole had a mass of about
62 times the Sun’s mass.The GW150914
occurred at a distance of more than one
billion light years. Figure 26 shows the
reconstructed gravitational-wave strain
(as seen by LIGO at Hanford) with the
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Figure 24: The P-Pdot diagram for pulsars.
Credit: The Un. of Manchester, Jodrell Bank
Observatory.
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Figure 25: Credit:Timing Measurements of the
Relativistic Binary Pulsar PSR B1913+16J. M.
Weisberg, D.J. Nice, and |.H.Taylor, Astrophysi-
cal Journal, 722, 1030-1034, 2010.
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Figure 26: Some key results of the analysis of GW1509 14, compa-ring the reconstructed gravitational-
wave strain (as seen by H1 at Hanford) with the predictions of the best-matching waveform computed
from general relativity, over the three stages of the event: inspiral, merger and ringdown. Also shown are
the separation and velocity of the black holes, and how they change as the merger event unfolds.
Credit: LIGO Virgo Collaboration (https://www.ligo.org/science/Publication-GW 1509 14/).

predictions of the best-matching wave-
form computed from general relativity,
over the three stages of the event: in-
spiral, merger and ringdown. Also shown
are the separation and velocity of the
black holes, and how they change as the

merger event unfolds. The gravitation-
al-wave power radiated by GW150914
was more than ten times greater than
the combined luminosity (i.e. the light
power) of every star and galaxy in the
observable Universe.



LIGO - Virgo

Figure 27:

Timeline of the discovery of GW170817
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Apparent Superluminal Motion
in the Quasar 3C 279 (Fig. 28): during
the interval of 6 years (1998-1992), blob
B ejected from the Quasar has moved
at a projected distance of about 25
light years. Thus, its apparent speed was
about 4c. However, this can be under-
stood as if B is moving with a speed very
close to ¢, at an angle of 2 degrees with

respect to the line from the observer to
the center A of the quasar.
Observations of astrophysical jets in
the radio, visible, X-rays, etc, as in Fig. 29,
show that these jets retain a self-simi-
lar structure as we “zoom in”, from the
largest scale of Mpc (e.g., in Cygnus A, M87,
NGC 6251, Hercules A, etc) to the small-
est observed scale yet observed (a few pc).

This fact has sparked an analytical descrip-
tion of astrophysical jets by the author and
his collaborators, by using self-similar solu-
tions of the full set of the magnetohydro-
dynamic (MHD) equations (examples are
shown in Fig. 30). It has been shown that
there exist three cases of selfsimilar MHD
solutions, those characterized by meridion-
al, radial and planar selfsimilarity. This classi-

fication includes as special cases all known
models for MHD astrophysical outflows,
such as the classical Parker description of
a stellar wind, or, the Blandford & Payne
model of a magnetorotational disc-wind.
Additionally, a new integral is derived for
the transition of an outflow from an effi-
cient magnetic rotator with a collimated
jet to an inefficient magnetic rotator with a
radial wind [Sauty, C., & Tsinganos, K., A&A,
Vol.287,p.893 (1994)].

Spectacular jets powered by the
gravitational energy of a supermassive
black hole in the core of the elliptical gal-
axy Hercules A (Fig. 31) illustrate the
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Figure 28: Apparent Superluminal Motion in the Quasar 3C 279.Credit: NRAO.
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Figure 29:

Radio observations of two AGN jets,

MB87 (left) and Cygnus A (right) on scales
from hundreds of thousands of light-years
imaged with the Very Large Array to the
sub-light-years scale probed with mm-VLBI.
Self similarity of the jet structures in scales
1: 10% is evident.

Credit:

Boccardi, B., Krichbaum, T.P, Ros, E. et al.
Astron. Astrophys. Rev. (2017) 25: 4.
https://doi.org/10.1007/s00159-017-0105-6.

Figure 30:

Poloidal streamlines of three meridionally
self-similar MHD solutions with: radial
asymptotics in a), cylindrical asymptotics
without oscillations in b), collimation with
oscillations in c).

[From Sauty, Tsinganos & Trussoni, A&A 389,
1068-1085 (2002)].

Figure 31:

Spectacular jets powered by the gravitational
energy of a supermassive black hole in the
core of the elliptical galaxy Hercules A.

The elliptical galaxy harbors a 2.5-billion-
solar-mass central black hole, that is 1,000
times more massive than the black hole in
the Milky Way.

The VLA radio data reveal enormous, optical-
ly invisible jets that, at 1.5 million light-years
wide, dwarf the visible galaxy from which they
emerge.

Credit: Hubble Space Telescope’s Wide Field
Camera 3, and the Karl G. Jansky Very Large
Array (VLA) radio telescope in New Mexico.



combined imaging power of two of as-
tronomy’s cutting-edge tools, the Hubble
Space Telescope’s Wide Field Camera 3,
and the recently upgraded Karl G. Jansky
Very Large Array (VLA) radio telescope
in New Mexico.

Some two billion light-years away,
the yellowish elliptical galaxy in the cen-
ter of the image appears quite ordinary
as seen by Hubble in visible wavelengths
of light. The elliptical galaxy is rough-
ly 1,000 times more massive than the
bulge of our Milky Way and harbors a
2.5-billion-solar-mass central black hole
that is 1,000 times more massive than
the black hole in the Milky Way.

But the innocuous-looking galaxy, also
known as 3C 348, has long been known
as the brightest radio-emitting object
in the constellation Hercules. Emitting
nearly a billion times more power in ra-
dio wavelengths than our Sun, the galaxy
is one of the brightest extragalactic radio
sources in the entire sky.

The VLA radio data reveal enormous,
optically invisible jets that, at 1.5 million
light-years wide, dwarf the visible gal-
axy from which they emerge.The jets are
very-high-energy plasma beams and mag-
netic fields shot at nearly the speed of light
from the vicinity of the black hole. The
outer portions of both jets show unusual
ring-like structures suggesting a history of
multiple outbursts from the supermassive
black hole at the center of the galaxy.

The innermost parts of the jets are

locity of the material; relativistic effects
confine all of the light to a narrow cone
aligned with the jets, and so that light is
not seen by us. Far from the galaxy, the
jets become unstable and break up in-
to the rings and wisps.The entire radio
source is surrounded by a very hot, X-
ray-emitting cloud of gas, not seen in
this optical-radio composite.

Cosmic gamma ray bursts (GRBs)
were discovered by accident in the late
1960’s by satellites designed to detect
gamma rays produced by atomic bomb
tests on Earth.The GRBs appear first as
a brilliant flash of gamma rays, that ris-
es and falls in a matter of minutes. These
bursts are often followed by afterglows
at X-ray, optical and radio wavelengths. A
major leap forward in understanding the
source of cosmic GRBs was made when
the Burst and Transient Source Experi-
ment (BATSE) was launched aboard the

Compton Gamma Ray Observatory in
1991 (Fig. 32). BATSE had an all-sky mon-
itor that was capable of detecting a GRB
virtually anywhere in the sky. Over a peri-
od of 9 years BATSE recorded thousands
of GRBs, about 1 per day. Among oth-
er things, these results showed that the
bursts occurred at random all over the
sky If the bursts were associated with ob-
jects in our Milky Way Galaxy, they would
not show such a universal distribution.
Rather, they would be concentrated along
the plane of our galaxy like most of the
matter in the Milky Way. The BATSE da-
ta was so good that it allowed astrono-
mers to also rule out the possibility that
the GRBs might be originating in the ha-
lo of our galaxy.

A simple way to achieve a high ef-
ficiency and a nonthermal spectrum in
the GRBs, which is currently the most
widely invoked explanation, is by recon

2704 BATSE Gamma-Ray Bursts

Figure 32:

CGRO/BATSE Gamma ray
Bursts, the most power-
ful explosions in the Uni-
verse dfter the Big Bang.
These BATSE data al-
lowed astronomers to rule
out the possibility that the
GRBs might be originating
in the halo of our galaxy.
Credit: NASA/GSFC.
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Visualisation of the fireball model for GRBs,

from Gehrels, N., Piro, L., & Leonard, P J.T,
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verting the kinetic energy of the flow in-
to random energy via shocks, after the
flow has become optically thin. Accord-
ing to this “fireball” model, we can
distinguish several stages explaining the
appearance of a GRB (Fig. 33):

1) The progenitor produces jets of ma-
terial consisting essentially of pack-
ets of electrons, ejected sporadically
in a particular direction.These pack-
ets are expelled at different ultra-rel-
ativistic speeds.

2) Very violent shocks take place when
these packets of electrons come in-
to contact with each other in inter-
nal shocks.The layers of material ex-
pelled at different speeds end up col-
liding, the fastest layers catching up
with the slowest. These shock fronts
will abruptly generate gamma rays
(prompt emission).

3) There are also external shocks
where these same layers of matter
interact later with the surrounding
environment of the progenitor. This
gives rise to less intense, less ener-
getic radiation, which is spread out
over time and composed of X-rays,
visible light and radio waves (the af-
terglow emission).

