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Young Star Clusters in the Local Universe  

Young star clusters are gravitationally bound stellar systems that form in the densest regions of 
giant molecular clouds. They host a large fraction of massive stars responsible of injecting UV 
ionising photons and mechanical feedback into the interstellar medium (ISM). In my review I 
will provide an overview of our current understanding of young star cluster populations in local 
galaxies, with particular focus on the fraction of stars forming in clusters and on the probability 
of forming massive clusters in galactic environments typically observed in the local universe. I 
will discuss current observational results and theoretical predictions that attempt to link cluster 
formation and evolution to the physical conditions of the gas in the host galaxy. I will conclude 
focusing on two exciting science cases for JWST. JWST  will play a key role in unveiling cluster 
populations in the most extreme starbursts accessible in the local universe which are currently 
unaccessible because hidden behind a deep curtain of dust. These systems are fundamental for 
our understanding of cluster formation at high redshift. Secondly we will be able to map the 
cluster “emerging” timescales as a function of cluster physical properties and galactic 
environment, shedding light on the role that stellar cluster feedback has to ionised the ISM at 
local and galactic scales. 
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NIRSpec spectroscopy of stellar and substellar members in nearby star-
forming regions (preliminary) 
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High spatial resolution observations of massive star forming regions in 
the JWST era. 
 
JWST will provide unprecedented sensitivity and spatial resolution in the infrared. In addition, 
ground-based observations can provide crucial complementary observations, especially multi-
conjugate adaptive optics observations with similar field of view and spatial resolution as 
JWST.  
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Outflows from Young Stars: From Jets to Explosive Feedback in Star 
Formation 
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ERS program 1288 : Radiative Feedback from Massive Stars as Traced by 
Multiband Imaging and Spectroscopic Mosaics 
 
Massive stars disrupt their natal molecular cloud material by dissociating molecules, ionizing 
atoms and molecules, and heating the gas and dust. These processes drive the evolution of 
interstellar matter in our Galaxy and throughout the Universe from the era of vigorous star 
formation at redshifts of 1-3, to the present day. Much of this interaction occurs in Photo-
Dissociation Regions (PDRs) where far-ultraviolet photons of these stars create a largely neutral, 
but warm region of gas and dust. PDRs are connected to star formation in many respects :  PDR 
emission dominates the IR spectra of star-forming galaxies and also provides a unique tool to 
study in detail the physical and chemical processes that are relevant for most of the mass in inter- 
and circumstellar media in diffuse clouds, protoplanetary disk -and molecular cloud surfaces, 
globules, proplyds, etc.   
In this presentation I will give an overview concerning the current observational and theoretical 
view of PDRs and why they will be an important concept in the context of JWST and star-
formation.  I will detail how this ERS can prove useful in this context, and describe the 
observing plan, as well as the data analysis plan and the methods that are developed to achieve 
this.   
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POSTER: Striking resemblance between the mass spectrum of sub-pc 
clumps and the initial mass function 
 
Stellar initial mass function (IMF) is one of the most fundamental concepts in astrophysics, yet 
its exact origin is still unclear. Stars form in molecular clouds that contain clumps and cores—
dense fluctuations on sub-pc and 0.1–0.01 pc scales, respectively. It has been found that core 
mass function resembles IMF and that cloud mass function does not. Thus the critical spatial 
scale where this resemblance emerges becomes crucial for understanding the IMF origin. We 
present that the clump mass function sampled in the giant molecular cloud Cygnus X strikingly 
resembles IMF, owing to our unprecedentedly large (near 104) catalog sampled in an area of 
18,000 pc2. This provides strong evidence that IMF originates from clumps in molecular clouds 
on up to sub-pc scales.  
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Theoretical understanding of the star formation process (preliminary) 
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Investigating Multiplicity in the ONC:  Space Telescope Imaging of Young 
Star Clusters - HST to JWST  
 
Young clusters and associations hold clues to the origin of multiple star systems as well as how 
they evolve into the Galactic Field.  Low mass, low stellar density star-forming regions such as 
Taurus-Auriga, exhibit an excess of multiples compared to the Galactic Field.  Studying the 
binary population of higher mass, higher stellar density star-forming regions like the Orion 
Nebula Cluster (ONC) provides important constraints on the origin of the Galactic Field star 
population.  We present the results of a multiplicity study in the ONC using archival Hubble 
Space Telescope data obtained with the Advanced Camera for Surveys (ACS) in Johnson V filter 
(HST Proposal 10246, PI M. Robberto).  In this study, we search sparsely explored separations 
for M-type binaries in the ONC (15 - 160 AU) by fitting a double-PSF model built from 
empirical data.  We identify 14 candidate binaries (11 new detections) and find that 8 +4%-2% 
of our observed sample are in binary systems, complete over mass ratios and separations of 0.6 < 
q < 1.0 and 30 < a < 160 AU, consistent with the expected Galactic Field M-dwarf population 
over the same parameter ranges.  Therefore, high mass star forming regions like the ONC would 
not require dynamical evolution to shape their binary population to resemble the Galactic Field, 
as hypothesized for young clusters.  JWST NIRCam will probe primaries below 5 Jupiter 
masses, as well as reaching lower mass ratios and resolving closer binaries compared to ACS, a 
crucial aspect of planned GTO observations of young clusters such as NGC 2024.  Such surveys 
will enable pivotal tests of star formation theory by characterizing the multiplicity of sub-stellar 
objects in various environments as well as identifying how different types of star forming regions 
contribute to the Galactic Field. 
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Star formation in the Local Group with NIRSpec and NIRCam 
 
