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What | will talk about

® Setting up the scene.
* What are OB stars and OB associations?
% Other projects: GOSSS, LiLiMaRlin, and ALS.
® EDR3 results.
% TheVillafranca project: OB stellar groups.
% The ALS project: OB stars and associations.
% Other results.
® DR3 results from survey papers.
% Extinction, Te, and spectral classification.
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What are OB stars?

® Three alternative (quasi-equivalent) definitions:
% Massive stars (> 8 Msq) of spectral types O and B.
* Hot (> 10 kK) massive stars (if we include WR stars).
*x O-B2V + O-B5 Il + O-B9 |.
® Ages up to ~30 Ma.
® Great Galactic influencers:
% UV radiation + winds + SNe + stellar ejections.
® They are not stars of spectral types O and B.

% Sample dominated by mid and late-type B dwarfs.

% Ages up to several hundreds of Ma.
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ABSTRACT

Luminous hot star < Omag and Td‘f 8000 K)Mominate the stellar energy input to the interstellar medium throughout
cosmological time, are used : eories of stellar evolution and multiplicity, and serve as luminous tracers of star
formation in the Milky Way and other galaxnes Massive stars occupy well-defined loci in colour—colour and colour—magmtude spaces,

enabling selection based on the combination of Gaia EDR3 astrometry and photomg : als etry, even in the presence
of substantive dust extinction. In this paper we devise an all-sky sample of su€d luminous OBA- type stars Jwhich was designed to

be complete rather than very pure, providing targets for spectroscopic follow-up w ¥ 1o estimate the purity and

Gaia Data Release 3adial velocities
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ABSTRACT

Context. The second Gaia data release, DR2, contained radial velocities of stars with effective temperatures up to Tex = 6900 K. The third data

release, Gaia DR3, extends this up to T = 14500 K.
Aims. We derive the radial velocities for hot stars (i.e. in th ginge) from data obtained with the Radial Velocity Spectrometer
(RVS) on board Gaia.
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What are OB associations’

® Two types of stellar groups:

% Clusters: born together and bound at the present time.

% Associations: born together and unbound at the present time
® Difficult to distinguish between them:

% Distances, proper motions, and radial velocities.

% Membership and ejections (runaway and walkaway stars).
® Two hypothesis for how associations are formed:

% Nature: born that way, slowly dispersing.

% Nurture: dissolved clusters currently expanding.
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On the Problem of the Mechanism of the Origin
of Stars in Stellar Associations

Burakan Astrophysical Observatory Academy of Sciences of the Armenian S. S. R.,
Erevan, Armenian S. S. R., U. S. S. R.

since the idea of

e stellar systems
was formulated.! The complex of observational data
obtained during this time indicates that stars contained
in the associations are young objects of some million
years of age. We would like to stress here that this
concerns both the O and T associations. It is also
known that those O associations which could be
sufficiently investigated in this respect, contain, as a
rule, T Tauri type stars and are consequently T
associations as well. There are, on the other hand, T
associations which do not contain hot giants. But
apparently the mechanisms of stellar formations must
be similar in O and T associations. This means that any
theory of stellar origin for a given type of association
must permit \.Ll’l.l“()nb, which will prov ide an explana-

system, : : mi!iully very sm:lll.
The dimensions of the latter was in any case less than
one parsec. According to this point of view, these
initial bodies (protostars) have either not been observed
up to the present, or have not yet been identified with
any known object. This point of view does not give any
indication about a concrete mechanism of stellar origin,
postponing its explanation to the time, when the
earliest stages of the expansion of the association may
be studied in detail.

On the other hand, Oort* and Oort and Spitzer’
suggested a very interesting mechanism of the influence
of mdla.tu)n of O stars on large gaseous clouds i in their

' 11s mechanism leads to ;

transform'mun of a part of the radiative energy of t

ars into kinetic energy of interstellar ;,.w:ous clou

sthat the role of the
nism in the total balance of the kinetic energy of inter-
stellar matter is very important. According to Oort, 11
the cold HI regions which surround the HII zone
formed around an O star, a very high gas pressure

