s " , ‘.‘ ) : as
- OBSERVATIONS OF POLARIZED DUS' EMISSION IN PROTOSTA'

 HOW TO RECONSTRUCT MAGNETIC FIELD PROPERTIES?

Anaélle MAURY, showcasing work carried out in the framework of the MagneticYSOs project
(main contributors: Galametz, Girart, Guillet, Hennebelle, Houde, Rao, Valdivia, Zhang)
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PROTOSTARS

Prestellar dense cores collapsing
in the parent molecular clowd
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PROTOSTARS
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OBSE.RVATIONS OF POLARIZED DUST EMISSION IN PROTOSTARS: HOW TO' RECONSTRUCT MAGNETIC FIELD PROPERTIES?
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LET’S FOCUS ON A CORNERSTONE QUESTION:
THE ANGULAR MOMENTUM PROBLEM
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One would naively expect most of the angular momentum contained in the star-forming core
would end up in the central star: not in our solar system !



THE ANGULAR MOMENTUM PROBLEM
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CLASS O PROTOSTARS: A KEY STAGE FOR SOLVING THE AM PROBLEM
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need to get rid of the 10.000 AU envelope’s AM

T Smemem——b during its accretion on (.1 AU protostellar embryo




DISKS AS A SOLUTION 10 THE ANGULAR MOMENTUM PROBLEM ?
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Upper-limits on Class 0 disk radii
as measured from CALYPS0 PdBI continuum observations are
smaller by at least 50 %
than disk sizes expected from angular momentum conservation

Hydro disks are excluded in >75% of the CALYPSO sample (16 protostars)
Hybrid sample with Lterature (VANDAM VLA, ALMA): 80% of Class 0 protostars have disks <100 au

Maury+ (2010, 2014, 2018)

Challenging the long-standing solution for AM problem
& the standard star/disk formation scenario
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Perseus cloud: Magnetic Field from Planck polarization data
Contours; 13CO emission from the COMPLETE survey
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What do magnetic fields do ?

Magnetic braking:
a key process affecting
angular momentum transport
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Maury+ (2010) Class 0 protostars with PdBl:
synthetic observations of a variety of numerical models

magnetized models fit best the observations
of inner Class 0 envelopes ?




Why do we (think we) need magnetic fields ?
LLAUNCHING JETS ?
NTUM /DISKS ?
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MagneticY0s; a multi-scale multi-diagnostic approach

RIS fo probe the role(s) of magnetic field during the main accretion phase
g 10 000 AU 1000 AU <50 AU

Inner envelope Circumstellar disk?

Kinematics of the envelope: Dust properties:
infall, rotation, outflow demiity, temperature, grain sizes

@@ M. Gaudel V. Guillet & M. Galametz
Nttt Magnetic fields

Magnetic diffusion processes:
topology dust polarization | stresgth: Zeeman effect| | waization, temperature, density, drift
M. Galametz & A. Maury A.Maury & P. Hennebelle
@ Non-ideal MHD simulations of protostellar collapse
\ gravity, magnetic Selds, radiative , reAtive procestes
V.Valdivia & P. Hennebelle




mass star formation

prototypical but good testbed case for low-

B335: anon




Launhardt+ (2013)

Stutz+ (2008)



B335: a prototype of magnetic braking ?

| ¢ Kurono et al. 2013
A Saito et al. 1999
: [0 Yenetal. 2010, 2011

?Magnétic brakihg ?
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See work by Evans+ (2015), Yen+ (2013, 2015, 2017) and Kurono+ (2013)



2009 / SCUBA magnetic fields @ 5000 au

BANS SCUBA powrized intensity &8 vectors)

N =

2013 / Planck magnetic fields @ 0.2 pc
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2015 / SMA detection of 350GHz polarized emission @ 700 au:
see talk by M. Galametz



Stokes | rms 0.3 mJdy/beam ---- Stokes Q / U rms noise ~0.02 mJy/beam
instrumental polarization < 0.5%, measured to an accuracy of 0.05% (V calibrator)




J2000 Deciination

8355: Stokes | relecsed map
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Maury, Girart, Rao, Zhang + (in prep)
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Frequency of dust continuum emission: important ?

Physics of grain alignment:
Radiative torques
VS
perfect (density)
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Optical depth is devil !
See talk by V. Valdivia



Beyond ALMA .... some advertisement !



Three BANDS [100 350 pm]

-

SPICA
space telescope

The three spectral bands cover the same 2,6’ x 2,6’ FoV
simultaneously, on the same Focal Plane Assembly

~ s .

Stokes (I,Q,U) obtained simultaneously

Goal : 1,5E-18 WA/HZ

Technology will be adapted for
a ground based instrument
(ATLAST?)




Orion with the NIKA prototype:
Ritacco+NIKA collaboration (2016)
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Winter 2017: commissioning of NIKAZpol

simulations of synthetic sky to characterize the leakages
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MAGNETIC FIELDS ALONG THE STAR-FORMATION SEQUENCE: BRIDGING POLARIZATION-SENSITIVE VIEWS
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Focus MEETING 4 (@ 30TH IAU GENERAL ASSEMBLY IN VIENNA, ON AUGUST 30-31 2018
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Scientific rationale
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