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PARSEC Evolutionary track

PAdova TRieste Stellar Evolutionary Code

n STELLAR TRACKS TOOLS PAPERS

BRIEF OVERVIEW

Welcome to the PARSEC stellar tracks database.

The stellar evolution code PARSEC ( Bressan et al., 2012) is an updated version of the Padova's stellar evolution code ( Bressan et al., 1993, Girardi et

al., 2000, Marigo et al., 2001 ). In PARSEC a detailed treatment of the input physics such as the equation of state, opacities, nuclear reaction rates,

microscopic diffusion, allow us to compute stellar models from the pre-main sequence up to the most advanced evolutionary phases. The PARSEC stellar

Log(L/Le)

LANLI I  L  LL L  IL  L L L L LB

track database has grown significantly over the years in terms of mass and metallicity ranges, and, most recently, with the inclusion of rotation.

WHO WE ARE

PARSEC Team & Collaborators: 3

o
—_

Alessandro Bressan (SISSA), Paola Marigo (UNIPD), Leo Girardi (INAF-OAPD), Guglielmo Costa (UNIPD), Thanh Chi Nguyen (SISSA), Guglielmo Volpato (UNIPD),
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Q||
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Francesco Addari (SISSA), Kendall G. Shepherd (SISSA), Yang Chen (Anhui University), Xiaoting Fu (Purple Mountain Observatory), Michele Trabucchi (UNIPD),
Giada Pastorelli (UNIPD), Diego Bossini (UNIPD), Alessandro Mazzi (UNIBO), Greta Ettorre (UNIBO), Simone Zaggia (INAF-OAPD)

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIII

It's with deep sorrow that we announce the untimely passing of Prof. Paola Marigo on October 20th, 2024. As her group, we would like to express our deepest 50

gratitude for her guidance, and our commitment to carry forward her legacy. Lo g (Te ff)
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CIRCULAR 173.

PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC
CLOUD.

The following statement regarding the period: variable stars in the
Small Magellanic Cloud has been prepared by Miss Leavitt.

A Catalogue of 1777 variable in the two Magellanic Clouds is given
in H.A. 60, No. 4. The m ment and discussion of these objects present
problems of unusual difficulty, on account of the large area covered by the
two regions, the extremely crowded di
them, the
many of them never become
few e d the thirteenth magnitude at maximum, long exposure
sary, and the number of available photographs
of absolute magnituds
this degree of faintness may not be actorily completed for some time to
come. With the adoption of an absolute scale of magnitu r in the
North Polar Sequence, however, the way is open for such a determination.

Fifty-nine of the variables in the Small Magellanic Cloud were measured
in 1904, using a provisions e of magnitudes, and the periods of seventeen
of them were publis i X . 4, Table VI. They mble the
variak und in gl b diminishing slowly in brightness, remaining
near minimum for the greater part of the time, and increasing very rapidly
to a brief maximum. Table I gives all the peri which have been deter-
mined thus far, 25 in number, arranged in the order of their length. The
first five columns contain the Harvard Number, the brightness maximum
and at minimum as read from the light cu the epoch expressed in d:
following J.D. 2,410,000, and the length the period d in da;
Harvard Numbers in the first column placed in ics, when the period
has not been published hitherto. A remarkable relation between the bright-
ness of these val s and the length of their perio
H.A. 60, No. 4, attention was called to the fact that the brighter variables
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The Shapley - Curtis Debate in 1920 =
ie% - WEF|: 1985-1972
(19144F T AT - Hel
Willson KX A R)

:

Harlow Shapley Heber D. Cur ﬁ‘,ﬂ’:‘{ ° ﬂ%%, 1872-1942

1902447 2 N2
The Scale of the Universe %ﬁﬁ 9%?26‘ )D EAFRE L o

of very long

What the Great Debate was, how it was resolved, and why it was important.
A subjective abstract in three short paragraphs.

