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Clase anterior: Una teoría exitosa de formación 
planetaria debiese ser capaz de explicar las 

propiedades observadas tanto del Sistema Solar 
como de los sistemas extra-solares.



Formación de discos
Problema del momentum angular

• Las observaciones del Sistema 
Solar y de los sistemas extra-
solares sugieren que los planetas 
se forman alrededor de discos 
en torno a estrellas jóvenes.


• Para entender cómo se forman 
los planetas hay que entender 
primero cómo se forman las 
estrellas. 

Pineda et al. PPVII review



Zurlo et al. review on multiplicity and disks (2023)

Bonnor-Ebert sphere
Rgrumo ∼ 0.2 pc

Protoestrella
R⋆ ∼ 3 R⊙



Conservación de J
Colapso gravitacional resulta en una compresión de 6-7 órdenes de magnitud!

• Momentum angular (J) de una 
estrella (apróx). 


• Momento de Inercia. 


• J se conserva. 


• Límite inferior a la rotación de un 
grumo molecular. 


• Eso da un límite superior al 
periodo de rotación de la estrella. 
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¿Cómo sobreviven las estrellas?

• Sistemas múltiples (~50% de las 
estrellas de campo están en 
sistemas múltiples).


• Pierden J a través de “outflows”.


• El colapso sucede a través de un 
disco, no directamente a la 
estrella. 



Thomas P. Greene’s Protostars paper

https://www.americanscientist.org/sites/americanscientist.org/files/2005223144527_306.pdf
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J.E. Pineda et al. From Bubbles and Filaments to Cores and Disks
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Fig. 20.—: Sketch of the star-formation process on various scales, emphasizing the anisotropic growth of dense structures in the cold
ISM leading to the formation of stars and planetary systems. It highlights the role of large-scale expanding bubbles in compressing
interstellar matter in flattened gas layers and producing molecular filaments, which themselves form rotating dense cores through axial
gravo-turbulent fragmentation (top row, see Sects. 2 and 3). The sketch also emphasizes the role of angular momentum and non-
axisymmetric streamers at core/disk scales (bottom row adapted from Segura-Cox et al., in prep.); the classical dense core and these
streamers coexist at different evolutionary stages of protoplanetary disk formation (see Sects. 4 and 5). The orientation of the streamers
is not necessarily aligned with the rotation axis of the dense core, but it does follow a trajectory consistent with free-fall and rotation.

densities in subcritical filaments and a regime with rela-
tively efficient core formation at high densities in thermally
supercritical filaments (Fig. 9). The shape of the prestel-
lar core mass function, and by extension that of the stellar
IMF, may be partly inherited from the FLMF (see Sect. 3.6).
Observed core spacings do not generally follow the simple
periodic predictions of gravitational fragmentation models
within near-equilibrium cylindrical filaments. Filamentary
fragmentation likely unfolds over multiple scales where ei-
ther gravitational fragmentation of supercritical filaments,
or gravity-induced turbulence dominate.

Prestellar cores are primarily found within thermally
transcritical or supercritical filaments. One of the key prop-
erties of cores is the amount of rotation present, which is
directly related to the origin of the angular momentum. The
total angular momentum seen in cores is consistent with
being dominated by the turbulent motions injected at the
largest scales and may be partly inherited from the forma-
tion and fragmentation process of the parent filaments (e.g.
Sect 4.3.3 and Fig. 13). While resolved observations of
cores revealed clear differential rotation, the scale on which

specific angular momentum is constant (and gravity domi-
nates) is just being resolved at smaller radii than previously
suggested (<1,000 au). Therefore, magnetic braking must
be quite important to explain the small disk radii observed
around Class 0 objects.