Using Hubble Space Telescope observations, we have identified and characterized almost 50,000 
pre-main sequence (PMS) stars in several massive star-forming regions in the Milky Way and 
Magellanic Clouds. These objects are still undergoing active mass accretion, as revealed by 
strong excess emission in the Hα band (EW > 10Å). This is presently the largest and most 
homogeneous sample of PMS objects, on which we are conducting the first comprehensive and 
systematic study of low-mass star formation in the local Universe. I will show how the advent of 
JWST and NIRSpec in particular will revolutionize the research in this field. We will obtain 
medium- and high-resolution spectra of hundreds of these PMS stars across a range of ages, 
masses, and chemical compositions. The ultimate scientific goal is to understand the very nature 
of the mass accretion process, its variability, and how the corresponding infall of gas from the 
circumstellar disc onto the star depends on the mass, age, and metallicity of the stars. This study 
is unique, since spectroscopic studies of PMS objects so far are limited to the solar neighborhood 
and no detailed information exists for massive starburst clusters and for non-solar metallicity. In 
particular, our observations will sample multiple hydrogen recombination lines (Paα, Brβ, Brγ), 
and from their intensities and profiles we will extract quantitative information on the nature, 
excitation, and kinematics of the infalling gas. I will also show how the parallel observations 
with the NIRCam instrument will allow us to discover new PMS stars and to measure their mass 
accretion parameters through narrow-band near-infrared photometry, which will be in turn 
directly calibrated by the NIRSpec spectroscopy. This study is bound to have important 
implications and set firm foundations for our understanding of the star formation process in both 
the local and the early Universe. 
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The Dynamics of Star Cluster Formation 
 
We study the dynamical evolution of forming star clusters, particularly focused on the effects of 
the formation timescale. This timescale may be long compared to the dynamical time of the 
system (gas + stars), so that during the transition from the gas-dominated phase there can be 
significant dynamical evolution of the stellar population. This is the process we set out to model, 
here via direct N-body simulations, including realistic primordial binary fractions. We perform 
star cluster formation simulations in which the gas is evolved with analytic, semi-analytic and 
simple numerical models of turbulence, while the stars are integrated using a direct N-body 
solver. This approach allows us to obtain a large ensemble of simulations and explore a wide 
range of parameter space of initial molecular clump masses and environmental conditions of 
bounding pressures, as well as parameters of the star formation process. Here I show the results 
of our simulated young clusters, including the effects of star formation timescale on the degree of 
boundedness of the stellar population, mass segregation, the evolution of spatial and kinematic 
substructure and the creation of unbound “field” populations, including of walkaway and 
runaway stars. I discuss how the models can be tested with observations, including Gaia and 
JWST. 
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WISE as a Finder Scope for JWST Spectroscopy of Protostars 
 
Infrared spectroscopy of protostars has been most fruitful for targets in the nearest 1000 pc. The 
metallicity and radiation environment in the vicinity of the sun, however, are not fully 
representative of those encountered in external galaxies. JWST will enable reconnaissance of 
accretion and outflow diagnostics as well as, potentially, photospheric tracers in protostars 
beyond 1000 pc, where a broader range of conditions exists. Although protostellar populations at 
these distances are not as well characterized as closer ones, the WISE all-sky survey is useful in 
identifying such targets for follow-up at finer angular resolution and higher sensitivity. We 
discuss techniques for finding young protostars and clusters in the WISE catalog and show some 
examples. We also present a library of modeled H I line ratios for use in interpreting the spectra 
of accreting young stars. 
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JWST in the age of time domain astronomy: understanding FU Orionis 
phenomena (preliminary)  
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NIRCam: The JWST Near-IR Camera and slitless spectrograph 
 