Published ver: the 'Great Debate.' This is a reprint of the texts of Great Debate published in 1921 in the Bulletin of the National Research Council
The 'Great Deba at Really Happened by Michael Hoskin, editor of the Journal for the History of Astronomy. This is a reprint of an article appearir
his excellent review of the historical context, personalities, and scientific i|
g bibliography for the 1920 Great Debate. This collection of over one hundred articles and books was compiled by Robert W. Smith, a historian wi
A short bibliography for the 1920 Great Debate. Five key books and articles about the Great Debate.

A n plan for teaching undergraduates about the Great Debate. The lesson plan consists of an outline, a lecture, suggested classroom uses for the plai

A Glossary of terms used in the Great Debate.  hittps://apod.nasa.gov/diamond jubilee/debate20.htm .




1929PNAS...15..168H 1929/03 cited: 1006
A Relation between Distance and Radial Velocity among Extra-Galactic Nebulae
Hubble, Edwin

1929ApJ....69..103H 1929/03 cited: 249
A spiral nebula as a stellar system, Messier 31.

Hubble, E. P.
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Hubble, ApJ, 1929

A SPIRAL NEBULA AS A STELLAR SYSTEM,
MESSIER 31F

By EDWIN HUBBLE

Distance of M 31 derived from Cepheid criteria.—Comparisons of period-luminosity
diagrams indicate that M 31 is about o.1 mag. or 5 per cent moré distant than M 33,
and about 8.5 times more distant than the Small Magellanic Cloud. Using Shapley’s
value for the Cloud we ﬁnd the distance of M 3I to be 27 5,000 parsecs
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A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By EpwIN HUBBLE
MOUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929

Determinations of the motion of the sun with respect to the extra-
galactic nebulae have involved a K term of several hundred kilometers
which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a
re-examination of the question, based on only those nebular distances
which are believed to be fairly reliable.

Distances of extra-galactic nebulae depend ultimately upon the appli-
cation of absolute-luminosity criteria to involved stars whose types can
be recognized. These include, among others, Cepheid variables, novae,
and blue stars involved in emission nebulosity. Numerical values depend
upon the zero point of the period-luminosity relation among Cepheids,
the other criteria merely check the order of the distances. This method
is restricted to the few nebulae which are well resolved by existing instru-
ments. A study of these nebulae, together with those in which any stars
at all can be recognized, indicates the probability of an approximately
uniform upper limit to the absolute luminosity of stars, in the late-type
spirals and irregular nebulae at least, of the order of M (photographic) =
—6.3.1 The apparent luminosities of the brightest stars in such nebulae
are thus criteria which, although rough and to be applied with caution,

FHIDHL, KINFGHE
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B6e — Lemaitre 1927

Utilizant les 42 nébuleuses figurant dans les listes de Hubble et de
Stromberg (1), et tenant compte de la vitesse propre du soleil (300 Km.
dans la direction o == 315°, d = 62°), on trouve une distance moyenne de
0,95 millions de parsecs et une vitesse radiale de 600 Km./sec, soit

625 Km./sec a 10° parsecs (*).

Hy [km/sec/Mpc)

Trimble 1966
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TABLE 1 Published Results of go

TYPE AUTHOR

e A e e A e e e e A A S

Setti & Woltjer (1973) /3,47 Steep-spectrum radio sources
Davidsen et al.(1977) /5/ QSOs with same width of La
Qu et al.(1979) 16/ Strong scintillation

Yang et al.(1980) /77 Small optical variation

Zhang (1980) /8/ VLBI-resolved compact sources

Cheng (1982} /87 Strong scintillation and small optical
variation

Bachcall & Hills (1973) 17/ Brightest 0SOs in equal redshift
interval

Luminosity classifier

Fang et al.(1976,1979, /10-12/ Maximum seperation of radio components 0.901,5
1980)
Baldwin et al. (1977, /13-14/ Emission line width (CIV).
1978) N2
Kiang & Cheng (1981) /17 10 ibid 1.
2

1
.1

ibid (CIV& Mg IT &La) 1.9

Lurinosity indicator

N=sample size

Cheng, Kiang & Fang 1982
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Relative quasar luminosities determined from
emission line strengths

Jack A. Baldwin, William L. Burke, C. Martin Gaskell & E. J. Wampler

Nature 273, 431-435 (1978) \ Cite this article

115 Accesses | 69 Citations | Metrics

Abstract

Observations of flat radio spectrum QSOs selected from complete samples confirm the
strong correlation between continuum luminosity and emission line equivalent width. The
r.m.s. scatter about a mean relationship is about 0.6 mag. The data indicate that the
luminosity of QSO emission lines increase as the 1/3 power of the continuum luminosity.
Unless the zero point of the relationship between emission line equivalent width and
continuum luminosity depends on redshift, both the local hypothesis and zero pressure
models of the Universe in which qo = 0 are ruled out by the data at about the 99% confidence

level.

