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Des planètes encore en train 
de se former

Phénomènes d’accrétion de 
matière

Lien avec l’environnement 
(disque circumstellaire, 

circumplanetaire)

Conditions initiales de la 
formation planétaire
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Protoplanets?



Des problématiques théoriques
✴ Préciser les conditions initiales de formation (quand, quoi, où, comment)  ?

Premiers stades de la formation planétaire ➞ contrôle de l’architecture du 
système solaire & composition des régions internes ➞ vie sur Terre
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Des problématiques théoriques
✴ Préciser les conditions initiales de formation (quand, quoi, où, comment)  ?

Premiers stades de la formation planétaire ➞ contrôle de l’architecture du 
système solaire & composition des régions internes ➞ vie sur Terre

✴ Mécanismes d’accrétion   
(est-ce si différent des étoiles) ?

• Evolution physique 

• Spin 
• Efficacité de migration 
• Formation des exolunes
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companions  to get  a  census  on  the  emission  line  properties  on  these  objects .  FRAME  will  allow  for                  
three   endeavours:  
 

Action  1  -  Systematic  approach.      
We  will  survey  at  intermediate      
spectral  resolution  (2000-6000)    
the  accretion  features  among  the      
population  of  known  1-150  Myr      
planetary-mass  companions.  The    
search  for  accretion  lines  will  be       
conducted  mostly  at  optical     
wavelengths  where  spectroscopic    
data  lacks.  This  work  has  never       
been  conducted  in  a  systematic      
way  and  will  benefit  from  the       
increased  sample  of  objects     
discovered  in  the  last  decade  (~40       
targets). The  lines  (or  upper-limits      
on  the  line  fluxes)  will  be  used  for         
constraining  the  accretion  rates     
on  that  population  of  objects  (Q6;       
see  WP1) .  When  line  series  are       
detected,  the  line  intensity  ratio      
(decrements)  will  be  directly     

compared  to  model  predictions  to      
evaluate  the  opacity  of  the      
surrounding  medium and the     
temperature  and  density  of  the  gas       

close   to   the   accretion   shock    (Q5;    e.g., [34,   36] ) .   
 We  will  look  for correlations  between  the  line  properties and  the  companion  physical  properties .                

The  accretion  rates  of  protostars  and  brown-dwarfs  (see [26] )  are  known  to  depend  on  the  age  and                  
mass.  The  discovery  of  similar  correlations  for  planetary-mass  companions  would  offer  a way  of               
probing  the  underlying  accretion  mechanisms  (Q4)  and  clarify  whether  accretion  mechanisms  of             
companions  are  specific  with  respect  to  the  more  massive  objects.  Some  of  our  preliminary  results                
indicate  that  episodes  of  vigorous  accretion  still  happen  on  a  25  Myr  old  companion  (Fig  5).  A  45  Myr                    
old  free-floating  planetary-mass  object  has  also  been  found  accreting  vigorously [37] .  This  suggests              
that  accretion  is  longer  lived  for  planetary-mass  companions  than  for  protostars  and  motivates              
further  that  in-depth  investigation  of  the  accretion  across  the  ages  to  precise  the  end  age  of                 
accretion  (Q2) and  to  tell up  to  what  age  the  detection  of  accreting  companions  can  be  expected                  
(e.g.,  objective  2).  Companions  on  ultrawide  orbits  (several  100  au)  are  expected  to  have  detached                 
CPDs  with  no  mass  infall  from  the  circumstellar  disk  and  magnetospheric  accretion  may  be  the                
leading  mechanism  at  play  on  that  class  of  objects  contrary  to  the  companions  on  shorter  orbits                 
(<100  au)  that  can  be  fed  by  circumstellar  disk  material.  Our  data  will  also  allow  us  to  investigate the                    
possible   dichotomy   of   accretion   behaviors   because   of   the   access   to   different   mass   reservoirs.   
Action  2  -  Line  profiles.  Observations  of  planetary-mass  companions  are  performed  at  modest              
resolving  powers  (R<6000)  from  0.3  to  2.5  µm.  We  will  use  the  high-sensitivity  spectrographs               
available  in  the  course  of  the  project  (e.g.,  X-SHOOTER,  ESPRESSO,  CRIRES+)  to study  in  details  the                 
profiles  of  companions  showing  bright  emission  lines  at  an  unprecedented  spectral  resolution             
(R=10000-100  000)  and  access  the  kinematics  of  the  infalling  material  (3  to  30  km.s -1 resolution).                
The  profile  will  be  compared  against  the  predictions  of  accretion  models  provided  by  our  key                
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✴ Quelles signatures? ✴ Evolution temporelle?