GRBs are the most powerful explosions
in the Universe after the Big. Bang. As
their distances are billions of light years,
in order that they are visible from such
large distances, they need to have huge
energies: in a few seconds their out-
put equals the energy the Sun emits
throughout all its life of billions of years.
At the same time GRBs are occuring
only once in a million of years in a gal-
axy. It is only because there exist billions
of galaxies that we observe them. How-
ever, if a GRB happens in our Galaxy with
its beam hitting the Earth, then, all life on
Earth would be extinguished!

At the center of our Milky Way
Galaxy lies a supermassive black
hole. Once a controversial claim, this
conclusion is now solidly based on 16
years of observations that map the or-
bits of 28 stars very near the galactic
center. Using European Southern Ob-
servatory telescopes and sophisticated
near infrared cameras, we have patient-
ly measured the positions of the stars
over time, following one star, designated
S2, through a complete orbit as it came
within about 1 light-day of the center of
the Milky Way (Fig. 34). The results con-
vincingly show that S2 is moving under

HIPPARCHOS | Volume 3, Issue 2

the influence of the enormous gravity of
a compact, unseen object — a black hole
with 4 million times the mass of the Sun.
The ability to track stars so close to the
galactic center accurately measures the
black hole’s mass and also determines
the distance to the center to be 27,000
light-years. This deep, near-infrared im-
age shows the crowded inner 3 light-
years of the central Milky Way.

M87 hosts a supermassive black
hole, lying at the center of this supergiant
elliptical galaxy. This black hole has swal-
lowed up a mass equivalent to 6.5 billion
times the mass of our Sun.The image in
Fig. 35 shows a bright ring formed as light
bends in the intense gravity around this
supermassive black hole. M87 has a ra-
dius of about 500.000 light years, but the
radius of the black hole is only 130 light
years. Around the galaxy there is a disk

1995-2016

extending up to 25.000 AU, while its in-
ner edges reach a few Schwarzchild ra-
dii Rgep,. The resolution needed to ob-
serve the shadow of the black hole (with
a radius of 2.6 Rgy,) is 20 parcseconds, at
the distance of 55 million light years of
M87, at the wavelength of 1.3 mm of the
Event Horizon Telescope (EHT) operat-
ing via VLBI. This long-sought image pro-
vides the strongest evidence to date for
the existence of supermassive black holes
and opens a new window onto the study
of black holes, their event horizons and
gravity.

A jet of electrons and other sub-
atomic particles traveling at nearly the
speed of light streams out from M87
and it was observed more than a centu-
ry ago by Curtis (1917).

The Coma Cluster at a mean dis-
tance of about 320 million light years

Figure 34: Orbits of stars
within the central 1.0x 1.0
arcseconds of our Galaxy. In
the background, is the cen-
tral portion of a diffraction-
limited image taken in 2016.
While every star in this image
has been seen to move over
the past 17 years, estimates
of orbital parameters are best
constrained for stars that have
been observed through at least
one turning point of their orbit.
The annual average positions
for these stars are plotted as
colored dots, which have in-
creasing color saturation with
time. Also plotted are the best
fitting simultaneous orbital so-
lutions. Credit: Keck/UCLA Ga-
lactic Center group.
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Figure 35: First image in false colour of the shadow of a black hole, using the Event Horizon Telescope’s
observations of the center of the galaxy M87. Credit: Event Horizon Telescope Collaboration.
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Figure 36:

A Sloan Digital Sky Survey/Spitzer Space
Telescope mosaic of the Coma Cluster

in long-wavelength infrared (red), short-
wavelength infrared (green), and visible
light. The central region is dominated by
two supergiant elliptical galaxies: NGC
4874 and NGC 4889. The many faint
green smudges are dwarf galaxies in the
cluster. The Coma Cluster consists of ap-
proximately 1,000 galaxies spread over
about two degrees on the sky — rough-
ly the size of our thumb held at arm's
length, and four times the size of the
Sun and the Moon seen from Earth. A
straightforward application of classical
mechanics, the virial theorem relates the
velocity of orbiting objects to the amount
of gravitational force acting on them.
Careful measurements of the light and
the galactic velocities in this cluster were
performed by Fritz Zwicky (1933). He
was thus able to calculate the total mass
of the Coma Cluster from his measured
galactic velocities. This led him to suggest
the existence of dark matter.

Credit: NASA/|PL-Caltech/GSFC/SDSS.

from Earth is a large cluster of galaxies
that contains over 1,000 identified galax-
ies, overwhelmingly elliptical and SO gal-
axies, with only a few spirals of younger
age (Fig. 36). It is located in and takes its
name from the constellation Coma Be-
renices. The cluster is within a few de-
grees of the north galactic pole on the
sky. In 1933 Fritz Zwicky showed that the
galaxies of the Coma Cluster were mov-
ing too fast for the cluster to be bound
together by the visible matter of its gal-
axies. Hence, about 90% of the mass of
the Coma cluster is believed to be in the
form of dark matter. Although the idea of
dark matter would not be accepted for
another fifty years, Zwicky wrote that the
galaxies must be held together by some
dunkle Materie.

In Cosmology, one of the observa-
tional foundations for the Big Bang model
is the observed expansion of the Uni-
verse. Measurement of the expansion
rate is a critical part of cosmology and it
has been found that the expansion rate is
very nearly “flat”. That is, the universe
is very close to the critical density,
above which it would slow down and col-
lapse inward toward a future “big crunch”.
One of the great challenges of astrono-
my and astrophysics is distance measure-
ment over the vast distances of the Uni-
verse. Since the 1990s it has become ap-
parent that type la supernovae offer a
unique opportunity for the consistent

Distant Type la Supernovae
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Figure 37: Measurement of the redshifts of the distant type la supernovae. Credit: Perimutter, S., Su-
pernovae, dark energy and the accelerating Universe, Physics Today 56, No. 4, 53, 2003.

measurement of distance out to perhaps
1000 Mpc. Measurement at these great
distances provided the first data to sug-
gest that the expansion rate of the uni-
verse is actually accelerating. That accel-
eration implies an energy density that
acts in opposition to gravity which would
cause the expansion to accelerate.This is
an energy density which we have not di-
rectly detected observationally and it has
been named “dark energy”.The data sum-
marized in Fig. 37 involve the measure-
ment of the redshifts of the distant su-

pernovae. The observed magnitudes are
plotted against the redshift parameter z.
Note that there are a number of Type 1a
supernovae around z=0.6, which with a
Hubble constant of 71 km/s/Mpc are at a
distance of about 5 billion light years.
Microwave observations of the
CMB provide a snapshot of the universe
when it was roughly 380,000 years old,
corresponding to a redshift z~1100. All-
sky microwave maps from the DMR (Dif-
ferential Microwave Radiometer) instru-
ment aboard the COBE satellite showed
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Figure 38: Graphic illustrating the evolution of satellites designed to measure the anisotropies of the
cosmic microwave background in 10-square-degree patches of all-sky maps. Image credit: NASA/JPL-

Caltech/ESA
Cosmic Microwave Background Spectrum from COBE
400 T T T T T T T T T
COBE Data —+—1
350 Black Body Spectrum —— |

300

250

200

Intensity [MJy/sr]

150

100

50

14 16 18 20 22

Figure 39: Data from COBE showed a perfect fit between the black body curve predicted by big
bang theory and that observed in the microwave background. Credit: Measurement of the Cosmic Mi-
crowave Background Spectrum by the COBE FIRAS Instrument, Mather et al. Astrophysical Journal,

420,439 (1994).

definitively that small amplitude intrin-
sic temperature variations (anisotropies)
existed in the CMB, at a level of about
1 in 100.000. Subsequent satellite mis-
sions with improved frequency cover-
age, polarization sensitivity, higher spatial
resolution and signal-to- noise include
WMAP (Wilkinson Microwave Anisot-
ropy Probe) and Planck. The three pan-
els in Fig. 38 illustrate how the increased
spatial resolution achieved with each new
generation of instruments has added to
our knowledge of the CMB. Each panel
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shows the same 10 square degree patch
of sky, but depicts how the same CMB
anisotropies would appear at the resolu-
tion of COBE/DMR (1989-1993), WMAP
(2001-2010) and Planck (2009-2013) sat-
ellite missions.