NIRCam is the primary near-infrared camera for JWST. It is well-suited for a wide variety of 
star formation and other scientific studies and will also be used for aligning the JWST primary 
mirror segments and telescope. NIRCam will provide high sensitivity, high spatial resolution 
images in a variety of filters over the 0.6 - 5 μm wavelength region including coronagraphic and 
spectroscopic capabilities. NIRCam consists of two identical optical modules that have adjacent 
2.2' x 2.2' fields of view on the sky. Each module is composed of two channels that observe the 
same field at short (< 2.4 μm) or long (> 2.4 μm) wavelengths simultaneously, with optimized 
spatial sampling in each channel. NIRCam optical elements include narrow (R = 100), medium 
(R = 10), and wide (R <= 4) filters, coronagraphic imaging spot and bar masks, and grisms that 
provide wide-field or time-series slitless spectroscopy. These major NIRCam features will be 
introduced, and some applications to galactic star formation will be briefly presented. 
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Probing the assembly of the youngest protostars with JWST NIRSpec 
 
We will use the NIRSpec IFU to search for absorption and emission features in the 1.7 - 3 μm 
spectra of 5 low-mass Class 0 protostars in a modest JWST guaranteed time observation (GTO) 
program. These are the youngest stars and have yet to accrete the majority of their masses. We 
expect the absorption features to originate in embryonic stellar photospheres in most cases, and 
emission lines to originate in circumstellar environments close to the central protostar. A 
Bayesian statistical analysis of model fits will constrain the effective temperatures and surface 
gravities as well as the amount of circumstellar warm dust emission, extinction, and reddening. 
The likely origins and excitation mechanisms of any H2, H Br gamma, or other emission lines 
will also be evaluated, and we will use their strengths to estimate the presence of jets, UV, X-
rays, extinction, and accretion. This information will constrain the initial radii of protostar 
photospheres, inform theories of how their accretion rates evolve over time, how quickly they 
assemble their masses, what high energy processes are at work, and how they generate their 
luminosities. We also present initial results from a ground-based program using the Keck 
Observatory to validate the techniques and refine targets for the JWST observations. 
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Interstellar shock studies 
 
Shocks are ubiquitous in the interstellar medium of galaxies, where their existence is often related 
to the early phases of star formation. In supernova remnants, shocks might have triggered a second 
generation of star formation. Interstellar shocks also accompany the formation of isolated proto-
stars in the form of jets and outflows (driven by low-mass or intermediate-mass protostars like in 
BHR71 and Cep E). Converging flows, at the basis of the formation of dense structures (filaments, 
clouds) and star clusters, are shocks that are also linked with the early phases of star formation.  
 
The study of shocks at galactic scales is vital to progress towards a better understanding of the 
interstellar medium of galaxies. Indeed, all these shocks input energy in the interstellar medium. 
Additionnally, they contribute to the galactic cycle of matter, as they affect its chemistry. In 
isolated star formation modes, shocks are a way to evacuate angular momentum to allow the mass 
accumulation on the forming protostar. In high-mass clustered star formation, massive dense cores 
within filaments are fed with accreting material through low-velocity shocks, a view revealed 
recently by the advent of Herschel and ALMA. In supernova remnants, shocks create dense 
pockets of gas and dust that interact with cosmic rays. 
 
In my talk, I will review how the latest observations from Spitzer, Herschel, ALMA, NOEMA and 
SOFIA contribute to challenge our understanding of ISM mechanisms in archetypes sampling a 
variety of environments, from possible triggered star formation in supernova remnants, through 
isolated low- and intermediate-mass star formation and to clustered, massive star formation. I will 
highlight how JWST will constitute the next big step in the study of interstellar shocks, and how 
SOFIA can be used as a complementary/pathfinder experiment to its future use. I will show how 
these new observations provide new constraints on existing models such as the Paris-Durham one, 
and drive new developments. I will present the work in progress in terms of shock modelling on 
our LPENS and LERMA team, with particular emphasis on irradiated shocks and pseudo-3D 
models.  
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622, 100 • Gómez-Ruiz, Gusdorf, Leurini et al. 2012, A&A, 542 • Gusdorf, Giannini, Flower et al. 2011, A&A, 532, 
53 • Gusdorf, Güsten, Anderl et al. 2014, IAU symposium, 296, 178 • Gusdorf, Riquelme, Anderl et al. 2015, A&A, 
575, 98 • Gusdorf, Anderl, Lefloch et al. 2017, A&A, 602, 8 • Lefloch, Gusdorf, Codella et al. 2015, A&A, 581, 4 • 
Louvet, Motte, Hennebelle et al. 2014, A&A, 570, 15 • Louvet, Motte, Gusdorf et al. 2016, A&A, 595, 122 • Tram, 
Lesaffre, Cabrit et al. 2018, MNRAS, 473, 1472 
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Nearby Young Stellar Clusters: An Overview of IMFs and Age Spreads 
 