Ambartsumian, Stellar Evolution and Asiroph
S.R., 194u

.S'ymj;rwsiz;m No. 2 (\Io'th Hnlland l‘ubllshmg (,omp'mv : t\nbt( r-
dam, The .\'ethcrlands, 1955), p. 147.
? J. H. Oort and L. Spitzer, .-\stroph_\'s. J. 121, 6 (1955).

can arise, which may lead as a result of condensation
to the origin of stars when the limit of gravitational
instability is passed. Oort’s views were reported at the
Second Symposium on gas dynamics of cosmical clouds
so we shall not present them here in detail.
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Abstract Hierarchical structure in gas and young stars pro-

duces clusters in high-density regions where the individual

EMBEDDED CLUSTERS IN MOLECULAR CLOUDS stellar orbits rapidly mix. For a fixed density at the onset
of gas collapse (e.g. determined by changes in the ioniza-
tion equilibrium and grain properties), the efficiency of star
formation is automatically high in the high-density regions
of giant molecular clouds. Thus, bound cluster formation

. follows somewhat trivially from hierarchical structure. The
Elizabeth A. Lada density where the efficiency is high enough to produce a

epc.zrrment of Astronomy niversity of Florida, Gainesville, Florida 32611, bound cluster depends on the dispersion of the density prob-
W/ lada@astro.uflg .

. ability distribution function (pdf), decreasing for higher dis-
persions and making bound cluster formation more likely.
Similarly, the mass fraction of star formation in the form of
bound clusters increases with the pdf dispersion. Because
this dispersion is related to the turbulent Mach number, and
also to the interstellar medium pressure and star-formation
rate per unit volume, it follows that high-pressure or highly
active regions tend to produce bound clusters, while low-
pressure and inactive regions tend to produce stars in un-
bound associations.

Charles J. Lada

Harvard-Smithsonian Center Yor Astrophysics, Cambridge, Massachusetts 02138;
email: clada@cfa.harvard.edu

The production of a bound cluster from a dense cloud core clearly requires
special physical conditions. Hence, this must be a rare occurrence. The observed
low SFEs for embedded clusters can account for th

rom the relatively large numbers and high birthrates of embedded
clusters compared to classical open clusters. Most (~90-95%) embedded clusters
must emerge from molecular clouds as unbound systems. Only the most massive

become stable, open clusters. Thus, although most stars form in embedded clusters,
these stellar systems evolve to become the members of unbound associations, not
bound clusters. However, bound classical clusters form at a sufficiently high rate,
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Other projects: GOSSS

® (GOSSS: Galactic O-Star Spectroscopic Survey.

® Blue-violet R~2500 spectroscopy of ~5000 stars.

e 2077-2022, private data from multiple telescopes.

® Data available at https://gosc.cab-inta.csic.es.

® Three major papers published, fourth in preparation.

® Most complete O-star spectroscopic survey:
~1000 O stars with high S/N spectra and accurate
and homogeneous spectral types.

® Most of the rest are B stars.
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Other projects: LiLiMaRlin

® LiLiMaRlin:a Library of Libraries of Massive-Star high-
Resolution spectra.

® High-resolution R=25 000 spectroscopy of 1000+
O+B stars with 65 000+ epoches.

® |994-2022, privatetpublic data from multiple
telescopes.

® Largest collection of high-resolution ground-based
massive-star spectroscopy.

® Used for binary orbits, stellar-parameter
determination, and ISM studies.
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Other projects: ALS

ALS: Alma Luminous Star catalog.

Reed (2003): compilation of 18 693 luminous hot
stars (OB stars”) from the literature.

Some with spectral types, many without them.
Coordinate errors and duplicates.

Pantaleoni Gonzalez et al. (2021): cross-match with
Gaia DR2, 18 300 entries after eliminating duplicates
but some of them are likely not massive stars.
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EDR3: The Villafranca catalog of OB groups

AK&A 643, AI138(2020)

https://dot.org/10.1051/0004-636 1/202038228 trO nomy
© ESO 2020 Astrophysics

The Villafranca catalog of Galactic OB groups
l. Systems with 02-03.5 stars

J. Maiz Apelldniz', P. Crespo Bellido' %, R. H. Barb4®, R. Ferndndez Aranda'?, and A. Sota®

A&A 657, A131 (2022)
https://doi.org/10.1051/0004-6361/202142364 A§tronomy

© ESO 2022 AStI‘OphySiCS

The Villafranca catalog of Galactic OB groups

Il. From Gaia DR2 to EDR3 and ten new systems with O stars

J. Maiz Apellénizl .R. H. Barb4?"®, R. Ferniandez Aranda!3*®, M. Pantaleoni Gonzilez!3®, P, Crespo Bellido!,
A. Sota®, and E. J. Alfaro’