✴ Extinction d’avant-plan ? ✴ Lien avec le réservoir de 
masse ?

S. C. Eriksson et al.: Strong H↵ emission and signs of accretion in a circumbinary planetary mass companion from MUSE

Fig. 2. Full averaged (over 11 cubes) MUSE spectrum of the companion Delorme 1 (AB)b (black line) showing very strong H↵ emission, and
highlighting other atomic lines (black text and red lines) and molecular absorption features (dashed red lines). The two narrow gaps in the spectrum
are caused by sections of unusable data at 5800�6051 Å and 7592�7681 Å.

Table 1. Individual line characteristics (extinction-corrected flux, EW, and the 10% and 50% line profile widths) of Delorme 1 (AB)b for detected
emission lines, obtained from the averaged spectrum.

Line Fline EW 10% width FWHM �mA �mB

(10�16erg cm�2 s�1) (Å) (km s�1) (km s�1) (mag) (mag)

H� 1.39 ± 0.10 . . . <322 <177 3.21 ± 0.23 3.03 ± 0.24
H↵ 12.80 ± 0.70 �135 ± 5 105�241 58�133 4.31 ± 0.16 3.89 ± 0.16
He i �6678 0.18 ± 0.03 �1.9 ± 0.2 <194 <108 . . . . . .
He i �7065 0.15 ± 0.04 �1.0 ± 0.1 . . . . . . . . . . . .

Notes. Negative EW indicates emission. For H� there is no well-defined continuum, required for an EW estimate, and the measured FWHM is
equivalent to the resolution width of MUSE (RH� = 1694 ⇠ 177 km s�1). For HeI7065, the line profile is not well defined enough for an accurate
estimate of the width. The �m values compare the H↵ and H� line fluxes of Delorme 1 (AB)b with those of the primary components A and B at a
2.5 pixel aperture.

indicate a lower-gravity atmosphere (e.g. McGovern et al. 2004),
which would be in line with the expectations of youth in this
object.

It is clear that the line emission is intrinsic to Delorme 1
(AB)b. We therefore turn our attention to the question of the
mechanism behind it.

3.2. Mass accretion rates

For the purposes of the continued analysis of Delorme 1 (AB)b,
we make use of the DUSTY00 atmosphere isochronal models
for very-low-mass stars and BDs from Chabrier et al. (2000) and
Bara↵e et al. (2002) in lieu of a more in-depth spectral mod-
elling. Based on the photometry of Delorme 1 (AB)b we obtain
an absolute Gunn-i magnitude of 15.7±0.3. Combining this with
the JHKS L

0 photometry from Delorme et al. (2013) and the z
0

from Janson et al. (2017), we find very good agreement with
the expected absolute Iz

0
JHKS L

0 magnitudes for the 0.012 M�
and 0.015 M� isochrones at 10 Myr and 50 Myr, respectively
(Table 3). This indicates a probable hot-start mass for Delorme

1 (AB)b in the range of 12�15 MJup, spanning the deuterium-
burning limit. This is consistent with Delorme et al. (2013). The
use of cold- or warm-start models would imply a higher mass
(e.g. Marleau & Cumming 2014), but we restrict ourselves here
to hot starts, especially because recent modelling suggests that
these are more likely (Berardo et al. 2017; Marleau et al. 2019).
Thus, to calculate the mass accretion rate, we adopt a com-
panion mass of MP = 0.012 M� with a bolometric luminosity
log(Lbol/L�) = �3.58, and take the mean radius of the two mod-
els, RP = 0.163R� (1.59 RJup).

