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V347 Aur is a transi.oning object between class I and class II, showing a flat-spectrum SED, illumina.ng bright 
nebulosi.es, and associated with a Herbig-Haro object. It is therefore a very young star (<1 Myr) that will 
evolve as a classical T Tauri star. V347 Aur is also a strong photometric variable showing periodic bursts with 
a period of about 160 d. The spectro-photometric analysis of Dahm & Hillenbrand (2020) has demonstrated 
that the bursts are most likely due to accre.on of maRer from the circumstellar disk. They conclude that a 
close companion, triggering accre.on bursts, is the most likely hypothesis, while not being able to detect it. 
Thanks to the large programs SLS and SPICE, we have densely monitored V347 Aur with SPIRou for 4 years in 
order to study the evolu.on of its magne.c strength and topology as a func.on of its photometric varia.on. 
We obtain two important results: (i) we detect the radial velocity varia.ons of the protostar with a period 
similar to the photometric bursts period, caused by a companion at the planet/brown-dwarf mass limit ; (ii) 
we detect a clear change of the stellar magne.c field before and a\er the accre.on bursts sugges.ng that 
stellar magne.c fields may be affected by strong accre.on bursts. In this contribu.on we propose to present 
the observa.ons, the results, and discuss their implica.on on our understanding on close-in massive-
planets/brown-dwarf forma.on, on star-planet-disk interac.on, as well as on the protostellar magne.c field 
evolu.on and its impact on star/planet/disk evolu.on.
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The dynamical star-disk interac.on is mediated by the stellar magne.c field that truncates the inner disk at 
a few stellar radii (~0.1 au) from the star, and controls accre.on and ou_lows processes in this region. I will 
review observa.onal evidences of the accre.on/ejec.on connec.on in young low mass systems, discussing 
the results of mul.wavelength campaigns in the .me domain compared to MHD simula.ons of the star-disk 
interac.on.
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The angular momentum evolu.on of the star-planet-disc system is quite complex and s.ll poorly understood 
despite a lot of effort and some recent breakthrough. For instance, observa.ons indicate that stars with a 
disc tend to rotate more slowly even though they accrete angular momentum, to the point that during the 
first 10 Myr, young low-mass stars do not seem to spin-up while they are expected to contract. In an aRempt 
to answer this ques.on, I will present state-of-the-art stellar evolu.on models with accre.on which include 
a self-consistent treatment of angular momentum evolu.on derived from dynamical mul.-D MHD 
simula.ons. We explore the observed range of several parameter, such as the accre.on rate history, the final 
mass, the composi.on and the thermodynamics of the accreted material, as well as the large scale magne.c 
field strength of the central star. I will show that the observed spin rate distribu.ons, the long-standing disc-
locking problem, as well as other observed proper.es of very young stars can be explained by the complex 
interplay of the different processes. I will conclude on how the structural and kinema.c changes of the star 
may affect planetary forma.on and the evolu.on of the inner-disc.
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Young stellar objects are known to be variable, both photometrically and spectroscopically, over a broad 
range of wavelengths. Therefore, it is essen.al to study these objects using a mul.-wavelength approach, by 
means of simultaneous observa.ons in different spectral regions. 
Such a possibility is now offered by coordinated spectroscopic campaigns such as ULLYSSES (HST) and 
PENELLOPE (VLT). 
The target of our study, HM Lup, is one of the ULLYSSES and PENELLOPE targets with the best simultaneous 
spectroscopic coverage of the photometric TESS light curves and AAVSO BVRI observa.ons.  
The photometric behaviour indicates that the system belongs to the class of the quasi-periodic bursters. 
Op.cal spectra were taken in different phases of the main burst observed in the TESS photometry.  
We inves.gated the accre.on proper.es and the variability of HM Lup using the X-Shooter, HST/STIS and 
ESPRESSO spectra, finding evidence for an increase in the accre.on rate during the burst. 
HM Lup presents a rich emission line spectrum which, in addi.on to the usual emission lines observed in 
Classical T Tauri Stars, such as the Balmer series, Ca II H & K and He I, shows an unusual dominance of lines 
from permiRed transi.ons of singly and doubly ionised metals, mostly Fe I and Fe II, a characteris.c in 
common with the outburst spectra of EXors.  
The different excita.on poten.als of the observed species and the differences in the overall profiles indicate 
the presence of a stra.fied environment, with mul.ple regions that contribute to the observed spectrum. 
The iron lines probe an outer region of the accre.on flow that is excited during the outburst.   
The varia.ons in the emission profiles of the Balmer series suggest structural changes in the inner disk 
structure.
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Beginning in December 2019, approximately 70 T Tauri stars were observed at UV wavelengths through the 
Hubble UV Legacy Library of Young Stars as Essen.al Standards Director's Discre.onary program (ULLYSES). 
These publicly available spectra provide cri.cal observa.onal constraints on UV irradia.on of protoplanetary 
disks, a key driver of the gas phase chemistry that sets the ini.al condi.ons for planet forma.on. We use the 
HST data and radia.ve transfer models to reproduce the LyA emission seen by surface layers of the gas disks, 
which typically makes up the largest component of the total integrated UV flux. The model LyA flux available 
to photodissociate molecules like H2O, HCN, and CH3CN within disks with dust cavi.es and gaps varies by 
two orders of magnitude, and we explore how the spread might translate to observable chemical differences. 
We also inves.gate whether ultraviolet emission lines from UV-fluorescent H2 can be used to break the 
degeneracy between disk flaring and UV irradia.on of the gas in models of sub-mm CN emission. This work 
is cri.cal for interpre.ng molecular features in T Tauri systems observed with ALMA and JWST, demonstra.ng 
how UV radia.on propagates from the accre.on shocks to the outer disks.
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[Invited review] I will review the status of infrared spectroscopy of molecules in planet-forming (Class II) disks 
from 20 years of data from ground- and space-based observatories, including what we are now learning from 
the very first JWST spectra. I will discuss mul.ple science angles from studying different kinema.c 
components that trace gas in inner disks and winds at 0.01-10 au: their physical and chemical structure, 
kinema.cs, excita.on, and evolu.on. I will briefly present spexodisks.com, an online database of 1000+ 
infrared spectra from 7 spectrographs that is now available to the community in support of observing and 
modeling efforts worldwide. I will outline how the synergy of mul.ple molecular and atomic tracers is paving 
the way to a comprehensive view of gas evolu.on in inner planet-forming disks, and a beau.ful coherent 
picture that is emerging.
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Nearly half of the exoplanets confirmed so far orbit around their star in less than 10 days. Were they mostly 
grown in-situ? Did they form further out in their protoplanetary disc and migrated toward their star by disc-
planet interac.ons? Were they entrained on to high-eccentricity orbits instead before being circularized by 
star-planet .dal interac.ons? This presenta.on will not solve these ques.ons, but it will address them by 
reviewing how disc-planet and star-planet .dal interac.ons impact the orbital evolu.on of young planetary 
systems.
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Dust par.cles are the dominant source of opacity at infrared and (sub)millimeter wavelengths. While 
accurate dust opaci.es are crucial for modeling protoplanetary disks proper.es, their es.ma.on is highly 
uncertain in this regime: dust opaci.es values used in models are mostly extrapola.ons in wavelength and 
grain sizes. In order to resolve these caveats is crucial to dedicated laboratory efforts. To tackle this problem 
and to help the astronomical community to make the most of the revolu.onary JWST and ALMA 
observa.ons, we have established the UDP Cosmic Dust Laboratory, the first one of its kind in Chile and La.n-
America. We have started opera.ons working on infrared measurements of meteorites from the Atacama 
Desert, planning to extend our opacity measurements to the submillimeter regime.  
 
Meteorites are the best analogs of the type of dust expected in protoplanetary disks, and the most accessible 
samples from the Earth to study in the laboratory. The semiarid to hyper arid climates of deserts allows 
preserva.on and accumula.on of meteorites. Being the driest desert in the world, the Atacama Desert shows 
an excep.onal meteorite concentra.on per km2 that has remained hyper-arid for several Myr and has 
preserved meteorites for a long .me with a very low erosion rate and slow chemical weathering. 
 
In this first study, I will present measurements of dust opaci.es of 23 meteorites, 3 carbonaceous and 20 
ordinary chondrites (types H, L and LL) from the Atacama Desert. We correlated their infrared spectra (2-23 
microns) with chemical composi.on and the grain size distribu.on (Batalla et al., to be submiRed to Icarus). 
As part of this work, we have developed all the necessary procedures to prepare the samples, characterize 
their grain size distribu.on and measure the dust opaci.es. Measuring dust opaci.es in the laboratory is 
conceptually straigh_orward, performing transmission/absorp.on experiments in which a light source is 
transmiRed across the sample before it reaches the detector, and we conducted it with a Bruker Vertex 80v 
spectrometer. For dust grains, a few mg of sample material is embedded in ~100 mg KBr that is transparent 
at IR wavelengths, following well-tested prepara.on techniques. The mass absorp.on coefficient k (cm2/g) 
is calculated using k = S/M ln(100/T), where S is the surface area of the pellet, M is the mass of sample in the 
pellet, T is the % transmission at a given wavelength. The  mass absorp.on coefficient (MAC) can be used in 
radia.ve transfer modeling to be compared to astronomical data of protoplanetary disks, since the 
absorbance efficiency of a par.cle is equivalent to its emissivity in thermodynamic equilibrium.
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Observa.onal links between the inner and outer protoplanetary disk regions 
 
Recent observing campaigns have revealed a great diversity in exoplanetary systems whose origin is yet to 
be understood. How and when planets form, and how they evolve and interact with their birth environment, 
the protoplanetary disks, are major open ques.ons. Protoplanetary disks evolve and dissipate rapidly while 
planets are forming, implying a direct feedback between the processes of planet forma.on and disk 
evolu.on. These mechanisms leave clear imprints on the disk structure that can be directly observed in the 
outer disk. 
 
In the past few years, high-resolu.on observa.ons of protoplanetary disks obtained in the infrared scaRered 
light and in the millimeter regime have led to exquisite images and shown that small scale structures are 
ubiquitous in protoplanetary disks in both gas and dust tracers. I will present recent observa.onal results on 
protoplanetary disks, that allow to probe the disk structure and the dynamics of solids and gas in the outer 
disk, with a special focus on results that establish a strong connec.on between the structure and physics of 
the inner and outer disk regions.   
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The fluorescent FeI emission observed in ac.ve T Tauri stars (TTSs) is one of the defining proper.es of this 
class of young stars (cf. Joy 1945), but it has not been studied in any kind of detail in recent years. I discuss 
the forma.on of the FeI 3969Å line, which shares the same upper level as the 4063Å and 4132Å enhanced 
lines and can be anomalously excited by either one of the nearby CaII H and H I Hepsilon transi.ons. I use a 
line forma.on code developed for the occasion, wriRen in Python/NumPy and designed to handle spectral 
line interac.ons in a variety of situa.ons. I consider several velocity fields and envelope proper.es and find 
that FeI 3969Å fluorescent excita.on  occurs in all velocity fields considered, even at temperatures for which 
the iron atoms are mainly ionized, provided the gas density is high enough to make the exci.ng line at least 
partly op.cally thick. In par.cular,  FeI line amplifica.on appears stronger when driven by Hepsilon (rather 
than by CaII H), as occurs in an accre.on flow, because the hydrogen line is usually op.cally thicker than the 
calcium line for envelope proper.es typical of TTSs. Blend profiles also differ considerably in different velocity 
fields, which may lead to observa.onal constraints. Fluorescence affects not only the FeI line, but also 
the  other lines of the blend, depending on the velocity field. Both FeI 3969Å and Hepsilon are affected by 
fluorescence in an accelera.ng ou_low, while both FeI 3969Å and CaII H are amplified in an accre.on flow. 
All three lines are affected in non-monotonic flows, which lead to complex distant radia.ve interac.ons. 
While the current inves.ga.on is limited by both assump.ons of spherical symmetry and lte ini.al atomic 
popula.ons, it makes it clear that studies of line fluorescent emission can be a valuable tool for probing 
quan.ta.vely the inner envelopes of young stellar objects.
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The study of the innermost regions of protoplanetary disks is now possible with long baseline Op.cal/NIR 
interferometry since it allows to probe these regions at sub astronomical units resolu.on. Although, this 
technique is widely used at radio wavelengths, interferometric imaging at op.cal and near-infrared 
wavelengths is very challenging. Therefore very few images at NIR wavelengths are available. In this talk, I 
will present some of the few reconstructed images of  young stellar objects in the K-band using the ESO VLTI 
instrument GRAVITY. The images allow us to recover morphological details of the innermost region  around 
the young Herbig Ae star HD58647 and high-mass YSO IRAS13481-6124. Furthermore, thanks to the high 
spectral resolu.on of GRAVITY, the region emiyng the HI Br ? line has also been spa.ally resolved. This has 
allowed us to image reconstruct for the first .me the line emiyng region around HD58647, helping us to 
constrain the origin of the Br ? line around YSOs.
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Many processes in exoplanet evolu.on happen either when the disk is present, or in the first few million 
years a\er it disperses.  These processes are hard to observe because most exoplanets are billions of years 
old.  I will review the current state of the art in young inner planet detec.on, with a focus on what it can 
teach us about planet evolu.on.  I will describe some of the core advances that have already been made 
through applica.on of the transit and radial velocity methods, and I will also point out the ways in which star 
and star cluster characteriza.on have also played a central role.  I'll close by outlining areas in which exis.ng 
and upcoming data are expected to yield near-term progress.
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The FU Orionis phenomenon is an important stage of TTauri forma.on, however the instability mechanism 
at the origin of its outburst is s.ll poorly understood. Here, we present the first spa.ally resolved monitoring 
of FU Orionis itslef, where we measure the evolu.on of the size of the outburs.ng region over .me by 
combining more than 20 years of near-infrarared interferometric data. We compared this spa.o-temporal 
structure of the disk with magneto-hydrodynamical simula.ons of the outburst. This comparison provides 
strong evidence for a gravita.onal instability scenario triggered in a magne.cally dead zone in FU Orionis. 
Finally, this study will be complemented by the analysis of the CO absorp.on lines, that we spa.ally resolved 
with VLTI/GRAVITY. Together, these observa.ons shed new light on the structure of the disk and on the 
instability mechanism at the origin of FUors.
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The non-linear corota.on torque on low-mass planets provides important opposi.on to the Lindblad, or 
wave torque, which seeks to drive inward migra.on of planets; moreover it places a bound on the .mescale 
on which low-mass planets may persist near the inner disc. We present 2 and 3 dimensional asympto.c 
mathema.cal descrip.ons of the steady non-linear coorbital flow, and directly calculate the corota.on 
torque on the planet when small gradients in poten.al vor.city and entropy are imposed over the corota.on 
region. We find the 3D horseshoe region width, which is well-defined for low-mass planets, and present a 
so\ening prescrip.on for the gravita.onal poten.al of the planet consistent with 3D theory.
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Magne.c reconnec.on is one of the major par.cle accelera.on processes in space and astrophysical 
plasmas. Low-energy supra-thermal par.cles  produced in magne.c reconnec.on events are a source of 
ioniza.on for circumstellar discs, influencing their chemical, thermal and dynamical evolu.on. The aim of 
this work is to study how energe.c par.cles propagate in the circumstellar disc of a T Tauri star and how they 
affect the ioniza.on rate of the disc plasma. We have computed ioniza.on rates by energe.c par.cles 
considering the physical proper.es of the flares as observed by the Chandra satellite for a sample of sources 
in the Orion Nebula (COUP). These results are obtained for a disc which chemical equilibrium is calculated by 
the chemistry code PRODIMO. In a sta.onary configura.on, the ioniza.on rates generated by the par.cles 
produced by the magne.c reconnec.on event are, in the near-flare environment, at least 3 orders of 
magnitude higher than the ioniza.on rate produced by the stellar sources. We further present results for a 
more realis.c .me-dependent model. This model is based on a Monte-Carlo analysis performed by sampling 
luminosity,  dura.on and  posi.on of the flares and wai.ng .me between two flares. These samples are 
extracted from observa.ons of young stars and the Sun. Our analysis produces spa.al and temporal 
amplitude averaged maps of inner disc ioniza.on rates that can be compared with observa.ons.
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While it is well established that high-velocity jets from classical TTS are accre.on-driven, their main origin 
and launching mechanism remains a maRer of debate, with three possible contributors (see eg. Ferreira et 
al. 2006 for a review): an accre.on-driven stellar wind (ADSW), an X-wind (or ReX wind) launched from the 
disk trunca.on radius, and a more extended magneto-centrifugal wind from the inner disk (D-wind). To help 
discriminate between these op.ons, we present a sta.s.cal study of the accre.on-ejec.on-rota.on 
connec.on in CTTS using the [OI]6300 line as a tracer of high-velocity jets, UV excess or Halpha as a tracer of 
accre.on, and photometric variability period as a tracer of stellar rota.on. Our core sample is made of 30 
CTTS in NGC 2264 with jets detected in [OI] and accurate rota.onal periods from the COROT satellite, and is 
complemented by similar published data for jet-driving CTTS in Taurus-Auriga, Lupus and 
Chameleon.  Par.cular care is taken to correct jet speeds for line-of-sight projec.on, with system inclina.ons 
inferred from measured periods and vsini (or if they are unavailable, by resolved disk maps). The jet 
proper.es are correlated with accre.on and stellar parameters, and confronted to specific predic.ons for 
each of the three proposed theore.cal scenarios for the jet origin. The results outline the necessity of 
improving the accuracy of jet mass-fluxes (by combining spa.ally resolved observa.ons with shock models) 
to obtain a defini.ve answer on the key issue of the jet origin in CTTS. 
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Protoplanetary disks are now rou.nely observed around young stars but the planets they produce remain 
elusive to detect. So far, we have only one confirmed detec.on of protoplanets in the disk of PDS 70, with 
some tenta.ve results (e.g. AB Aur). Yet disk structures are found almost ubiquitously across the sample of 
resolved disks. We are inves.ga.ng the poten.al rela.onship between inner disk winds and ou_lows (traced 
by op.cal emission lines, such as [OI]), and the presence and type of disk substructures. We aim to determine 
whether or not the various substructures are the direct results of protoplanet forma.on.  
 
