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This thesis: focused on T-Tauri stars

=P KeIV|n-He|th|tZ meChan|Sm Pre-main sequence stars Classical T Tauri Star

. . 1b ~650-2880 K, M_ ~0.01 M
(gravitational collapse, slowed down ol pisk
by internal and radiative pressures)
No nuclear reactions yet : T<T, (H)
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Protoplanetary Disk ?

Weak T Tauri Star

T >2880K, M <M
bol Disk Jupiter

~10 000 000 yr

Pre-Main Sequence Phase
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Ejections in T-Tauri stars: “Herbig-Haro objects”

- Collapse of an interstellar cloud Atomic jets: Molecular flows (CO):
- Formation of a gas/dust disk 10 000 K, 100 km/s 30 K, 10 km/s
-Accretion on the star Origin < 0.1 AU Origin 1-30 AU
M ~ O-]-Maccreti(m M ~ Maccretion
Vue d’arftfste d'un sy;téme
sreliare en formation 5 ; . 4 _CO
A | flow
— K
Jets | - B - .
: = Disk
/ 10000 AU - e
500 AU /.

{1 au : Distance
Terre-Soleil) Image de HH111, HST/Nisini+2021

Image ALMA de DG Tau B;
De Valon, Dougados, Cabrit+2020

Question : What is the origin of the observed molecular flows?
What impact do these flows have on planetary formation?



Question : What is the origin of the observed molecular flows?
What impact do these flows have on planetary formation?

TWO COMPETING MODELS

1) MHD magneto-centrifugal disk wind ?

Recently preferred, on the basis of ALMA observations:

- Coherent rotation, ejection speed, mass fluxes

- Magnetic braking would explain accretion from disk onto
the star

Major MHD effects on planetary formation and migration ?
Problems: - fineness of the CO cavity (r<<R )

- Ejections are not systematic, whereas this wind
should be !

. Matiére du
../ disque éjectée
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2) Matter dragged by the atomic jets’ bow shocks?

Alternative scenario: goal of this PhD

- Variability of the atomic jet (speed, mass flux):
- Generating bow shocks as it hits the disk and the envelope
- Could explain rarity of the phenomenon (+ fineness ?)

Jet collimaté\a
Choc d'étrave haute vitesse

Enveloppe

Matiere environnante
entrainée

proto-planétaire

Proto-étoile



Quick overview of the bow shock
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Promising latest model: Rabenanahary; et al. 2022
First simulations of variable jets in a stratified

environment, up to 10 #years (with Z. Meliani)
= Code: AMR-VAC
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' | Yet too many hypothesis:
700 A : : . .
——OO U -Static environment, with no rotation

-No chemistry
Image ALMA de DG Tau B; .
De Valon, Dougados, Cabrit+2020 -No disk

-Scales >> 1000 au



Numerical Simulations

MHD : AMR-VAC

Parmi d’autres applications et problémes, le module d’hydrodynamique de MPI-AMRVAC en
particulier permet de résoudre les équations d’Euler avec termes sources traduisant :
— la conservation de la masse :

p+V.(p7) = M,, (IIL.1)

— la conservation de I’impulsion :

& (p7) + V. (o5 + pf) 7 (IIL2)

— la conservation de I’énergie :
O0i(e)+V.((e+p) 0) = E,p, (I11.3)

ol p est la densité totale du fluide, p est la pression thermique; @' est le champ eulérien de

vitesse du fluide; M), ﬁp, et E, traduisent respectivement les termes sources des trois équations
— 3

de conservations; I est le tenseur identité; et e = 5 f_ 7 + &5 est la densité totale en énergie du

gaz, avec v,q 'indice adiabatique. Dans un gaz parfait avec trois degrés de liberté, v.q = 5/3 (gaz

monoatomique); tandis que dans un gaz isotherme, v,4 = 1.

From the thesis of M. Rabenanahary (2022)

Adaptive mesh

Chemistry: Kimya (UNAM)

UNAM Team :pioneer in the coupling
chemistry-HD of 2D/3D reactive flows
(chemical characteristic time >> dynamic time:
out of equilibrium)

KIMYA, a Code for Solving Chemical Reaction
Networks in Astrophysics Revista Mexicana de
Astronomia y Astrofisica Vol. 54, pp. 409-422
(2018)

Downwind method (more stable and fast), up
to 15-30 chemical species



Goals of the thesis:

— with rotation + disk + collapsing residual
envelope

— Simplified out-of-eq chemistry (H¥, H, H.,, CO)
+ associated radiative cooling
2) Compare to our observations
— JWST : H, (2000 K): Shocks tracers
— ALMA: cold CO : Rotation, dragged mass
=> Discrimination versus MHD disk wind

3) Impact on planetary formation
— Shocks on the disk + species depletion
— Negligible MHD effects, or not?
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Thanks for listening !