We estimated the mass accretion rate Ṁacc onto Delorme 1
(AB)b with several di↵erent methods. We took two that are in
common use for stars and BDs (Natta et al. 2004 and Alcalá
et al. 2017), another from Thanathibodee et al. (2019), and we
also applied the new gas giant accretion model of Aoyama et al.
(2018) and Aoyama & Ikoma (2019).

Line luminosities can be used to estimate Ṁacc (e.g. Mohanty
et al. 2005; Herczeg & Hillenbrand 2008; Rigliaco et al. 2012;
Alcalá et al. 2017). Rigliaco et al. (2012) characterised the
empirical correlation between the line luminosity (Lline) and
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(<  10  Myr).  A  modification  of  the  theory  of  solid  aggregation  (pebble  accretion; [2] ) or  the                 
gravitational  instability  scenario [3]  are  proposed  to  form  giant  planets  more  efficiently  (1Kyr  to  a  few                 
Myr) at  larger  orbital  distances. The  empirical  knowledge  of  the  planet  formation  timescales  and               
birth-sites are  clearly two  key  inputs  for  validating  the  latest  developments  of  the  planet  formation                
theory   (hereafter   Q1   and   Q2) .   They   are   the   long-standing   goals   of   the   FRAME   project.  

The  large  population  of  extrasolar  planets  discovered  since  1995  has  dramatically  enriched  our  view               
of  planet  formation.  The  bulk  of  the  known  exoplanet  sample  is  found closer  to  5  au  and in  evolved                    
systems  (>>  100  Myr).  e.g.  at  separations  and  ages  where  transit  and  radial  velocity  surveys  operate                 
(Fig  1).  The  diversity  of  system  configurations  (semi-major  axis,  eccentricity,  obliquity,  ...)  indicate  that               
dynamical  interactions  are  dramatically shuffling  the  system  architecture.  As  the  most  massive             
planetary  class, giant  planets  should  govern  the  dynamical  evolution  of  planetary  systems [4] .  The               
interactions  between  the  nascent  giant  planets  formed  at  large  separations  (>3  au)  and  the               
circumstellar  disk  through  the  so-called  type  I  or  II  migration  are  now  widely  admitted  as  a  key                  
mechanism  for  shaping  the  system  architecture  early  on  (<  10  Myr)  but  are  not  fully  understood  from                  
a  theoretical  standpoint.  It  prevents  in  turn  from  running  comprehensive  and  robust  dynamical              
simulations  to  retrieve  the  early  configuration  of  the  mature  systems  observed  as  of  now  and  acquire                 
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✴ Signatures possibles de protoplanètes dans 
les disques circumstellaires (ALMA)

✴ Découverte de PDS70b avec SPHERE en 2018…
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a  deep  understanding  of  planet  formation  processes.  Here  we  propose  a different  approach,  which               
will   allow   to   unambiguously    confirm   on-going   giant   planet   formation   at   large   separations   (>   3au).  