We will present new results from recent and archival observa.ons of PDS 70. In order to inves.gate such 
connec.ons between winds, substructures, and planets, we turn to the one system where we have certainly 
detected the planets. We have carefully applied established techniques to the high-resolu.on spectra to 
reveal previously unseen forbidden emission profiles. These results suggest a weak wind origina.ng from the 
inner disk. We compare these results and measurements of the mass accre.on rate and disk proper.es to 
those of other weakly accre.ng young stars and those with transi.on disks.  
 
We are also carrying out this inves.ga.on for the PENELLOPE/ULLYSES sample of ~80 young stars. This 
complements exis.ng surveys of such winds/ou_lows, whilst allowing for further explora.on of the rela.on 
to disk substructures, towards a more complete sta.s.cal survey. 
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The inner solar nebula likely saw the highest temperatures throughout our protoplanetary disk, with 
temperatures, par.cularly early on its evolu.on, reaching well-above those needed to vaporize dust.  This 
means that much of what was inherited from interstellar medium in this region was destroyed and then 
reassembled into new minerals and compounds that were then incorporated into the planetesimals that 
formed in the inner Solar System.  While few, if any, planetesimals from this region remain today, we are s.ll 
able to get insights into the processes that shaped this region of the solar nebula by examining asteroids and 
comets in our solar System today. Despite these bodies largely forming mul.ple astronomical units from the 
young Sun, they contain materials that are thought to have originated much closer in and then were 
transported outwards to be accreted by planetesimals that formed much further away.  In addi.on, the 
diversity of asteroid types, meteorite parent bodies, and cometary proper.es points to a range of 
environmental condi.ons present and physical processes that operated at different .mes and loca.ons 
throughout the solar nebula, allowing us to extrapolate to what may have been found close to the young 
Sun.  Thus, we have both direct and indirect evidence that we can use to gain insights into the evolu.on of 
the inner regions of our protoplanetary disk. 
 
In this review, I will discuss how meteorites and cometary samples, as well as the bulk proper.es of the 
terrestrial planets, can be used to gain insight into the chemical and physical processes that operated in the 
inner solar nebula.  I will highlight what we believe we know about this region along with outstanding 
ques.ons that we s.ll have yet to answer. I will discuss how we can leverage this informa.on to beRer 
understand the processes that operated or are opera.ng in the inner region of protoplanetary disks around 
other stars and vice versa.
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Studying the accre.on process is key to understanding protoplanetary disk evolu.on and therefore planet 
forma.on. In par.cular, the spread in mass accre.on rate as a func.on of disk mass is a way to test and 
constrain disk evolu.on models. To do so it is necessary to assess the impact of variability on these rela.ons. 
Here I will discuss the impact of variability through the lens of a Classical T Tauri stars (CTTS) with an extreme 
accre.on variability that was discovered in thanks to the PENELLOPE sample: XX Cha. 
The mass accre.on rates obtained for the en.re PENELLOPE sample and its implica.ons on disk evolu.on 
models and the inner disk will also be discussed. 
These results were obtained using the most reliable way for determining the accre.on proper.es of Classical 
T Tauri stars (CTTS). This method consists of fiyng observed spectra with a UV excess accre.on slab model, 
reddening law and a template represen.ng the stellar photosphere. Improving the sta.s.cal determina.on 
of the best fit and providing posterior probabili.es on the determined mass accre.on rates allows us to 
beRer understand the observed spread and make it a stronger constraint on disk evolu.on models. 
Therefore, I will also discuss my work towards providing the community a user-friendly tool for the deriva.on 
of stellar and accre.on proper.es using this method. 
The photospheres of YSOs are strongly modified by this chromospheric ac.vity and have a different surface 
gravity compared to field dwarfs. Because of this, spectra of non-accre.ng weak lined T Tauri stars (WTTS) 
need to be used to represent the photosphere.  Part of this work, therefore, consisted of extending the grid 
of available WTTS templates, extrac.ng the relevant features, and interpola.ng them. Doing so allows us to 
perform a computa.onally efficient MCMC analysis that enables us to analyse a large sample of CTTS. 
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Bright, rela.vely nearby young stellar objects (YSOs) permit the study of inner disc structure with infrared 
interferometers, the only technique with sufficient spa.al resolu.on to discriminate between compe.ng 
models of inner disk structure. In addi.on, current 4- and 6-telescope beam combiners are providing 
sufficient imaging fidelity to open up infrared interferometric studies to the .me-domain, allowing us to 
study the evolu.on of disk structure on sub-au scales for the first .me. In this review, I will provide an 
overview of recent studies of YSO disk structure from near-infrared beam combiners at the VLTI and CHARA, 
highligh.ng ensemble results from YSO surveys with PIONIER and GRAVITY as well as in-depth studies of 
individual YSOs with MIRC-X and MYSTIC. 
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    In the early stages of star forma.on, as long as accre.on is ac.ve, spectacular bipolar gas ejec.ons are 
always observed. They are split into two dis.nct components: high velocity and collimated jets and lower 
velocity and wider molecular ou_lows. The exact role played by jets and ou_lows in the evolu.on of 
protoplanetary disks and, in par.cular, how much mass and angular momentum they carry away from the 
system remain important unanswered ques.ons. 
     
    Recent ALMA observa.ons of the Class I DG Tau B system revealed a massive slow and rota.ng CO ou_low, 
challenging the tradi.onal interpreta.on of molecular ou_lows as swept-up material (de Valon et al. 2020, 
2022). Instead these results indicate a possible origin in an MHD disk wind origina.ng from the innermost 
parts of the disk (within a few AU), from regions where the MRI cannot be effec.ve (dead zone). However, 
the interpreta.on of a swept-up cavity cannot be completely excluded. Cri.cal constraints on the jet/ou_low 
interac.on are missing. 
 
    The Cycle 1 JWST programme (PI: Catherine Dougados) on DG Tau B, with combined NIRCAM, NIRSpec IFU 
and MIRI-MRS observa.ons, aims to map the warm component of the ou_low in the H2 lines, filling the gap 
between the hot axial jet and the cold CO ou_low. The ALMA and JWST data are complemented by 
SINFONI/MUSE observa.ons from the VLT. This unique mul.-wavelength combina.on of observa.ons will 
allow a comprehensive study of the mass loss in the DG Tau B system.  
 
    We present preliminary results from the NIRSpec IFU observa.ons, providing constraints on the 
morphology and excita.on condi.ons of both the H2 molecular ou_low and the fast axial jet traced for e.g. 
in [Fe II].  
Thanks to a very precise wavelength calibra.on of the SINFONI data, we study the kinema.cs of the H2 
ou_lows and constrain their rota.on.  
These results are confronted to expecta.ons from jet/wind driven cavity and disk wind models and give 
us important clues to understand the origin of protostellar ou_lows and their impact on protoplanetary 
systems. 
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Accre.on processes on stars have been heavily studied in the past 20 years, however they are only now 
star.ng to be inves.gated on forming planets and low-mass brown dwarf companions. While current 
techniques do not permit the study of accre.on processes on close-in planets, the advent of high-contrast 
imaging in the past decade allowed for detec.on of emission lines indica.ve of ac.ve accre.on (Hα, Paβ, 
Brγ, ...) on a dozen of wide-orbit planetary-mass companions (PMCs, 5-30MJup). They provide a unique 
opportunity to study accre.on processes at the very low mass end and the impact on planetary evolu.on. 
Line variability is common on accre.ng pre-main sequence stars. It has been fortuitously evidenced on a 
handful of PMCs, but never characterized in detail. Variability can help clarify the accre.on mechanisms at 
play and revise current protoplanet detec.on strategies. 
 
We present the results of a monitoring campaign of the Paschen Beta emission line (1.28µm) of three 
accre.ng 10-30MJup companions on wide orbits with the VLT/SINFONI integral field spectrograph. We 
discuss the line profiles and their variability in the more general context of accre.ng young stars and compare 
them with predic.ons of accre.on models recently developed for planetary mass objects. Implica.ons for 
the origin of the accre.on process in these sources are discussed. We also derive atmospheric parameters 
(Teff, log g, C/O ra.o, M/H) of each object from J-band spectra modeling using the latest grids of atmospheric 
models (ATMO).
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Pre-main sequence stars are expected to emit strong levels of XUV flux, on average a hundred .mes that of 
main sequence stars. A few planets have been detected transi.ng such stars (V1298Tau, K2-33, AU Mic). A 
planet placed in such an environment is likely to undergo strong hydrodynamic evapora.on. Eventually, 
strong atmospheric absorp.on signatures are expected when such planets are seen in transit configura.on. 
Over the past two decades, the measure of these signatures has led to the detec.on of various species in 
exoplanet atmospheres. Improvements in resolu.on and sensi.vity however revealed the poten.al biases 
induced by the stellar lines locally occulted by the planet along its transit chord. For example, centre-to-limb 
varia.ons and stellar rota.on can easily impact the characterisa.on of transi.ng exoplanets atmospheres 
and some.mes lead to false detec.ons. These effects are star.ng to be well constrained and the community 
is more and more taking them into considera.on in their planetary transit models. However, an other 
contamina.on intervenes for very young stars such as classical T Tauri stars as they are surrounded by a 
circumstellar disc of gas and dust which poten.ally fall in the line of sight of the planetary transit. We study 
the impact of such a disc on the expected planetary atmospheric absorp.on signatures that could be 
observed. Using our simula.ons of planetary transits and adding the presence of a disc, we explore a series 
of relevant parameters such as e.g. the inclina.on of the line-of-sight, the dimensions of the disc or the 
inclina.on of the star's rota.on axis. We wish to set up the range of detectability of transi.ng planets around 
very young stars s.ll surrounded by their circumstellar disc. 
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Observing disk structures is a powerful means to infer the presence of forming planets in disks around young 
stars. The weakness of emission from protoplanets with the addi.onal ex.nc.on by dust grains makes their 
detec.on extremely challenging. AB Aurigae is one of very few nearby, young stars where compelling 
evidence of protoplanets has been reported. This includes the presence of two prominent spiral arms seen 
in emission from gas and small dust grains revealed by ALMA and SPHERE within the broad 120au cavity. In 
addi.on, three bright spots spread between 30au and 100au, which are possible sites of giant planet 
forma.on, were detected by SPHERE/VLT and CHARIS/Subaru. 
 