This talk will summarize methods for measuring the masses and ages of young stars, including 
the techniques and their challenges, then review recent literature results concerning mass and age 
distributions in clusters.  Some longstanding problems apropos distances, cluster membership,  
spatial resolution, and sensitivity have been improving, while others including systematics in 
assumed intrinsic photospheric properties and theoretical pre-main sequence evolutionary tracks, 
remain. 
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Icy Dust in Molecular Cores: a JWST/NIRCam GTO Project 
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Probing the planetary systems of young stars 
 
Direct imaging is a key method for discovering and characterizing planetary systems forming 
and evolving around young stars.   I will review the latest results delivered by ground-based 
adaptive optics as well as with HST, and discuss the open problems that JWST will be able to 
address through its GO and ERS programs. 
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Poster presentation: Star formation and stellar feedback studies in the 
Local Universe with JWST-MIRI 
 
MIRI is the mid-infrared instrument on board the James Webb Space telescope, covering 
wavelengths from 5 to 28 microns. It provides imaging, low-resolution slit and slitless (single-
object) spectroscopy and medium-resolution integral field spectroscopy, as well as 
coronagraphic imaging. In this poster, I will describe the capabilities of the instrument modes: 
sensitivities, saturation limits, and operational constraints, focused on the modes most likely to 
be used in studies of local Universe star formation. Using the MRS in particular will enable 
detailed chemical and dynamical studies of the effects of radiative feedback from young massive 
stars on the surrounding interstellar medium. This is the goal of accepted ERS and GTO 
programmes with JWST, which I will show to illustrate MIRI’s capabilities. 
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Open problems in Star Formation (preliminary) 
  



Victor Ksoll 
Heidelberg University, Germany 

 

Characterising Pre-Main-Sequence Stars in the Large Magellanic Cloud 
with Machine and Deep Learning Techniques 
 
Deep photometric surveys with the Hubble Space Telescope, such as the Hubble Tarantula 
Treasury Project (HTTP), which covers the region of 30 Doradus down to the half solar mass 
limit, and Measuring Young Stars in Space and Time (MYSST), covering the entire bubble of 
the star forming complex N44, provide unprecedented coverage of entire active star forming 
regions. We use the deep stellar catalogues of HTTP and MYSST to identify all the pre-main-
sequence (PMS) stars of the respective regions. The photometric distinction of these stars from 
more evolved populations is, however, not a trivial task due to several factors that alter their 
colour-magnitude diagram positions. To overcome this hurdle, we employ Machine Learning 
Classification techniques, including Random Forests and Support Vector Machines (SVM), on 
the HTTP and MYSST surveys to unveil their PMS stellar content. Our methodology consists of  
1) carefully selecting the most probable low-mass PMS stellar population of a prominent star 
forming cluster within the observed fields,  
2) using these samples to train classification algorithms to build predictive models for PMS stars 
and  
3) applying these models to identify the most probable PMS content across the entire observed 
regions.  
We further develop an Invertible Neural Network (INN) in order to predict the fundamental 
physical parameters of age and mass of the identified young stars and evaluate the spatial 
variations of these parameters across the entire star forming complexes.  
 
 
  



Carlo Felice Manara 
ESO, Garching, Germany 

Accretion onto young stars throughout the lifetime of protoplanetary 
disks 
 
 
The final stellar mass and the evolution of protoplanetary disks are regulated by the interplay of 
various physical processes related to the interaction between the star and the disk, such as 
accretion of material onto the star and emission of material through winds. Our understanding of 
how the accretion process works throughout the lifetime of disks has significantly developed in 
the last years thanks to the availability of a wealth of spectroscopic and photometric data, 
together with a better knowledge of the disk properties mainly obtained with ALMA. This is now 
the time to tackle the earliest phases of disk accretion, as well as the properties of accreting disks 
in the local group. Both topics will be the daily bread of JWST, which will open new windows in 
the study of accretion processes in protoplanetary disks. 
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Understanding of the very early stages of star and planet formation 
(preliminary) 
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Debris Disks with ALMA and JWST: A Multi-wavelength View of Planet 
Formation 
 
More than 20% of nearby main sequence stars are surrounded by debris disks, where 
planetesimals, larger bodies similar to asteroids and comets in our own Solar System, are ground 
down through collisions.  Debris disks represent the end-stage of circumstellar disk evolution, 
composed of remnant material that provides a fossil record of earlier planet formation 
processes.  Planets orbiting within these disks sculpt the dust through gravitational interactions, 
producing observable structures that illuminate the dynamical evolution of the system.  I will 
highlight recent work that connects observed debris disk structure to sculpting planets and 
provides clues to the composition of the colliding planetesimals.  Many of these results come 
from the Atacama Large Millimeter/submillimeter Array (ALMA), which has revolutionized our 
understanding of how planetary systems form and evolve.   
 