Signposts  of  protoplanets?  The  recent  high-resolution  images  of  circumstellar  disks  (1-10  Myr)             
collected  in  the  millimeter  wavelength  regime  with  ALMA  (Fig.  1)  are  revolutionizing  our  view  of                
circumstellar  disks.  Gaps,  cavities,  spirals,  and  arcs  appear  to  be  ubiquitous  (e.g., [5] )  in  the                
distribution  of  circumstellar  material  at  large  separations  (>5au).  Theoretical  modeling  has  shown             
that  planets  in  the  process  of  formation  can  leave  such  imprints  in  the  disk  (e.g., [6,  7] ).  However, a                    
flurry  of  mechanisms [e.g.,  8,  9]  have  also  been  proposed  to  explain  the  observations  without  the                 
need  for  forming  planets. We  recently  pinpointed,  at  IPAG  (Grenoble,  France),  local  deviations  in  the                
gas  flow  of  some  of  these  structured  disks,  which  may  correspond  to  the  kinematic  signature  of                 
forming  giant  planets  (velocity  kinks)  perturbing  the  Keplerian  motion  of  the  material  in  their  vicinity                
[10,  11] .  Yet,  these  putative  protoplanets  have  not  been  detected  directly  as  of  now  and  uncertainties                 
remain  on  the  kinks  and  their  interpretations [11] .  Clearly,  the  origin  of  the  spatial  and  velocity                 
structures  observed  in  the  circumstellar  disks  is  a matter  of  a  vigorous  debate  (hereafter Q3 ) and                 
complementary   observations   are   warranted   to   close   it.   
High-contrast  imaging  of  young  systems. The  direct  imaging  technique  can  resolve  the  outer  regions               
(>  5  au)  of  young  (1-100Myr)  planetary  systems  at  optical  and  infrared  wavelengths  (0.5-5  µm)  and                 
has  been  the  ideal  complement  of  ALMA  for  revealing  disk  morphologies  at  large  separations  (see  Fig.                 
2).  Cutting-edge  imaging  instruments  such  as  SPHERE  on  the  Very  Large  Telescope  (VLT)  combines               
high-order  adaptive  optics  (AO),  coronagraphy,  and  differential  imaging  techniques  to  detect  the             
scattered-light  emission  from  circumstellar  disks  and  the  thermal  emission  of  massive  (>2  M Jup )              

self-luminous  exoplanets  in  the  bright  halo  of  nearby         
stars.  The  team  at  IPAG  has  been  at  the  forefront  of            
the  design  and  scientific  exploitation  of  SPHERE.  We         
found  that  massive  (M  >  5  M Jup )  Jovian  companions          
are  rare  beyond  5  au  around  10-150Myr  old  stars          
(5.4%  for  FGK  stars; [12] ).  Yet,  we  recently  presented          
the  first  robust  detection  of  a  massive  (5-10  M Jup )          
forming  planet  on  a  22  au  orbit  within  the  cavity  of  a             
circumstellar  disk  surrounding  the younger  (5Myr)       
solar-type  star  PDS70  (Fig  2; [13] ;  ESO  PR1821).  This          
breakthrough  discovery  is  setting  the  first  direct  and         
unambiguous  constraints  on  the  planet  formation       
timescales  and  their  birth  site  and  allows  for  studying          
disk-planet  interactions  in  great  detail.  It  calls  for         
additional  and  deeper  searches  of  forming  planets        
(M<10M Jup )  around  other  stars  spanning  ages  from  1         
to  10  Myr to  establish  whether  planets  are  more          
frequently  detected  in  the  youngest  systems  and        
clarify  the  origin  of  the  disk  structures  seen  with          
ALMA   ( Q3 ;   Fig.   1).  
 