We will report on second-epoch polarimetric observa.ons with SPHERE, which confirm our ini.al findings 
and constrain the dynamics of the remarkable disk structures down to 0.1'' scale. Evidence of Keplerian 
rota.on calls into ques.on the exact link between spiral paRerns and the suspected planets. New 
SPHERE/ZIMPOL measurements allow us to inves.gate the strength and shape of the claimed Halpha line 
detec.on at the loca.on of the AB Aur b companion candidate, and to further search for accre.on signatures 
throughout the cavity. VLTI/GRAVITY was also used to constrain the K-band spectrum of the innermost planet 
candidate. We jointly detected a prominent Br gamma emission line, an accre.on tracer, towards the central 
star and resolved the inner circumstellar disk. All together, these new observa.ons probe the young star's 
environment from sub-au out to 200au scales, and bring new clues to inves.gate planet-disk interac.ons and 
the connec.on between the inner and outer disk regions. 
 
We complement this observa.onal approach with hydrodynamical simula.ons of planet-disk interac.ons 
with a mul.-fluid approach using the FARGO3D code. We will show how the mul.ple structures observed in 
this complex system can be used to characterize physical parameters of the protoplanet candidates. 
Conversely, we will also show how the suspected planets can shape the gas and dust distribu.ons, truncate 
the inner disk, and launch a diversity of spiral wave paRerns that could extend from the innermost regions 
out to large radial distances in the protoplanetary disk. 
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In my talk i will recall the challenges observers have to face to detect and characterize close-in planets around 
PMS stars, using either precision photometry or velocimetry.  I will then review results obtained so far with 
both techniques.  (abstract to be extended a\er the deadline) 
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Planetesimals are the first gravita.onally bound building blocks of planets, precursors of asteroids and 
comets in today's Solar System. Their forma.on is one of the major gaps in the state-of-the-art planet 
forma.on theory. Because of the barriers to dust growth, it is challenging to provide the condi.ons needed 
for forming these kilometer-sized objects. I will discuss the recent developments in dust evolu.on and 
planetesimal forma.on models. I will show that the first planetesimals are more likely to be formed in the 
inner regions of the protoplanetary disk, where the dust evolu.on .mescales are short and the water snow 
line creates a privileged loca.on by locally enhancing the density of pebbles.
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Recent observa.ons have shown dust rings to be a common feature of protoplanetary discs, located at 
various radial loca.ons within the disc. Such features may be caused by embedded planets. However, 
previous studies to explain these features have typically excluded the growth of dust in these rings from 
theore.cal models - simula.ng this growth could further our understanding of the mechanisms of planet 
forma.on and, in par.cular, how the planet forma.on process may proceed in the inner disc. In this poster, 
I will present my work inves.ga.ng whether or not dust gathered in the rings of protoplanetary discs is 
suscep.ble to growth and how the presence of a planet can influence this process by altering the dust 
distribu.on in the inner disc. In order to achieve this, FARGO3D was used to run hydrodynamical grain growth 
simula.ons for a range of disc and planet proper.es. These models will be discussed and compared to 
consider how different factors may influence dust growth in rings and how viable this mechanism is for 
sequen.al planet forma.on. 



(P) Poster / (I) Invited Talk / (O) Oral 

The inner disk of young stars: accretion, ejection, 
and planet formation 

 
 

Radial velocity monitoring of V1298 Tau with SPIRou to es5mate the 
mass of the more massive planet of this system (O) 

 
Benjamin Finociety (1) (presen2ng author), Jean-François Dona2 (1)  

 
1 CNRS - IRAP, Toulouse, France 

 
 

Improving our knowledge of star/planet forma.on and evolu.on requires guidance from both transit 
photometry and velocimetry to further charaterize young planetary systems and constrain mass-radius 
rela.ons. Only 7 planets younger than 25 Myr have well-measured radii thanks to the detec.on of 
photometric transits. V1298 Tau (~23 Myr) hosts 4 of these 7 planets making this target quite unique. In this 
presenta.on, we will present results obtained from a thorough spectropolarimetric monitoring of this star 
with SPIRou, from end-2019 to early-2022 in the framework of the SPIRou Legacy Survey (SLS) and within the 
PI programme of Benjamin Finociety (run ID 21BF21). In par.cular, we are able to es.mate the mass of the 
more massive planets of this system, consistent with previous studies, and to further constrain the orbital 
period of the planet e. We will also focus on two young weak-line T Tauri stars (< 2 Myr), namely V410 Tau 
and LkCa 4, for which no massive close-in planets have been detected yet, repor.ng upper limit on the mass 
of poten.al planets orbi.ng these stars, based on SPIRou monitoring of these stars in the framework of SLS.
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The low-mass stars accre.on process is well inves.gated for Class II Young Stellar Objects (YSOs), but not for 
younger sources as Class 0 and I protostars. This is due to the fact that protostars are embedded in their 
envelope and it's hard to observe the photosphere of the forming star and the Balmer jump. Thanks to a self-
consistent method based on empirical rela.on which links the accre.on luminosity to NIR accre.on tracers, 
we present the first survey of the mass accre.on rate (Macc) in a sample of about 60 Class I in different star-
forming regions within 500 pc. We also present for the first .me the existence of a rela.on between Macc 
and the disk mass (Mdisk) of these sources. The main results we found are: 1) Macc is higher in Class I than 
in Class II, but not high enough to explain the stellar mass (Mstar) we observe in Main Sequence (MS) stars, 
sugges.ng that either most of the Mstar is accreted during erlier stages, or it is due to erup.ve accre.on; 2) 
most of the Class I in our sample lie in the Mdisk-Mstar instability region, sugges.ng that erup.ve accre.on 
could be more common than expected during the protostellar phase: 3) the slope of the Macc-Mdisk rela.on 
is flaRer for Class I than for Class II and can't be described by current models based on viscous and/or MHD 
winds models.  
In this talk I will describe our method, present these result and their impact on planet forma.on, and discuss 
possible future steps.
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Variability is one hallmark of T Tauri stars and this characteris.c could be a key to unlock the secrets of inner 
planet-forming disks.&nbsp; The Kepler mission revealed thousands of diverse planetary systems, and one 
goal of exoplanet research is a predic.ve theory rela.ng condi.ons in a protoplanetary disk to these varied 
outcomes.&nbsp; But spa.al scale is an observa.onal challenge: at the distance of the nearest star-forming 
regions, the inner disks corresponding to the orbits of most planets are unresolved by ALMA and too faint or 
over-resolved by infrared interferometry (GRAVITY). An alterna.ve approach to studying inner disks is via 
.me-series monitoring, exploi.ng their variability and using .me as a proxy for separa.on via Kepler&#39;s 
third law. Dimming events, when dust from the disk or planetesimals occults the central star, inform about 
the structure and dynamics of the disk (and possible proto-planets) and can be a probe of the composi.on 
of the dust and any accompanying gas.&nbsp; This phenomenon was first described among Herbig Ae/Be 
stars (UXOrs) and extendeded to low-mass T Tauri stars "dippers" as CoRoT, Spitzer, and K2 observed nearby 
star-forming regions and young clusters. There are many possible underlying mechanisms causing dimming, 
including accre.on streams, disk warps and instabili.es, dusty winds, and evapora.ng planetesimals. and 
more than one could be opera.ng around a given star. This technique is sensi.ve to rela.vely small amounts 
of dust, making it useful to inves.gate the later stages of disk evolu.on and planet forma.on when disks are 
clearing. Studies of the grain size, composi.on, and spa.al distribu.on&nbsp; of the dust, as well as any 
accompanying gas, can help us trace the subsequent, hitherto hidden steps of planet forma.on. We present 
highlights from an ongoing mul.-wavelength campaign to inves.gate dipper stars with ground- and space-
based telescopes.&nbsp; The TESS mission has a central role because it has surveyed most of the sky, 
allowing for a greater diversity of stars to be inves.gated for dimming events, and at two or more epochs, 
allowing varia.on in behavior to be ascertained.&nbsp; Our campaign also includes a three-year Key Project 
on the Las Cumbres Observatory Global Telescope. Among recent findings:  (1) There is evidence that 
variability can evolve on year-long .me scales and that some dipper stars have a finite ``duty cycle"; This 
challenges some explana.ons for dipping and means that the frac.on of stars which are dippers is higher 
than previously es.mated.&nbsp; (2) Color-magnitude variability indicates ex.nc.on/reddening by sub-
micron but super-ISM-size dust grains, sugges.ng intense fragmenta.on of larger dust, or size segrega.on in 
the upper layers of the disk more likely to occult the star.&nbsp; (3) We also used X-ray observa.ons by the 
Swi\ satellite in parallel with TESS to measure a compara.vely low dust-to-gas ra.o of the occul.ng material 
around one dipper star. We conclude with a look towards the future, including triggered observa.ons with 
larger telescopes by the ASAS-SN network and the Vera Rubin/LSST telescope, mul.-epoch observa.ons by 
JWST, and, longer term, the possibility of deeper and more con.guous observa.ons by PLATO.
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Protoplanetary disks turbulence is a complex and debated problem. The origin and amplitude of turbulence 
are s.ll open ques.ons, despite improving observa.onal constraints. Yet the disks turbulent gas has a key 
role in affec.ng the dust dynamics and its growth toward larger bodies. 
We therefore address this ques.on through numerical simula.ons of turbulent Keplerain flows coupled to 
dust par.cles. We systema.cally explore two physical parameters in our 2D simula.ons: the flow angular 
velocity and the par.cle size. Using this original approach, we show that small par.cles can strongly cluster 
in eddies of the fast rota.ng flow, such as disks inner regions. Turbulence hence does not act as a diffusion 
process for dust, contrary to what commonly assumed. Thanks to innova.ve analysis tools we an.cipate 
gravita.onal collapse and forma.on of planetesimals. 
In this talk, I will present these promising results for planetesimal forma.on, as well as the more complex 3D 
approach. 
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Short-period super-Earths and mini-Neptunes encircle more than ~50% of Sun-like stars and are rela.vely 
amenable to direct observa.onal characteriza.on. Despite this, environments in which these planets accrete 
are difficult to probe directly. Pairs of planets that are close to orbital resonances provide a unique window 
into the inner regions of protoplanetary disks, as they preserve the condi.ons of their forma.on, as well as 
the early evolu.on of their orbital architectures. We present a novel approach toward quan.fying transit 
.ming varia.ons within mul.-planetary systems and examine the near-resonant dynamics of over 100 planet 
pairs detected by Kepler. Using an integrable model for first-order resonances, we find a clear transi.on from 
libra.on to circula.on of the resonant angle at a period ra.o of ~0.6% wide of exact resonance. The orbital 
proper.es of these systems indicate that they systema.cally lie far away from the resonant forced 
equilibrium. Cumula.vely our modeling indicates that while orbital architectures shaped by strong disk 
damping, .dal dissipa.on, or planetesimal scaRering are inconsistent with observa.ons, a scenario with 
stochas.c s.rring by turbulent eddies in the protoplanetary disk reproduces several features of the data.
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BP Piscum (Psc) is a bit of a stellar enigma - while it behaves like a rapidly rota.ng giant branch star, it harbors 
a gaseous, dusty disk and an extended jet with knoRed and filament features akin to protostars with planet-
forming disks. We present the discovery of FUV and NUV emission from BP Psc's extended jet, including its 
brightness and poten.al mechanism for crea.on in the knots and filaments of the jet. We compliment the 
UV emission analysis with recent op.cal coverage of BP Psc's jet from the DECaLS survey. We hope to show 
to that UV coverage of such extended, diffuse emission sources can be used as a powerful tool to reveal the 
physical condi.ons underlying interstellar shocks produced by such objects and ejec.on mechanisms that 
.e the proper.es of the jet to the inner workings of the protostar-to-disk connec.on.
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Most protoplanetary discs are thought to undergo violent and frequent accre.on outbursts, during which 
the mass accre.on rate is mul.plied by several order of magnitudes and remains elevated for decades. Such 
event temporarily increases the central luminosity and disc temperature, leading to the sublima.on of ice 
species as snowlines move outwards. Ices being crucial in seyng the collisional proper.es of dust aggregates, 
their sublima.on leads to important modifica.ons of the dust coagula.on process, affec.ng also the 
forma.on of planetary building blocks (planetesimals). In this talk, I will present how an FUor-type accre.on 
outburst alters the growth and appearance of dust aggregates at different loca.ons in protoplanetary discs. 
We have studied the coupled coagula.on of dust and ice before, during, and a\er an accre.on outburst, 
using local Monte Carlo coagula.on simula.ons. We will explore the importance of our findings in the 
context of planetesimal forma.on through the streaming instability (occurrence, proper.es, and structure). 
Then, we will briefly discuss the poten.al opportuni.es to use dust emission at mm-wavelengths as a tracer 
of past outbursts in discs, which would allow us to build a greater sta.s.cal es.mates of such events 
(currently less than 50 events confirmed) to beRer constrain their cause and frequency.
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Protoplanets embedded in disks are expected to accrete material from 
their surrounding media. As a result of this process, they 
can emit in accre.on tracers like the H alpha line. In this poster, we show the 
result from SPHERE/ZIMPOL observa.ons to detect accre.ng 
protoplanets around five stars with (pre-)transi.onal disks.  They 
were obtained in the H alpha line and the adjacent con.nuum, 
combining spectral and angular differen.al imaging techniques to 
increase the contrast in the innermost regions close to the star. We 
do not detect any point-like source around any of the stars. When we 
compare our detec.on limits with different planetary models, we 
es.mate an average upper limit to the accre.on luminosity of < 10-4 Lsun 
at 200 mas, which is 2 orders of magnitude higher that that 
previously es.mated from the extrapola.on of the LHalpha - Lacc 
stellar rela.onship. We explain the lack of protoplanet detec.ons as 
a combina.on of different factors, like e.g. episodic accre.on, 
ex.nc.on from the circumstellar and circumplanetray disks, and/or a 
majority of low-mass, low-accre.ng planets.
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Intermediate-mass stars (IMSs) represent the link between low-mass and high-mass stars, and cover a key 
mass range for giant planet forma.on. They are also known to lack of low-mass short period planets with 
semimajor axes < 0.6 au, therefore, we aim to further inves.gate the forma.on of this architecture around 
IMSs. In this talk, I will present the results of a spectroscopic survey of 241 young IMS candidates with IR-
excess, the most complete unbiased sample to date within 300 pc. We combined VLT/X-Shooter spectra with 
photometric observa.ons and Gaia DR3 distances to es.mate fundamental stellar parameters such as Teff, 
mass, radius, age, and luminosity. We further selected those stars within the intermediate-mass range 1.5 ≤ 
M � /M � ≤ 3.5, and discarded old contaminants. We used 2MASS and WISE photometry to study the IR-
excesses of the sample, finding 92 previously uniden.fied stars with IR-excess. We studied inner disc 
dispersal .mescales for λ < 10 μm and found very different trends for IMSs and low-mass stars (LMSs). IMSs 
show excesses dropping fast during the first 6 Myr independently of the wavelength, while LMSs show 
consistently lower frac.ons of excess at the shortest wavelengths, and increasingly higher frac.ons for longer 
wavelengths with slower dispersal rates. In conclusion, this study demonstrates empirically that IMSs 
dissipate their inner discs very differently than LMSs, providing a possible explana.on for the lack of short 
period planets around IMSs. 
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The most successful scenario to explain the origin of astrophysical jets requires the presence of a large-scale 
magne.c field anchored in a rota.ng object (young star or disk), extrac.ng its rota.onal energy and 
transfering it to the jet to accelerate it. Besides genera.ng an accelera.on force, the interplay of the large-
scale magne.c field and the associated electric currents provides a confinement mechanism similar to Z-
pinch systems, used for example to confine hot plasmas in fusion devices. In order to provide a hoop stress 
able to compress the jet on such large scales, this Z-pinch requires a non-vanishing asympto.c electric 
current flowing inside the jet (Heyvaerts & Norman 1989). But linking this asympto.c current to the source 
remains a long standing unsolved problem. 
 
