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European Research Council - Starting Grants

- Create a scientific team to work on an identified problem, which could 
not be solved without an ERC team and needs risky new developments.  
!
- Between 2 to 7 yrs after the PhD defense (between 7 and 12 yr for 
consolidator grants and senior grants for older) 
!
- In addition to the quality of  the project, the success of  the grant is 
based on the PI: his/her ability to find money and his/her independence.  
!
- One call a year 
!
- A lot of  money for one person (1.5 millions for up to 5 yr). Example: 5 
yrs of  postdocs, 2 PhD students, 1 engineer over 3 yr + salary of  the PI 
(at CNRS) given back to the project 
!
- Very positive aspect : we can take time to 1) develop things that are 
not necessary visible and 2) go deeper. 



Example: our gas-grain code Nautilus has been completely modified       
(work by C. Cossou) 
- following the modifications with GIT 
- writing notices for users and developers 
→ long term survival of  the code 
→ easier start of  new students and postdocs 
→ long term perspective: public domain



grain

gas

ice

grain gas

Diffuse 
medium Dark cloud

Protostar

Protoplanetary 
disc

Planetary 
system Strong UV field 

Coagulation and 
sedimentation of grains

Warm gas phase chemistry 
Modification of ices

Cold gas-phase chemistry 
Formation of ices

The 3DICE project: scientific context

Depletion of atoms 
on grains

Strong UV irradiation 

ice



Dark cloud

Protostar

Protoplanetary 
disc

Planetary 
system

Science case: Interstellar chemical evolution

Diffuse 
medium

Consistent physical scenario 
!
!
Better characterisation of the first step 
!
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Dutrey, Wakelam et al. (2011)
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A. Dutrey et al.: Sulfur-bearing molecules in protoplanetary disks. V.

Fig. 1. Observations of SO 223−112, H2S 110−101 and CS 3–2 in the four disks. For CS J = 3−2, the best models have been superimposed for all
sources. For SO and H2S, the models always correspond to the 3σ upper limits.

Deriving proper estimates of upper limits is complicated in
the case of Keplerian disks because of the existence of veloc-
ity, temperature, and density gradients (Guilloteau et al. 2006;
Dutrey et al. 2007). For chemistry, since the surface density and
the temperature have radial dependencies, defining an averaged
column density over the whole disk implies to merge chemically
different regions. This can only be properly done by taking the
existing gradients into account. Because the characteristic size of
the disks is several 100 AU, and is unresolved in the 30-m beam,
our observations are most sensitive to the 200–400 AU range,
depending on the radial distribution (see Piétu et al. 2007). We
thus chose to proceed as follows. We used DISKFIT (a dedi-
cated radiative transfer code to protoplanetary disks, see Piétu
et al. 2007) to generate integrated spectra and derived the best
model by adjusting disk parameters. The models provided by
DISKFIT were compared to the observed spectra using the min-
imization routine described in Piétu et al. (2007). For the min-
imizations, all parameters were fixed except Σ300, the surface
density at 300 AU. The adopted disk parameters are given in
Table 2. The temperatures and surface densities follow the laws
T (r) = T100(r/100 AU)−0.5 and Σ(r) = Σ300(r/300 AU)−1.5,
respectively. Theses values come from the angularly resolved
CO interferometric analysis performed by Piétu et al. (2007) and
for GO Tau by Schaefer et al. (2009). For CS however, the outer
radius and the surface density radial dependence p derived from
the data have been used in the case of DM Tau. This is also
the case for p in GO Tau. The 3σ upper limits on the surface
densities at 300 AU were then calculated from the formal error
obtained from the best fit. The results are given in Table 3. The
choice of the CO parameters to fit sulfur-bearing molecules is
governed by the fact that CO results provide the best constraints
on the gas disk structure and kinetic temperature. Moreover, the

Table 2. Physical parameters used to derive the best fit models and the
surface density upper limits.