Theory  of  protoplanet  accretion. The  theory  detailing        
the  processes  ongoing  close  to  the  planet  embryos  is          
still  in  its  infancy .  Giant  planets  are  expected  to          
accrete  part  of  their  mass  from  circumplanetary  disks         
(CPDs; [16] ).  The  most  recent  radiative-hydrodynamic       
simulations  (RHD)  of  the  combined  CPD  and        
circumstellar  disks  predict  that  the  gas  accretion  on         
protoplanet should notoriously  differ  from  that       
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…et détection de PDS70c ensuite grâce au 
« flash » créé par le phénomène d’accrétion
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limiting  the  contrasts  between  the  line  peak  emission  and  the  planetary+stellar  spectral  continuum.              
Medium-resolution  (R~2000-3000)  integral-field  spectrographs  (IFU)  fed  by  powerful  adaptive-optics          
instruments  (e.g.,  VLT/MUSE-NFM)  can  dramatically  increase  the  contrast  between  the  continuum            
and  the  line  emission  at  peak  (factor  of  ~5  to  28)  while  providing  the  data  diversity  needed  for  an                    
efficient  removal  of  the  stellar  flux.  This  strategy  was  experimented  on  PDS70  and  revealed  a  second                 
accreting  planet  in  the  system  (Fig  2)  that  had  gotten  unnoticed  via  classical  imaging  (SPHERE).   The                 
planet   line   intensities   and   profiles   were   used   to   set   constraints   on   the   gas   accretion   rates   (e.g., [34] ).  
This  approach  applied  on  present  IFUs  is  very  promising  and  could  allow  probing  the  bulk  of  the                  
population  of  forming  planets  at  large  separations  (>  5  au) [35] and  peering  into  the  physics  of                  
accretion  right  now.  Furthermore,  a large  potential  exists  for  improving  the  data  analysis  and               
reaching   the   maximum   sensitivity   of   these   observations.   

 

 
 
 

A  new  wealth  of  instruments  to  reveal  accretion  processes. A  new  generation  of  spectrographs  has                
just  entered  operation  or  will  be  commissioned  in  the  course  of  the  FRAME  project  (see  Fig.  3).  Their                   
spectral  coverage,  spectral  resolving  power,  and  angular  resolution  will  give  access  to  an              
unprecedented  combination  of  diagnostics  of  accretion  processes  on  imaged  exoplanet  companions            
(objective   #1).   
The  new  seeing-limited  medium  to  high-resolution  spectrographs  such  as  ESPRESSO  (2019-)  in  the              
optical  or  SPIRou  (2018-)  in  the  NIR  have  the  sensitivity  to  yield  detailed  emission  line  profiles  of                  
protoplanets  on  wide  orbits  (>300  au).  They  will  soon  be  supplemented  by  similar  spectrographs               
coupled  to  AO  modules  (NIRPS/2020,  CRIRES+/2021)  which  could  yield  similar  measurements  for             
accreting  companions  on  tighter  orbits  (20-300au)  in  the  NIR  (1-5  µm).  The  NIRSpec  and  MIRI                
instruments  on  the  JWST  (2021)  will  provide  an  unprecedented  sensitivity  to  the  infrared  emission  of                
CPDs.  
Revolutionary  integral  field  spectrographs  such  as  MUSE  (NFM;  2018-)  or  ERIS  (2021-)  on  the  VLT,  or                 
NIRSpec  and  MIRI  on  the  JWST  (2021-)  will  combine  (i)  the  angular  resolution  (Strehls  from  10  to                  
nearly  100%),  (ii)  a  high  sensitivity  to  faint  objects,  (iii)  give  access  to  a  broad  set  of  emission  lines                    
(0.5-28  µm),  and  (iv)  have  spaxels  sizes  combined  to  dedicated  strategies  (dithering)  to  sample  the                
point-spread  function  well  (Nyquist). Our  team  of  French  astronomers  will have  access  to  all  these                
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facilities  (ESO,  JWST,  CFHT)  within  the  next  four  years  and  could  use  them  to  address  in  detail  the                   
topic   of   protoplanet   detection   and   characterization   for   the   first   time.   

To  be  commissioned  in  2026,  the  HARMONI  and  METIS  instruments  on  the  ELT  will  extend  and                 
combine  the  characteristics  of  the  IFUs  available  on  the  course  of  FRAME  and  provide  high-contrast                
capabilities  (coronagraphy) at  shorter  angular  separations .  IPAG  is  responsible  for  the  design  and              
delivery  of  the  high-contrast  module  of  HARMONI  (P.I  Carlotti).  Both  instruments  promise  a leap               
forward  in  the  detection  (down  to  a  few  au) and  characterization  of  forming  planets but  advanced                 
data   reduction   approaches   need   to   be   prepared   to   reveal   the   full   potential   of   these   new   instruments.   

 
OBJECTIVES:  
The  discovery  and  characterization  of  forming  planets  is  now  achievable  and  promises  to  answer  key                
questions  regarding  the  formation  of  giant  planets  and  their  physical  evolution.  FRAME  aims  at               
making  significant  progress  in  that  nascent  field  of  research  benefiting  from  the  unparalleled              
combination  of  observing  capabilities  described  above  and  building  upon  our  pioneering  research  on              
that  topic  (see  below).  Our  project  will  follow  the  logical  scheme  detailed  in  the  Figure  4  to  contribute                   
to  answering  the  questions  (Q1  to  Q6)  outlined  above.  Our  work  will  be  driven  by  two                 
complementary   objectives.  
 
Objective   1:   Achieving   a   detailed   view   of   the   accretion   processes   (WP1)  
We  propose  to  conduct  an  unprecedented investigation  of  the  accretion  processes  ongoing  on              
imaged  planetary-mass  companions  using  the  two  observational  proxies  mentioned  above:  the            
companion   line   emissions   and   the   continuum   excess   from   their   CPDs.   
 
Objective  1.1  (WP1.1):  We  will  collect  and  analyse  different  sets  of  spectroscopic  data  obtained  at                
medium-  and  high  spectral-resolution  (R=2000  to  100  000)  of  most  imaged  planetary-mass             

6  
 



Les objectifs du projet

!10 COBREX - October 5, 2022

✴WP1: Etude des phénomènes d’accrétion

✦Recensement (~40 objets)

Taux d’accretion vs age & masse?
✦Etude fine de ~5 objets

Profiles de raies, rapports de raies ? Comparaison aux 
modèles

✦ Séries temporelles sur ~5 objects
Zones d’émission & mécanisme 
d’accretion? 

Recrutement :  un.e étudiant.e en thèse, profil type M2 astro
Données : SINFONI, X-Shooter



Les objectifs du projet
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✴WP2: Nouvelles techniques de détection
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collaborators  (magnetospheric  and  disk-driven  accretion)  to  retrieve  more  accurate  informations  on            
the  state  of  the  material  at  the  shock  (e.g., [38] )  and  reveal  possible  deviations  of  the  model                  
predictions.  Results  published  recently  on  the  protoplanets  PDS70b [14,  19,  34,  38]  are  showing  the                
way  forward  but  still  lack  the  necessary  spectral  resolution  to  reach  those  goals  and  our  efforts  will                  
provide   the   first   robust   observational   inputs   on   that   matter.   
Action  3  -  Variability .  We  will  study how  the  lines  evolve  in  time .  Variability  is  a  well-known                  
characteristic  of  T-Tauri  stars.  It  has  been  noticed  on  two  younger  planetary-mass  companions  so  far                
[39,  40] .  Our  team  has  been  contributing  to  these  early  results  (see  Fig  5  and [40] ).  The  evolution  of                    
the  line  properties  starts  to  be  predicted  by  the  accretion  models [20]  and  represents  an additional                 
observing  window  of  the  accretion  processes .  It  may  be  produced  by  variable  extinction  in  the  line  of                  
sight  (timescale  :  orbital  period; [20] ),  instabilities  or  dead  zones  developing  through  the  CPD               
(timescales:  years  to  months; [41,  42] )  or  by  magnetospheric  accretion  spots  entering  the              
line-of-sight  along  the  object  rotation  period  (timescales:  hours  to  days;  e.g., [43] ).  Episodic  accretion               
are  predicted  to  affect  the  physical  evolution  of  the  object [44] .  We  will  conduct  monitoring                
campaigns  of  several  companions  to quantify  the  variability  timescales  and  the  evolution  of  the  line                
properties (profiles,  intensity)  for  the  first  time,  which  could  both  be  used to  discriminate  between                
the  different  mechanisms  at  play  and  guide  the  accretion  models  further .  This  work  is  also  critical                 
for  defining  appropriate  detection  strategies  of  accreting  planets  based  on  their  line  emission              
(Objective   2).  
 
Objective  1.2  (WP1.2): The  detection  and  characterisation  of  CPDs  is  a  nascent  research  field.  The                
search  for  CPD  emission  at  sub-mm  wavelengths  (ALMA,  NOEMA)  has  been  largely  unsuccessful  (eg.,               
s, [40] ),  probably  owing  to  the  small  size  of  the  disks,  their  optical  thickness,  and  the  sensitivity  of  the                    
observations.  Models  from  our  team  members  indicate  that  the  CPD  continuum  emission  should              
rather  peak  at  mid-infrared  wavelengths [45]  and  instruments  such  as  ERIS  and JWST  are  expected  to                 
provide  the  first  meaningful  constraints  on  the  CPD  properties.  We  propose  as  part  of  FRAME  to                 
perform  follow-up  observations  from  2  to  28  µm  with  these  facilities  of  a  handful  of  representative                 
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Recrutement :  un.e étudiant.e en thèse, profil type « data scientist »  
Données : MUSE, SINFONI, ERIS
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(<  10  Myr).  A  modification  of  the  theory  of  solid  aggregation  (pebble  accretion; [2] ) or  the                 
gravitational  instability  scenario [3]  are  proposed  to  form  giant  planets  more  efficiently  (1Kyr  to  a  few                 
Myr) at  larger  orbital  distances. The  empirical  knowledge  of  the  planet  formation  timescales  and               
birth-sites are  clearly two  key  inputs  for  validating  the  latest  developments  of  the  planet  formation                
theory   (hereafter   Q1   and   Q2) .   They   are   the   long-standing   goals   of   the   FRAME   project.  

The  large  population  of  extrasolar  planets  discovered  since  1995  has  dramatically  enriched  our  view               
of  planet  formation.  The  bulk  of  the  known  exoplanet  sample  is  found closer  to  5  au  and in  evolved                    
systems  (>>  100  Myr).  e.g.  at  separations  and  ages  where  transit  and  radial  velocity  surveys  operate                 
(Fig  1).  The  diversity  of  system  configurations  (semi-major  axis,  eccentricity,  obliquity,  ...)  indicate  that               
dynamical  interactions  are  dramatically shuffling  the  system  architecture.  As  the  most  massive             
planetary  class, giant  planets  should  govern  the  dynamical  evolution  of  planetary  systems [4] .  The               
interactions  between  the  nascent  giant  planets  formed  at  large  separations  (>3  au)  and  the               
circumstellar  disk  through  the  so-called  type  I  or  II  migration  are  now  widely  admitted  as  a  key                  
mechanism  for  shaping  the  system  architecture  early  on  (<  10  Myr)  but  are  not  fully  understood  from                  
a  theoretical  standpoint.  It  prevents  in  turn  from  running  comprehensive  and  robust  dynamical              
simulations  to  retrieve  the  early  configuration  of  the  mature  systems  observed  as  of  now  and  acquire                 
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✦ Nouvelles approches de traitement des données IFU (CRAL)

✦ Modification d'algorithmes de détection de raies (CRAL, GIPSA-Lab)