As a first step towards this goal, we performed a set of 2.5D magnetohydrodynamic (MHD) simula.ons of 
non-rela.vis.c jets emiRed from keplerian accre.on disks, using the PLUTO code. In these pla_orm 
simula.ons, the disk is a boundary condi.on and only the jet accelera.on and collima.on are self-
consistently computed. Thanks to our novel numerical method, our simula.ons have been successfully 
carried out at unprecedented .me and spa.al scales, reaching a steady state up to a distance larger than 
5000 .mes the inner disk radius (Jannaud, Zanni & Ferreira 2023). 
 
Magne.cally driven jets emiRed from disks of a large radial extent are found to systema.cally undergo an 
intrinsic recollima.on towards the jet axis, as proposed in Ferreira (1997). This refocusing leads to the 
existence of several internal shocks, in par.cular when the jet interacts with an axial spine. This spine 
represents the ou_low launched from the star (stellar wind) and the star-disk interac.on zone (not self-
consistently computed in our case). I will present the influence of such a spine on the recollima.on proper.es 
of magne.c jets launched from accre.on disks. Besides, it will be shown that such a recollima.on paRern is 
maintained even for a jet-emiyng disk of finite extent, as required by observa.ons. Finally, I will discuss 
the influence of the external disk magne.c field and the posi.on of the innermost disk radius (rela.ve to the 
corota.on radius) on jet collima.on proper.es.
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Although substan.al effort has been put into understanding the forma.on of low-mass stars and their 
planetary system, the knowledge of their intermediate mass counterparts is s.ll lacking. For instance, 
accre.on mechanisms on intermediate mass stars are unknown as their magne.c fields are too weak to 
sustain magnetospheric accre.on. 
I will present the primary stages in my study of .me variability of accre.on-related lines in young 
intermediate-mass stars, using the novel STAR-MELT code (Campbell-White et al., 2021), combined with 
long- and short-cadence spectroscopic and photometric data. The STAR-MELT code was developed to 
facilitate the analysis of .me-resolved emission line spectroscopy of young stellar objects and can 
automa.cally extract, iden.fy, and fit emission lines. 
The 25 targets chosen for study comprise of spectral types B-K, which includes HAeBe stars as well as massive 
T Tauri stars that will eventually evolve into A or B type. These objects have well-known protoplanetary discs, 
and evidence of ex.nc.on by circumstellar material. The analysis data is newly received from CARMENES, as 
well as being supplemented by archival data, to assist us in dis.nguishing rota.onal modula.on from 
accre.on rate varia.ons.  
Emission and absorp.on lines with broad and narrow components, including metallic ones, are detected in 
these stars in a similar way to what is found in their lower-mass counterparts. The STAR-MELT code measures 
the variability in velocity and rela.ve intensity for different lines and we aim to trace the structure of 
accre.on columns and dis.nguish between different accre.on mechanisms as they evolve over .me.  Our 
first results are that we observe rapid changes in the emission lines consistent with some degree of rota.onal 
modula.on. The profiles are wind-dominated and could be related to non-axisymmetric winds.  
We have also found, using TESS data, that in some cases we find periodic modula.ons, sugges.ng somewhat 
stable spots in intermediate mass-stars. The periods are shorter than in T Tauri stars, which is expected since 
we assume higher mass stars to be faster rotators. We determined whether the accre.on is rota.onally 
modulated, which would indicate that the accre.on columns are discrete and non-axisymmetric.  
By the end of this project, our plan is to have analysed the .me-resolved spectroscopy so that the data can 
be used to explore the 3-D structure of accre.on columns and unveil the planet-disc connec.on and the 
inner structure of protoplanetary discs.
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The origin of the observed diversity of exoplanet systems is s.ll a maRer of debate. High spectral resolu.on 
imaging can help us in our understanding of the physical, chemical, and orbital proper.es of imaged 
exoplanets. However, the exis.ng methods which are applied to already iden.fied planets essen.ally operate 
in the regime of supervised source-detec.on algorithm, e.g. cross-correla.on technique, and can be very 
computa.onally expensive for discovering new planets. Also, cross-correla.on relies on the already known 
model spectra for mature planets and is lacking spectral models for protoplanets, for which a data-driven 
approach would be of advantage.  Moreover, with the advent of new instruments at the ELT like METIS, or 
with the upcoming hyperspectral data with JWST, a new unsupervised method which would not require a 
long computa.on .me is needed.  
 
Spectral unmixing is a well-known method outside of astronomy and is applied in a lot of fields. In astronomy 
this method is rela.vely rare, although it has recently been used on synthe.c HARMONI data and then re-
applied to SINFONI data to recover a signal from β Pictoris b. I first revisited this work by implemen.ng and 
valida.ng my own spectral unmixing code to a SINFONI dataset acquired on HD 142527 in order to retrieve 
a signal from the already known companion HD 142527 B. Then, in order to iden.fy op.mal parameters to 
use in the different steps of the algorithm (e.g. the number of sample spectra for the spectral unmixing and 
whether to use a prior spectral PCA step or not), I injected fake companions at different contrast levels and 
distances in a SINFONI dataset of PDS70. In this poster I will show the poten.al for detec.on of planets of 
different temperatures and ex.nc.on levels with different methods, including cross-correla.on and different 
flavours of spectral unmixing (e.g., including PCA or not).  
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Massive stars impact a vast range of scales and processes, from re-ionisa.on of the Universe, to the 
physical and chemical evolu.on of galaxies, to regula.on of the interstellar medium, to forma.on of star 
clusters, and even to forma.on of planets around stars in such clusters. The forma.on and/or migra.on of 
these planets are significantly affected by the structure of the young inner disc and the physical processes 
that rule its early evolu.on. In recent years, significant progress has been made in understanding the 
forma.on of high-mass young stellar objects (HMYSOs; i.e. M∗ ≥ 8 M?, Lbol ≥ 5x 103 L?). The latest 
observa.onal and theore.cal studies present evidence that HMYSOs are born in the same way as their low-
mass counterparts, via disc accre.on, rather than through coalescence of lower mass stars. While the 
existence of massive protostellar discs has now been established, liRle is known about how they eventually 
disperse, and how this is linked to the central protostar. A recent interferometric study at mid-infrared 
wavelengths (VLTI/MIDI) has shown substructures in the discs of 8 HMYSOs and one source showed a spiral-
gap structure. These substructures could be the result of a forming companion, thus understanding their 
forma.on is of great importance since massive stars have a high binary frac.on. Moreover, inves.ga.ng their 
inner structure, where the mass transfer to the protostar takes place, gives us insights in determining the 
physical and dynamical characteris.cs, as well as the accre.on/ejec.on processes in HMYSOs. 
  
In this talk, I will present our results on M8 EIR which is a famous MYSO with a mass of 13.5 M?.  From 
previous VLTI/MIDI interferometric observa.ons an inner hole of around 30 au is needed to fit the SED and 
interferometric data simultaneously implying some dispersal mechanism is present within the inner 
environment of the source. The presence of a companion or photoevapora.on are the most likely causes for 
the clearing. In this study we combine the VLTI instruments AMBER, GRAVITY, MIDI and MATISSE 
interferometric data in order to fit the con.nuum using radia.ve transfer modelling and understand if indeed 
there is an inner hole in the disc.  Moreover, using the emission lines present in the GRAVITY data such as 
the Brγ, NaI and CO lines we inves.gate the accre.on and ejec.on proper.es of the source and get a size of 
the gaseous disc. From the K-band con.nuum data we see evidence of emission close to the star and the 
emission lines come from a region closer to the star than the con.nuum emission.  
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With steady observa.onal advances, the forma.on of massive stars is being understood in more detail. 
Numerical models are converging on a scenario where accre.on discs play a key role. Also, binarity appears 
to be an inevitable outcome. Indeed, the vast majority of massive stars are found in binaries (up to 100%). 
Our understanding of the geometry and physical proper.es of the innermost regions of discs around massive 
stars and their associated binarity is sparse due to the rarity of such objects and the observa.onal challenges, 
including the lack of adequate diagnos.c lines in the near-IR. 
 
In this talk, I will present the first systema.c study towards a sample of Massive Young Stellar Objects (MYSOs) 
as observed with long-baseline near-infrared K-band interferometry on VLTI (GRAVITY, AMBER). Geometrical 
models are employed to derive the characteris.c size of the 2μm con.nuum and ionised gas emission 
towards this sample of MYSOs and inves.gate binarity. MYSOs are placed in a luminosity-size diagram for the 
first .me, and their loca.on is directly compared to their low and intermediate-mass counterparts. In 
addi.on, the inves.ga.on on the origin of the ionised gas emission (Brgamma) points towards a disc-wind 
interac.on. I will also present the first sta.s.cs on young high-mass binarity tracing 2-300 au separa.ons 
and directly compare them to their pre-main and main sequence equivalents, repor.ng an increasing frac.on 
with evolu.on. 
 
Finally, we detect and spa.ally resolve the Na I doublet and He I transi.ons at au-scales towards an MYSO 
for the first .me. The new observa.ons in combina.on with our geometric models allowed us to probe the 
smallest -au- scales of accre.on/ejec.on around an MYSO. We find that Na I originates in the disc at smaller 
radii than the dust disc and is more compact than any of the other spa.ally resolved diagnos.cs (Br?, He I, 
and CO). Our findings suggest that Na I can be a new powerful diagnos.c line in tracing the warm star/disc 
accre.ng interface of forming (massive) stars, while the similari.es between He I and Br? point towards an 
accre.on/ejec.on origin of He I.
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Our understanding of the physical processes that regulate the evolu.on of the circumstellar environment of 
YSOs has made very significant progress in the last decade. For instance, the distribu.on of gas and dust in 
young inner disks has been mapped in detail, revealing large-scale trends as well as localized 
inhomogenei.es, precisely interpreted in the context of theore.cal models of disk evolu.on. The discovery 
of embedded protoplanets has shed new light on the disk-planet interac.ons, whereas gas diagnos.cs 
tracing inflow/ou_low processes at the star-disk interface have a strong significance for describing the 
mechanisms of disk dispersal. These advances  were made possible thanks to the steady improvement of 
observa.onal capabili.es across a large frac.on of the electromagne.c spectrum, enabling mul.-wavelength 
observa.onal approaches and increased spa.al resolu.on. It is therefore essen.al that the community of 
observers remains informed on the instrumenta.on serving their science. In this talk, I will aRempt to review 
the development path of recent instrumenta.on capabili.es - including space-based - that have enabled 
such a progress and describe some new perspec.ves. In the current and upcoming decades, the new suite 
of op.cal/infrared instruments at the VLT/VLTI (ERIS/GRAVITY+) and on the 39-m Extremely Large Telescope 
(METIS/MICADO/HARMONI) will offer unprecedented imaging and spectroscopic perspec.ves for the study 
of young stars and planet forming disks. Long-wavelength (millimeter) facility ini.a.ves such as SKA and 
ngVLA may become relevant for this science in the post-ALMA era. Finally, the .ght network of mid-size 
op.cal telescopes may be con.nued for dedicated scien.fic challenges related for instance to variability 
studies, a science case that will also benefit from upcoming survey telescopes. 
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Accre.on is known to be highly variable across most young stellar objects, from subtle variability on long 
periods to rapid drama.c outbursts on short .mescales in EXor and FUor objects. Such changes greatly 
influence and sculpt the characteris.cs, morphology and chemistry of inner disks, greatly impac.ng planet 
forma.on mechanisms. I present recent and new results from op.cal interferometric observa.ons with the 
VLTI and CHARA arrays, with a par.cular focus on outburs.ng FU Orionis type objects, some resolved for the 
first .me at such small scales.  FUor outbursts, once thought to be limited to a subset of unusual stars, are 
now thought to be a ubiquitous process in star forma.on, making our understanding of these objects crucial. 
In this talk I will explore the phenomenon of boundary layer vs magnetospheric accre.on, viscous vs passive 
disk hea.ng and the presence of strong disk winds. This work highlights the power of high angular resolu.on 
observa.ons, par.cularly op.cal interferometry, in diagnosing accre.on and ejec.on processes from young 
stars.
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The ver.cal temperature structure of a protoplanetary disc bears on several processes relevant to planet 
forma.on, such as gas and dust grain chemistry, ice lines, and convec.on. The temperature profile is 
controlled by irradia.on from the central star and by any internal source of heat such as might arise from gas 
accre.on. We conduct radia.ve non-ideal MHD simula.ons to beRer determine the importance of hea.ng 
from resis.ve dissipa.on of magne.c fields in accre.ng laminar disc models. We hence obtain ver.cal 
temperature profiles for typical condi.ons in the inner disc (0.5-4 au). We find steady accre.ng equilibria 
that are driven by saturated Hall-shear unstable modes, as well as equilibria associated with global accre.on-
ejec.on structures. In both cases, we can achieve significant midplane hea.ng for a sufficiently high opacity. 
In par.cular, strong magne.c fields can induce an order-unity temperature increase at the disc mid-plane, 
and even convec.on. These results demonstrate that magne.c fields can drive efficient accre.on and hea.ng 
in weakly ionized disks when MRI turbulence is absent.
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There is moun.ng evidence that the composi.on and structure of planetary systems are in.mately linked to 
their birth environments. During the past decade, several spectral surveys probed the chemistry of the 
earliest stages of star forma.on and of late planet?forming disks. However, very liRle is known about the 
chemistry of intermediate protostellar stages, i.e. Class I Young Stellar Objects (YSOs), where planet 
forma.on may have already begun. 
 