COBE measurements showed a
perfect fit between the black body curve
predicted by Big Bang theory and that
observed in the microwave background
(Fig. 39). The vertical axis “MJy/sr” corre-
sponds to 10° Jansky per steradian, where
a Jansky is 1026 Watts per square-meter

per Hertz. The horizontal axis (“1/cm”)
corresponds to the reciprocal of the mi-
crowave wavelength (in cm), which is
proportional to the microwave frequen-
cy.The error bars are too small to be dis-
played by a computer screen, but vastly
exaggerated error bars were included to
show the measured data points. In fact,
NASA’s comment on this famous original
picture is as follows: “The plot gives the
Cosmic Microwave Background (CMB)
spectrum plotted in waves per centime-
ter vs.intensity. The solid curve shows the
expected intensity from a single tempera-
ture blackbody spectrum, as predicted by
the hot Big Bang theory. A blackbody is a
hypothetical body that absorbs all elec-
tromagnetic radiation falling on it and re-
flects none whatsoever. The FIRAS data
were taken at 34 positions equally spaced
along this curve. The FIRAS data match
the curve so exactly, with error uncer-
tainties less than the width of the black-
body curve, that it is impossible to distin-
guish the data from the theoretical curve.
These precise CMB measurements show
that 99.97% of the radiant energy of the
Universe was released within the first
year after the Big Bang itself. All theories
that attempt to explain the origin of large
scale structure seen in the Universe to-
day must now conform to the constraints
imposed by these measurements.The re-
sults show that the radiation matches the
predictions of the hot Big Bang theory to
an extraordinary degree. See Mather et
al. 1994, Astrophysical Journal, 420, 439,
‘Measurement of the Cosmic Microwave
Background Spectrum by the COBE
FIRAS Instrument, Wright et al. 1994, As-
trophysical Journal, 420, 450, ‘Interpreta-
tion of the COBE FIRAS CMBR Spec-
trum,’ and Fixsen et al. 1996, Astrophysi-
cal Journal, 473, 576,"The Cosmic Micro-
wave Background Spectrum from the Full
COBE FIRAS Data Sets’ for details.”

Fig. 40 (next page) shows the CMB
angular power spectrum mea-
sured by WMAP and several balloon-
borne and ground-based experiments.
This angular power spectrum gives
the anisotropy of the CMB and con-
tains information about the formation
of the Universe and its current con-
tents. The angular power spectrum is a
plot of how much the temperature var-
ies from point to point on the sky (the
y-axis variable) vs. the angular frequen-
cy ell (the x-axis variable). For exam-
ple, ell=200 means that there are 200
cycles around the sky. These data are
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perfectly consistent with a flat Universe
that is dominated by a vacuum energy
density of cosmological constant which
provides 73 percent of the total density
of the Universe. Another 23 percent of

the density is dark matter. Only 4 per- remains excellent.
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Figure 40: The angular spectrum of the fluctuations in the WMAP full-sky map. This shows the rela-
tive brightness of the spots in the map vs. the size of the spots. The shape of this curve contains a
wealth of information about the history the universe. Based on the 7 year data release. Credit: NASA
| WMAP Science Team.
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cent of the density is ordinary matter
made of protons and neutrons. With
7 years of WMAP data, and improved
ground-based and balloon-borne ex-
periments, the consistency with ACDM

If we go all the way back in the Uni-
verse history, we arrive at a singularity,
where all matter and energy in the en-
tire Universe was condensed into a single
point, a singular event in spacetime. How-
ever, if that were the way things worked,
there would be a number of puzzles
based on the observations we have.

1) Why would the Universe have the
same temperature everywhere?! The
different regions of space from differ-
ent directions wouldn’t have had time
to exchange information and thermal-
ize, so there’s no reason for them to
be at the same temperature. Yet the
Universe, everywhere we looked, had
the same background 2.73 K temper-
ature.

2) Why would the Universe be perfect-
ly spatially flat? The expansion rate and
the energy density are two completely
independent quantities, yet they must
be equal to one part in 1024 in order
to produce the flat Universe we have
today.

cosmic microwave background

light

now

Figure 41: The first light of the universe — the afterglow of the Big Bang — emerged 375,000 years after the Big Bang. Patterns imprinted on this light encode
the events that happened only a tiny fraction of a second dfter the Big Bang. In turn, these patterns are the seeds of the development of the structures of gal-

axies we now see billions of years after the Big Bang. Credit: NASA | WMAP Science Team.
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3) Why are there no leftover high-ener-
gy relics, as practically every high-en-
ergy theory predicts? There are no
magnetic monopoles, no heavy, right-
handed neutrinos, no relics from the
era of grand unification, etc.

In 1979, the idea was proposed that an
early phase of exponential expansion
could solve all of these problems, and
would make additional predictions about
the Universe that we could go and look
for. This was the novel idea of cosmic
inflation. Figure 41 depicts the earliest
stages of the Universe, which set up the
initial conditions that everything we see
today has evolved from.

The early Universe was radiation-
dominated, until the temperature dropped
enough for matter density to dominate.
The energy density of dark energy is as-
sumed to be constant, for some given
equation of state parameter. Because the
matter energy density drops as the scale
factor increased, dark energy began to
dominate in the recent past (Fig. 42). At
the present time wherein the scale fac-
tor a(t)=1, we live in a Universe dom-
inated by dark energy. If the Lambda
CDM model is correct, the Universe will
be completely dominated by dark ener-
gy in future epochs. The matter density
will keep decreasing as the Universe ex-
pands. Our Milky Way will merge with
the Andromeda Galaxy and eventual-
ly, the entire Local Group will coalesce
into one galaxy. The luminosities of gal-
axies will begin to decrease as the stars
run out of fuel and the supply of gas for
star formation is exhausted. In the very
far future, this galaxy will be the only one
in our Hubble patch, as all the other gal-
axies will pass behind the cosmological
horizon. The night sky, except the stars
in the Local Group, will be very dark.
Stellar remnants will either escape gal-
axies or fall into the central supermas-
sive black hole. Eventually, baryonic mat-
ter may disappear altogether as all nucle-
ons including protons decay, or all matter
may decay into iron. In either scenario,
the Universe will end up being dominat-
ed by black holes, which will evaporate
by Hawking radiation. The end result is a
Dark Era with an almost empty universe,
and the entire universe in an extreme-
ly low energy state, with a possible heat
death as entropy production ceases (see,
e.g., Adams, Relativity: an introduction to
space-time physics, 1997).What happens
after that is rather speculative.
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Possible scenarios for the expan-
sion (and possibly contraction) of the
Universe are shown in Fig.43.The bot-
tom orange curve represents a closed,
high density Universe which expands
for several billion years, then ultimate-
ly turns around and collapses under its
own weight.The green curve represents
a flat, critical density Universe in which
the expansion rate continually slows
down (the curves becomes ever more
horizontal). The blue curve shows an
open, low density Universe whose ex-
pansion is also slowing down, but not as
much as the previous two because the

pull of gravity is not as strong. The top
(red) curve shows a Universe in which a
large fraction of the matter is in a form
dubbed dark energy which is causing the

expansion of the Universe to accelerate.

There is growing evidence that our Uni-
verse is following the red curve.
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The upper solar atmosphere.

A brief history and recent results

Abstract:

The upper solar atmosphere presents
many complex dynamic phenomena
that are far from fully understood. Due
to the high temperatures in the solar
atmosphere, especially in the solar co-
rona and transition region and also in
the chromosphere, an important frac-
tion of the plasma emission takes place
in the Ultraviolet part of the spectrum.
The study of the upper solar atmos-
phere began in the late 19t centu-
ry, when it was found beyond doubt
that the structures visible during so-
lar eclipses emanate from the Sun.To-
day, many space missions observe the
solar atmosphere.This paper presents
EUV spectra and images emitted from
a solar active region observed with two
space observatories, the Interface Re-
gion Imaging Spectrograph (IRIS) in-
strument and the Atmospheric Imaging
Assembly (AlA) telescope, showing the
morphologies of the solar structures
that appear in the chromosphere, the
transition region and the corona.

1. Introduction: brief history
of solar corona research

The study of the upper solar atmo-
sphere, composed of the chromosphere
and corona, was compromised during
the previous centuries due to the rare
occasions of total solar eclipses. Up to
the end of the 18™ century, the struc-
tures seen during solar eclipses were of-
ten attributed to the presence of an at-
mosphere around the Moon (Dollfus
1956).This confusion started being clar-
ified with the first photographs of solar
eclipses. Real progress was achieved with
the use of spectroscopy during eclips-
es and the understanding of the signif-
icance of spectra thanks to the work
of Gustav Kirchhoff in the 19t centu-
ry (Foukal 2012). During the eclipse of
1868, astronomers J. Janssen and J. Nor-
man Lockyer, working independently, re-
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Figure 1: The total eclipse of December 1871 recorded at Doddabetta, India.
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alized that the prominences, observed
with spectroscopes were part of the
solar atmosphere and that there were
bright enough to be observed outside of
solar eclipses. Moreover, they observed
for the first time a spectral line of He-
lium at 5874.8A, emitted by the chro-
mosphere, when this element was still
unknown. During the eclipse of 1871,
J. Janssen realized that the photospher-
ic Fraunhofer lines are also visible in the
coronal spectrum, which was a decisive
element for the understanding of the
fact that the corona is part of the solar
atmosphere (Foukal 2012). The Fraun-
hofer lines observed above the limb
where due to the reflection of photo-
spheric light on dust particles concen-
trated at the level of the ecliptic plane.
This reflected light is called the F-coro-
na (Golub and Pasachoff 1997).

Charles Young reported the obser-
vation of an emission green line emit-
ted from the corona during the solar
eclipse of 1869 (Young, 1872, 1899).The
exact wavelength of the green line, 5303
A, was determined in 1899 and did not
correspond to the emission of a known

element. Other coronal emissions in the
visible band of the spectrum, fainter than
the green line — such as a red (6374A)
and a yellow (5694A) line — could not be
identified with the emissions of known
elements either.