Going forward, connecting millimeter observations with complementary work at infrared 
wavelengths, especially with the launch of JWST, offers us an opportunity to take a multi-
wavelength view of planet formation.  JWST will allow us to investigate the composition and 
crystalline fraction of grains in debris disks.  By probing both gas and silicate content, we can 
start to draw the first connections between the distribution of solids and gas, and constrain the 
make-up of planetary building blocks.  
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GTO Program on Young Stellar Clusters (preliminary) 
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Star Formation at Low Metallicity:  JWST GTO studies  
 
Observations of galaxies across cosmic time show that the star formation rate peaked at a 
redshift of ~1.5, meaning star formation in the Universe occurred predominantly at lower than 
solar metallicity for which an active burst mode may be more prevalent. However, the 
overwhelming majority of observational studies have been conducted on solar metallicity Milky 
Way star formation regions. The question is: Are there substantial differences in the star 
formation process at lower metallicity? Studies of star forming clouds in reduced metallicity 
galaxies have been inhibited by the lack of observatories with sufficient resolution and 
sensitivity. With JWST, we will be able to study star formation in the Magellanic Clouds like we 
can in the Milky Way with Spitzer and to study local group galaxies like we did the Magellanic 
Clouds with Spitzer.   In this talk, I will review the scientific goals and strategy for my 
guaranteed time observation (GTO) program for star formation in the low metallicity 
environments found in the Large Magellanic Cloud N79 region, the Small Magellanic Cloud 
NGC 346 (aka N66) region, NGC 6822   and IZw18.  These regions and galaxies are not only 
low metallicity but also are locations for extreme star formation such as super star clusters.  
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The status of JWST and its history and role in star- and planet formation 
 
I will summarize the current status of the James Webb Space Telescope, the science timeline and proposal planning 
activities. I will also discuss the evolving role of the observatory as a transformational tool in the general area of 
star- and planet formation. Well worth the wait, JWST will expand our horizon by orders of magnitude and offer an 
unprecedented view into the infrared properties of protostars, young stars and planet-forming disks across the 
Galaxy and beyond.  
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Effects of the Internal Structure of Dust Aggregates on Light Scattering 
and Extinction 
 
The role of optical properties of dust in astrophysics is relevant in many cases, both in view of 
understanding the dust itself and its behavior, and in radiative transfer models to evaluate the 
effect of dust on astronomical observation. The composition/structure of dust grains, made up of 
a number of heterogeneous smaller components, introduces appreciable complexity in view of a 
comprehension of the optical/radiative properties. In particular, the influence of the correlations 
between the internal fields, also named as dependent scattering, multiple scattering, near field 
effects, etc. has been repeatedly questioned.  
 
Here we address this issue by proving with laboratory based experiments the strong influence of 
two-point field-field correlations within model aggregates, that can in no way be described with 
the Bruggeman mixing rule (or any other equivalent effective medium approximation). We 
present experimental results obtained on very well-known aggregates formed in colloidal 
suspensions, adopted as a control for inspecting the ultimate effects of the internal structures on 
radiative properties. Thanks to the recently introduced Single Particle Extinction and Scattering 
method we rigorously characterize the complex amplitude of the field scattered forward by 
single aggregates, S(0). The same samples have been characterized through Low Angle Light 
Scattering, thus fixing all the relevant free parameters. We find that correlations mainly affect the 
phase of S(0), while the effect on the modulus is negligible. Nevertheless, the effect is of utmost 
importance in many cases of interest in Astrophysics: indeed, in force of the Optical Theorem the 
phase is related to the extinction cross section, essential to feed radiative transfer models through 
dust clouds, interstellar medium, protoplanetary disks. Data are supported by extensive 
numerical simulations, and an analytical model has been developed and validated against data 
and simulations. We report about some application examples for dust aggregates in the range 
from a few 100 nm up to some microns, including the corresponding spectral extinction in the 
VIS and IR spectral windows. The analytical model allows to easily introduce the polarizability 
spectral dependence of the constituent material and the effects of different particle size 
distributions on the spectral extinction and radiative transfer through the dust clouds.  
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High contrast observations of faint sub-stellar companions with JWST 
 