A third paper is being written
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EDR3: The Villafranca catalog of OB groups

® | ong-term project to catalog all stellar groups, clusters or
(sub-)associations, with massive stars in the solar neighborhood (26 so
far) based on Gaia complemented with:

* GALANTE: Images and photometry from T-80 Javalambre telescope.
* GOSSS, LiLiMaRlin, WEAVE: Spectroscopy.

® Distances, membership, structure, IMF...
% Currently (EDR3), 1% distances at | kpc, 3% distances at 3 kpc.

% Limited by angular covariance term in uncertainty estimation.

® ...and surprises: Runaway/walkaway stars and orphan clusters.

A&A 657, A72 (2022)
https://doi.org/10.1051/0004-6361/202142366 tro no my

© ESO 2022 Astrophysics

Escape from the Bermuda cluster: Orphanization by multiple stellar
ejections

J. Maiz Apelle’mizl ., M. Pantaleoni Gonzilez2®, R. H. Barba>:"®, and M. Weiler*
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The North America and Pelican nebulae

Bermuda
cluster
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Three ejection events

The observed MFs may not be the IMFs even for -2 Ma old clusters.
The population of runaway/walkaway neutron stars and black holes.

Orphan clusters,a new phenomenon: |2+ ejected stars, including the three most massive.

The cluster mass lost is so high that the Bermuda cluster has become unbound.
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Three ejection events
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Orphan clusters,a new phenomenon: |2+ ejected stars, including the three most massive.
The observed MFs may not be the IMFs even for 1-2 Ma old clusters.

The population of runaway/walkaway neutron stars and black holes.

The cluster mass lost is so high that the Bermuda cluster has become unbound.
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HD 195 965 Toronto

»

Bow shocks |-
from the ' | B
ejected
stars ey

<+

HD 201 795 HD 200 776

Fig. B.1. WISE W4+W3+W2 RGB mosaics for four walkaway/runaways systems. Each field is 20" x 20" (4.7 pc x 4.7 pc at a distance of 798 pc)
and is oriented with north toward the top and east toward the left. In each mosaic the runaway candidate is at the center and the arrows show the
absolute (green) and the relative-to-the cluster proper motions (yellow).
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Gaia EDR3 astrometric calibration

A&A 649, A2 (2021)
https://doi.org/10.1051/0004-6361/202039709 tro no my

© ESO 2021 Astrophysics
Gaia Early Data Release 3 Special issue

Gaia Early Data Release 3

The astrometric solution

L. Lindegrenl ,S. A. Klioner?, J. Hernandez?, A. Bombrun*, M. Ramos-Lerate’, H. Steidelmiiller?, U. Bastian®,
M. Biermann®, A. de Torres*, E. Gerlach?, R. Geyerz, T. Hilgerz, D. Hobbs!, U. Lammers?, P. J. McMillan',
C. A. Stephenson’, J. Castafieda®, M. Davidson®, C. Fabricius'®, G. Gracia-Abril'"-¢, J. Portell'’, N. Rowell”,
D. Teyssier’, F. Torra®, S. Bartolomé!?, M. Clotet!®, N. Garralda'®, J. J. Gonzalez-Vidal'?, J. Torra’™!°, U. Abbas!?,
M. Altmann® '3, E. Anglada Varela'#, L. Balaguer-Niifiez!?, Z. Balog® !>, C. Barache'?, U. Becciani'®,
M. Bernet', S. Bertone'”-'3:12 L. Bianchi'®, S. Bouquillon'?, A. G. A. Brown?®, B. Bucciarelli'?, D. Busonero'?,
A. G. Butkevich!?, R. Buzzi'2, R. Cancelliere?!, T. Carlucci'?, P. Charlot?2, M.-R. L. CioniZ*, M. Crosta'Z,
C. Crowley*, E. F. del Peloso®, E. del Pozo?*, R. Drimmel!?, P. Esquej?, A. Fienga?6-?’, E. Fraile>>, M. Gai'?,
M. Garcia-Reinaldos?, R. Guerra®, N. C. Hambly”, M. Hauser!-?%, K. JanBen??, S. Jordan®,
7. Kostrzewa-Rutkowska?-2?, M. G. Lattanzi'?-*°, S. Liao'2, E. Licata'?, T. A. Lister’!, W. Loffler®, J. M. Marchant*2,
A. Masip”), F. Mignard”, A. Mints>, D. Molina'®, A. Mora**, R. Morbidelli'?, C. P. Murphy3 ,C. Pagani”, P. Panuzzo™,
X. Pefialosa Esteller'?, E. Poggio!?, P. Re Fiorentin'?, A. Riva'?, A. Sagrista Sellés®, V. Sanchez Gimenez'?,
M. Sarasso!'?, E. Sciacca'®, H. I. Siddiqui*®, R. L. Smart'?, D. Souami®’-3%, A. Spagna'?, I. A. Steele’?,
F. Taris!3, E. Utrilla2*, W. van Reeven?*, and A. Vecchiato'2

