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Context: Formation mechanism of Brown

Dwarfs

Palau+ 2024

Scaled-down version of low-mass star

formation

Gravo-turbulent processes create
density peaks in the ISM

the necessary

(Padoan & Nordlund 2002, Hennebelle & Chabrier 2008, Chabrier &
Hennebelle 2010, Hopkins 2012, Chabrier+ 2014, Haugbglle+ 2018,

Vazquez-Semadeni+ 2019, Dhandha+ 2014)

Flanct-like

Disk-fragmentation
(Stamatellos+ 2007, Stamatellos & Whitworth 2008)

Stunted Growth (ejection,

competition)
(Reipurth & Clarke 2001, Bate+ 2002, Bonnell & Bate
2006, Bonnell+ 2008, Basu & Vorobyov 2012, Reipurth &
Mikkola 2015, Bate 2019, Coleman+ 2025)

Observational data supports both

paradigms
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Star-like scenario: Larson (1969) sequence

S 5 7 7
6.0 —Porr ~ S (M <]1@O BAK); Bacsyg (P >2EOET =10

- Initial Adiabatic Nissociation Adiabatic
isothermal _ -
—_~ coll apse contraction of H contraction
o 5.0
- |
o |
i
8 ] ! B
= 4.0 |
L ! 5
=¥ ] 2
s 1
o) D
: 3.07 :5 yactua]:7/5 5
cﬁ | | J —_ 4(—3!
g o £
G.c) il 5 é’u S
S
O 2.0 g e
_ o
20 (First S
— llapse) /4 N S
oF Vo =5/3 | 2 B
1 0 7 C% L
' Bhandare+ 2020

18 -6 <14 12 10§ 6 4 2 0
log (Central density / g cm™)

—~—>> AU



Star-like scenario: Larson (1969) sequence
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Star-like scenario: Larson (1969) sequence
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Star-like scenario: Larson (1969) sequence
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Star-like scenario: Larson (1969) sequence

Transition to class |
system

~S5tY AU



Dense core

Simulating a proto-Brown Dwarf
with RAMSES-»»)

E@E Physics included

* Self-gravity

* Gray flux limited diffusion (FLD) (Commercon+
2011,2014, Gonzalez+ 2015)

* Non-ideal MHD with Ambipolar diffusion
(NIMHD) (Teyssier+ 2006, Fromang+ 2006, Masson+

] InitfdPtonditions

Unifiormm density sphere witth M, T,
Thermal to greawitatmrelereeggyatitior = 0.25
Turbulent Mach mummier M
Mass-te-fiux ratie p,, = — /9
ery Mg sssinion MRS . = 6, o = 2

«  Axpmin~10"2Rg _

e 9 0 ¢

L drns Ri  0.05Mg, M =04, tp =4, Axmin ~ 1.2x1072 Rg
o L R2 0.1Mg, M =04, pp, =4, Axpn ~5%1072Rg

[R3 0.1 Mg, M =0.1, ppm =14, Axpin = 25%X1072Rg
| R4 0.1Mg, M = 0.4, py =8 Axpin = 2.5x1072 R




R1
iR2
lR3
;R4

0.05Mq, M = 0.4, f, =4, Axpmin ~ 1.2x1072 Rg
0.1Mg, M = 0.4, py, =4, Axpp, ~5x1072Rg
0.1Mg, M =0.1, pp, =4, Axmin =~ 2.5x1072Rg
0.1Mg, M = 0.4, pp, =8, Axpy, ~ 2.5x1072Rg

“* Classical Larson sequence followed by
all runs

% [First core lifetimes diiffer sigrfficanttly
Magifd'6 & Frandd1a Pormeanaatitts



Proto-Brown Dwarf forma

Properties at birth:

R, ~ 0.75Rg
M, =~ 0.8 My,





Proto-Brown Dwarf early
evolution

< Similar evolution of gbdbalrpreperties
(aftB AN birth

Accretion causes

swelling
R1 0.05Mg, M = 0.4, fy, =4, Axpin = 1.2X1072 R
R2 0.1Mg, M =04, p, =4, Axp, ~5%x1072Rg
R3 0.1Mg, M =01, pp =4, Axy, ~ 2.5%x1072 Rg

R4 0.1Mg, M =04, Uy, =8, Axyi, = 2.5x1072Rg



Proto-Brown Dwarf structure R1  0.05Mg, M =04, pm =4, Axpin ~ 12x107* Rg

R2 0.1 Mg, M =04, uy =4, Axpp, =~ 5%1072Rg

R3 0.1Mg, M =0.1, wy =4, Axp, = 2.5%1072Rg

R4 0.1Mg, M =04, gy =8, Axpmi, = 2.5X1072 R
R1 R2 R3 R4

Specific entropy

% | nteniar suciune of proto-Brown Dwarftsissseesitieadoninitint codditass

% Rrote-Biown Bwarfs srcriadiaidvalumtable, dlesiuxaitesion)



Proto-Brown Dwarf 3D structure Strong toroidal §* & .,
poloidal interior BBi')

field

MHD turbulence/ Surface

magnetic

loops
Dipolarrsurfacdifidld Entropy
" btrEhywn mixing by

turbulence



Conclusion

.@% Bwarf formatien threugh SsavdatenRakeqbareerndesd
s

- Nageanit pieie-BDs sanly Sxnlitinni snipayyayaanigal

| Hesiyrsinucitie of proteo-BDs sangtilwettomiizalcooniativpirs
MaseainitBDs should haxermaaeatditeido ok latrenghyth

Perspectives

Magnetic field

evolution ﬁ





R1
iR2
iR3
R4

0.05Mg, M =04, f, =4, Axpin ~ 1.2x1072 Ry
0.1Mg, M = 0.4, pp =4, Axpin =~ 5x1072Rg
0.1Mg, M = 0.1, gy =4, Axyp, =~ 25x1072Rg
0.1Mg, M = 0.4, pp, =8, Axyp, ~25x10"2Rg



Low velocity outflow at first core

scales

R1
iR2
iR3
R4

0.05Mg, M =04, f, =4, Axpin ~ 1.2x1072 Ry
0.1Mg, M = 0.4, pp =4, Axpin =~ 5x1072Rg
0.1Mg, M = 0.1, gy =4, Axyp, =~ 25x1072Rg
0.1 Mg, M = 0.4, pp =4, Axp, ~25x1072Rg



Disk formation around proto-BD
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