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e | will cover:

— Scientific motivations of observing with ALMA and a
little bit of modeling work

— A tiny fraction of recent observation (papers published
in 2015-2016) results

e Butl do NOT cover:

— Chemistry (does not mean chemistry is less important)

— Many theoretical works that try to connect
observations with planet formation
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*Cold, thin disk

+ molecular rot-lines

Many are located at >~140 pc (the closest one at ~50 pc)

Dullemond and Monnier 2010
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 What are protoplanetary disks?

— Gas mass, dust mass, temperature, size ...

 What happens in protoplanetary disks?
— How do grains grow, in what time scale?
— What happens when planets are form?
— When and how does gas dissipate?

e Need observational evidences



Recent ALMA Results
(to be covered in this talk)

e Survey

e Individual Targets
— High resolution observations
— Gas and dust structures

* New science with new capability

— Polarization



e Survey of Protoplanetary Disks
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e What is the overall properties of
protoplanetary disks?
— Dust mass

— gas mass
— gas-to-dust ratio

e Lupus Survey (Ansdell et al. 2016)
— Continuum + 13CO(3-2) + C180(3-2)

e USco Survery (Barenfeldt et al. 2016)
— Continuum + 12C0O(3-2)
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Lupus rvi

25

View

1 All Sources

89 sources in Lupus |-V Observed

0.3 asec resolution |
— 45 AU @ d=150 pc

Number of Sources

Sensitivity 7

— ~0.3 Mearth dust °T %Z ‘

-~ 1MJ gas 0 AISWI IFI(}I - IFI5I - IGI(}I - IGISI I KO I K5 U M3 MI?I
. Spectral Type

Only 30sec — 1min on source

62 detected in dust continuum

36 detected in 13CO, 11 detected in C180

Ansdell et al. 2016
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Dust Mass (M)

Gass Mass (M

eDust mass spans over ~ 3 orders of magnitude
*Gas mass is typically ~1 MJ

Ansdell et al. 2016
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Significantly lower gas-to-dust ratio than ISM

Ansdell et al. 2016
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%0 Non-detections

e Continuum Non-Detections

— Non-detection even after "
stacking

— (Dust mass) < 6 Lunar mass

()

Ad
(sfury weag/Afu) 4

-1.5

e Gas Non-Detections
— Gas-to-Dust <~ 10

(sfuny weagq/Afw) 4

-—1.5 =10 -—-05 00 0.5 1.0 1.5
Aa ")

*Quick evolution from protoplanetary to debris disk phase?
*Very small gas-to-dust ratio

Ansdell et al. 2016
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e Lupus and Taurus are similar, while USco shows lower Mdust

e Similar distribution for three regions

Ansdell et al. 2016
Barenfeld et al. 2016



* Imaging Observations of Individual Targets
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e “Ring World” revealed

— High resolution (<0.1 asec) observations for dust
continuum

e HL Tau, TW Hya
— Gas+dust rings
e HD 163296
 And another spiral...
— Elias 2-27
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e Key to understand dynamical structure

— Important scale: disk scale height
— H ~ (sound speed) * (Kepler time) ~ 10 AU at r=100 AU
— Need to resolve ~ 0.1 asec structures at d=140 pc

* If you really want to resolve “Earth-Forming” regions, you need
much longer baseline

Flock et al. 2011
FARGO simulation
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ALMA long baseline : A ] (B6+B7)
campaign

Multiple ring structure
in dust continuum in B3,
B6, B7

— 0.025-0.075 asec
resolution

Gas emission also
detected in HCO+

139 citations!

ALMA Partnership 2015
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Grain size distribution slope
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Dust settled in the disk midplane

Pinte et al. 2015



Morphological Signature of Dust
Settling

ALMA Band 6+7 no settling himm =2.15 au
ass = 3103

h1mm =0.70 au
oss =3 104

OO

No settling intermediate settling Highly settled

C/

Young (1-2 Myr) disk showing dust settling

Pinte et al. 2015
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“integrated and azimuthally averaged” HCO+ profiles
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e 0.02 asec resolution in B7
— ~1AU resolution due to its proximity to the Sun

* Inner hole + multiple rings
Andrews et al. 2016
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 Reasonably optically thin
emission

20

e Spectral index peaks
inside the 20AU gap

3.2 [ — — “large grain deficit gap”
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e Continuum + 12CO +
13CO + C180

— ~ 0.2 asec resolution
e Ring structures in dust
* No prominent ring in
gas, but yet no-gas-
gap model does not fit
the observations

Isella et al. 2016
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G/D Ratio Estimates Based on Simple
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Modeling
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*Both dust and gas gaps are necessary
*G/D ratio is not constant over the disk

Isella et al. 2016
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Spiral-like structures in a young massive disk

Perez et al. 2016



e Polarization Observations



@Y

+i1
LIVUI |

olariza
e New features in ALMA

e Can be used to observe:
— Magnetic field structures
— Dust size when ring-like structures are present

> O
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Dust Selt-Scatteri 15
 Dust thermal radiation scattered by dust particles

* Requires:
— Ring-like structure and/or inclination
— Dust particles with appropriate size
— Relatively large amount of dust (optical depth ~ 1)

e Polarization can be a measure of dust grain size

| [mJy/a rcsecz] Pl [mJy/arcse cz]
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Kataoka et al. 2015
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Kataoka et al. 2016



ADEC [arcsec]

1=~
1£dLl
—15.0
1135
{12.0
g {105 -
- 9.0 &
k) 75 &
9 6.0 =
= a5 E

3.0
1.5
0.0

2 1 0 -1 —2
ARA [arcsec] ARA [arcsec]

e Polarization flip occurs
— when a ring-like dust distribution is present
— when dust size is appropiate (150 um in this case)

Kataoka et al. 2016
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 ALMA is revealing (and will reveal) the nature of

protoplanetary disks with great details

— Survey is indicating gas-to-dust ratio is different from that
of ISM

— High resolution observations are revealing ring and spiral
like structures both in gas and dust

— Polarization observations may constrain the state of grain
growth

* New ideas of interpreting the data?

e How do we integrate the data to construct a planet
formation scenario BASED ON OBSERVATIONS?