A&A 649, A4 (2021)
https://doi.org/10.1051/0004-6361/202039653 t rono my

© ESO 2021 Astrophysics
Gaia Early Data Release 3 Special issue

Do not apply Gaia EDR3 parallaxes out of the box!!!
Gaia Early Data Release 3

Parallax bias versus magnitude, colour, and position

L. Lindegrenl, U. Bastian?, M. Biermann?, A. Bombrun?, A. de Torres>, E. Gerlach®, R. Geyer4, J. Herndndez>,
T. Hilger*, D. Hobbs!, S. A. Klioner*, U. Lammers, P. J. McMillan', M. Ramos-Lerate®, H. Steidelmiiller*,
C. A. Stephenson’, and F. van Leeuwen®
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Gaia EDR3 astrometric calibration

A&A 649, A4 (2021)
https://doi.org/10.1051/0004-6361/202039653
© ESO 2021

Gaia Early Data Release 3

Gaia Early Data Release 3

Parallax bias versus magnitude, colour, and position

L. Lindegrenl, U. Bastian?, M. Biermann?, A. Bombrun?, A. de Torres>, E. Gerlach®*, R. Geyer4, J. Herndndez>,
T. Hilger4, D. Hobbs!, S. A. Klioner*, U. Lammers’, P. J. McMillan', M. Ramos-Lerate®, H. Steidelmiiller®,

C. A. Stephenson’, and F. van Leeuwen®

7. Way forward

The bias functions Zs and Zg provide a recipe for the system-
atic correction of the EDR3 parallaxes based on the particular
choices of data, method, and bias models described in the pre-

ceding sections. These choices contain considerable elements of

that alternative routes are explored towards better compensating

for the systematics in Gaia data. Gaia Data Release 3, which

More and different data: increasing the amount of data
included in a global analysis could improve the precision of the
bias estimation and perhaps extend its validity in magnitude—
colour space. Examples of datasets that should be explored are
the stars in open and globular clusters, which have the potential
to cover a wide range in magnitudes and different environments,

tronomy
Astrophysics

Special issue
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Gaia EDR3 astrometric calibration

A&A 649, A13 (2021)
https://dot.org/10.1051/0004-6361/202140418 tronomy

© ESO 2021 Astrophysics

Includes cookbook

Validation of the accuracy and precision of Gaia EDR3 parallaxes
with globular clusters

J. Maiz Apellaniz', M. Pantaleoni Gonzilez'-*, and R. H. Barba®

A&A 657, A130 (2022)
https://doi.org/10.1051/0004-6361/202142365 %St ronomy

© ESO 2022 AStI‘OthSiCS

Includes bias correction improved upon Lindegren’s and an IDL implementation

An estimation of the Gaia EDR3 parallax bias from stellar clusters
and Magellanic Clouds data

J. Maiz Apellaniz
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Gaia EDR3 astrometric calibration

4 2
® Thereis a correctable parallax bias. Zeors(G,verr, B) = )| D ak(G) ¢ (verr) br(B)

® There is an uncorrectable parallax bias whose effects need to be accounted for.
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® Parallaxes are spatially correlated: main limitation for cluster distances.
® Stars with 1.4 < RUWE < 8.0 are valid but with worse uncertainties.