In this talk, I will present the first results of a spectral survey we performed with the IRAM telescopes to 
inves.gate the chemistry of a sample of seven Class I YSOs located in the Taurus star?forming region. These 
sources were selected to embrace the wide diversity iden.fied for low?mass protostellar envelope and disk 
systems. I will focus on the detec.ons and upper limits of thirteen small (with maximum 3 atoms) C, N, O, 
and S carriers ? namely CO, HCO+, HCN, HNC, CN, N2H+, C2H, CS, SO, HCS+, C2S, SO2, OCS ? and some of 
their D, 13C, 15N, 18O, 17O, and 34S isotopologues. Together these species probe gas?phase C/N/O ra.os, 
D? and 15N?frac.ona.on, source temperature and UV exposure. I will present the substan.al evidence we 
found of chemical differen.a.on among our source sample, some of which can be traced back to Class I 
physical parameters, such as the disk?to?envelope mass ra.o (a proxy for Class I evolu.onary stage), the 
source luminosity, and the UV?field strength. Overall, these results provide a first overview of the 
astrochemistry of Class I objects, however, I will show that interferometer observa.ons are needed to go 
further and differen.ate envelope versus disk chemistry.
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 Over recent years, our understanding of protoplanetary disc (PPD) dynamics have changed drama.cally. It 
is now believed that non-ideal MHD processes are playing a very important role in the forma.on and 
evolu.on of these objects. While direct measurement of magne.c fields in PPDs is s.ll lacking, I will show in 
this talk that several observed features can easily be explained as a consequence of magne.sed discs. In this 
context, I will revisit the origin of transi.on discs and planet-disc interac.on in a magne.sed disc. 
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In the inner regions of a protoplanetary disk, typically near 1 AU from the central star, the magneto-rota.onal 
instability transi.ons from a region where it is ac.ve to a region where it is dead. At this interface, a pressure 
bump forms, triggering the Rossby wave instability, which creates large-scale vor.ces. Such vor.ces may play 
a key role in the forma.on of inner planets, because of their tendency to trap pebbles. Precisely, it is the 
streaming instability (SI) that is thought to play an important role in planet forma.on, by forming dust clumps 
which may collapse gravita.onally and form planetesimals. Some studies of the SI&rsquo;s robustness found 
that it can only develop in regions of high dust density and narrow distribu.on in dust sizes. &nbsp;Because 
vor.ces capture a lot of pebbles and only pebbles, they offer the perfect condi.ons for the SI to grow. This 
is what makes vor.ces such excellent candidate sites of inner planetesimal forma.on. Unfortunately, it is 
unknown whether the SI can feed on a vortex flow. Here we address this ques.on by developing an analy.cal 
model for dusty protoplanetary vor.ces, perturbing it, and studying the evolu.on of the perturba.ons. We 
find that protoplanetary vor.ces are prone to an instability brought by the dust, and specifically by its back-
reac.on onto the gas. We interpret this instability as a resonant drag instability that involves the same physics 
as the SI. This instability strengthens the case for vortex-catalysed inner planet forma.on
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Super-Mercuries, rocky exoplanets with bulk iron mass frac.on of more than 60%, appear to be preferen.ally 
hosted by stars with higher iron mass frac.on than the Earth. It is unclear whether these iron-rich planets 
can form in the disc, or if giant impacts are necessary. We inves.gate the forma.on of super-Mercuries in 
their natal protoplanetary discs by taking into account their host stars' stellar abundances using a disc 
evolu.on model which includes the growth, dri\, evapora.on and recondensa.on of pebbles to compute 
the pebble iron mass frac.on. The recondensa.on of outward-dri\ing iron vapour near the iron evapora.on 
front is the key mechanism that facilitates an increase in the pebble iron mass frac.on. We also simulate the 
growth of planetary seeds around the iron evapora.on front using a planet forma.on model which includes 
pebble accre.on and planet migra.on, and compute the final composi.on of the planets. Our simula.ons 
are able to reproduce the observed iron composi.ons of the super-Mercuries provided that all the iron in 
the disc are locked in pure Fe grains and that the disc viscosity is low. The combined effects of slow orbital 
migra.on of planets and long reten.on .me of iron vapour in low-viscosity discs makes it easier to form iron-
rich planets. Furthermore, we find that decreasing the stellar Mg/Si ra.o results in an increase in the iron 
mass frac.on of the planet due to a decrease in the abundance of Mg2SiO4, which has a very similar 
condensa.on temperature as iron, in the disc. Our results thus imply that super-Mercuries are more likely to 
form around stars with low Mg/Si < 1, in agreement with observa.onal data.
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In this poster I will present the ERC funded WANDA group and their ac.vi.es.  
The WANDA project aims at tackling the ques.on of when and how did the mul.tude of observed exo-
planets form by inves.ga.ng the origin of the ring-like and asymmetric structures observed in protoplanetary 
disks, the cradle of planets, and pushing such studies to the distant and massive star-forming regions, the 
loca.ons that best represent the natal environments of the known exo-planets. 
The WANDA team will employ a novel mul.-wavelength and mul.-technique observa.onal approach, based 
on a combina.on of high-resolu.on spectroscopy, spa.ally resolved integral field spectroscopy, and high 
spa.al resolu.on imaging at near-infrared and millimeter wavelengths. Here I will show the ini.al results of 
this effort, with a par.cular emphasis on what we are finding using the ULLYSES and PENELLOPE data. 
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The forma.on and evolu.on of exoplanets is a fascina.ng topic in astronomy, but it's difficult to study 
because only a few have been found around young stars. One area of research is the study of Classical T Tauri 
stars (CTTSs), which have disks in which planets are thought to either form or migrate to close-in orbits (~ 0.1 
au). One of the main goals has been, therefore, to inves.gate the physical processes that govern the 
interac.ons between stars, disks and planets on such small scales. CI Tau is one such CTTS for which there 
have been claims of a planet at a period of around 9 days. There is now enough evidence to suggest that this 
period is actually caused by rota.onal modula.on rather than a purported planet. However, a longer stable 
period of around 24 days is seen in both Kepler (K2) and Las Cumbres Observatory Global Telescope (LCOGT) 
light curves, as well as in some of the ESPaDOnS and SPIRou radial veloci.es. In this talk, I will present the 
24-day modula.on seen in CI Tau radial velocity and photometry, and will speculate on possible scenarios 
that could give rise to this observed behaviour.
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Carbon is one of the most abundant components in the Universe. While silicates have been the main focus 
of solid phase studies in protoplanetary discs (PPDs), liRle is known about the solid carbon content, especially 
in the planet-forming regions (~0.1-10 au). This is especially important in the context of our own Solar System, 
which presents a substan.al carbon deple.on gradient from the outer regions (> 40 au) to the inner regions 
(< 5 au). 
Fortunately, several refractory carbonaceous species such as hydrogenated nano-diamond and amorphous 
carbon as well as polycyclic aroma.c hydrocarbons generate infrared (IR) features that can be used to trace 
the solid carbon reservoirs. The mid-IR VLTI instrument VLTI/MATISSE is so far the only instrument that can 
spa.ally resolve the inner regions (~1-10 au) of PPDs and locate, down to the au-scale, the emission coming 
from carbon grains thanks to its access to the L-band domain.  
We present here the first results of such a spectroscopic inves.ga.on of solid carbon species down to the 
au-scale in several protoplanetary systems. First constraints could be obtained on the loca.on of the onset 
of the carbon grains emission, their rela.ve abundances with respect to the bulk of the dusty disk, and the 
dehydrogena.on/destruc.on mechanisms affec.ng this grain popula.on.
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Disk evolu.on can be neatly summarized by the ra.o of the mass accreted onto the star over the system age 
to the present-day disk mass, i.e. ~M. The Macc is probed by op.cal spectroscopy while Mdisk is es.mated 
via (sub)mm interferometry. Furthermore, understanding how planets formed requires discerning how dust 
grows in protoplanetary disks. Since larger dust grains preferen.ally emit at longer wavelengths, it is 
necessary to integrate ALMA (sub)mm observa.ons with data at longer wavelengths. For this reason, mul.-
wavelength studies of protoplanetary disks are mandatory to get a complete picture of the planet forma.on 
process. 
Since most stars form in cluster environments surrounded by massive OB stars, external photoevapora.on 
of protoplanetary disks is believed to also play a key role in planet forma.on. Yet observa.onal confirma.on 
lags due to difficul.es in detec.ng externally driven photoevapora.ve winds and disentangling their effects 
from other processes. The best way forward is to combine stellar mass accre.on rates and forbidden line 
ra.os with disk masses for large samples to robustly test theore.cal predic.ons. One way to achieve this is 
to characterize the Macc/M<disk ra.o in young clusters. Only external photoevapora.on yields Macc/M<disk 
>> 1 by drama.cally reducing Mdisk.  This process greatly reduces the life.me of the system and hence the 
.mescale for planet forma.on.With this in mind, we are conduc.ng a spectroscopic survey, coupled with 
ALMA data, of protoplanetary disks in the σ Orionis cluster. Ini.al analysis of 31 observed targets reveals 
clear evidence of external photoevapora.on with M<sub>acc</sub>/M<sub>disk</sub> > 1 for many 
sources, several of which also showed strong [NII] forbidden emission lines characteris.c of highly ionized 
material. The idea is to combine flux-calibrated data from XSHOOTER (to get mass accre.on rates and 
forbidden line ra.os)  and high-resolu.on MIKE observa.ons (to get the shape and the velocity of the line 
profiles) with disk mass es.mates from ALMA. With this dataset, we will constrain the angular momentum 
transport in the outer regions and study disk wind tracers (op.cal forbidden lines) with the goal of 
dis.nguishing external photoevapora.on from other disk evolu.on mechanisms (e.g., viscous accre.on, 
internal photoevapora.on, planet forma.on) by constraining M<sub>acc</sub>/M<sub>disk</sub> in the 
cluster.  
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Since the innermost parts of the disks (<30 au) are mostly op.cally thick at all ALMA wavelengths (Zhu+2019), 
observa.ons at longer wavelengths are desired in order to robustly es.mate the mass of dust in 
protoplanetary disks. VLA bands of 7 mm and 1 cm, for instance, probe a much deeper layer in the disk and 
the emission is op.cally thin even down to 5 au. To get an idea of how op.cal depth effects affect our dust 
mass es.mates, we are conduc.ng a VLA survey of 27 disks in the Taurus-Aurigae region. Our objec.ve is to 
obtain high-quality data of their dust emission at 7 mm. By observing at an op.cally thinner wavelength, we 
will es.mate more reliable dust masses for comparison with previous ALMA es.mates to beRer constrain 
the reliability of dust masses at ALMA wavelengths.
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In this talk I present the first high-spectral resolu.on (R=115,000 for the op.cal, and R=50,000 for the NIR) 
unbiased survey of 25 Herbig Ae/Be stars performed with the instruments HARPS and GIANO at TNG. This is 
the first survey observing simultaneously the full spectral range from 380 nm to 2,450 nm at such high 
spectral resolu.on, represen.ng an unique opportunity to constrain the proper.es of the gas in the inner 
disk regions of Herbig Ae/Be protoplanetary disks, and to probe the physical processes driving this emission. 
 
