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-   non-ideal EOS (Saumon, Chabrier, vanHorn 1995)



µ =
(M� )

(M� )crit
⇡ 2

(ϕcr=Bcr π R2  ~ G1/2 M)



Hydro IMHD

too large and massive disks
too much frag’n

No disk !



SINKSOURCE





Masson et al., A&A 2016
Marchand et al., A&A 2016Code publicly available (see Marchand et al. 2016)

Molecules + grains w/ size distribution

non-ideal MHD resistivities



IMHD AD Masson et al. 2016  

Bsat ⇡ (C⌘AD)2(⇢2/30 /B0)
3

tAD ⇠ tff

See also:
Desch & Mouschovias 2001, Krasnoplosky et al. 2012, Li et al. 2014, Machida et al. 2014, Tomida et al. 2015, Tsukamoto et al. 
2015, Wurster et al. 2016



Disk formed within ~ 6 kyr after collapse 
strong outflow

pile-up of Bϕ

interchange instability !
 Masson et al. 2016  



|B|

strong (toroidal) mag. support    ~B/100; negligible mag. support; less B-bking

J~10x larger; increases rotational support

|J|



decreases growth of Bϕ ; induces magnetic reconnection 
            => decreases further magnetic breaking
less small-scale org’n in J; generates large scale ordered flows : turbulence diffusivity
                  affects the accretion history



decreases growth of Bϕ ; induces magnetic reconnection 
            => decreases further magnetic breaking
less small-scale org’n in J; generates large scale ordered flows : turbulence diffusivity
                  affects the accretion history

Md ~ 0.03 Msol
R ~ 50 AU
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A. Maury’s in prep. : ~25% at most of Class-0 disks have R ≳ 60 AU
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Statistical constraints from D.I. (with caveats!)

Lafreniere et al. (2007) Janson et al. (2012)

<23% of stars have >2 MJ planets at 25-450 AU

<10% of stars host ~Jupiter-mass objects formed by disk instability

apply both to BD’s and planets !

<9%  of stars  have >5 MJ planets at 25-450 AU

Janson et al. ’12, ‘13



additional heating from magnetic diffusion

diffusion plateau









CONCLUSIONS & PERSPECTIVE 

● Formation of magnetized disks is a very complicated task (see Li et al. 2014, PPVI review): need non-
ideal MHD, turbulence, rotation, outflows, chemistry… + numerical issues (diffusivity, reconnection,…)
Calculations w/o B (or ideal MHD), accreting envelope (J), (chemistry) meaningless always VERY cautious/
skeptical about numerical simulations !!!
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• Ambipolar Diffusion / Ohmic dissp’n (1st / 2nd core) :  help diffusing the flux (B< ~0.1 G)
Affects angular momentum evolution => decreases B-breaking => increases rotational support 
=> helps forming rotationally supported disks                                                                             
-Affects mass loss / accretion history : decreases pile-up of toroidal B at small scales (< 10 a.u.) 
=> lower magnetic tower near the central objects => smaller outflows

•   Turbulence: 
   -  increases further the effect of AD (diffusivity, reconnection)

            - yields less organized structures => affects accretion history
                 strongly affect properties of the second core and surrounding disk
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● Magnetized disks at the Class 0 stage should exhibit weak variations (Rd ~ 20 AU ∝B-1/2 M 1/3 )
Self-regulation between B-braking and AD
 (consistent with observations (A. Maury))

● Perspective: need more (good) physics + need more observations (ALMA, SCUBA2, Artemis, 
SPHERE, GPI,…)
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