This remained a mystery until 1941,
when studies by Edlén and Grotian iden-
tified the green line with a metastable
transition of Fe XIV (Haddia et al 2014),
and the red and yellow lines with tran-
sitions of Fe X and Ca XV respectively.
Scientists hence realized that these ions
are formed by a gas of one million Kelvin
and, from then on, began to search for a
mechanism that could heat the corona.

The ultraviolet spectrum for wave-
lengths lower than 2000A cannot pen-
etrate the Earth’s atmosphere to reach
the surface of the Earth. The study of
the UV coincided with the beginning of
space exploration, when rockets reached
altitudes above the atmospheric ozone
layer. Spectra were obtained with rocket
flights and with the first satellites in the
1960s (Tousey 1963).

An important finding in these ear-
ly spectra was the double line of Mg Il
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2795.5A, 2802.69A. These lines were
named Mg Il k and h, because of their
correspondence to the Fraunhofer
lines designated by the letters H and K,
which are emitted by the Ca Il ion at
3933.6A and 3968.5A in the violet part
of the visible spectrum.The Mg Il lines
have a complex spectral structure and
are formed at the interface between the
photosphere and chromosphere, in the
region of the lower temperature of the
solar atmosphere (Tousey 1963). Efforts
for the theoretical interpretation of the
Ca Il and Mg Il lines were made with nu-
merical simulations of radiative transfer.
These simulations began in the 1960s
(Dumont 1967) with major advances
in the 1980s (Lemaire & Gouttebroze
1983) and are still performed today with
increasing levels of complexity (Carlsson
et al 2015).

Skylab was the first space station set
in orbit by NASA that included a set of
solar telescopes operated by the astro-
nauts. The observations made on Skylab
helped to clarify important structures
of the solar corona, such as the coro-
nal holes and active regions, and also re-
sulted in new information on the phys-
ics of the transition region (Del Zanna,
Mason 2018).

Over the last twenty years, the spec-
trographs used in solar observation are
found aboard the SOHO spacecraft and
include the Coronal Diagnostic Spec-
trometer (CDS) and the Solar Ultravi-
olet Measurement of Emitted Radiation
(SUMER).

This paper presents observations of
the chromosphere, and the transition
region that were recorded with the In-
terface Region Imaging Spectrograph
(IRIS), as well as coronal images record-
ed with the Atmospheric Imaging As-
sembly (AIA) telescope on board the
Solar Dynamic Observatory (SDO).

The IRIS instrument records three
spectral wave bands 1332-1358A, 1389-
1407 A, and 2783-2834A. Each of these
wave bands includes couples of bright
spectral lines: the Mg Il k, h chromo-
spheric lines, the C Il 1334A, 1335A,
and the Si IV 1393 A, 1402A transition
region lines. IRIS has a very good spa-
tial resolution of 0.33arc-seconds and a
good spectral resolution of 0.05A. IRIS
can perform rasters with a 0.33x175
arc-seconds? slit and can simultaneous-
ly record movies with a field of view of
175 x 175arc-seconds? with the slit posi-
tioned at the center of the field of view.
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This gives the opportunity to inspect
the morphology of the solar structures
around the slit image during the raster
(De Pontieu et al 2014).

2, Structure
of the transition region

The study of the ultraviolet solar spec-
trum has shown that there is a region
of plasma having an intermediate tem-
perature between the chromosphere
and the corona.These temperatures are
20000K and 10¢K.This region produc-
es many spectral lines in emission and
is called the transition region. Some
models show that the temperature of
the transition region may rise abruptly
from roughly 2x 10K to 106K over a
few hundred km, acting as a thin inter-
face between the chromosphere and the
corona.

The transition region presents some
phenomena that are still not totally
clarified. On average, the spectral lines
formed at transition region tempera-
tures present Doppler shifts towards
the red.This would correspond to plas-
ma motions towards the solar surface
with speeds of 5 to 10 km/s (Doschek et
al 1976, Peter & Judge, 1999).This phe-
nomenon is dependent on the line for-
mation temperatures.

For temperatures of 10°K, we have
the maximum of this phenomenon with
downward velocities of 10 km/s approx-
imately. For lower temperatures, the ve-
locity decreases to 2 km/s. For temper-
atures higher than 500000K, the Dop-
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pler shift changes sign, indicating mo-
tions away from the solar surface of the
order of 2-5km/s (Peter & Judge 1999).

Example of the morphology of
the transition region with IRIS

This section presents a typical non-flar-
ing active region that was observed with
the IRIS spectrograph. The active region
has the code name NOAA 12529 and
was observed on 18 April 2016. During
this observation, the active region was
close to the West solar limb. The active
region includes a large sunspot. Figure
2 shows the location of NOAA 12529
on the solar disk in the 171A and in the
1700A filtergrams of the AlA telescope
on board the SDO satellite.

IRIS performed a scanning over a
field of view indicated on the 1700A
image as a white box. The scan record-
ed spectra in the Si IV 1394A, 1402A, in
Mg Il k and h lines,and in C I 1334.53A
and 1335.71A. This report comments
on the Mg Il and Si IV lines. The raster
was performed from 01:14:09UT to
02:16:05UT.

A detailed analysis of the Si IV lines
can be found in Gontikakis and Vi-
al (2018), while the present work pro-
vides a short presentation of the Si IV
1393A data and a preliminary compari-
son of the Si IV 1393A with the Mg Il k
images. Figure 2 shows the intensity map
and the dopplergram of the Si IV 1394A
line. These two images were computed
by performing a Gaussian fit on the Si IV
1394A line. The morphology of the in-
tensity presents bright plage areas sur-

1700A 2016—04—18T01:00:29 UT

o
[=3
(=]

400 E8

Solar Y [arcsec]

o 200 400 600 80O 1000
Solar ¥ [aresec]

Figure 2: The northwest part of the solar disk in the coronal 171A emission (left panel) and in the
continuum of 1700, both observed with the SDO/AIA telescope. Active region 12529 is seen near the
west limb along with its large sunspot. The field of view of the IRIS raster is seen as a white box. The
17004 image is formed at the chromospheric minimum temperature.
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rounded by dark quiet sun regions. Many
loop-like structures are present in the
image. They are concentrated at the
boundaries between plage and quiet sun
areas. Elongated structures, that must be
low-lying loops, oriented roughly along
the East West direction can be found in
the right part of the image, as for exam-
ple in the area with X from 700 to 740
arc-seconds andY from 250 to 280 arc-
seconds measured from the disk center.
The dopplergram mostly shows motions
toward the solar surface, visible in red
color on the dopplergram.This phenom-
enon seems to be the redshift effect ob-
served in the transition region (Doschek
et al 1976). A few blueshifted areas are
present along some low-lying loops.

Figure 3 shows the mean spectrum
over a large part of the FOV of the Mg Il
k and h lines (left panel) and of the Si IV
1393A and 1402A lines (right panel).The
Si IV lines are formed at a temperature
of 80000K in the transition region. This
is the temperature where the Si IV ions
have their maximum concentration that
takes place when the ionization process
is in equilibrium and is caused by elec-
tron collisions.

Most of the time, the Si IV lines are
optically thin and are excited though
electronic collisions. They form a dou-
blet, and the 1393A line has a peak in-
tensity that is twice the intensity of the
1402A line for the case of an optically
thin plasma dominated by electron col-
lisions. Sometimes, Si IV can be excited
by photons through resonance scatter-
ing. In this case, the line ratio 1393/1402
is higher than 2.This phenomenon pro-
vides increased understanding of the
conditions in the solar plasma, as pre-
sented in Gontikakis and Vial (2018).

Between the two Si IV lines, there
are two O IV lines at 1399.7A and
1401.1A These two weak lines are sen-
sitive to the electron density, so their in-
tensity ratio can provide electron den-
sity measurements (Gontikakis and Vial
2018). However, the counts in the O IV
lines are low and measuring these spec-
tra is very difficult.