In this talk, I present our results on the Herbig Ae star HD141569 as an example of the poten.al of this survey. 
It is a A0 star with 2.1 solar masses at 110 pc distance (V=7.1) with virtually no IR-excess. This source shows 
bright emission in the Hydrogen Balmer, Paschen, and BrackeR series as well as in the [O I] 6300A line. Our 
high spectral resolu.on data show that these lines are double peaked. In order to constrain the physical 
proper.es of the gas emiyng region we have developed a LTE disk model. Our model predicts that the lines 
arise from hot and dense gas in the innermost disk, at most a few stellar radii away from the stellar surface.
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We conduct gas and dust hydrodynamical simula.ons of protoplanetary discs with two embedded planets 
to determine the impact that a second planet located further out in the disk has on the poten.al for 
subsequent planet forma.on in the region locally exterior to the inner planet.  We show how the presence 
of a second planet has a strong influence on the collec.on of solid material near the inner planet, par.cularly 
when the outer planet is massive enough to generate a maximum in the disk's pressure profile.  This effect 
in general acts to reduce the amount of material that can collect in a pressure bump generated by the inner 
planet.  When viewing the inner pressure bump as a loca.on for poten.al subsequent planet forma.on of a 
third planet, we therefore expect that the mass of such a planet will be smaller than it would be in the case 
without the outer planet, resul.ng in a small planet being sandwiched between its neighbours - this is in 
contrast to the expected trend of increasing planet mass with radial distance from the host star.  We show 
that several planetary systems have been observed that have a smaller planet sandwiched in between two 
more massive planets.  We present the idea that such an architecture could be the result of the subsequent 
forma.on of a middle planet a\er its two neighbours formed at some earlier stage.
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Context. Theore.cal arguments as well as observa.ons of young stellar objects (YSO) support the presence 
of a diversified circumstellar environment; a stellar jet is thought to account for most of the stellar spin down 
and a disk wind ou_low for the observed high mass loss rate, thus playing a major role in the launching of 
powerful jets. RY Tau, for instance, is an extensively studied intermediate mass PMS. Observa.onal data 
reveal jets at a small scale called microjets. Nevertheless, we are s.ll unsure of the part microjets partake at 
a large scale. 
Aims. The goal is to inves.gate the spa.al stability and cons.tu.on of the central jet at a large scale by mixing 
the stellar and disk components. 
Methods. A\er separately studying the numerical evolu.on of each component type, namely, the disk and 
stellar analy.cal wind solu.ons, we proceed to mix the two models inside the computa.onal box. We 
addi.onally, replace the ar.ficial polytropic equa.on linking pressure and density used to close the MHD 
system of equa.ons by an analy.cal expression of hea.ng which determines the hea.ng exchange rate. We 
then introduce two parameters to control the spa.al extent of the hea.ng as well as its intensity. 
Results. The central jet and the surrounding disk are strongly affected by these two parameters. We separate 
the results in three categories, which show different emissivity, temperature, and velocity maps. 
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The high energy radia.on emiRed by young pre-main sequence stars can have a strong influence on their 
subsequent rota.onal evolu.on at later stages. This is because XEUV-driven photoevapora.on is one of the 
major drivers of the dispersal of circumstellar disks, which surround all newly born stars during the first few 
million years of their evolu.on. Since the photoevapora.ve wind mass loss rate is mainly a func.on of stellar 
X-ray luminosity, the life.mes of protoplanetary disks are primarily set by the X-ray emission of their central 
star. Stellar rota.on and X-ray ac.vity are therefore .ghtly coupled, as the circumstellar disk prevents the 
star from spinning up as it contracts through the disk-locking phase. Using a magne.c morphology-driven 
stellar spin-down model, we show that the dura.on of disk-locking has a significant impact on the 
subsequent rota.onal evolu.on of young stars. We further find that the bimodal rota.on period distribu.on 
of a number of older open clusters, such as the Pleiades or Praesepe, can be successfully recovered, 
strengthening our conclusion that realis.c disk dispersal mechanisms need to be considered when modelling 
the rota.onal evolu.on of solar-type stars.
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The Al/Si and Mg/Si ra.os in non-carbonaceous chondrites are lower than the solar (i.e., CI-chondri.c) 
values, in sharp contrast to the Earth and, possibly to the Angrite parent body, which are enriched in 
refractory elements and have Mg/Si ra.os larger than solar. Because the streaming instability allows the 
forma.on of planetesimals only where the dust/gas ra.o is locally enriched, this suggests that the inner solar 
system planetesimals formed at two sites: (i) the silicate sublima.on line, where the recondensa.on of Si 
enhances the dust/gas ra.o and produces Si enriched objects (a.k.a. refractory depleted) and (ii) a closer-to-
the-Sun pressure bump that captured the refractory component surviving from the sublima.on of Si from 
the dust, also enhancing the local dust/gas ra.o and producing refractory reach objects. Both the pressure 
bump and the Si-sublima.on line should have been located near 1 au, to explain the concentra.on of mass 
in the terrestrial planet region, implying that the solar system protoplanetary disk was ini.ally very hot (T~ 1 
400 K @ 1 au). Moreover, in order to capture small refractory dust, the pressure bump should not have been 
produced by a mechanism that reduces the surface density of the gas near the Sun without enhancing its 
radial velocity component. We argue that magne.c winds may provide such a mechanism.
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This talks reviews theore.cal aspects of the forma.on of planetary systems at small orbital distances. While 
absent in the Solar System, observa.ons of extrasolar planets have revealed that close-in low-mass / small-
radius planets are a very common outcome of the planet forma.on process. It is also the popula.on for 
which we today have the largest number of observa.onal constraints, both of sta.s.cal nature but also for 
some well-characterized individual systems. The talk will first present important theore.cal concepts for the 
forma.on of close-in planets, like the early transport of small building blocks, the planets' growth via pebbles, 
planetsimals, and giant impacts, the accre.on of gas, interac.ons with the nascent protoplanetary disk and 
longer-term effects related to the proximity to the host star. Various mass scales governing the outcome of 
the forma.on process that are relevant for different end-member scenarios will be discussed, for example 
for in situ growth via giant impacts versus assembly outside of the iceline followed by orbital migra.on. In 
the second part, theore.cal predic.ons will be compared with observa.ons regarding different sta.s.cal 
constraints (e.g., frequency of planet types, mul.plicity, eccentricity and inclina.on, dependency on stellar 
proper.es like [Fe/H], system architecture, peas-in-a-pod paRern, or the frequency of mean mo.on 
resonances). Finally, the radius valley will be discussed and how it might be crucial to understand the 
forma.on of close-in planets.      
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Understanding the thermal structure of protoplanetary disks is crucial to know where and when rocky 
planets formed. This is because rocky planets would have formed inside the water-snow line. How the disk 
is heated depends on the disk dynamics. Classically, the disk dynamics are assumed to be controlled by some 
turbulence, which is expected to be generated by magneto-rota.onal instability. However, this instability is 
not ac.ve, especially around a few au, i.e., a rocky planet-forming region. Thus, we need to reconsider the 
hea.ng mechanism of such inner disk regions in order to predict the snowline loca.on correctly and to know 
the environment of rocky planet forma.on. In addi.on, understanding the thermal structure around a few 
au from the star should also produce insight into the origin of close-in planets orbi.ng a few 0.1 au.   
 
In this talk, I will present the results of 2D global, radia.ve, non-ideal MHD simula.ons of protoplanetary 
disks. We consider full low-ioniza.on ("nonideal MHD") effects because protoplanetary disks are basically 
weakly ionized. The radia.ve transfer is calculated by a simplified method: the hea.ng/cooling in the 
op.cally thin region is treated as a source term, and those in the op.cally thick region as a diffusion term. 
Global MHD simula.ons allow us to consider proper energy conversion due to gas accre.on and to consider 
Joule hea.ng due to global magne.c structures (curvatures and kinks).  The simula.on shows that while 
there are strong current layers that cause the Joule hea.ng, they do not significantly heat the disk midplane. 
As a result, the temperature structure of protoplanetary disks, even at a few au, is determined mainly by 
irradia.on hea.ng. In addi.on, we will report repeated episodic gas accre.on at the disk surface.
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The brightness of the prototypical low mass protostar FU Ori suddenly increased to hundreds of Solar 
luminosi.es some 85 years ago and remains elevated to this day. While disc accre.on onto the star is the 
undisputed origin of the outburst, several compe.ng disc models exist. Recent interferometric observa.ons 
(Lykou +22) reveal that the size of the ac.vely accre.ng disc is only 0.3 AU. whereas photometric variability 
(Siwak +18) strongly suggest a hot spot in the disc orbi.ng the star at the distance of about 0.08 AU. Here we 
show that both of these facts are naturally explained if material that feeds FU Ori outburst originates in a 
giant (at least 5 Jupiter masses) planet orbi.ng the star at 0.08 AU. Furthermore, we report and study in 
detail a new physical process that escaped aRen.on so far. We show that discs at this loca.on have mid-
plane temperatures up to ∼ 30, 000 K during well known Hydrogen ionisa.on (thermal instability, Bell & Lin 
1994) bursts. Young gas giant planets embedded in such discs are suscep.ble to thermal opacity-limited 
extreme evapora.on (EE). We build an analy.cal theory of the process, verify it numerically, and incorporate 
it into a .me-dependent code of a disc with an embedded planet. We find that steady-state FUOR-like 
outbursts are ignited when moderately massive planets migra.ng in very young discs reach distances ∼ 0.1 
AU from the star where thermal instability operates. Their Extreme Evapora.on then injects the maRer in 
the surrounding discs at rates exceeding 10^-5 Msun/yr, so that the planet becomes the main source of 
maRer for the innermost disc. The planet is thus a miniature secondary star losing mass via thermally driven 
wind (not Roche lobe overflow as previous authors, including ourselves, believed). Our theory is consistent 
with disc viscosity constraints from simula.ons and observa.ons, planet contrac.on tracks computed with 
the well known MESA code, and explains virtually every major observa.onal fact known about FU Ori 
outburst. Our calcula.ons are self-consistent and place significant constraints on the the structure of discs 
that can yield EE-fed bursts: these may only occur in discs with accre.on rate excceding a few 10^-7 Msun/yr, 
and likely not older than 0.1 Myr. Similarly, only planets born by gravita.onal instability, and having accreted 
significant amounts of dust/pebbles from the disc, may be extended enough to par.cipate in this process. 
We are therefore able to place interes.ng constraints on large scale disc viscosity of very young massive 
discs, and the speed with which these youngest systems evolve. Finally, we discuss what episodic outbursts 
tell us about similari.es and differences in accre.on of low and high mass stars. [Based on Nayakshin +23, 
submiRed, and Elbakyan +21,23].
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Among the solar-mass Classical T Tauri Stars (CTTS), some are strong accretors  that exhibit strong emission 
lines along with a strong veiling of the photospheric lines of the star.  These objects are s.ll poorly understood 
(and studied). Yet they represent a unique opportunity to study and test the magnetospheric accre.on 
phenomenon in a sustained regime (~100 .mes larger than in CTTS) along with every accre.on-related 
phenomena from the inner disc (stellar/disc wind, jet launching, etc...). Recently, the advent of op.cal long-
baseline interferometry with focal instruments sensi.ve enough has allowed to par.ally resolve the 
innermost regions of these objects with an angular resolu.on of a few stellar radii for the closest star-forming 
regions. In a complementary way, high resolu.on spectropolarimetry (in the visible and in the near-infrared) 
allows to derive the magne.c field topology and the size of the magnetosphere of the star. 
 
In this communica.on, following the paradigm ini.ated with success on the CTTS DoAr44 (Bouvier et al. 
2020a, b), I will present the unique results of a mul.-technique observa.on of the strong accretor S CrA N. 
With infrared interferometric VLTI/GRAVITY observa.ons, we par.ally resolved at a sub-astronomical unit 
scale the inner dusty disk in the K-band con.nuum (from 2 to 2.5µm) and the even more compact  emiyng 
region. One way to beRer understand which accre.on-ejec.on phenomena dominates in the star-inner disk 
interac.ons is to compare this  line characteris.c size with the trunca.on radius, which we deduced from 
the topology of the magne.c field of the star. With high resolu.on spectropolarimetric observa.ons of 
CFHT/ESPaDOnS in the op.cal domain (from 0.4 to 1µm) we derived such a topology and studied more 
directly the accre.on/ejec.on processes through the kinema.c analysis of several emission lines aRributed 
to infalling/ou_lowing material. These combined observa.ons help us to draw the structure of the inner 
regions of a strong  accretor for the very first .me. 
 
To conclude, we will see that such studies will strongly benefit from CFHT/SPIRou observa.ons for the 
kinema.c analysis of infrared lines, and from the upgrade instrument VLTI/GRAVITY+ as the sensi.vity 
improvement will allow the accre.on flows to be temporally followed.
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T Tauri stars are low-mass pre-main sequence stars that are intrinsically variable. Due to the intense magne.c 
fields they possess, they develop dark spots on their surface that, because of rota.on, introduce a periodic 
varia.on of brightness. In addi.on, the presence of surrounding disks could generate flux varia.ons by 
variable ex.nc.on or accre.on. Both can lead to a brightness decrease or increase, respec.vely. Here, we 
have compiled a catalog of light curves for 379 T Tauri stars in the Lagoon Nebula (M8) region, using VVVX 
survey data in the Ks-band. All these stars were already classified as pre-MS stars based on other indicators. 
The data presented here are spread over a period of about eight years, which gives us a unique follow-up 
.me for these sources at this wavelength. The light curves were classified according to their degree of 
periodicity and asymmetry, to constrain the physical processes responsible for their varia.on. Periods were 
compared with the ones found in literature, on a much shorter baseline. This allowed us to prove that for 
126 stars, the magne.cally ac.ve regions remain stable for several years. Besides, our near-IR data were 
compared with the op.cal Kepler/K2 light curves, when available, giving us a beRer understanding of the 
mechanisms responsible for the brightness varia.ons observed and how they manifest at different bands. 
We found that the periodicity in both bands is in fairly good agreement, but the asymmetry will depend on 
the amplitude of the bursts or dips events and the observa.on cadence.
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Young stellar objects magne.cally interact with the inner parts of their surrounding disks and accrete gas 
though two dis.nct regimes: the stable (via funnel flows) or the unstable (via tongues due to an interchange 
unstable disk). In this talk, I will discuss the outcome of three-dimensional MHD simula.ons of star-disk 
interac.on showing that stable accre.on is a key ingredient for a stellar spin-down, with a spin-down 
.mescale of about one Myr, and thus, it can explain the observed slow rota.on of classical T Tauri stars. The 
cri.cal parameter, which characterises both the accre.on state (stable/unstable) and the angular-
momentum transport in the star-disk system, is the ra.o between the disk trunca.on radius and the 
corota.on radius (where the disk rota.on rate matches the stellar rota.on rate). Therefore, I will further 
demonstrate that the photometric variability arising from these two accre.on regimes (with periodic or non-
periodic/stochas.c light curves) may indicate the rota.onal evolu.on state of the central object (spin-down 
vs. spin-up).  Finally, I will show that non-axisymmetric numerical models suggest a new scaling between the 
disk trunca.on radius and the system global parameters (mass accre.on rate, stellar mass and radius, 
magne.c field strength).
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Probing the inner rim of the protoplanetary disks where micron-sized dust grains grow to pebbles and larger 
bodies producing the first building blocks of planets, and inves.ga.ng star-disk interac.ons at sub-
astronomical unit scale are of utmost interest as they define the ini.al and environmental condi.ons for 
planet forma.on. 
Since its installa.on in 2016, VLTI/GRAVITY has brilliantly illustrated the poten.al of the high angular and 
spectral resolu.ons to constrain these innermost regions of protoplanetary disks in the near-infrared K-band. 
With a sample of a hundred young stellar objects (YSO), from solar-like (namely the T Tauri) to high-mass 
YSO, the YSO GTO Large Program has gathered a large homogeneous data set allowing us to extend the 
Radius-Luminosity rela.on over more than 4 decades and to look for trends with the proper.es of the central 
star and the disk morphology (GRAVITY Coll. Perraut et al. 2019, 2021). We have inves.gated the origins of 
gaps in the innermost regions, measure (mis-)alignments between the inner and the outer disks over a 
sample of 20 transi.onal disks (Bohn, Benisty, Perraut et al. 2022), and tested proxies to inves.gate a 
poten.al evolu.onary scenario between the different morphologies of the dusty disks. Thanks to its 
spectroscopic ability, GRAVITY has also led to the spa.al resolu.on of the Hydrogen Br_gamma emiyng 
regions around a sample of YSO, leading to the first resolu.on of the magnetospheric accre.on regions 
around T Tauri stars (Bouvier, Perraut et al. 2020; GRAVITY Coll. Garcia-Lopez et al. 2020; GRAVITY Coll. 
Wojtczak et al. 2023). 
In a near future, with its improved sensi.vity and sky coverage, GRAVITY+ will dras.cally increase our sample: 
a more representa.ve popula.on of YSO, including the bulk of T Tauri stars in different star forming regions, 
will be reachable, as long as lower-mass young stars and younger embedded sources that would become 
observable with near-infrared interferometry for the first .me. Combined within mul.-technique and mul.-
wavelength campaigns, and with advanced radia.ve transfer and MHD simula.ons, the GRAVITY+ 
observa.ons will be key to obtain a global picture of the inner parts of the protoplanetary disks. 
In this talk, I will review the most striking results obtained with GRAVITY during its first 5 years of opera.on 
and illustrate the opportuni.es opened by GRAVITY+.
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Winds in protoplanetary disks play an essen.al role in their evolu.on and dispersal, par.cularly for the inner 
disk. However, what physical process is driving the winds is s.ll unclear (i.e. magne.cally vs thermally driven) 
and can only be understood by directly confron.ng theore.cal models with observa.onal data. 
 