Self-luminous,	wide	separation,	young	sub-stellar	objects	(aka,	“directly	imaged	planets”)	
form	a	critical	subset	of	the	high	mass	ratio	binary	population	for	which	it	is	possible	to	
determine	atmospheric	properties	from	thermal	emission.	Their	locus	in	the	age	vs	mass	vs	
semi	major	axis	parameter	space	makes	them	the	perfect	laboratory	to	study	the	boundary	
between	giant	planet	and	stellar	binary	formation.	Theoretical	predictions	posit	these	two	
processes	yield	significantly	different	atmospheric	compositions.	The	signatures	of	such	
chemical	composition	can	in	principle	be	observed	via	the	emergent	spectrum	of	these	
“directly	imaged	planets”.	I	will	first	review	past	and	ongoing	efforts	aimed	at	securing	
these	observables	via	near	IR	(~1	to	2	microns	spectroscopy).	Unfortunately,	most	of	the	
effective	temperature	range	spanned	by	the	few	dozens	of		currently	observed	young	
companions,	spectral	features	and	colors	are	degenerate	with	cloud	properties:	molecular	
budgets	are	hard	to	derive	from	existing	measurement.	The	wide	wavelength	coverage	of	
JWST	will	provide	the	observables	necessary	to	break	these	degeneracies.	I	will	present	a	
suite	of	possible	observations	aimed	at	collecting	key	3	to	5	microns	data	critical	to	
elucidating	this	question	of	atmospheric	composition.	These	observations	could	be	carried	
out	with	the	MIRI	and	NIRcam	coronagraphs,	as	well	as		the	NIRSpec	IFUs.	I	will	rely	on	
updated	simulations	and	contrast	predictions	for	JWST's	instruments	based	on	the	latest	
information	on	the	as-built	telescope	and	instrument	properties,	including	both	static	and	
dynamic	contributions	to	wavefront	error.	I	will	use	synthetic	time	series	that	described	
the	telescope	response	and	are	extrapolated	from	available	observatory	
structural/thermal/optical	modeling	along	with	tested	performance	during	the	OTIS	cryo	
test.	Such	programs	turn	out	to	be	relatively	low	risk	and	will	have	a	high	scientific	payoff.	 
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Poster: The stellar content in high-mass star forming regions 
 
The promise of James Webb Space Telescope is to transform almost every astronomy field. The 
NIRSpec and MIRI IFU spectrographs aboard NASA flagship space observatory will be able to 
resolve the stellar content for ultra-compact HII regions. Their sensitivities will help to beat 
down the high extinctions toward UCHIIs in the near-IR and will provide access to a large 
spectral coverage (1-28 microns). The first science programs have been already selected to 
showcase the potential of JWST observations and train observers for the exploitation of JWST 
data. The Early Release Science program entitled "Radiative Feedback from Massive Stars as 
Traced by Multiband Imaging and Spectroscopic Mosaics" (ID:1288, PI: Olivier Berne) is set to 
provide template datasets for PDRs characteristics in JWST spectra. Additionally, a complete 
assemble of emission diagnostics will be provided by this consortium, covering the different 
components of ionic, atomic and molecular gas lines, PAHs and dust bands, continuum and 
scattered light typically observed diffuse, but also dense HII regions.  Building up on this 
concept, we present preliminary diagnostic work on stellar spectral classification of high-mass 
stars, as it will be seen by JWST. We will explore the potential candidates and surrounding 
conditions that may shape the construction of a a stellar spectra atlas of young massive stars.  
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The MIRI GTO program on star formation 
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The HH 24 Jet Complex  
 
A detailed study of the HH 24 complex has been performed based on imaging and spectroscopy 
from the Gemini and Subaru telescopes and the Hubble Space Telescope. HH 24 consists of at 
least 5 collimated outflows, all emanating from the embedded infrared source SSV 63. Near- and 
mid-infrared imaging resolves the source into at least 5 separate sources, with several more 
detected at sub-millimeter wavelengths using the SMA and ALMA. All of these embedded 
sources are located in a dense molecular cloud core.  A halo of five faint Halpha emission stars 
have been found surrounding the HH complex, all located outside the dense cloud core in areas 
with tenuous gas where they are unlikely to have formed. Spectroscopy of the Halpha emission 
stars shows that they are early or mid-M dwarfs, at least one of which is a border-line brown 
dwarf. We argue that these 5 very low mass Halpha emission stars are orphaned protostars, 
dynamically ejected due to interactions in the multiple SSV 63 system. As these low-mass 
objects are ejected, the remaining embedded protostars are tightened, in some cases leading to 
viscous interactions during an in-spiral phase that eventually may result in a spectroscopic 
binary. As the binaries tighten, the increasingly frequent periastron passages lead to 
accretion/outflow events, which we interpret as the source of the multiple HH jets in the region. 
Detailed multi-epoch HST images reveal fine structure of the numerous jet knots in HH 24, and 
proper motion measurements establish the time scale of the jets. 
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NIRCam photometry: an  alembic to  distill young stellar clusters 
 
We have carried out a survey of the Orion Nebula Cluster using the infrared channel of 
HST/WFC3 with the F139M and F130N  filters, corresponding to  the  1.4 micron H2O  
absorption feature  and adjacent line-free continuum.  The color-magnitude diagram clearly 
separates the population of sources with H2O absorption from the larger background population 
of highly reddened stars and galaxies with positive F130M-F139N color index. The HST 
sensitivity allowed us to reach planetary mass objects of ~3MJup, the minimum mass for opacity-
limited fragmentation of pre-stellar cores. JWST/NIRCam will enable to extend this type of 
study to more distant and/or more embedded clusters, but the contribution of contaminants, both 
galactic and extragalactic, has to be correctly understood and taken into account. 
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The sparkling star formation of Westerlund 2 
 
Regions of massive star formation are important to study because of the insight they provide on 
the formation of the stellar mass distribution, the formation of massive stars (M>8Mo), their 
effect on the evolution of low mass stars, and the formation, evolution and possible disruption of 
young star clusters. Despite its relevance, the process whereby stars form in massive clusters is 
still a poorly explored terrain in astrophysics. 
 