The Mg Il k and h lines spectrum
looks very different from the Si IV lines
spectrum. The central parts of the Mg Il
lines, which extend at +0.5A from their
rest wavelengths, are in emission. On the
other hand, their spectral wings, which
extend at #5A from their rest wave-
length, are in absorption. Between the
two lines, their wings overlap. This com-
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Figure 3: Intensity map (left panel) and the dopplergram (right panel) of the Si IV 1393A line.The X
andY axes show the distance from the solar disk in arc-seconds.The Doppler map red/blue colors indi-
cate motions away/towards the observer, along the line of sight. Horizontal lines are reference lines of

the instrument for co-alignment purposes.
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Figure 4 Average spectra of Mg Il lines (left panel) and Si IV lines (right panel) over a section of the
IRIS raster. Notice that the Mg Il lines intensities are higher than the Si IV intensities by a factor high-

er than 10.

bination of an emission central part with
wings in absorption results because the
wings are formed in the upper photo-
sphere and they absorb the photospher-
ic continuum while the central peaks are
formed in the lower chromosphere.Two
weaker Mg Il lines are seen in absorp-
tion at 2791.6A and 2798.8A. The Mn |
2799.094A line is used to correct the in-
strumental alteration of the wavelength
axis in order to compute Doppler shifts
for the Mg | k line (Pereira et al 2019)
Figure 5 shows an intensity and dop-
plergram of the Mg Il k line at 2756.352A
along with the coronal image at 171A
observed with AlA. These images are
co-aligned with the ones in Figure 3.On

the large scale, the structures in Mg Il k
intensity look like the ones of Si IV. As
the Mg Il k line is brighter (see Fig. 4)
than the Si IV 1393A line by a factor of
roughly 90, the dark areas have enough
signal in the Mg Il k line where we can
see many structures.The small loops be-
tween plage and quiet areas, as well as
the elongated areas, are also present.
The Mg Il k dopplergram seems
roughly similar to the dopplegram for Si
IV (Figure 2) on the large scale as the
plage area is also redshifted and the ar-
eas of the low-lying loops present an
important blueshift. However, a scat-
ter plot between the two dopplergrams
shows poor correlation. On the other
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Figure 5 A coronal image in the 171A (panel a).The Mg Il k intensity map (panel b) and the doppler-
gram (panel ¢) computed from the Mg Il k line. The image in panel b was computed by simply sum-
ming the counts in the Mg Il k line. For the dopplergram, the method described in Pereira et al 2019
was applied.The 171A image was observed at 01:25UT, during the IRIS raster.

hand, in some areas along loops, blue-
shifts in Mg Il k are correlated with red-
shifts in the Si IV.This finding is interest-
ing and needs further investigation. The
co-alignement with the 171A line is not
totally correct because the IRIS raster
is recorded over a period of one hour
during which the image is perturbed due
to solar rotation, while the 171A image
has a 2 s exposure time.

A pattern of small structures, called
the moss, is present in the 171A and is
also recognizable in the Mg Il image, as
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Discussion

The study of the upper solar atmo-
sphere, from the chromosphere to the
corona, greatly advanced during the 20t
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This paper presented the morphol-
ogy of an active region in the chromo-
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mosphere and the transition region are
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solid conclusions.
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Laboratoire Univers et Théories, Observatoire de Paris, UMR 8102 du CNRS, Université Paris Diderot,
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1. Introduction

In 1988, | arrived in Crete for my Mas-
ter internship under the supervision of
Joseph Ventura and Nick Kylafis on radi-
ative transfer in Neutron stars. This was
already a very nice and fruitful starting
collaboration with Greece. In fact, loving
ancient Greece since the age of seven
and modern Greece since | first came
in 1981 (since then | need to come once
a year at least), | had ask for the possi-
bility to do my internship there.Yet, the
real deep link | manage to build with
the greek astrophysical community, was
when | started my PhD under the su-
pervision of Kanaris Tsinganos, when
so many greeks are longing to do their
studies abroad. | had the supply funding
from France and my official supervisor
was Jean Heyvaerts. Though, he was al-
ways very supportive, he was more like
a competitor and a colleague to us. His
best compliment was however that "we
were achieving very complicated stuff.”
Thanks to the collaboration with Ka-
naris on outflows, winds and jets, | have
developed several collaborations inside
Greece (G. Surlantzis, |. Contopoulos,
N.Vlahakis) as well as outside especially
with Italy (E.Trussoni, Turin) and Portu-
gal (J. Lima, Porto). As usual the hellenis-
tic culture is spreading and invading the
whole Roman Empire.

In the following | recall a few re-
sults obtained during all those years of
collaboration with Greece, which lead
me to be a member of the Astronom-
ical Hellenic Society long before being
a member of the French one, to speak
the truth. This started with the study of
the Solar Wind until 2007, since then
we left a bit this field (Sec.2.1).Then we
concentrated on outflows from young
forming low mass stars from class Ill,
Il (Sec.2.2), 1 (Sec. 2.3) to class 0 (Sec.
2.4) as a matter of fact. Then, we broad-
ened our spectrum going to relativistic
MHD (Sec. 3.1) and building new analyt-
ical methods to study the spine jet from

black holes, both the outflow (Sec. 3.2)
and the inflow (Sec. 3.3) that connects
the outer jet to the black hole itself. This
was the occasion to dig some very im-
portant theoretical results on critical
points and collimation criteria (Sec. 4.1).
On that point our analytical work leads
us to start considering numerical simula-
tion from a new perspective (Sec. 4.2).

2. Solar wind and Young Stars

2.1. Starting with Solar Physics

All started in 1989, when Kanaris Tsinga-
nos proposed me a subject for my PhD.
At that time it was a proposal from my
mandatory civil service (see Fig. 1). This
was the beginning of a long study of this
meridional self similar class of solutions
that Kanaris Tsinganos had started in
previous publications with B.C. Low, E.
Trussoni and G.Vlastou, [86.1,88.1,89.1,
90.1, 91.1]. This class had a free geome-
try and the possibility to add magnet-
ic field and rotation. The separation of
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variables is obtained as an expansion in
the magnetic flux keeping only the dipo-
lar term in its variation with colatitude.
Then all forces are expanded on a basis
of zeroth and first order terms in mag-
netic flux. However in this Newtonian
metric, solutions are exact solutions.
The model in its full extension was pre-
sented in [94.2], hereafter ST94, and ex-
plored in details in many following publi-
cations [99.2,04.2]

In 1992, the two first papers [92.2,
92.1] on the subject came out with al-
ready an emphasis on the Solar Wind,
especially modelling Munro & Jackson
1977 Solar Coronal Hole [77.1] and the
jet of SS433. During this time, | was al-
so involved in a collaboration on flows
in solar arcades with G. Surlantzis as he
was finishing his PhD with K.Tsinganos
[94.1]. Concerning the Solar Wind, this
model is able to take into account the
latitudinal variation from the fast wind
to the slow wind but with a smooth-
er dipolar variation than the very sharp
transition seen by ULYSSES space mission
[05.1]. In fact we pursued to study solar

3 MHD ASTROPHYSICAL OUTFLOWS

1. INTRIOUCTION

Figure 1: The two first pages of the draft of a PhD proposal sent by Kanaris Tsinganos to Jean Hey-

vaerts in 1989.
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outflows in several other papers and in
collaboration with J. Lima who had de-
veloped in collaboration with K. Tsinga-
nos another self-similar model for he-
licoidal flows [01.1], hereafter LPT, i.e.
conical flows with rotation, but including
higher multipoles in the colatitudinal ex-
pansion.This allows for a better descrip-
tion of the sharp transition between
the slow and the fast wind. In 2007, we
achieved a nice modelling of the global
Solar wind by combining the two models
[07.1]. The ST94 model was used to de-
scribe the dipolar geometry of the So-
lar Wind in the first radii close to the
Sun where the wind is accelerated in the
coronal hole and the streamers, around
the equatorial magnetic dead zone. This
solution is matched on large distances
to the LPT model to fit ULYsSES data be-
tween 1 and 5 AU.The model can fit the
expected geometry and dynamics of the
Solar wind. As a by product, it gives a
cartography of the expected necessary
heating to sustain such dynamics. A first
guess was that turbulence and magnet-
ic heating could explain it, but of course
we have to pursue on that direction.

2.2.Young stars

The model because of its flexibility was
also a unique tool to describe jets from
young stars and especially the stellar
component of the inner jet. This was al-
ready underlying the application of our
model to jets in the ST94 paper. At
that time the stellar component of the
jet was not in fashion. In 2000 for his
master thesis, Z. Meliani found a solu-
tion that could very well fit the obser-
vational data of the RY Tau micro jet,
see [07.2], which was finally published
in 2011 [11.1]. However, the disk locking
mechanism came out to be inefficient in
extracting angular momentum from the
star [04.3]. Matt & Pudritz in a series pa-
pers (e.g. [05.3, 05.2]) showed that the
braking of the central star could be a
natural consequence of the stellar wind.

This was confirmed in our model-
ling of the micro jet of RY Tau ([11.1],
see Fig. 2). The parameters of the model
where fixed from the observational data
given in [07.2] mainly the mass and the
radius of the star and the mass loss rate,
3 10-°M@lyr from the micro jet. Howev-
er we can rescale these values, as more
recent data suggest a slightly larger radi-
us and mass.This does change the result
quantitatively not qualitatively. As an out-
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put of the model we got a reasonable di-
polar magnetic field of the star, a bit less
than 1 G, and a rather low stellar rota-
tion rate. At the time of the study, this
low rotation was in the lowest range
of observed values. As the jet is mainly
driven by magnetic and pressure turbu-
lence (Alfvén waves), the magneto-cen-
trifugal driving is not very efficient and
the rotation of the star does not affect
the dynamics. Most of all, the solution
predicted the electron density, which
turned out to fit the measurements at
different distances from the star of the
UV data.

In fact, this spine jet self similar mod-
el is very efficient to describe low mass
accreting stars where the central jet is
mainly coming from the star. Evolved
Classical and Weak line T Tauri are of
course the best target to study with this
model.

