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From dense clouds to protostars and planets

‘Embedded protostellar stage’

Most active stellar accretion phase
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From dense clouds to protostars and planets
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Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

t <10% =2 - 10°yr

VLA1623 A/B 1.3 mm TRAS16293 A 3 mm

o A2

Al

50 au

Class 0 50—au Class 0

L1448IRS3B

References: Maureira et al. 2020a, Reynolds et al. 2024, Maureira et al. in prep



Class O binaries with sep < 100 au resolved down to 6-8 au
Gas Velocity
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Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

t <10% =2 - 10°yr

VLA1623 A/B 1.3 mm TRAS16293 A 3 mm

o A2
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Class 0 50—au Class 0

L1448IRS3B

References: Maureira et al. 2020a, Reynolds et al. 2024, Maureira et al. in prep



Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

References: Maureira et al. 2020a, Maureira et al. 2022



Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission Gas velocity
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References: Maureira et al. 2020a, Maureira et al. 2022



Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

t <10% =2 - 10°yr

VLA1623 A/B 1.3 mm TRAS16293 A 3 mm

o A2

Al

50 au

Class 0 50—au Class 0

L1448IRS3B

References: Maureira et al. 2020a, Reynolds et al. 2024, Maureira et al. in prep



Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

t < 10% =2 - 10%yr SVS13A 1.3 mm

L1448IRS3B

1.0” (230.0 Av) 1.0" (300.0 AU)

Individual circumstellar disks are nearly aligned

References: Tobin et al. 2018, Reynolds et al. 2024



Class O binaries with sep < 100 au resolved down to 6-8 au

Dust emission

t <10% =2 - 10°yr

VLA1623 A/B 1.3 mm TRAS16293 A 3 mm

o A2

Al

50 au

Class 0 50—au Class 0

L1448IRS3B

References: Maureira et al. 2020a, Reynolds et al. 2024, Maureira et al. in prep



Class | binaries with sep < 100 au resolved down to 6-8 au

Dust emission
<2107 = 10%r

o L
-y

49.1US 1/NL1MZS.U

L1551 NE

70 au ’

Class 1

References: Takakuwa et al. 2017, Alves et al. 2019, Narayanan et al. 2023, Brinch et al. 2016, Maureira et al. in prep



Class | binaries with sep < 100 au resolved down to 6-8 au

References: Takakuwa et al. 2017, Alves et al. 2019, Narayanan et al. 2023, Brinch et al. 2016, Maureira et al. in prep



Class 0/l binaries with sep > 100 au

NGC1333 IRAS 2A NGC 1333 IRAS 4A 1.3 mm IRAS 16293-2422

1.0" (300.0 AU)
NGC1333IRAS2B L1448IRS1

' RCrA IRSTB 1.3 mm

-

Class I

References: Ohashi et al. 2023, Reynolds et al. 2024, Maureira et al. 2022, Encalada et al. 2024, Jorgensen et al. 2022



Hot dust and gas spots in Class 0 circumbinary disk

ALMA 3 mm at 6.5 au resolution

References: Maureira et al. 2020a, Oya et al. 2020, Maureira et al. 2022



Hot dust and gas spots in Class 0 circumbinary disk

- Continuum
substructures.

References: Maureira et al. 2020a, Oya et al. 2020, Maureira et al. 2022



Hot dust and gas spots in Class 0 circumbinary disk

- Continuum -
substructures.

References: Maureira et al. 2020a, Oya et al. 2020, Maureira et al. 2022

| — | I I I I |

Dust temperature

- OoContour: 1.3 mm Continuum

. @ (Color: Rotation Temperature of H,CS

Ve A

)
S
S

120

100

80

60

40

20

1n300

-
-

Rotation Temperature of H,CS (K)



Hot dust and gas spots in Class 0 circumbinary disk

- Continuum -
substructures.
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Hot dust and gas spots in Class 0 circumbinary disk

- Continuum -
substructures.
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Hot gas/dust spots due to shocks?

Numerical simulation

DB: cbd.out1.00310.athdf.xdmf DB: cbd.out1.00310.athdf.xdmf
Time:194.68 " Time:194.68
e Density  reuocon Temperature
Var: m)o Var: 5(1) 4
0.03162 150.0
0.001000 ‘ 100.0
3.162e-05 50.00
1.0000:06 0.
Min: 18.%?&06 Min 1%%-05

Gong, Maureira et al. in prep



More examples of hot ‘shocked’ reqions in circumbinary material?

CH3OCH; with temperatures 100-130 K
n(H2) ~ 107 cm3

R (
-7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5

- | | | | | l—

Vastel et al. 2024, Alves et al. 2019



More examples of hot ‘shocked’ reqions in circumbinary material?