With the spatial resolution in nearby regions made possi-
ble with interferometers, we can now measure infall and ro-
tation within cores and follow the gas from core to disk. Ob-
servations on these scales have revealed a new component:
streamers. The detection of streamers has modified our
view of the mass delivery at core/disk scales. The sketch
at the bottom of Fig. 20 starts with a prestellar core, which
has begun gravitational collapse. The next stage shows the
classical picture of the dense core feeding the disk and with
the addition of possible multiple streamers. Later on, once
most of the surrounding envelope is gone, some late accre-
tion events would be driven by streamers. Since streamers
deliver material non-axisymmetrically to disks, they may be
in part responsible for luminous outbursts, and help solve
the YSO luminosity problem. Streamers could play an im-
portant role in the formation and evolution of disks, since in
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HH212

• La pérdida de momentum 
angular a través de outflows da 
para un curso completo y lo 
dejaremos fuera de este curso. 



Clasificación de YSOs
Empírica, basada en la SED

• Exceso infra-rojo

Exceso infra-rojo

Libro “Interstellar medium” J. P. Williams

αIR =
d log(λFλ)

d log λ



Clasificación de YSOs
Está conectada a evolución

• Clase 0: SED tiene máximo en el 
IR lejano, no hay flujo detectado 
en el IR cercano


• Clase I: SED plana en el IR 
cercano-medio. 


• Clase II: SED cae entre IR 
cercano y medio.


• Clase III: la SED IR es 
esencialmente la de la fotósfera 
de una estrella.

2.1 Disks in the context of star formation 37
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Fig. 2.1. Classification scheme for Young Stellar Objects.

line. Classical T Tauri stars1 have an equivalent width of Hα that is in excess of

10Å. These are normally Class II sources. Weak-lined T Tauri stars have an Hα

equivalent width that is less than 10Å. These are Class III objects.

Although the classification scheme for YSOs is fundamentally an empirical

one, it is by now so entwined with a theoretical interpretation as an evolutionary

sequence (Adams et al., 1987) that it makes little sense to discuss the one without

the other. Within the sequence, illustrated in Fig. 2.1, the Class 0 YSOs are identified

with the least evolved objects observed during the earliest stages of cloud collapse.

Any protostar present at the center of the cloud is so deeply embedded within

optically thick gas and dust that it is not visible even at near-IR wavelengths. At

this stage, rotationally supported material may be present, but its properties are

largely unconstrained by observations. The first objects in which disks are detected

1 Named after the prototype T Tauri, which was recognized as being part of an interesting class of variable stars
associated with Galactic nebulae by Joy (1945).

αIR ≥ − 0.3

−1.6 ≤ αIR < − 0.3

αIR < − 1.6



De qué estrellas estamos 
hablando?
T Tauri

Estudios iniciales definieron la clase 
“T Tauri” ya que mostraban: 


• Variabilidad óptica


• Emisión cromosférica fuerte


• Asociación con nebulosidad


Luego se demostró que: 


• Tienen emisión rayos-X


• Absorción de Li 
Credit: Adam Block/Mount Lemmon SkyCenter/University of Arizona.
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=> superficie activa
=> acreción
=> juventud

=> superficie activa

=> baja temperatura del núcleo (juventud)



De qué estrellas estamos 
hablando?
Herbig AeBe

• TTS son de tipo GKM y  
masas < 2 MSun


• G. Herbig descubrió sus primos 
de masa intermedia  
masa ~ 2-8 MSun 


• Se llaman Herbig “AeBe” porque 
se caracterizan por líneas de 
emisión en su espectro


• TTS y Herbig AeBe son estrellas 
PMS

Adam Block/Mount Lemmon SkyCenter/University of Arizona



George Herbig
“When the historians of science look 
back on our times with the perspective 
of the years, all that we do today will 
certainly be seen to have been either 
wrong, or irrelevant, or obvious.”