2.3. From star to disk

However, it it obvious that for early clas-
sical T Tauri stars like DG Tau or class |
YSO jets, most of the mass loss comes
from the disk itself. In a collaboration with
N.Vlahakis, we studied the possibility for
radial self-similar solutions “a la” Bland-
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ford and Payne [82.1] to cross all criti-
cal points. At that time, N.Vlahakis had al-
ready produced several papers during his
PhD with K. Tsinganos on searching for
new classes of self-similar solutions, de-
veloping a unique systematic theorem to
dig such classes [97.1, 99.1]. Indeed, we
found the first disk wind solution crossing
all critical points [00.1], namely the slow
and fast magnetosonic points besides the
Alfvén. No one had cross the fast mag-
netosonic surface so far, though it is es-
sential as this is this surface that causa-
ly disconnects the far distance jet from
it source. This condition must be fulfilled
because of the strong terminal shocks
we see in all jets, no matter the scale.We
started integrating from the Alfvén sur-
face to get the radial self similar solution
as we did for meridional self similar solu-
tions.This new break was improved later
on by F. Casse and J. Ferreira who finally
produced a complete disk wind solution
crossing all critical points and connecting
to the accretion flow in the disk [04.5].

2.4. From Class Il to Class 0

On his way back to Greece, from the
USA, | met |. Contopoulos through his
collaboration with K. Tsinganos. |. Con-

TIFTTTT

03 -02 -0.1

0.0 0.1 0.2 0.3

equatorial axis (AU)

Figure 2: Analytical solution for RY Tau from [?].The stellar wind, which collimates into a cylindrical jet
at large distances, is the set of pink poloidal field/stream lines. The green dashed lines are the mag-
netospheric dead/accretion zone and the disk wind, two regions we do not intend to model here con-

sistently.
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topoulos spent some time in Paris and
he brought to my attention a very inter-
esting subject on an even earlier class of
YSO jets, namely the Class 0 objects dis-
covered in 1994 by André and collabo-
rators [94.5]. His idea (see [01.2]) was
simple but brilliant. As the cloud collapse
and form an accretion disk, in the free
fall region that connects to the Keplerian
disk, the advected magnetic field is bent
even if the magnetic Prandtl number in
the disk is unity. This last reasonable as-
sumption means that in the disk, where
accretion is not yet efficient, the mag-
netic field is vertical such that no wind is
driven. However at the border with the
free falling region, it is sufficiently bent
by the external geometry to magneto-
centrifugally drive a wind.We solved the
geometry of the magnetic field assuming
it is force free.Then the Bernoulli equa-
tion gives the acceleration of the flow
along the lines. This very simple model
suggests that up to 40% of the accreted
mass can be put into the wind, thus pro-
viding a very powerfull source for the
outflow.This can be done at a very early
phase of the formation of the star, even
before the proto star has turned into a
star typical of Class 0 objects.

3. Relativistic flows

3.1. Slow rotating jets from
Black Holes and relativis-
tic thermodynamics

We were rapidly tempted to extend our
model to the relativistic domain in order
to explore the possibility of jet models
for AGN. N.Viahakis had done a very
extensive study of the generalisation of
disk wind models to the relativistic re-
gime both for AGN and GRB jets [03.2,
03.1, 04.6, 04.4]. We focalized in the in-
ner part of the jet, the spine jet, that may
originate from the black hole.

We first explored the thermodynam-
ics in a simpler relativistic Parker wind
model [04.1], using Taub’s approximation
of Synge’s equation of state [48.1, 58.1].
This allowed us to explore how relativ-
istic winds can be thermally accelerated
when they are heated to ultrarelativistic
temperatures. Taub’s equation of state is
a simple way to handle both a ultrarel-
ativistic plasma with an adiabatic index
of 4/3 close to the source and non rela-
tivistic temperatures on large distances
where the adiabatic index is only 5/3. Us-

ing 4/3 on all distances assumes that the
temperature remains everywhere very
large, which is not physical. It artificially
gives an index less than Parker’s value
of 3/2, which allows to have a wind so-
lution.This study also showed that from
isothermal to adiabatic, the relativistic
temperatures always enhance the ther-
mal acceleration of the flow, increasing
the terminal velocity.

As it was not possible to obtain ex-
act meridional self similar solutions in
the relativistic case, partly because of the
Lorentz factor and partly because the
metric itself does not split into variables,
we chose to pursue the idea of expand-
ing with the magnetic flux [06.1]. This
time, all quantities, forces, Lorentz fac-
tor and metrics are expanded. This does
not simply reduce on a choice of vari-
able separation of the integral quantities,
though this part is unchanged. The so-
lutions obtained through this expansion
are valid only close to the rotational ax-
is. It is adapted to model spine jets accel-
erated above the black hole. This model
would give qualitatively sufficiently high
Lorentz factors to be applied to explain
the dichotomy between FRI and FRII
[10.1].

However, our first two attempts for
Schwarzschild black holes [06.1] and
Kerr black holes [14.2] could not model
outflows that would cross the light cyl-
inder. Though in this case, which is not
force free, the light cylinder is no lon-
ger a critical surface. Its effect is mixed
with the Alfvén surface such that there
is only one singular surface, which is a
generalized Alfvén surface. However, we
thought it was necessary to neglect the
light cylinder effect in the forces and in
the critical surface. This was adding an
extra approximation as the lines were
approaching the light cylinder location.
Thus these two attempts to model a
spine jet could have only jets with cylin-
drical asymptotics, confined within the
light cylinder.

3.2. GRMHD: a complete set

In collaboration with N.Vlahakis and K.
Tsinganos, V. Cayatte and myself super-
vised the PhD of L. Chantry. L. Chantry
was able to make a complete expansion
of the meridional self similar model to
GRMHD (MHD in general relativity) for
Schwarzschild and Kerr black holes, i.e.
non rotating and rotating black holes.
This time, effects of the light cylinder in

the equations of motion were all taken
into account. Basically, the Alfvén sur-
faces, which were chosen to be spher-
ical so far, have a more complex shape
but the real critical surfaces (generalized
Alfvén, slow and fast magnetosonic sur-
faces) remain spherical. This implies al-
so that the energy distribution depends
now on the colatitude.

This model is capable of producing
solutions with very high Lorentz factors
with reasonable temperature profiles,
because crossing the Light cylinder
— though it is no longer a critical sur-
face— allows to have more magnetic ac-
celeration similarly to what was shown
by N.Vlahakis (e.g. [03.2, 03.1] for disk
winds. Besides cylindrically collimated
jets fitted for describing spine jets from
AGN, we also obtained conical (helicoi-
dal) solutions. Such solutions are inter-
esting for winds, or loosely collimated
outflows, but also for some GRBs as we
are not sure that the small opening an-
gles observed are not due to fragmenta-
tion of a larger wind.

From the magnetic flux of typical so-
lutions, using Zamaninasab’s equation
[14.6], it was possible to link the mag-
netic flux to the expected accretion
rate, though we do not solve for the ac-
cretion flow.This gives us a value for the
jet power to accretion power ratio. Our
solutions have a power of a few to al-
most 50% comparable to numerical sim-
ulations by Tchekovskoy & McKinney
(e.g- [11.2,12.3].

3.3. Inflows and Outflows

Another, big advantage of such solu-
tions is to produce inflows besides the
outflow solutions. In other words, the
jet forms on a surface called the stag-
nation surface, but in order to connect
it to the central black hole, an inflow is
also created from the same stagnation
surface down to the black hole. In or-
der to use the same model, we choose
here to model the stagnation zone as a
surface like in the first paper of Globus
and Levinson [13.1].The stagnation zone
could also be a thick layer as in Globus
and Levinson second paper [14.1]. This
would require to build a completely new
model. Something we may do in the fu-
ture. So using a single model, we were
able to produce inflow/outflow solutions
from the central black hole to large dis-
tances in the spine jet as seen in Figs. 3
(see also 4).The inflow and the outflow
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start from the red circle. Both flows are
crossing the modified slow (green circle)
and Alfvén/fast (blue circle) critical sur-
faces. In red, we have also represented
the location of the inner and outer light
cylinders though they are not critical.

This model can produce solutions,
see Fig. 4, of spine jets that efficiently
extract angular momentum and energy
from the central black hole, in a free ge-
ometry. Conversely to Globus and Levi-
son [13.1, 14.1] we did not need to fix
the geometry.We neither had to assume
the flow to be in a force free equilibrium
as in other models, e.g. works by Natha-
nail and Contopoulos [14.4,15.1, 16.1],
Mc Kinney and collaborators [11.2,12.3].
Theses solutions are complementary to
those magnetic flux dominated solutions
showing that angular momentum and
energy can be extracted even in a tur-
bulent pressure driven flow. The mech-
anism at work is neither a pure Bland-
ford-Znajek one or a Penrose one but
rather a combination of the two as it is
impossible to disentangle, in the process,
magnetic fields from inertia.