Source MWC 480 LkCa 15 DM Tau GO Tau
inclination (◦) 38 52 –32 51
PA(◦) 57 150 65 112
Vsyst (km s−1) 5.10 6.30 6.04 4.89
V100 (km s−1) 4.03 3.00 2.16 2.05
δv (km s−1) 0.2 0.2 0.2 0.2
T100 (K) 30 15 15 15
Rint (AU) 1 45 1 1
Rout (AU) 500 550 800 900
CS Rout (AU) – – 560 ± 10 –
CS p – – 0.75 ± 0.05 1.0 ± 0.2

Notes. P.A. is the position angle of the disk rotation axis, i the incli-
nation angle of the disk (0 means face-on), Vsyst the systemic velocity.
The velocity laws (V100) are Keplerian (Piétu et al. 2007; Schaefer et al.
2009). δv is the turbulent line-width component. Derived parameters are
given with their errorbars (a “−” means that the standard values are as-
sumed.)

temperature derived from CO data can be considered as repre-
sentative of a significant fraction of the molecular layer so is
well suited to determining upper limits on the surface density
of molecular species. Two parameters may affect Σ300: the ex-
ponent slope p and the outer radius Rout. Σ300 itself is relatively
unsensitive to these parameters, but the derived error-bars can be
significantly affected. On one hand, for DM Tau, using p = 0.5
instead of 1.5 decreases the error by a factor 4. On the other
hand, further reducing Rout to 560 AU (the best fit value for CS
in DM Tau) again increases the error by a factor 2. Thus our
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CHEMICAL MODEL3D DYNAMICAL PHYSICAL STRUCTURE

3D RADIATIVE TRANSFER OBSERVATIONS



The team

F. Hersant (CNRS) 
B. Pavone (3DICE) 
P. Gratier (3DICE) 
M. Ruaud (3DICE) 
L. Reboussin (U. Bord.) 
!
Former member: 
C. Cossou (3DICE) 
!
Futur member: L. Majumbdar (3DICE) 
!
+ many collaborators                     

http://www.obs.u-bordeaux1.fr/amor/VWakelam/3DICE
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A journey of  the interstellar matter

SPH simulations of  the ISM at a galactic scale  
(I. Bonnell et al. 2013)

History of  a cell

☞ Work by Pierre Gratier and Maxime Ruaud

CO in the gas-phase



Gas-grain monte-carlo simulations

☞ Work by Maxime Ruaud and Franck Hersant
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Nautilus is based on the 
rate equation 
approximation not valid at 
low temperature when 
they is less than one 
species on the grains on 
the grains. 
!
Development of  a Monte-
Carlo model.



☞ See Maxime Ruaud’s poster 
☞ Ruaud, Loison et al. (in prep)
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New surface chemistry

New surface processes: 
!
- Low temperature Eley-Rideal                    

(ex: C + s-CO → s-CCO) 
-  Formation of  complexes with the major 

ice components → different chemistry

Strong influence on some of  the surface 
species including the COMs. 
No photodesorption (see also Wakelam et 
al. 2014). 
!
Model A = old chemistry 
Model B = New chemistry



Chemistry in protoplanetary disks

- Improvement of  the disk chemistry 
!
- Update of  the network from 

Loison et al. (2014) 
!

- Modeling of  HCN and HNC at 300 
AU in three disks 

!

☞ See Laura Reboussin’s poster 
☞ Reboussin et al. (in prep)



Database activities - KIDA

Database of  chemical reactions for astrochemistry  
(interstellar medium and planetary atmospheres)

- Engineer working exclusively on KIDA              
(B. Pavone) 

!
- Many recent updates 
- Possibility to put isotopes into KIDA 
!
- Revision of  the KIDA logo 
- Revision of  the website 
!
- New kida.uva soon available (with its list of  

references) 
- Renewing the expert committee 
- Extension of  KIDA to surface reactions
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Database activities - KIDA

Database of  chemical reactions for astrochemistry  
(interstellar medium and planetary atmospheres)

- Engineer working exclusively on KIDA              
(B. Pavone) 

!
- Many recent updates 
- Possibility to put isotopes into KIDA 
!
- Revision of  the KIDA logo 
- Revision of  the website 
!
- New kida.uva soon available (with its list of  

references) 
- Renewing the expert committee 
- Extension of  KIDA to surface reactions

Discussion on the data model



- http://kida.obs.u-bordeaux1.fr/ 
!

- News letter 
!

- KIDA on TWITTER (@kida_database) 
!

- The KIDA workshop from May, 5th to 7th 2015 in Paris  
(http://kida2015.sciencesconf.org)

Database activities - KIDA

Communication:

Statistics:

~200 registered users

http://kida.obs.u-bordeaux1.fr/
http://kida2015.sciencesconf.org


Database activities - KIDA

Models

~400 downloads per year



Funding:


