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Outflows: an ubiquitous phenomenon

Exist for all masses
(proto) Brown Dwarf Solar-type Massive

211

Whelan+ 2018 Gueth+ 1999 NGC6334

Class O T-Tauri

HH30

= A AGN X binary

Bachiller+ 1997 Burrows+ 1996
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Outflows

For the high-mass star formation community:

eBetray the star-formation

eIt is entrained material from the envelope

e They remove the excess of angular momentum in disks

e The ejection/accretion ratio is of 10%
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Outflows

For the low-mass star formation community:

eBefray the star-formation at certain stages of evolution.

eIt is entrained material from the envelope due to the jetf, or due fo
magneto-centrifugal disk wind, or, or...

e They remove the excess of angular momentum in disks... perhaps. Or it is
the jet. Or both. Or none of them. Do they rotate?

e The ejection/accretion ratio mean value is of 10%. It varies from star to
star. Somewhere between 1% and 40%.
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How fo evacuate the angular momentum?

Through the MRI?
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Balbus & Hawley 1991

e Used for ~20 years to explain the accretion in disks

e MRI works only in the inner part (0.1-lau) when AD, ohmique diffusion
and Hall effect are taken into account.

Bai 2013 ; Lesur, Kunz, Fromang 2014 ; Bai 2015
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How fo evacuate the angular momentum?

Through jets and outflows?

First proposed by Norman & Pudritz+ 1983, Ferreira+ 1997, MHD
numerical models by Machida+ 2014, Hirano+ 2019

Numerical model

Outflow - B\ ihy Hrth HH30 with the HST

1995

<

—

Stapelfeldt + 1999

Machida+ 2014 “'4‘;9”' |
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Outflow - disk: case study of HH30!

HST
) HST+ALMA HST+PdBI
. 4
:f P
B
gaiiac |
Burrows+ 1996 & Guilloteau+ 2008
Estallela+ 2012 Louvet+ 2018

® Edge-on system
e Monopolar outflow
e d = 140pc
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HH30 with the ALMA interferometer

Only accessible since ALMA

Position-Velocity Diagram
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e The disk is rotating
¢ The outflow is rotating
® There is conservation of the angular
momentum (RxV)
= |Launching radius of 1-7 au

Good agreement with
MHD disk wind
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Second opportunity

Constrain the binaries by studying the jet/outflow features
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HH30: wiggling of the jef

<

.
. XY
! a§§§§§§#?
- b’ ’!' v -
. -
. . - . .

HH 266

-

o
&
b
e

-c.

-—
=

[
>

.
L Tou

.

LkHa 358
e

1' (8400 AU)

HH 30 star \

Anglada+ 2007 Anglada+ 2007

¥ of‘set [arzsez)

X st [orisac)

—> HH30 is a binary system
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HH30: wiggling of the jef

Orbital motions Precession

(only a few degrees)

separafion < lau

separation ~18 au .
Mass ratio 2e-3
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HH30: wiggling of the jef

—>Is there a gap in the disk

Orbital motions of HH30?

separation ~18 au

Louvet+ 2018
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HH30: wiggling of the jef

Only accessible since ALMA

Position-Velocity Diagram
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Conclusion: orbital motions are unlikely and the wiggling must be due to precession
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Conclusions

e Outflows rotate!

-> Universal process?

-> Stationary ejection (?)

-> Best candidate: MHD disk wind
-> Efficient at removing AM?
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+ e Outflows/ jets wiggle!
-> Betray multiplicity
-> Give constraints on the smallest
scales
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Vphi x sini (km/s)

Ring radius R (au)

Conservation of the angular momentum
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