From http://ifa.hawaii.edu/SP1/HerbigBiography.pdf

http://ifa.hawaii.edu/SP1/HerbigBiography.pdf


Contexto galáctico



The Solar Neighborhood  
in the Age of Gaia 

Catherine Zucker, Space Telescope Science Institute 
João Alves, University of Vienna 
Alyssa Goodman, Center for Astrophysics | Harvard & Smithsonian  
Stefan Meingast, University of Vienna 
Phillip Galli, University of São Paulo 

Charla de Joao Alves en PPVII



The Gould’s Belt

B. Gould 1824-1896

Herschel Gould Belt Survey (André et al. 2010) 



The Radcliffe Wave

Alves et al. 2020

At least 3 kpc long, and 120 pc wide, with crest and trough reaching 160 pc out of the Galactic Plane  
                                                                         Mass: >3 x 106 MSun

tinyurl.com/radwave

See also, Donada & Figueras 2021, Li & Chen 2022. For other Galactic-scale features discovered in the 
Gaia-era, see e.g. Kuhn et al. 2021, Lallement et al. 2021, Pantaleoni-Gonzalez et al. 2021

Cepheus Spur

Sgr Spur



UGC 12158

3 kpc linear structure?



4 kpc

Alves et al. 2020; Green et al. 2019; 
Zucker et al. 2020;

Leike et al. 2020

750pc 100 pc

Zucker et al. 2021

Post-Gaia view on molecular clouds



Using the stellar “traceback” data, 
we fit for the bubble’s evolution 
using an analytic expansion model 
[see El-Badry et al. 2019]

The model fits for: 
✴ Time of first explosion 
✴ Ambient ISM density 
✴ Time interval between 
supernova explosions

Assume the bubble is entirely 
supernova driven (neglect 
radiation pressure + stellar winds)

The Local Bubble 

Zucker et al. 2022
 Local Bubble model [Pelgrims et al. 2020] , Superbubble expansion model [El-Badry et al. 2019], 3D Dust Maps [Leike et al. 2020, Lallement et al. 2019]   



17 Myr Ago



16 Myr Ago Upper Centaurus Lupus 
(“UCL”) Born



15 Myr Ago



14 Myr Ago Supernovae in UCL/
LCC make bubble



13 Myr Ago Bubble expands



12 Myr Ago Bubble expands



11 Myr Ago Bubble expands



10 Myr Ago Stars in UpSco form



9 Myr Ago Bubble expands



8 Myr Ago Bubble expands



7 Myr Ago Bubble expands



6 Myr Ago Stars in Corona Australis form
Stars in Taurus form



5 Myr Ago Stars in Corona Australis form



4 Myr Ago Bubble expands



3 Myr Ago
Stars in Taurus form
Stars in Lupus form



2 Myr Ago
Stars in Taurus form

Stars in Chamaeleon form



1 Myr Ago Stars in Ophiuchus form
Stars in Taurus form



Present Dense gas & young stars 
envelope Local Bubble

Inutsuka et al. 2015 

Momentum analysis indicates that 
15 supernovae were needed to 
power the bubble’s expansion

Population synthesis modeling 
indicates UCL and LCC clusters 
produced 14-20 supernovae
[Fuchs et al. 2006, Breitschwerdt et al. 2016, 
Maiz-Apellaniz 2001]



NGC 628 (PHANGS-JWST)
An Extragalactic Perspective

NGC 628 (PHANGS-JWST)
Putting the Local Bubble in an Extragalactic Context

Credit: Judy Schmidt See Lee et al. 2023 for Overview of PHANGS–JWST Treasury Survey



NGC 628 (PHANGS-JWST)NGC 628 (PHANGS-JWST)

200 pc 200 pc

Local BubbleLocal Bubble Analog (M74)

Statistical view of star 
formation from external 

galaxies
“6D” spatial-dynamical view of star 
formation from solar neighborhood

See e.g. Watkins+2023, Barnes+2023 for analysis of bubbles in NGC628

Putting the Local MW in an Extragalactic Context



Acrónimos!
Qué esperar leyendo literatura de formación planetaria y estelar

• ALMA:

• VLT:

• SED:

• ISM:

• GMC:

• YSO:

• TTS:

• WTTS:

• CTTS:

• HAeBe:

• PMS:

• ZAMS:

• HH:

Atacama Large (sub)millimeter Array

Very Large Telescope

Spectral Energy Distribution

Interstellar Medium

Giant Molecular Cloud

Young Stellar Object

T Tauri Star

Weakly-lined T Tauri Star

Classical T Tour Star

Herbig Ae Be star

Pre-Main Sequence

Zero Age Main Sequence

Herbig-Haro object