SVS13A 1.3 mm

CH3OCH; with temperatures 100-130 K
n(H2) ~ 107 cm-3 Dust

Visg (km s™1) Gas ‘
-7.5 -5.0 —21.5 0:0 2:5 5:0 7:5 19.0 12.5
m | Tex (K ,
100 250 500 (

Class |

Tobin et al. 2018

Vastel et al. 2024, Alves et al. 2019

Hsieh et al. 2025 (submitted)



Spectral index in circumbinary and circumstellar Class 0/ disks

_ _ ISM dust
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Maureira et al. in prep



Spectral index in circumbinary and circumstellar Class 0/ disks

ISM dust

Optically thick (optically thin) Individual disks versus circumbinary disks
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Mass estimates: Circumbinary and circumstellar disks

300
1H 200

1H 100

10

Mass CB disk

Gas ~ 0.07 Msun (~70 Miyp)
Dust ~ 180 MEgarn

Tb [K]

I | I I I 1
Mprot ~ 0.5 Msun

Mass CB disk
Gas ~ 0.05 Msun ("'50 Mjup)
Dust ~ 170 MEearth

Tb [K]

Mass CB disk
Gas ~ 0.1 Msun (~100 Mijyp)
Dust ~ 300 MEearth

Maureira et al. in prep



Mass estimates: Circumbinary and circumstellar disks

_ —
a 300 Mprot ~ 0.5 Msun
1H 200
1H 100
7 X
= =
10
Mass CB disk Mass CB disk Mass CB disk
GaS ~ 0.07 Msun ("'70 Mjup) GaS ~ 0.05 Msun (~5O Mjup) GaS ~ 0.1 Msun (~1 00 Mjup)
Dust ~ 180 MEearth Dust ~ 170 MEearth Dust ~ 300 MEearth
Mass CS disks Mass CS disks Mass CS disks
Gas ~ 0.03 Msun ("'30 Mjup) Gas ~ 0.02 Msun ("'20 Mjup) Gas ~ 103 - 102 Msun ("'1 -10 Mjup)
Dust ~ 100 MEgarth Dust ~ 80 Megarth Dust ~ 2 - 40 MEgarth

Maureira et al. in prep



Orbital motion of the Class 0 binary IRAS 16293 A

ALMA 3 mm at 6.5 au resolution

Maureira et al. 2020a



Orbital motion of the Class 0 binary IRAS 16293 A

ALMA 3 mm at 6.5 au resolution

Relative orbital motion

1989.0
1989.0 @
1994.3 @

.’1987.7

2003.7 ® g 2005.2
2011.2 '.‘ () 2003.5

2013.0 . @
O S

A1

Bound system

At least 2 Msun In
protostellar mass

. Orbital period ~ 400 yr

Maureira et al. 2020a



Orbital motion of the Class 0 binary IRAS 16293 A

Orbits

Bound system

Dec. separation from A2 (arcsec)

At least 2 Msun in
protostellar mass

0> 0.4 0.3 0.2 0.1 0.0 . Orbital period ~ 400 yr
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Maureira et al. 2020a



Orbital motion of the Class | binary L1551 IRS 5

300 Variation of the position angle of the protostars
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Hernandez Garnica et al. 2024



Orbital motion of the Class | binary L1551 IRS 5

300 . "
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Summary

 Class 0/ binaries (sep < 100 au) show a variety of circumbinary disks sizes (few 10 to few 100 au), morphologies
(spirals, ring-like, disk-like, etc) and misalignments (CB vs CS disk)
....BUT not all show clear circumbinary disk structures (* in dust emission)

Filamentary structures connecting to the disks are observed for systems > 100 au separations, possibly tracing
accretion streamers.

Presence of localized and asymmetric enhancements of dust/gas temperatures (> 100 K) in circumbinary disks,
interpreted as shocks (origin: binary accretion, accretion streamers from envelope, outflows?)

Circumstellar disks are optically thick at 1.3 and 3 mm (in singles and multiple systems), while circumbinary disks
appear to be optically thinner (tau < 1).

Mass estimates for CB disks: 10-2 - 10-1 Msun ( 50-100 Mjyp) in gas or tens to 100 MEarth in solids.

* Orbital parameters are starting to be constrained for embedded Class 0 and | systems using ALMA and VLA, more
will become available in the future!



Class 0/l binaries with sep > 100 au resolved down to 6-8 au

NGC1333IRAS2B | 1448IRS1 1.3 mm (233 GHz)

)

References: Ohashi et al. 2023, Reynolds et al. 2024, Maureira et al. 2022, Encalada et al. 2024, Maureira et al. in prep, PRODIGEE team