® 6-parameter solutions are valid but with worse uncertainties.
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Gaia EDR3 astrometric calibration

4 2
® Thereis a correctable parallax bias. Zsora(G, ver, B) = ) D ai(G) ¢j(verr) bi(B)

® There is an uncorrectable parallax bias whose effects need to be accounted for.

® Parallaxes are spatially correlated: main limitation for cluster distances.

® Stars with |.4 < RUWE < 8.0 are valid but with worse uncertainties.

® 6-parameter solutions are valid but with worse uncertainties.
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EDR3: the ALS catalog

ALS Il (DR2, Pantaleoni Gonzalez et al. 2021) ALS Il (EDR3 + new sources from GOSSS+)

Initial entries |18 693 Initial entries 20 498
-300 duplicates 18 300 -42 | duplicates 20 077
-21 | unmatched |8 089 -408 unmatched 19 669

-2336 bad astrometry |15 753 -1847 bad astrometry |7 822

-91 bad photometry |15 662 -202 bad photometry 17 620
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EDR3: The ALS Ill H-R diagram
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EDR3: the spiral arms with ALS |l
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EDR3:ALS Il

= 90°

=
€9)
o

o

i
€]
@]
Stellar density




OB stars and associations with Gaia

Jesus Maiz Apellaniz

Centro de Astrobiologia-CSIC

Napoli, Italy, Tuesday 22 September 2022

EDR3: OB associations from ALS IlI
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EDR3: the Cepheus spur
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EDR3: the Cepheus spur
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OB Associations Wright et al. (2022)

o Nicholas J. Wright
Astrophysics Group, Keele University, Keele ST5 5SBG, UK
[
Simon Goodwin
t I r Department of Physics and Astronomy, University of Sheffield, Sheffield, S3 7RH, UK
c e Robin D. Jeffries
Astrophysics Group, Keele University, Keele STS 5BG, UK
results s Kounke
Department of Physics and Astronomy, Vanderbilt University, VU Station 1807, Nashville, TN 37235, USA
Eleonora Zari
Max-Planck-Institut fiir Astronomie, Konigstuhl 17 D-69117 Heidelberg, Germany

OB associations are low-density groups of young stars that are dispersing from their birth
environment into the Galactic field. They are important for understanding the star formation pro-
cess, early stellar evolution, the properties and distribution of young stars and the processes by
which young stellar groups disperse. Recent observations, particularly from Gaia, have shown
that associations are highly complex, with a high degree of spatial, kinematic and temporal

panding, with the majority of recent studies revealing evidence for clear expansion patterns in
the association subgroups, suggesting the subgroups were more compact in the past. This expan-
sion is often non-isotropic, arguing against a simple explosive expansion, as predicted by some

torical paradigm of the origin of associations as the expanded remnants of dense star clusters
and suggests instead that they originate as highly substructured systems without a linear star
formation history, but with multiple clumps of stars that have since expanded and begun to over-
lap, producing the complex systems we observe today. This has wide-ranging consequences for
the early formation environments of most stars and planetary systems, including our own Solar
System.
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Gaia DR3 contents: XP
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DR3: General Stellar Parameters (GSP)

Astronomy & Astrophysics manuscript no. AA_2022_43462 ©ESO 2022
June 14, 2022

Gaia Data Release 3: Analysis of the Gaia BP/RP spectra using the
General Stellar Parameterizer from Photometry

R. Andrae “*,M. Fouesneau “,R. Sordo™?, C.A.L. Bailer—Jone§1,T.E. Dharmawardena®!, J, Rybizki L FE De

GSP-Phot: 471 M sources.

Astrometry+photometry+XP spectrophotometry.
Input isochrones and distances.

Fitted parameters: age, initial mass, metallicity, and Ao.
Derived parameters: T, log g, R, and Mc.