We use hydrodynamic X-ray photoevapora.ve disk wind models (e.g. Weber+ 2020) and post-process them 
with the thermo-chemical model ProDiMo (e.g. Woitke+ 2016) to calculate the temperature structure and 
chemical abundances. This allows us to produce synthe.c observables for atomic and molecular disk wind 
tracers. 
 
In the first study (Rab+ 2022), we directly compared our models to a sample of observa.ons of the molecular 
hydrogen line at 2.12 microns and [OI] line at 0.63 microns (Gangi+ 2020). The photoevapora.ve disk wind 
model is consistent with the observed signatures of the blue-shi\ed narrow low-velocity component (NLVC), 
usually associated with slow disk winds, for six out of seven targets that show the NLVC in both lines. 
Furthermore, our results indicate that interpre.ng spectral line profiles by simple methods, such as the thin-
disk approxima.on, to determine the line-emiyng region can yield misleading conclusions. 
 
We will also present new modelling that includes the CO ro-vib lines in the infrared. Those lines show .me-
variable absorp.on in the red-shi\ed part of the line profile but also narrow self-absorp.on features in the 
blue-shi\ed part (Banzay+ 2022). With our models, we present an analysis of such data to study the origin 
of those features and to what extent they provide constraints on the wind veloci.es and densi.es. 
 
Furthermore, we present the first results for modelling molecular disk wind tracers for a disk-wind model 
including an embedded planet to understand the planet's impact on the wind observables and if it is possible 
to iden.fy clear planetary signatures in those observables.
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When describing the dynamics in the inner regions of protoplanetary disks, the dead zone interface (DZI) is 
crucial to explore because it (a) provides promising mechanisms for planet forma.on, such as pressure 
bumps and vor.ces, and it (b) influences the transport of large-scale magne.c flux, which itself controls the 
strength and nature of magne.cally launched winds. These two phenomena are inherently linked and are 
strongly impacted by the complex non-ideal MHD effects present. However, they remain poorly understood 
due to a lack of direct observa.on and the complexity of the dynamics present. This work presents a detailed 
and methodical analysis of high cost, fully global non-ideal MHD simula.ons of the inner disk and its 
surrounding environment, which have been run using the new astrophysical code Idefix. Specifically, the work 
focuses on two key results. First, we explore the consequence of including non-ideal MHD effects and ver.cal 
structure on the 3D morphology, strength, and temporal evolu.on of the pressure bump, and its 
corresponding vor.ces, that form close to the DZI.  Second, we outline preliminary work related to the 
transport of large-scale magne.c flux around the DZI, including an inves.ga.on into the structure, proper.es 
and .me variability of MHD winds that are launched from the disk surface in the immediate environment of 
the DZI. This part of the work provides insight into the delicate rela.onship between radial accre.on and 
ou_low at the DZI, and its effect on planet forma.on mechanisms.
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Photometric observa.ons of accre.ng, low-mass, pre-main-sequence stars (i.e., Classical T Tauri stars; CTTS) 
have revealed different categories of variability. Several of these classifica.ons have been linked to changes 
in the mass accre.on rate. To test how accre.on variability condi.ons lead to different light-curve 
morphologies, we used 1D hydrodynamic simula.ons of accre.on along a magne.c field line coupled with 
radia.ve transfer models and a simple treatment of rota.on to generate synthe.c light curves. We adopted 
previously developed metrics in order to classify observa.ons to facilitate comparisons between 
observa.ons and our models. We found that stellar mass, magne.c field geometry, corota.on radius, 
inclina.on, and turbulence all play roles in producing the observed light curves and that no single parameter 
is en.rely dominant in controlling the observed variability. While the periodic behavior of the light curve is 
most strongly affected by the inclina.on, it is also a func.on of the magne.c field geometry and inner disk 
turbulence. Objects with either pure dipole fields, strong aligned octupole components, or high turbulence 
in the inner disk all tend to display accre.on bursts. Objects with an.-aligned octupole components or 
aligned, weaker octupole components tend to show light curves with slightly fewer bursts. We did not find 
clear monotonic trends between the stellar mass and empirical classifica.on. This work establishes the 
groundwork for more detailed characteriza.on of well-studied targets as more light curves of CTTS become 
available through missions such as the Transi.ng Exoplanet Survey Satellite (TESS).
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The study of spiral structures in protoplanetary disks is of great importance for understanding the processes 
in the disks, including planet forma.on. Bright spiral arms were detected in the disk of young star CQ Tau by 
Uyama et al. in the H and L bands. The spiral arms are located inside the gap in millimeter-sized dust, 
discovered earlier using Atacama Large Millimeter/submillimeter Array observa.ons. To explain the gap, 
Ubeira Gabellini et al. proposed the existence of a planet with the semimajor axis of 20 au. We obtained 
mul.-epoch observa.ons of a spiral feature in the circumstellar envelope of CQ Tau in the Ic band using a 
novel technique of differen.al speckle polarimetry. The observa.ons covering a period from 2015 to 2021 
allow us to es.mate the paRern speed of the spiral: -0.°2 ± 1.°1 yr-1 (68% credible interval; posi.ve value 
indicates counterclockwise rota.on), assuming a face-on orienta.on of the disk. This speed is significantly 
smaller than expected for a companion-induced spiral, if the perturbing body has a semimajor axis of 20 au. 
We emphasize that the morphology of the spiral structure is likely to be strongly affected by shadows of a 
misaligned inner disk detected by Eisner et al. We inves.gate possible applica.on of differen.al speckle 
polarimetry in combina.on with adap.ve op.cs.
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We address the gravita.onal collapse of dust clumps, formed in protoplanetary disks by mechanisms such as 
the streaming instability (e.g. Carrera and Simon, 2022) or dust trapping in vor.cal structures (e.g. Gerosa et 
al. 2023), and coupled to the surrounding gas. Our goal is to study the crucial impact of the resul.ng dynamics 
on the proper.es of the planetesimals. 
In our poster, we thus consider the dynamical evolu.on of the collapsing dust clump, coupled with the 
surrounding gas, at a size scale small compared to that of the discs. While Shariff and Cuzzi (2015) consider 
the 1D spherical collapse of a pressureless fluid in an isothermal gas, we propose in this work a lagrangian 
approach with super-par.cles for the dust. Our approach allows for a 3D evolu.on with par.cles velocity 
dispersion, and different equa.ons of state for the gas evolu.on. Exploring this parameter space, we not only 
study the .me evolu.on of the dust density profile during the collapse, but also the characteris.cs of the 
gas: density, pressure, temperature. These results can open new understanding in the proper.es of 
planetesimals, including their temperature and chemistry, in protoplanetary disks and in the solar system. 
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The majority of stars born in dense stellar clusters are part of binary star systems. Circumbinary discs of gas 
and dust commonly surround binary star systems and are responsible for accre.ng material onto the binary. 
The gas flow dynamics from the circumbinary disc onto the binary components have significant implica.ons 
for planet forma.on scenarios in binary systems. Misalignments between the circumbinary disc and the 
binary orbital plane are commonly observed. A misaligned circumbinary disc undergoes nodal precession. 
For a low ini.al inclina.on, the precession is around the binary angular momentum vector, while for a 
sufficiently high ini.al inclina.on, the precession is around the eccentricity vector. Dissipa.on causes the disc 
to evolve to align coplanar to the binary orbital plane or perpendicular (i.e., polar) to the binary orbital plane. 
I present 3-dimensional hydrodynamical simula.ons and linear theory on the evolu.on of highly misaligned 
circumbinary discs. I show that polar-aligned circumbinary discs are favorable environments for forming polar 
circumbinary (P-type) planets. Moreover, misaligned and polar circumbinary material flows around each 
binary component, forming misaligned and polar circumstellar discs. These circumstellar discs undergo long-
lived Kozai-Lidov oscilla.ons that may prompt the forma.on of inner giant circumstellar (S-type) planets in 
binary star systems. The evolu.on of protoplanetary discs in and around binary star systems bears important 
implica.ons for inner planet forma.on.
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For a few million years a\er the gravita.onal collapse that led to their forma.on, young stellar systems (YSO) 
remain surrounded by a circumstellar disk from which planets form. Otegi et al. (2022) revealed that most 
planetary systems consist of super-Earths or mini-Neptunes orbi.ng close to their host star. It is crucial to 
explore the physics of the star-planet-inner disk interac.on in young stars, not only for the role it plays in the 
early evolu.on of solar-type stars (e.g., accre.on/ejec.on, angular momentum) but also to define the 
environmental condi.ons that prevail at the .me of planetary forma.on. CI Tau is so far the only pre-main 
sequence star s.ll accre.ng from its surrounding disk claimed to host a hot Jupiter planet. The most exci.ng 
aspect of CI Tau regards its extreme magne.c field (3.7 kG) that disrupts the inner gaseous disk and generates 
accre.on funnel flows down to the stellar surface. We propose to present our inves.ga.on of the inner 
region of CI Tau, aiming at reconnec.ng the different spa.al scales of the system down to a few stellar radii 
(&le;0.1 AU). We inves.gated this puzzling system using the long-baseline interferometry technique at three 
different epochs (2021, 3 nights in 2022). Thanks to the high spectral resolu.on of VLTI/GRAVITY (R=4000), 
we are both sensi.ve to the emiyng dusty part of the inner rim (K-band con.nuum), and the magnetosphere 
itself traced by the Br&gamma; emission line (2.1661 &mu;m). In the con.nuum, we characterize the 
disk&#39;s inner rim, which appeared disconnected from the outer disk with a significant misalignment in 
inclina.on and posi.on angle (Soulain et al. 2023). We report an internal cavity at 0.20 &plusmn; 0.02 AU 
that could infer the presence of a planet carving the inner part of the disk, reinforced by a recent 
hydrodynamical simula.on (Muley et al. 2021). Addi.onally, the strong asymmetry (inferred from the non-
zero closure phase) seems to move between our epochs and could be caused by a moving material within 
the disk (vor.ces? planets?). In the Br&gamma; line, we detect a compact emiyng region of 0.05 &plusmn; 
0.01 AU strongly supported by our accre.ng magnetosphere models (Tessore et al. 2023). Interes.ngly, the 
two-day baseline allowed us to trace this accre.on phenomenon during the same orbit. We used the 
differen.al phases (sensi.ve to the photocentre of the system) to follow the funnel flows them-self. An 
asymmetric solid rota.on of the magnetosphere should induce a variable photocentre displacement, and we 
propose to present these cri.cal new results
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Classical T Tauri stars (CTTSs) are known to be photometrically and spectroscopically variable on different 
.me scales, from seconds to decades, due to various physical phenomena. In this study, we aimed to 
understand the dynamics of the magne.c star-disk interac.on process in young stellar objects, specifically 
related to accre.on and emission excess. We used a sample of accre.ng stars observed with the CFHT/SPIRou 
spectrograph to measure the near-infrared veiling across the YJHK bands and the parameters of the 
circumstellar emission lines to understand their origin and variability. We compared the computed veiling 
with accre.on and inner disk diagnos.cs from photometric observa.ons obtained from previous studies. 
Our data provide further evidence that the veiling in the infrared increases with wavelength, with veiling 
growing from the Y to the K band for most of the targets in our sample, similar to results found in previous 
literature. The infrared veiling agrees with the near-infrared emission excess obtained using photometric 
data. However, we also found a linear correla.on between the veiling and the accre.on proper.es of the 
system, indica.ng that accre.on contributes to inner disk hea.ng and, consequently, to the inner disk 
emission excess. Addi.onally, we showed a connec.on between the near-infrared veiling and the system's 
inclina.on with respect to our line of sight, which reflects the reduc.on of the visible part of the edge of the 
inner disk, where the near-infrared emission excess arises as the inclina.on of the system increases. We also 
plan to show some preliminary results concerning the variability of near-infrared circumstellar emission lines 
on the short and long .me scales. 
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Pre-main sequence (PMS) stars typically have short rota.on periods of a few days. They are known to power 
strong magne.c fields with the geodynamo effect, which subsequently dictates stellar accre.on and launch 
of the magnetocentrifugal winds/jets. In addi.on, the luminous X-ray and UV feedback from these magne.c 
structures (e.g., loops) may drama.cally affect the protoplanetary disk mass-dispersal and the 
forma.on/evolu.on of prebio.c molecules, which are crucial aspects for the understanding of the origin of 
life. Similar to the monitoring of sunspots over solar cycles, the diagnos.cs of the ac.vi.es of the colossal 
cold spots on the PMS stars will provide invaluable informa.on about these magne.c ac.vi.es on the PMS 
stars. Thanks to the Kepler K2 and TESS mission, it has only recently become possible to perform long-
dura.on (e.g., a few tens of days) monitoring observa.ons to characterize the ac.vi.es associated with cold 
spots without interrup.on. 
In this work, we studied the ac.vity on the stellar surface of DM Tau, one of the PMS stars, using the light 
curves obtained with the  Kepler K2 and op.cal and near-infrared photometric monitoring observa.ons. 
Periodic analysis of the K2 data shows that DM Tau spins for a period of 7.3 days. In addi.on, we found that 
nearly 50% of the surface of the host protostar is occupied by cold spots that are several hundred Kelvin 
cooler than the warmer side. We report on the results of the analysis of these op.cal observa.ons, along 
with data obtained by the JVLA. The laRer, which is tracing the ionized gas in the protoplanetary disk, seems 
to show variability on a .mescale that is similar to what we found from the op.cal data.
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Radia.on plays a key role in many aspects of the evolu.on of young stars. The modelling of the spectral 
signatures coming from the environment of young stars is cri.cal to understand the physical condi.ons in 
which they originate from. 
Classical T Tauri stars are young (of a few million years old) cool and ac.ve stars presen.ng a strong 
photometric and spectroscopic variability. The interac.on between the star's magne.c field and its accre.on 
disc (star-disc interac.on) is responsible for accre.on and ejec.on processes leading to an excess of UV 
radia.on and the forma.on of emission lines. 
Most of the variability these stars show is aRributed to the star-disc interac.on. 
The modelling of the spectral signatures coming from the environment of T Tauri stars is therefore needed 
to unveil the complex dynamics of this interac.on, entangled in observa.ons. 
While numerical simula.ons of the star-disc interac.on are able to reproduce various phenomena (winds 
and magnetospheric accre.on) the predic.ons of synthe.c observa.ons from state-of-the art radia.ve 
transfer models are lacking. The coupling between numerical simula.ons and radia.ve transfer calcula.ons 
however offers a promising way to disentangle observa.ons. 
  