14 16 1.8
log W)\(C v)

04 0.6
y=2,’(l+z)

Baldwin et al. 1977, 1978




S

Two normal stars
arein a binary pair.

The secondary, lighter star
and the core of the giant
star spiral toward within

a common envelope.

The aging companion
star starts swelling, spilling
. gas onto the white dwarf.

1983 Nobel

.

The more massive
star becomes a giant...

The common envelope is
ejected, while the separation
between the core and the
secondary star decreases.

The white g4V
increases until it re

critical mass and explodes...

Prize

The progenitor of a Type la supernova

( v
2

...which spills gas onto the
secondary star, causing it to
expand and become engulfed.

The remaining core of
the giant collapses and
becomes a white dwarf.

\.\)

...causing the companion
star to be ejected away.
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Conference Highlights

Quasars as Standard Candles for Cosmology'

JoSsEPH WAMPLER
Santa Cruz, CA

It has been 22 years since Jack Baldwin first noticed that
there was an inverse correlation between the equivalent width
of the C 1v emission line and the apparent luminosity of bright
quasars. (See J. A. Baldwin, E. J. Wampler, & C. M. Gaskell,
AplJ, 338, 630 [1989] for a review and further references.) By
using this “Baldwin effect” correlation to calibrate the relative
luminosity of quasars, the scatter in the quasar Hubble diagram
can be reduced by about a factor of 10. For high-redshift
quasars, the data have sufficiently low scatter to discriminate
between the different popular cosmologies at high redshift.
Early efforts, which ignored possible redshift evolution in the
Baldwin effect, give Hubble diagrams that require a high value
for g, (9, ~ 5). This means that either the Baldwin effect has
strong redshift evolution or the high-redshift quasars are telling
us that there was a strong deceleration during the early
expansion of the universe.

At the end of 1998 May an international conference on the
Baldwin effect, “Quasars as Standard Candles for Cosmology,”
was held in La Serena, Chile, to review the progress in our
understanding of the physical processes important in quasar
nuclei where the broad emission lines are formed. It is hoped
that with a deeper understanding of quasar central engine
chemistry and physics, the source of the Baldwin effect can
be identified and understood. It would then be possible to
identify any agents that could lead to systematic differences
between quasars at different redshifts.

In the first talk of the conference, Nick Suntzeff reviewed
the new, very accurate data from the distant supernovae (SNe)
programs. These data, which have now reached SNe out to
redshift 1, indicate that g, is very small, or possibly negative.
If both the quasar data and the SN data are to be believed, then
the universe has evolved from an early decelerating universe
to the present accelerating universe. The SN data are very
convincing. While the scatter in the quasar data is much larger,
at redshifts above 2, different models of the universe give very
different Hubble diagrams, and small scatter is not needed to
distinguish between the models. A much more serious concern
is the possible evolution of the Baldwin effect with redshift.
Malmquist bias is not likely to be important because quasar
subsamples, selected in narrow redshift intervals, show similar
Baldwin effect slopes. The zero-point offset of the different
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Riess et al. 2016, ApJ, 826,
56 (>2000 citations)

Type la Supernovae — redshift(z)

Early route

a Planck
b BBN+BAO
P ¢ WMAP+BAO
Cepheids — Type Ia Supemovac d ACTPol+BAO
< i e SPT-SZ+BAO

Late route
f SHOES g HOLICOW
h STRIDES i TRGB1

j TRGB2 k Miras
L Masers m SBF

]
=
4
7

d: m-M (mag)

Photo: U. Montan
Adam G. Riess
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