Young massive clusters like Westerlund 2 are rare in the Milky Way, but common in interacting 
and star bursting galaxies. By investigating the properties of Westerlund 2 pre-main sequence 
stars we can, for the first time, characterize how low mass stars form and evolve under the harsh 
conditions set by massive star strong stellar winds and UV radiation. We have carried out multi-
epoch deep observations of Westerlund 2 for the past three years with the Wide Field Camera 3 
on board of HST to search for variable stars and short, medium and long period binaries. We will 
discuss the properties of the rich population of Westerlund 2 variable pre-main sequence stars 
and binaries, their distribution across the cluster, and how follow-up with JWST will allow us to 
assess the probability that planetary systems can develop in starburst regions. 
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Resolved stellar populations in the local Volume: the impact of JWST 
 
Star formation (SF) studies beyond the Local Group have been pushed to their limits in the past 
few years. Thanks to the spatial resolution and sensitivity of HST, we can still resolve single 
stars in galaxies up to 15-18 Mpc, with the caveat of observing only the brightest stellar 
evolutionary features (i.e., the upper main sequence, the Helium-burning phase of massive stars, 
the asymptotic giant branch, and the red giant branch). This means that the time resolution in a 
star formation history derivation can reach only a few Gyr (1-2, depending on the galaxy 
metallicity) in look-back time. In this context, I will discuss the potential impact of JWST on 
these studies, whose increased sensitivity and longer wavelength baseline will allow us to reach 
lower-mass stars, thus, older stellar features (e.g., the red clump and the horizontal branch) 
beyond the confines of the Local Group, and possibly in the whole local Volume. The new IR 
observations will be particularly interesting to study the SF activity in a regime where dust 
obscuration is minimized, allowing to unveil the population of thermally pulsing asymptotic 
giant branch and carbon stars, very rich in many star-forming galaxies in the local Universe, but 
so far poorly understood due to the limitations of optical studies in constraining these 
challenging phases. 
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Progress in the ages of young stars 
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Mid-infrared Imaging of Protoplanetary Disks with JWST 
 
A few dozen young stellar object disks have been imaged to date in optical or near-infrared 
scattered light by HST and ground-based adaptive optics.  These images reveal a wealth of disk 
structure (size, thickness, presence of radial gaps, central holes and asymmetries) and the 
properties of the scattering dust particles.  Ground-based mid-infrared imaging of disks suffers 
from poor sensitivity due to high sky backgrounds, resulting in only a handful of disks being 
imaged to date. In conjunction with scattered light models, JWST 3-15 micron imaging offers 
unique science opportunities for the study young disks.  First, it penetrates the extinction 
surrounding the youngest disks still embedded in their natal envelopes - thus allowing their 
scattered light structures to be clearly measured and compared with older disks for the first time.  
Secondly, mid-IR scattering is more sensitive to large particles than scattering at shorter 
wavelengths.  The presence of large particles can be inferred from both the brightness of mid-IR 
scattering, phase function effects in the mid-IR scattered light distribution, and the dust lane 
thickness seen in edge-on systems. These effects will allow the progress of grain growth at the 
disk scattering surface to be measured and compared with millimeter-wave measurements of 
grain properties at the disk mid-plane.  Thirdly, images in mid-IR spectral features should reveal 
unique aspects of disk structure.  Finally, there is the exciting possibility that very young planets 
may be detected near or within the disks, enabling an understanding of their dynamical 
connections to disk substructure.  I will present scattered light models illustrating the possibilities 
and outline a potential observing program. 
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The low-mass binary population in the Orion Nebula Cluster 
 