4. From analytics
to numerics

4.1. On critical points and
magnetic collimation

The study of self similar solutions was
a unique occasion to go deeply into the
problem of critical points. Dealing with
meridional and radial self-similarity, we
discovered that the usual standard ap-
proach of critical points as the surfaces
where the poloidal velocity of the flow
coincides with the three MHD wave ve-
locity was not correct, see Tsinganos et
al 1996 [96.1]. In fact the critical surface
must satisfy the self-similarity symme-
try. Thus, in radial self-similar solutions,
the critical surfaces are cones and the
latitudinal component of the velocity
is equal to the MHD wave velocity on
each critical cone. Conversely, in merid-
ional self-similar solutions, critical sur-
faces are spherical. Note that because
the fast and the Aflvén surfaces must
coincide on the polar axis, the three
critical surfaces reduce to two spheri-
cal ones, the slow and the Alfvén. On

2Ry
o

Figure 3: A representative outflow/inflow solution. On the left, the poloidal field/stream lines on large scale
with an inner zoom on the right. Fieldlines are represented only in the open fieldline region.The equatorial
zone cannot be modeled with our approach and corresponds to the accretion domain. It is left empty.
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Figure 4: A typical outflow/inflow solution which extract both angular momentum and energy from the
black hole.The inflow zone is much more squeezed and the stagnation surface very close to the hori-

zon, in order for the solution to be efficient.
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those surfaces, this is the radial compo-
nent of the velocity, which is equal to
the MHD wave velocities. As shown by
Bogovalov in 1994 [94.6], the standard
approach of solving the Bernoulli equa-
tion for a given geometry and the stan-
dard definition of the critical points is
in fact the definition of the MHD ergo-
sphere, i.e. the zones where the MHD
equations, under steady and axisymmet-
ric assumptions, change of nature from
elliptic to hyperbolic and vice versa.The
real critical surfaces are in between, they
are limiting characteristic surfaces or so
called separatrices.

Self-similar solutions revealed that
there was a strong analogy between
MHD flows and metrics in general rela-
tivity. In the case of a non rotating black
hole, i.e. Schwarzschild metric, the ergo-

sphere and the event horizon coincides.

This is also the case in Parker’s wind and
in Bondi’s spherical accretion. This is al-
so the case, as soon as the the geome-
try of the flow is fixed. For rotating black
holes with a Kerr metric, the ergosphere

and the event horizon do not coincide.

However, there is still enough symmetry
(axisymmetry) such that the event ho-

rizon can be given by a local definition.

Its shape is known a priori. This is also
the case in self similar solutions where
the self-similar symmetry imposes the
shape of the critical surfaces, which is
known a priori. In the general case, with
no symmetry or in the time dependent
case, the ergosphere and the vent hori-
zon do not coincide. The event horizon
is only known globally, once the metric
is solved. This is the same in MHD, the
flow pattern must be solved to know
the location of the limiting characteris-
tic surface. In numerics, solving for the
collapse of two merging black holes, it
is thus essential to have inner bound-
ary conditions well within the event ho-
rizons such that they do not affect the
outer metric during the simulation of the
collapse.This is also the case in modelling
time dependent jets. One must take care
that the outer boundary is far beyond
the modified fast magnetosonic surface
to be sure that shocks or outer bound-
ary conditions will not affect the outflow
upstream. Even though MHD event hori-
zons do not appear any more as critical
surfaces (the time dependent equations
are always of hyperbolic type), they still
play a role in limiting the inner number
of boundaries that are free in order to
asymptotically reach a steady state.
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Our meridional self-similar solu-
tions were also the occasion to devel-
op the concept of magnetic collimation
efficiency. It turns out that in order to
understand collimation, one must com-
bine the Bernoulli equation along the
flow (Energy conservation) together
with the transverse force balance. Col-
limation is achieved when the remain-
ing energy on a non polar streamline,
once the energy necessary to acceler-
ate the flow is taken out, is larger than
the same remaining energy along the
polar axis. Of course, part of this en-
ergy comes from the pressure of the
gas. However, we expect in most jets
this part of the collimation to be neg-
ligible or even having a negative effect
because at least on large distances, the
jet may be over-pressured, the pres-
sure being higher along the axis than
out. Then, the magnetic energy in the
magnetic rotator may supply the lack
of pressure confinement. However, to
be exact this magnetic criterion as to
take into account that out of the po-
lar axis of the jet, part of the magnet-
ic rotational energy is used to supply
the lack of gas pressure to accelerate
the flow (the temperature drops). This
is the magnetocentrifugal acceleration,
which is eventually dominant far from
the polar axis. So if you substract from
the total magnetic energy the part that
leads to magnetocentrifugal driving, you
obtain the energy reservoir left to col-
limate the flow, if it is positive. If it is
negative the flow geometry will adjust
itself into a conical wind. This calcula-
tion is rather complex because in or-
der to calculate the remaining magnet-
ic energy that collimates, you have to
calculate the variations of thermal and
magnetic driving against gravitation be-
tween a non polar and a polar stream-
line.This magnetic criterion for collima-
tion exists both for Newtonian and ful-
ly relativistic flows in the frame of this
self-similarity. In the case of meridion-
al self similar models, due to the extra
symmetry, this criterion was given by a
single parameter, called . However, it
would not be surprinsing that this cri-
terion could be extended to more gen-
eral flows.

Last but not least, working on self
similar models lead us to develop the
idea that counter rotation in jets could
be a very natural result of the magne-
tization of the jets (see[12.1, 14.3]). We
showed both analytically and numerical-

ly that having parts in the jet constantly
or episodically counter rotating was no
surprise. In particular, using only the first
integrals of steady axisymmetric flows,
either non relativistic or fully relativistic
(in GRMHD), we showed that there was
a very simple criterion to have coun-
ter rotation, i.e. a jet that rotates in the
opposite direction of its source, either
a star or a disk. This result is indepen-
dent of any further assumptions and is
not restricted to self-similar models.
First integrals are simply mass flux and
magnetic flux conservations, isorotation
law and angular momentum conserva-
tion. In the relativistic case, one needs
to add energy conservation. In non rela-
tivistic flows, the criterion is very simple.
If by chance the flow decelerates after
crossing the Alfvén surface to a veloci-
ty below some threshold value, which is
more or less the velocity of the flow at
the Alfvénic transition times some geo-
metrical factor close to unity, then the
jet counter rotates. In the case of ultra-
relativistic flows, where the bulk velocity
is very close to ¢, the condition is rather
that the enthalpy decreases below some
threshold value close to its value at the
Alfvén transition. So if by some means,
cooling or shocks, the flow looses
enough enthalpy or velocity, it will nat-
urally counter rotate conserving angular
momentum. The jet is basically capable
of counterrotating because it is magne-
tized. Thus counterrotation appears be-
cause there is a transfer of angular mo-
mentum from the fluid reservoir to the
magnetic one. The biggest surprise may
not be that counter rotation is a natural
phenomenon, but rather that it is, if ob-
served, a clear signature of the magneti-
zation of the flow.

4.2. Dead zones
and accretion flows

Self similar solutions can also be used
as initial and boundary conditions for
numerical simulations. In a collabora-
tion with the Portuguese team in CAUP
(J. Lima, FE Gameiro, R. Albuquerque), K.
Tsinganos,V. Cayatte, N.Vlahakis and my-
self are involved in making new numer-
ical simulations of T Tauri stellar jets.
We used our RY Tau solution as initial
conditions for the jet and the magne-
tospheric accretion zone. In the accre-
tion zone, we simply invert the direc-
tion of the flow in the region of closed
field lines of the analytical solution, as

well as the toroidal magnetic field com-
ponent. This way we keep compara-
ble values and sign for the total angu-
lar momentum flux and for the isoro-
tation law. We also increase the densi-
ty and the velocity by multiplying the ini-
tial analytical values by the same factor
in the whole zone. As the magnetic field
dominates the equilibrium in the whole
region (small plasma beta), changing the
inertia does not affect strongly the initial
equilibrium.The accretion disk is treated
as a boundary condition on the equato-
rial plane. Its structure is given by the
equilibrium of the analytical solution it-
self with an increased density as for the
magnetospheric accretion flow. As the
accretion disk stops before reaching the
star, the accretion flow stops at the in-
ner disk radius, below which there is a
static dead zone. The static dead zone
is simply the analytical solution with or
without enhanced density. There, the
poloidal velocity is put to zero as well as
the toroidal magnetic field component,
while the magnetosphere is in solid ro-
tation as it is static.

We have performed simulations
with low and high accretion rates and
observed a dichotomic behaviour [17.1].
If the accretion rate is high enough we
have a sporadic magnetospheric ejec-
tion as in previous simulations (e.g.[09.2,
13.2,15.2] and references therein). If the
accretion rate is low, the outflow adapt
itself and there is a low density, almost
static zone with negligible mass flux be-
tween the stellar jet and the disk wind.
In a few rotations of the star (less than 5
instead of a few tens), the whole struc-
ture is completely steady and the sim-
ulation can run for ever. Starting clos-
er to equilibrium strongly reduces the
computing time to reach the final steady
state.

We have increased the mass in the
static zone. For high density the overall
structure still reaches a steady or quasi
steady state but the high density in the
dead zone helps the formation of spo-
radic mass ejection.

Of course we did not treat com-
pletely the accretion disk, which remains
a mere boundary condition. Besides, as
we take the initial analytical solution on
the equatorial plane with a strong mag-
netic field, the disk is not in Keplerian ro-
tation. This could be the case for strong-
ly magnetized disks [89.2].Yet, if it were
Keplerian, this would not affect strong-
ly the inner flow dynamics, because the
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Figure 5: Two simulations of RY Tau stellar jet with magnetospheric accretion and low density dead
zone. On the left, the initial accretion rate in the magnetosphere is below 15 times the ejection rate and
above 20 times on the right.The plots show isocontours of the expected luminosity

weak disk wind we have is mainly pres-
sure driven. In such disks, the magneto
centrifugal launching is not essential.