Two types of fits:

% Using general SEDs (different sources, algorithm selects one).
* Using OB-type SEDs (provided by Y. Frémat).
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DR3: Extended Stellar Parameters (ESP)

Astronomy & Astrophysics manuscnpt no. output OESO 2022
2022-06-08

Gaia Data Release 3: Astrophysical parameters inference system
(Apsis) | - methods and content overview

O.L. Creevey®' R. Sordo®’, F. Pailler®’, Y. Frémat®*, U. Heiter®, F. Thévenin', R. Andrae®°,

® Extended Stellar Parameterizer for Emission-Line Stars (ESP-ELS):
% Spectral classification: O, B,A, F G, K, M, C star.
* Ha EWs for 235 M objects.
% Emission-Line IDs: PN,WC,WN, Be, Herbig Ae/Be, T Tauri, dMe.
® Extended Stellar Parameterizer for Hot Stars (ESP-HS):
% Applied to stars identified as O, B, or A by ESP-ELS: 2.4 M.
% If available, it also uses RVS spectra.
% Fitted parameters: Tef, log g, v sin i, and Ao (plus A and E(Gep-Grp)).
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DR3:The comparison samples

® Objects with GOSSS or LiLiMaRlin reliable spectral
type classifications.

® Includes the GOSSS-IV stars to appear soon.
* 1046 O stars.
* 81 WR stars.
% 959 BO-BI-5 stars.
% 1245 B2-B9 + Be stars.
% 333| of any of the above (O+B+WR).

® The 120 early-type stars from Maiz Apellaniz & Barba
(2018) and Maiz Apellaniz et al. (2021) with accurate
extinction measurements.
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DR3:Why the extinction parameters have to be (mostly) wrong

A&A 564, A63 (2014) Astronomy
DOI: 10.1051/0004-6361/201423439

&
©ESO 2014 Astrophysics

The VLT-FLAMES Tarantula Survey

XVI. The optical and NIR extinction laws in 30 Doradus and the photometric
determination of the effective temperatures of OB stars*

J. Maiz Apellz’mizl ,C.J. Evans?, R. H. Barb#®, G. Griifener®, J. M. Bestenlehner*, P. A. Crowther’, M. Garcia®,
A. Herrero”, H. Sana®, S. Simén-Diaz”#, W. D. Taylor?, J. Th. van Loon'?, J. S. Vink*, and N. R. Walborn’

A&A 613, A9 (2018)
https://doi.org/10.1051/0004-6361/201732050 A&Stronomy

© ESO 2018 Astrophysics

Optical-NIR dust extinction towards Galactic O stars™

J. Maiz Apellaniz' and R. H. Barb4®

of the
ROYAL ASTRONOMICAL SOCIETY

MNRAS 501, 2487-2503 (2021) doi:10.1093/mnras/staa2371
Advance Access publication 2020 August 25

Galactic extinction laws — I1. Hidden in plain sight, a new interstellar
absorption band at 7700 A broader than any known DIB

J. Maiz Apellaniz ~,'* R. H. Barbd ©,> J. A. Caballero,' R. C. Bohlin® and C. Farifia*

® They assume a monochromatic value of R of 3.1.
® They use the extinction law of Fitzpatrick (1999).
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3:Why the extinction parameters have to be (mostly) wrong
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DR3: How reliable are the T determinations?
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DR3: How reliable are the T determinations?
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DR3: How reliable are the T determinations?
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DR3: How reliable are the T determinations?
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DR3: How reliable are the v sini determinations?
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DR3: Statistics for the comparison samples

What! O |WR|BO-BI.5|Blate | All [ExtGS

All 1046 8l 959 1245] 3331 120

Gaia DR3 counterpart 1035| 80 943 1232] 3290 120

G photometry 1033| 80 941 1231 3285| 120
G+Gppt+Grp photometry 1030( 80 934 1223] 3267| 120

XP spectrophotometry 297 79 829 957] 2812 109
Radial velocities 81 I 80( 247| 409 20

Grvs photometry /8 I 71| 243 393 20

RVS spectroscopy 8 0 71 170 185 2

DIB equivalent widths 21 0 43 58| 122 3
General Tef + Ac measurements 502 3l 541 644| 1718 47
OB Ter + Ac measurements 314 20 383| 376] 1093 23
ESP-HS Te + Ac measurements 371 0 411 429 1211 |7
ESP-ELS spectral types 1010 73 900 1124|3107 116
Correct spectral type (O or B) from ESP-ELS | 64.6 % -| 70.3 %]90.7 % - -
v sini from ESP-HS 302 0 336] 254| 892 13

Epoch photometry 158 30 2411 249| 678 20
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Flying through the Galaxy with ALS Il