We present new results concerning the low mass binary population in the Orion Nebula Cluster.  
We reprocessed images from the HST/Wide Field Camera 3 taken through NIR filters tailored to 
detect very low mass objects through the presence of atmospheric H2O in absorption. Starting 
from a catalog of ~1500 targets classified as bona-fide cluster members, we used the KLIP 
algorithm to perform accurate PSF subtraction to search for close companions within 0.8 arcsec, 
or approximately 320 AU projected separation. Our analysis returned a sample of 81 cluster 
candidate binary systems, i.e. sources with a faint companions having H2O in absorption; of 
them, 65 were never detected before and 6 of them are compatible with planetary-mass 
companions. The sheer volume of our detections allows us to obtain an unprecedented statistical 
snapshot of young planetary- and brown dwarf-mass companions in Orion. Our value for the 
binary fraction of the cluster is 15.0 ± 1.0%,  about 1.7 times higher than previous estimates.  We 
study the mass distribution function for the primaries and companions finding a sharper peak at ~ 
0.1 M¤ for the companion mass function vs. a relatively broad maximum for the primaries. We 
analyze the mass ratio distribution of our sample, finding a bottom-heavy distribution with a 
median value Mcompanion ~ 0.35 Mprimary. 
Finding spectroscopic signatures of low-mass stars and their companions will become even more 
efficient with the launch of the infrared-sensitive JWST. NIRCam imaging, in particular, will 
increase drastically the number of candidates and enable astrometric monitoring campaigns to 
conclusively determine which pairs are chance alignments and which are physically associated.  
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Massive Star and Star Cluster Formation - Open Questions and the 
Answers from JWST 
	
	
I	review	our	current	understanding	of	how	massive	stars	and	star	clusters	are	born	from	
dense	molecular	clouds.	Many	basic	open	questions	remain,	including:	1)	What	are	the	
initial	conditions	for	massive	star	and	cluster	formation?	2)	What	sets	the	initial	mass	
function	and	multiplicity	properties	of	stars	and	does	this	vary	with	Galactic	environment?	
3)	What	sets	the	timescale	of	massive	star	and	cluster	formation,	i.e.,	what	processes	
regulate	gravitational	collapse?	I	discuss	several	areas	in	which	JWST	studies	of	the	nearby	
star-forming	universe	can	help	answer	these	questions.	
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The demographical properties of brown dwarf disks: from ALMA to JWST 
 
The study of the properties of disks around young brown dwarfs can provide important clues on 
the formation of these very low-mass objects and on the possibility of forming planetary systems 
around them. We will report on the systematic ALMA search for cold dust around extinction 
limited samples of young brown dwarfs with infrared excess in the Lupus, Ophiuchus and 
Chamaeleon I star forming regions. Combined with previous ALMA surveys of protoplanetary 
disks around young stars, our surveys allow us to extend to the substellar domain the 
demographical studies of disk properties. We present the results of the disk mass vs central 
object mass, mass accretion rate vs disk mass and disk size vs disk mass correlation. The 
extension to the substellar domain of these populations studies allow us to constrain the 
formation mechanism of substellar objects and to put on firmer grounds the scaling laws of 
protoplanetary disk properties. We will also discuss the current evidence for dust evolution in 
disks around BDs and we will highlight the open questions related to dust and gas evolution and 
planet formation in the substellar domain, focusing on the expected contribution of JWST 
observations. 
 
 
  



 

Emanuele Tognelli 
University of Pisa 

 

Theoretical Pre-MS stellar evolution: is it just as simple as a	gravitational 
contraction? 
	
In this review I will present some of the most recent improvements together with some still open 
issues in the modelling of a pre-MS stellar structure. In particular I will focus on the impact of  
protostellar accretion into the current generation of evolutionary models and the way pre-MS 
evolution might be affected by such a phase. I will also briefly show the influence on young pre-
MS stars of some non standard phenomena such as the presence of magnetic fields and surface  
spots and their impact on the stellar evolution of low-mass stars. 
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The stellar kinematics of resolved young star clusters 
 
Star clusters are the main star formation sites in the Universe, yet many aspects of their early 
evolution (< 10 Myr) is still unknown. Major limiting factors to accurately study their long-term 
evolution with sophisticated simulations are the knowledge of the initial conditions. Besides the 
initial mass function, the stellar density, and the gas and dust content of the parental molecular 
cloud, stellar and gas kinematics are key to assess these initial conditions. Multi-epoch ground 
and space-based observations have been proven very successful for studying the stellar proper 
motions, yet, it has been very challenging to measuring their radial velocities telescope-time 
efficient. This changed with the recent development of large integral field units and, for the first 
time in history, it has become feasible to study the 3D kinematics of resolved young star clusters. 
We are studying the kinematics of the Galactic young (< 2 Myr) massive (3.6 ∙ 10-M⨀) star 
cluster Westerlund 2 down to 1 M⨀ with VLT/MUSE, covering a significant number of its pre- 
main sequence population. We developed a method, with which it is possible to measure stellar 
radial velocities with an accuracy of ~2 km⁄s without the necessity of a stellar spectral template 
library. In combination with Gaia and multi-epoch HST data we are able to recover the 3D 
kinematics of the cluster stellar population, which will provide unique insights into its dynamical 
state. We discovered that the high-mass stars follow a single peaked radial velocity distribution, 
while the lower mass pre-main sequence stars show a broader, bimodal distribution. We believe 
we are witnessing the onset of the cluster dispersion. 
 