In this talk, we aim to assess the complementarity between spectroscopic and interferometric observa.ons 
in the characterisa.on of the inner star-disc interac.on region of young stars, from both analy.cal and 
numerical models.                                                                            
We use the code MCFOST to solve the non-LTE problem of line forma.on in non-axisymmetric accre.ng 
magnetospheres. We compute the Brγ line profile origina.ng from accre.on columns for different models. 
This spectral line is a prime diagnos.c of magnetospheric accre.on in young stars and is accessible with the 
long baseline near-infrared interferometer GRAVITY installed at the ESO Very Large Telescope Interferometer. 
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Technological advances over the last decades have allowed us to achieve an unprecedented view of 
protoplanetary disks around young stars. In par.cular, dedicated surveys of star-forming regions with 
Kepler/K2 have documented a large variety of .me domain behaviors that can be found among young star-
disk systems. These behaviors, ranging from ordered modulated paRerns to stochas.c and burs.ng paRerns, 
reflect varying physical condi.ons within the inner disk and a gradient in mass accre.on dynamics onto the 
star. For a select class of young stellar variables, known as dippers, favorable viewing geometries grazing the 
disk plane provide a direct window onto the structure of the inner disk regions and of the accre.on streams 
that form there. At the same .me, the isotropic outer disk inclina.ons that have been measured for dipper 
stars in ALMA surveys suggest that inner/outer disk misalignments may develop frequently during the 
protoplanetary disk phase, possibly tracing perturba.ons by a stellar companion or a planetary-mass object. 
During the talk, we will review these recent results and explore what these observa.ons teach us regarding 
the dynamical evolu.on of young stars and their disks.
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Intermediate-mass young stellar objects (1.5-3.5 solar masses) have protoplanetary disks that are more 
massive, and have a higher frac.on of detected structures than the disks around their lower mass T Tauri 
counterparts. For these reasons, it has been proposed that intermediate-mass young stellar objects host a 
larger frac.on of forming planets. This, together with their youth and large disk-sizes, make them ideal 
candidates to study ongoing planet forma.on. However, the study of intermediate-mass forming stars has 
been historically hampered by the lack of a well-defined, homogeneous sample, and because few and mostly 
serendipitously discovered sources were known. As a consequence, many studies involving intermediate-
mass star forma.on suffer from biases and lack of completeness, and we know much less about these 
sources than about the lower mass T Tauri stars. 
  
Applying machine learning techniques to Gaia data, we have constructed a large and homogeneous 
catalogue of 2226 new intermediate- to high-mass forming stars, increasing by an order of magnitude the 
number of known objects of the class. This unique list of new intermediate-mass forming stars is an excellent 
dataset to conduct research on several open problems in star and planet forma.on. In the near future, this 
catalogue of new intermediate-mass forming stars will be observed by the WEAVE mul.-object survey 
spectrograph. This will greatly enhance and complement the Gaia data products, allowing us to study and 
characterize the accre.on and ejec.on phases of the Galac.c popula.on of intermediate-mass young stellar 
objects. To exemplify the upcoming WEAVE science, I present the results of a spectroscopic survey that 
targeted 145 stars from this catalogue. These observa.ons allowed us to derive accre.on rates and to study 
which accre.on mechanism is predominant in different stellar mass ranges. I provide further evidence to the 
transi.on from magnetospheric accre.on to boundary layer accre.on happening at around 4 solar masses.  
  
One long-standing ques.on in star forma.on is how the clustering proper.es of forming stars depend on the 
stellar mass. To further exemplify the importance of these new sources, I also present a Gaia-based analysis 
on the clustering proper.es of low, intermediate, and high-mass forming stars, using the largest sample ever 
considered. I conclude this presenta.on with a descrip.on of the planned research on a newly iden.fied 
popula.on of disks around these new intermediate-mass young stellar objects.
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Dead zones in the innermost disk regions play an important role in the planet forma.on models, ac.ng as 
dust traps and facilita.ng planetesimal forma.on. An important prerequisite for the dead zone forma.on is 
a radially varying mass transport rate through the disk. This can naturally be achieved in the layered disk 
model, in which the MRI-induced turbulence is suppressed in the innermost disk regions owing to insufficient 
ioniza.on. The corresponding viscous alpha-parameter has a deep minimum at the posi.on of the dead zone 
and peak values elsewhere in the disk.  
      However, recent observa.ons and numerical simula.ons indicate that the MRI turbulence can be 
suppressed throughout most of the disk extent. This reduces the viscous mass transport in the en.re disk 
and makes local dust concentra.ons problema.c. Disk magnetocentrifugal winds may mi.gate the problem 
but their efficiency crucially depends on the magne.c field geometry. 
     In this talk, we will demonstrate that taking disk self-gravity into account completely changes the long-
term evolu.on of protoplanetary disks with suppressed MRI. Gravita.onal instability (GI) naturally has a 
spa.ally varying efficiency of mass transport through the disk, being most efficient in the outer and 
intermediate disk regions and diminishing in the innermost disk where temperature and sheer are too high 
to sustain GI. The associated gravitoturbulence and the alpha-GI parameter have a deep minimum in the 
innermost disk, resul.ng in the forma.on of a GI-driven dead zone around 1 au. This region is prone to 
efficient dust growth, development of the streaming instability, and forma.on of a first genera.on of 
planetesimals as early as 10~kyr a\er disk forma.on.  
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Disk winds and planet-disk interac.ons are two essen.al mechanisms that drive the evolu.on of 
protoplanetary disks. While winds are capable of removing material from the disk, eventually dispersing it 
from the inside-out, massive planets can shape the disk by crea.ng sub-structures such as gaps and spiral 
arms. 
 
We perform three-dimensional hydrodynamic simula.ons of photoevapora.ng disks that host a jupiter-like 
planet with the aim to study the interplay between disk winds and the sub-structures that are created by the 
planet. By tracing gas-flows in the disk and wind, we are able to study how photoevapora.on, in combina.on 
with a planetary gap, redistributes material along different disk radii. 
 
We will present new results that show how the wind can transport gas from the inner disk (~2 au) into the 
planetary gap as well as across the gap to the outer disk and that photoevapora.on can significantly increase 
the accre.on rate onto the planet. We will also show that this opens up new accre.on pathways that lead 
through the wind, allowing material from the inner disk to be accreted that cannot reach the planet in models 
without a wind. Tracking the environment along the different pathways will eventually allow us to study the 
effect on the chemistry and composi.on of accre.ng maRer and to explore how photoevapora.ve winds 
may be able to explain the abundances of refractory inclusions in meteori.c records from our own solar 
system.
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The ever rising number of discovered exoplanets sets important sta.s.cal constraints on planetary system 
proper.es on a popula.on level. These constraints are fundamental for planet forma.on theory. By 
construc.ng so called global planet forma.on models, we are able to evolve a large number of systems, 
providing us with synthe.c popula.ons of planetary systems that can be compared with observa.ons - 
puyng thereby planet forma.on theory to the quan.ta.ve sta.s.cal test. 
 
The evolu.on of the protoplanetary disc is one of the most fundamental parts of such a model as it controls 
the material from which the planets accrete and determines how planets migrate. To date, the approach of 
planetary popula.on syntheses has been exclusively carried out using the classic approach of smooth, 
viscous discs with a constant alpha-viscosity. However, the recent shi\ towards MHD wind driven disc 
evolu.on rises the ques.on of how this will shape the synthe.c popula.ons. 
 
We have developed a new 1D ver.cally integrated global disc model that also includes the effects of 
magne.cally driven disc winds and viscosity transi.ons in the inner disc. With emphasis on planet migra.on 
and growth, we study&nbsp;how different physical processes induced by this new disc model influence 
planet forma.on on a popula.on level. Here, the inner disc of &lt;1AU plays a crucial role as its evolu.on 
determines the final loca.on of close-in planets. At the same .me, this region is well characterised in terms 
of observed planets, making the comparison between theory and observa.on interes.ng. 
 
In the end, this will enable us to bring the planet forma.on theory forward, keeping up with the important 
latest developments in the disc field.
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Atomic hydrogen BrackeR gamma line emission from within the innermost parts of the accre.on disk of 
young stellar objects (YSOs) is .ed to gas temperatures in excess of 6000 K. While disk temperature profiles 
in more intermediate mass Herbig type YSOs allow for these condi.ons to be fulfilled, the disk environments 
in T Tauri stars are generally thought to be too cool to produce significant amounts of BrackeR gamma 
radia.on. For these low mass sources, hot hydrogen line emission is much more specifically associated with 
magne.cally driven hea.ng mechanisms and thus serves as a poten.al tracer of the interac.on between the 
strong magne.c fields reported for those kinds of objects and the inner disk.  
Most prominently among those mechanisms stands the idea of magnetospheric accre.on, according to 
which the inner disk is magne.cally truncated on the order of a few stellar radii. Instead of accre.ng in the 
disk plane, the gas is then funneled in magne.cally heated columns onto the stellar surface at high la.tudes, 
crea.ng a highly compact region close to the star from which BrackeR gamma radia.on can originate.  
Other mechanisms poten.ally producing BrackeR gamma emission include magne.cally driven ou_lows, 
coming in the form of winds in which the material gets swi\ly heated to temperatures comparable to those 
found in the accre.on columns. Such winds are either launched from the disk surface itself, the stellar polar 
region or the disk-magnetosphere interface, making them capable of contribu.ng to the BrackeR gamma 
emission profile at different, and poten.ally much more extended, spa.al scales, reaching possibly even 
beyond the dust sublima.on radius. 
To beRer understand these compe.ng influences, we observed a sample of seven T Tauri objects (RU Lup, 
AS 353, TW Hya, DoAr 44, DG Tau, S CrA N, VV CrA)  with GRAVITY, the K band beam combiner of the Very 
Large Telescope Interferometer (VLTI).  
We made use of the high spa.al resolu.on provided by very long baseline interferometry to spa.ally resolve 
and constrain the BrackeR gamma emission regions in our targets. We also compared the interferometric 
signatures, obtained across mul.ple channels in the BrackeR gamma line,  against synthe.c observables 
derived from a radia.ve transfer model of the magnetospheric accre.on region.  
We found that only the weakest accretors in our sample were well described by the pure magnetospheric 
accre.on case. For most of the intermediate to strong accretors, we found evidence for more extended 
BrackeR gamma regions, sugges.ng the presence of mul.ple emission components that lead to more 
complex interferometric signatures.
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The study of warped discs was once limited to the viscous accre.on discs around black holes. Now, ALMA 
and SPHERE have revealed that the warping and breaking of protoplanetary discs is not uncommon and there 
is growing interest in the planet forma.on community in these effects. Warping and breaking change the 
disc structure in the inner few au and alter the evolu.on of the disc, for example by enhancing the accre.on 
rate and changing the chemical composi.on. However, our understanding of the condi.ons under which 
protoplanetary discs warp and/or tear remains far more limited than for thin, viscous black hole discs. We 
have produced and analysed a suite of high resolu.on simula.ons of wavelike circumbinary discs to elucidate 
the parameters that affect the dynamical evolu.on of misaligned protoplanetary discs. I will present the 
conclusions from our modelling and discuss what affects whether and where a protoplanetary disc will break, 
how this differs to the commonly referenced theore.cal predic.ons and what it means for interpre.ng 
observa.on of warped and broken protoplanetary discs.
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The proper.es of collimated op.cal jets in young stellar objects (YSOs) are closely linked to the mass flux 
emiRed from accre.on disks. Most observa.ons of these jets are fairly well reproduced by so-called « disk 
winds », which are actually magne.cally driven, super-Alfvenic ou_lows from keplerian accre.on disks 
(Ferreira 1997, Jacquemin-Ide et al. 2019). However, they require a rather large mass flux and 
correspondingly a small magne.c lever arm parameter (e.g. Tabone et al 2017, Lee et al 2021 and references 
therein). This has been achieved by including some addi.onal hea.ng at the disk surface, argued to result 
from irradia.on from the star and the accre.on shock (Casse & Ferreira 2000b). 
 
On the other hand, these YSO op.cal jets are launched from the innermost disk regions, which are expected 
to be ionized enough to undergo a self-sustained magnetohydrodynamic (MHD) turbulence (see e.g. Combet 
et al 2010). The influence of such a turbulence in Jet-Emiyng Disks (JEDs) has been modeled so far only 
through the use of anomalous viscosity and magne.c diffusivity. But state-of-the-art 3D global MHD 
numerical simula.ons highlighted the importance of a magne.c turbulent pressure within accre.on disks 
(Jacquemin-Ide et al. 2021). Such a turbulent pressure has never been included in any accre.on-ejec.on 
model. 
 
In this work, we incorporate this turbulent magne.c pressure and perform a complete explora.on of the 
parameter space for isothermal jets. We elucidate its effect on the jet proper.es and in par.cular on the link 
between the magne.c lever arm and the disk ejec.on efficiency.
 


