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Search for accretion disks in massive protostars

The current paradigm of low-
mass star formation predicts 
the development of a disk-
jet system.

Some massive star formation 
theories  also predict the 
development of similar disk-
jet systems in massive 
protostars.

Search for similar disks in 
massive protostars has been 
one of the main topics of 
research in the last years. 

Disk-jet system of the low-mass star HH211

(Gueth & Guilloteau 1999)



Search for accretion disks in massive protostars

(Beltran et al. 2011)
R=3300 au
Mass= 80 Msun

R=6400 au
Mass= 400 Msun

R=2300 au
Mass= 30 Msun

Large scale elongated structures have been found around massive protostars. 
Some of them present velocity gradients that have been interpreted as 
rotation. However, they do not seem to be true accretion disks since they have 
sizes of thousands of au and masses considerably larger than that of the 
central star, therefore being unstable.

ROTATING TOROIDS



SED modeling of 
high mass 
protostars
predicts 
centrifugal radii 
(i.e. the scale of 
disk radius) of 
several hundreds 
of au. 

Centrifugal radii in massive protostars

Disk

Infalling and rotating envelope

(De Buizer, Osorio, Calvet 2005)



A disk/jet system in the massive protostar Ceph A HW2 

(Patel et al. 2005)

1” = 725 au

One of the best massive disk/jet 
system is in Cep A HW2 (D=725pc)

- Collimated radio jet (Curiel+2006)

- Compact disk (dust + molecular) 

- Rdisk~330 au

- Mdisk=1-8 Msun

- M*=15 Msun (B0)

Jet

Disk

3.6 cm + 1.3 cm

SMA 0.8 mm

CH3CN



• IRAS 18162-
2048(GGD27) 

• D = 1.4 kpc (Gaia)
• LBOL ~ 10000 LSUN

• Large (>5.3 pc) and
highly collimated
radio jet associated 
with HH80-81

• The magnetic field, B, 
in this jet has been 
mapped through 
polarized synchrotron 
emission and found to 
be aligned along the 
jet direction. So far, 
this is the only 
protostellar jet where 
B has been mapped.

HH 80-81: a collimated jet from a massive protostar

(Carrasco-Gonzalez +2010)
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A rotating structure perpendicular to the HH80-81 jet

Girart +2017Carrasco-Gonzalez +2012
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balance the gravitational and the kinetic energy of the gas at
the outer edge of the disk ( � � �r 0. 75 1300 auo and �vrot
� �( )v i2 sin 2.3 kms−1) to derive a dynamical mass
( � · ( )M v r G22 ) of 8±2 �M . With the present data, we
cannot discern whether the Keplerian approximation stands for
all the observed gas surrounding MM1 or there is a centrifugal
barrier separating a rotating infalling region (outer disk/
envelope) from a Keplerian rotating region (inner disk), as
found in some lower mass protostars (Sakai et al. 2014). In any
case, the latter value of 8 �M is similar to that derived
previously in (FL11b), where the virial assumption was used as

Figure 5. Moment 0 (integrated intensity) images from different molecular
lines toward GGD27 MM1 (contours) overlapping its moment 1 (centroid
velocity) images (color scale). The red cross marks the position of GGD27
MM1 dust continuum source. The dashed red and solid black lines indicate the
orientation of the jet and disk, respectively. Labels with the name of the lines
are placed at the bottom of every panel.

Figure 6. Position–velocity cuts along the major axis of the GGD27 MM1 disk
(left panels; � �PA 111 ) and minor axis (right panels; � �PA 21 ) for several
lines (solid black contours and gray scale). For comparison, all panels are
overlapped with the SO2 –8 72,6 1,7 line in red contours. Contours are in steps of
2σ, starting at 2σ. The rms noise of the different lines are given in Figure 3
except for the SO2 –8 72,6 1,7, which is 74mJybeam−1.

Table 3
Thin-Disk Model: Weighted Average of Best-fit Parameters for All Transitions

Parameter Units Value

Linewidth �v (km s−1) 3.3±0.3
Disk center x0 (arcsec) −0.13±0.05
Disk center y0 (arcsec) −0.40±0.04
Disk central v0 (km s−1) 12.4±0.2
Rotation vel. v isinr

a (km s−1) −2.5±0.5
Disk inclination i (degrees) 47±8

Note.
a At the reference radius � �r 10 .
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Evidence for a compact (r ~ 200 au) disk 
perpendicular to the jet at 7 mm

Rdisk~200 au

(Carrasco-González et al. 2012)

Envelope (+disk)
(size ~ 3000 au)

Disk

Subtracting the jet 
contribution

Quadrupolar
morphology at 7mm
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240 au

(Girart et al 2018) 

ALMA gives definitive evidence for a true accretion 
disk in HH80-81 high-mass protostar

Resolved compact 
disk with R ~200 
au perpendicular 
to the jet
è True accretion 
disk

Polarization 
pattern 
consistent with 
self-scattering
*No settling on 
the disk mid-
plane
*Grain sizes: 50-
500 um

1.14 mm (ALMA)

3.6 cm (VLA)



HH 80-81

Disk-jet systems in high-mass protostars are as 
beautiful as those of low-mass protostars

HH 211

HH 80-81 shows 
a disk/jet 
system analogue 
to those 
observed in low-
mass protostars. 

1.14 mm

ALMA
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§ The a-prescription (Shakura & Sunyaev 1973):

Macc=3pSakTmid/µg W
a viscosity (standard value=0.1)

§ The heating mechanisms:

• Viscous dissipation

• Stellar irradiation        Ltot

• Accretion shock  

HH80-81 (Modeling)
We are using irradiated accretion disk models developed by D’Alessio et al,
which assume:

(D’Alessio et al 2006, 2010)

These models yield the vertical structure of
the disk in a self-consistent way from the
stellar parameters (M*, R*, L*), and Macc

without using power-law approximations
for the temperature and surface density
profiles.



Models must fulfil:
• Ltot ~ Lbol =10000Lsun

Ltot = L* + Lacc,

• Macc >> Mw (10-7Msun/yr)

• Mdisk<<Mstar (stable disk)

To explain the high brightness temperatures
(peak = 670K), we have explored:

• Luminous stars accreting at high rates.
We ran > 100 models

5 x10-6 <( Macc/Msun/yr)< 3 x10-4 

10<M*/Msun<30 , 6<Rstar/Rsun<30

10000<(Teff/K)<17000

HH 80-81 (Modeling)

The remaining parameters were
taken from the observations:
• Inclination~ 49o

• Radius~ 240 au
• A low degree of settling and
amax=50-500um as suggested by
the polarization observations. 

1.14mm azimuthally averaged 
intensity profile

beam
data



HH80-81 preliminary disk models

Tsurface=400(R/100au)-0.7 K

S=620(R/100au)-0.4 g/cm2

H=20(R/100) au

Fitted parameters:
Disk: i= 45-48o

Rin=15-20au, Rdisk=180-200au

Star: M*=20-30Msun, Rstar=20-25Rsun

Macc=5 x 10-5 - 1 x 10-4 Msun/yr
Inferred parameters:

Mdisk=7-10Msun ,Ltot~1-3x104Lsun

Template for disks around other 
high mass protostars

Disk physical  structure



2800 au

280 au

1.14 mm (ALMA)

3.6 cm (VLA)

Disk/jet systems in high mass protostars are beautiful  

1400 au

1.14 mm (ALMA)

3.6 cm (VLA)

1.14 mm (ALMA)

1.3 cm (VLA)

Jet: Carrasco-González + 2012
Disk: Girart + 2018
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