Budget
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also  attend  one  international  conference  during  the  second  year  (2k€),  and  two  during  the  third  year                 
(notably  to  give  her/him  the  visibility  to  find  a  postdoctoral  contract  at  that  time;  2x2k€).  We  also                  
plan  an  additional  1  k€  for  her/him  to  visit  our  key  collaborators  in  Zurich  and  Tübingen  working  on                   
accretion   models.   In   total,   he/she   will   need    8.5   k€    of   travel   budget.   
The  PhD2  will  attend  three  conferences  and  a  school  on  astro-statistics  or  data  science.  He/She  will                 
therefore   need    7.5   k€    for   travels.   
We  plan  3  k€  per  year  of  travel  budget  for  the  coordinator  and  2  k€  per  year  for  each  of  the                      
co-advisors  of  the  PhD  students  to  attend  conferences  and  present  our  results,  and  work  with  our                 
collaborators   in   Europe.   This   represents   a   total   of   3x4+2*4= 20   k€.  
We  request 4k€ for  M.  Benisty,  and 2k€  for  F.  Menard  over  the  duration  of  the  project  to  cover  part                     
of  their  trips  to  conferences.  The  remaining  staff  are  covered  by  their  own  projects  and  do  not                  
necessitate  funding.  This  will  allow  them  for  advertising  our  results  to  selected  conferences  and/or               
visit   collaborators   in   Chile   for   improving   the   CPD   excess   models.   
The  travels  of  Carlotti  and  J.  Rameau  are  covered  by  an  ERC  project  (EXACT;  PI.  A.  Carlotti)  and  by  the                     
University   of   Grenoble   (IDEX   project),   respectively.   
In   total,   we   request   8.5+7.5+20+4+2=42   k€   for   the   travels .  
 
The  kick-off  and  closure  meetings,  organized  at  IPAG,  will  cost 1  k€  each.  This  amount  will  cover  the                   
meals   of   the   attendants.   
 
The  total  requested  allowance  is  of  246.8+8.5+42+1x2=299.3  k€.  The  CNRS  counts  8%  of  the               
requested  basis  allowance  as  administrative,  management  and  structure  costs,  e.g. 23938€ .            
Therefore,  we  need  323166€  to  conduct  the  FRAME  project. The  overall  computation  was              
performed  with  a  dedicated  tool  provided  by  the  local  section  of  the  CNRS  (DR11)  and  account  for                  
the   latest   updates   on   the   salaries   and   costs.   
 
Requested   means   by   item   of   expenditure   and   by   partner  

 Partner  

IPAG  

Staff   expenses  246728  

Instruments  and  material  costs  (including  the       
scientific   consumables)  

8500  

Building   and   ground   costs  0  

Outsourcing   /   subcontracting  0  

General  and   
administrative  
costs  &  other    
operating  
expenses  

Travel   costs   44000  

Administrative  
management  &  structure    
costs  

23938  

 

Sub-total  323166  

Requested   funding  323166  
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Petit consommable : laptops + disques 
dures + écrans : 8.5 k€

Missions  = 44 k€ 

Salaires : 2 thèses (2x36 mois) = 120.3k€x2

 + 10 mois de stage = 6.2 k€



L’équipe
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M. Bonnefoy (coordinateur) 
P. Delorme (co-encadrant PhD2) 

C. Dougados (co-encadrante PhD1) 
G. Chauvin 
M. Benisty  
F. Menard 
A. Carlotti 

A.-M. Lagrange 
J. Bouvier 
B. Tessore

M. Langlois 
F. Soulez 

O. Flasseur (co-
encadrant PhD2) 

R. Bacon 

O. Michel r (co-
encadrant PhD2) 

F. Chatelain 
J. Chanussot

G. Marleau (U. Tübingen) 
J. Szulágyi (U. Zurich) 
Y. Aoyama (U. Tokyo) 

T. Thanathibodee (U. Michigan)

IPAG : seul et unique pôle



Synergies
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Science on 
HARMONI 

Pré-
processing 

IFU (base soft) 
dev. PACO 

DC?

Synergy 
ALMA/MUSE & 
target list for 

MUSE

ERC PROTOPLANETS

New generation of 
magnetospheric 
accretion models

ERC SPIDIERC COBREXERC EXACT

WP1 

! Détection
WP2 

Caractérisation
Nouvelles cibles

Stratégie d’observation



Calendrier

Février : finaliser la contractualisation

Printemps 2021: une stagiaire ➞ préparation PhD2

Printemps 2021: recrutement des PhD1 et 2

Automne 2021: Kick-off meeting & début des thèses 
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