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Standard Scenario of Low-Mass Stellar-system Formation
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Protoplanetary Disk (PPD)

Geometrically thin Keplerian disk

around a young star

Main components: Gas/Dust

Birthplace of planets

V883 Orionis disk

http://www.almaobservatory.org/press-room/press-releases,
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— disk dispersal time characterizes planet formation timescale.
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The lifetimes have been estimated with IR observations.

Protoplanetary disk fractions
A

Typical PPD SED .. NGC 2024 e.g. Haisch et al. (2001),
O Meyer et al. (2007),

—— Observed SED ' Trapezium Mamajek (2009)
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*** Disk Fraction = (disk-bearing members in a cluster)
/ (total number of members)




Subaru NIR observations have revealed metallicity
dependence in disk lifetimes.

Nearby Star-Forming Regions .

Outer Galaxy (low Z) .
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Low Z environments may faster disk dispersal
for some reason.



Significances of the metallicity dependence.

<< Lifetime - planet formation >>

- Time limit fo gaseous planet formation

- Set initial configuration

- Influence on chemical states

<< The metallicity dependence - planet formation >>
- Suggest planet-formable environments

- Disk evolution/planet formation in general metallicity
environments
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Photoevaporation

- a disk-dispersing mechanism -

e.g., Bally & Scoville (1982); Shu et al. (1993), Hollenbach et al. (1994)
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Typical mass loss rate (photoevaporation rate): 1019 — 108 Mg yr_l



Metallicity affects the disk opacity to FUV and X-ray.
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« Understand metallicity dependence of mass-loss rates
« Give implications to the observational lifefimes




We performed the first self-consistent rad.-hydro. simulations

Hydrodynam
ics
Radiative
transfer

Thermal
processes

(Detailed)
Chemistry

X-ray
heating
Dust IR
transfer

Multi-
metallicity

Gorti+09 Owen+10 Ercolano Wang+17 Nakatani Nakatani

+10 +18a +18b

No Yes No Yes Yes Yes
....... Yes NO Yes Yes Yes Yes
_______ Yes NO Yes Yes Yes Yes
_______ Yes NO Yes Yes Yes Yes
"""" Yes | No | Ne | Yes | Yes | Yes
_______ Yes NO Yes Yes Yes Yes
_______ Yes Yes Yes Yes NO Yes
....... Yes NO NO NO Yes Yes
....... NO NO Yes NO Yes Yes




Photoevaporating Disk = Cold disk + Hot wind

(Nakatani +18q)
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(Our simulations are in 2D spherical polar coordinates.)



FUYV heating VS dust cooling at Wind “base™ where L
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We do find metallicity dependence

low Z N 7
Z =10"° Zg Z =10"%°Z, Z =101%°Z,
:T|me:0 :T|me:0 :ﬁme:O

Only lonized flow lonized flow (EUV-driven)+ neutral flow (FUV-driven)

Dust cooling > FUV heating high <---- neuftral flow density ----> low
Heating time > Dynamical fime FUV penefrates deeper; ny « Z-!




Photoevaporation rate 1s the highest at subsolar metallicities

FUV/EUV/X-ray
evaporation
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Photoevaporation can yield the short lifetimes

Our model predicts o Simulation
long lifetimes here —@—  Observation
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> Summary

1.

Motivation: Observational metallicity dependence
of lifefimes.

Methods: Hydrodynamical simulations with
radiative tfransfer and non-equilibrium chemistry to
examine the metallicity dependence of
photoevaporation.

Results: Photoevaporation rates has a peak at Z ~
107" Zg. X-rays strengthen the FUV heating in the
extremely low-metallicity range.

Conclusion: Our model gives consistent lifetimes
with the observed lifetimes.
Our model predicts disks would have even longer

ifetimes in the much lower metallicity environments
/=102 7.