4.3 Disk winds and stellar jets

Next step is to combine the inner me-
ridional self similar stellar/magnetospher-
ic solution to the external radial self-sim-
ilar disk wind. This is yet to be done to
analyse the launching region of the jet
including the heating of the stellar and
the disk coronae.T. Matsakos [08.1, 09.1,
12.2] already studied multicomponent
stellar and disk jets on large distances
using as initial solutions a combination
of self-similar solutions but for adiabat-
ic flows. In particular, it turned out that
even though the stellar jet is insignificant
but variable on timescales of the stellar
activity, typically 10 to 100 years, regular
knots will form as expected.Those knots
are typical spaced by 100 AU as in HH34
to 1000 AU as in HH30 (Fig. 6).

5. Conclusions

In this publication | have tried to make a
overview of my past and current greek
collaborations on modelling jets and
winds. From the Solar wind to extra-
galactic jets and Gamma Ray Bursts, in-
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Astronomical Conferences & Schools in

Greece during 2018

n this issue we have the brief presentations of three conferences and schools, which took place in Greece during 2018,
for which the organizers sent us a summary of their main results.

These are:

*  The Olympian Symposium 2018 “Gas and stars from milli- to mega- parsecs”, 28 May - 1 June, Paralia Katerini

*  “Touching the Planets, Evaluating Excellence”, 2-3 July 2018, Athens

*  The 3rd Summer School of HEL.A.S.“Neutron Stars and Gravitational Waves”, Thessaloniki in 8-12 October

The Olympian Symposium 2018
Gas and stars from milli- to mega- parsecs

he Olympian Symposium 2018 took place the week of 28
May - 1 June 2018 in Paralia Katerini, Pieria prefecture. It
was organized by the non-profit organization Olympian Centre
for Astrophysics (OCfA).This Symposium was the third, overall,
Olympian Symposium, a successful series that started in 2014
focusing on various topics in Astrophysics and Cosmology.The
Olympian Symposium 2018 was officially organized under the
auspices of the Hellenic National Commission for UNESCO
and the Section of Astronomy, Astrophysics and Mechanics of
the Aristotle University of Thessaloniki. It was financially spon-
sored by the ISM-SPP Priority Program 1573 of the German
Foundation of Research (Deutsche Forschungsgemeinschaft),
the Chalmers Initiative on Cosmic Origins (CICO) international
research team, and the Municipality of Katerini.
The conference was attended by 160 participants from more
than 60 institutions and 30 different countries. A total of about

28 May - | June, 2018. Paralia Katerini. Greece

sixty-eight presentations focused on topics of the dynamical
and chemical evolution of the local and distant interstellar me-
dium (ISM), the (extra-)galactic star-formation process and the
role of feedback, turbulence and magnetic fields,and how com-
putational ISM chemistry bridges real and modelled observa-
tions (synthetic imaging). About 100 posters were also shown.
Their authors had the opportunity to deliver a short presenta-
tion concerning the presented results. Moreover, a poster pre-
sentation competition took place with the first three winners
receiving a certificate and “Pythagora’s cup” as a gift.

Sixteen distinguished scientists of the field were invited
by the organizers: Crystal Brogan (NRAO), Timea Csengeri
(MPIfR), James Dale (Hertfordshire), Neal Evans (UT Austin,
KASI), Rachel Friesen (NRAO), Alvaro Hacar (Leiden), Nick
Indriolo (STScl), Desika Narayanan (Florida), Christine Koep-
ferl (LMU), Stella Offner (UT Austin), Eve Ostriker (Princeton),
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Padelis Papadopoulos (AUTh), Daniel Seifried (Cologne), Sere-
naViti (UCL), Derek Ward-Thompson (UCLan), and NaokiWa-
tanabe (Hokkaido).The invited speakers presented review talks
and results of significant importance for the field of ISM.

As outreach activities are a key element of OCfA’s activi-
ties, Padelis Papadopoulos (AUTh) gave a public outreach talk
in the city of Katerini on Sunday 27 May 2018, before the start
of the conference, that was attended by approximately 200 lo-
cals. Furthermore, a free excursion to Vergina and Pella was of-
fered to all participants enabling them to get acquainted with
the treasures and culture of Ancient Macedonia. An additional

hiking activity on Mt. Olympus with the enormous help of the
Rescue Team of Pieria took place on Saturday 2 June, after the
end of the conference. Finally, a small lithograph (oldprint) was
offered as a remembrance gift to the participants of this suc-
cessful conference.

The website of the conference is:

www.olympiansymposium.org

Conference photo:

http://www.olympiansymposium.org/data/ConferencePhoto.jpg

“Touching the Planets, Evaluating Excellence”
Report on Europlanet Outreach Workshop

M easuring the impact of outreach activities can help you
improve the effectiveness of your activities and help con-
vince your supervisors or funders that your time and resourc-
es have been well spent. However, collecting this information
can be a challenge.

Overcoming this challenge was the aim of the workshop
“Touching the Planets, Evaluating Excellence”, attended by 18
amateur astronomers, teachers, early career researchers and
outreach providers gathered in Athens to share their experi-
ences of running outreach activities and improve their evalua-
tion skills.

The Workshop was organized by the National and Kapodis-
trian University of Athens and the Europlanet 2020 RI project.

Europlanet has been developing a set of easy-to-use eval-
uation tools to support outreach providers and educators in
measuring and appraising the impact of their activities. The Eu-
roplanet Evaluation toolkit is intended to provide advice and
resources that can be simply and easily integrated into normal
outreach and education activities. The kit includes 14 tools, as
well as a number of variations, that are suitable for a variety of
audiences and activity formats. The Athens workshop included
an introduction to the toolkit by one of its creators, Dr Jen De-
Witt from UCL (University College London), plus an opportu-
nity for participants to try out four of the tools during interac-
tive sessions. Feedback from the participants was incorporated
into the final version of the toolkit.

The workshop was part of a series of conference sessions
and stand-alone workshops provided through the Europlanet
2020 RI project for outreach providers and science commu-
nicators working both professionally and voluntarily to engage
the public with planetary science.The workshops aim to build
networks, share resources and best practice, brainstorm to de-
velop new ideas for effective communication, and to keep in
touch with the latest scientific achievements through contact
with the broader scientific community.

“Touching the Planets, Evaluating Excellence” was held in
the historic “Kostis Palamas” Building of the National and Ka-
podistrian University of Athens. At the end of the first day, the

July 2-3,2018, Athens

workshop participants were treated to an evening at the Na-
tional Observatory of Athens’s Thissio visitor centre on the Hill
of the Nymphs.

Local Organising Committee: Nantia Moutsouroufi, MSc, Dr.
Eleni Chatzichristou, and Prof. loannis A. Daglis. Image credit:
Stratos Koufos. Tour of the National Observatory of Athens:
Panagiotis Evangelopoulos.
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3rd Summer School of H.E.L.A.S.:
“Neutron Stars and Gravitational Waves”

he 3rd Summer School of H.E.L.A.S. was organized at the

Aristotle University of Thessaloniki in 8-12 October 2018.
The school was supported by the Aristotle University of Thes-
saloniki, by the Department of Physics and by the Section of
Astrophysics, Astronomy and Mechanics. The school was also
supported by a DAAD grant for the academic collaboration be-
tween the relativity groups of the Aristotle University of Thes-
saloniki and the University of Tuebingen.

The theme of the school was “Neutron Stars and Gravita-
tional Waves”. The school attracted a large attendance, with a
total of 74 participants (postdoc’s, PhD/MSc students and ad-
vanced BSc students), of which 20 came from outside Greece.
Greek students were from the universities of Thessaloniki, Ath-
ens, loannina and the Aegean.

The program consisted of several 90" minutes lectures on
each morning, with additional lectures (many discussing exer-
cises via python notebooks) in the afternoons.

October 8-12, 2018, Thessaloniki,

The lectures focused on:

1) Theory of gravitational waves

2) Compact object oscillations and GWV asteroseismology

3) Constraints on the neutron star equation of state

4) Compact objects in alternative theories of gravity

5) GW detectors: LIGO/VIRGO and planned 3rd generation
detectors

6) LISA mission and science

The lecturers of the school were: Pau Amaro-Seoane (Bar-
celona), Theocharis Apostolatos (Athens), Andreas Bauswein
(HITS-Heidelberg / Darmstadt), Katerina Chatziioannou (CITA
Toronto), Michael Gabler (MPA-Garching), Theodoros Gaitanos
(Thessaloniki), Kostas Kokkotas (Tuebingen), Georgios Lalazi-
sis (Thessaloniki), Charalampos Moustakidis (Thessaloniki) and
Nikolaos Stergioulas (Thessaloniki).

All lectures were recorded and the videos along with the
teaching material can be found at:

https://lwww.astro.auth.gr/summer2018/
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