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Introduction

© Photovaporation of protoplanetary disks
The protoplanetary disk, which is the site of planet formation, is exposed
to the ultraviolet (FUV and EUV) radiation of massive stars from outside

the disk, which causes photovaporation of the disk gas.
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(Johnstone et al. 1998)
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Evaporation rate atI-front : M = 4m~——=Rgn,m, (Za,,)
R; = 100 [au]
7.5 x107° Moyr~! (Td14 =1,;/10"cm ,x = 1.5)
M = EUV dominant
1.1 X 1077 Mgyr™? (rd14 =14/10"cm , x = 3.0)
FUV dominant

© Previous work
(DSimulations of 2D external radiation to the disk have been done.

(2) Observation of proplyd (photoevaporating protoplanetary disk)
(3 The solar system may have been born while receiving external radiation.

Extending the calculation to three dimensions provides degrees of
freedom in the direction of photon radiation.
> More realistic calculations that consider the effect on the gas disk.

Method

© Calculation code

SFUMATO

;Basic Fluid Equations
Radiative transfer(M1 — closure)

(Matsumoto 2007)
* Radiation calculations for EUV/FUV using the M1 closure method
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- thermal process

_|_
( photoionization heating, line cooling, photoelectric heating)

- thermochemical evolution
(Fukushima & Yajima 2021, Sugimura et al. 2020)

© Initialization

Mass - 0.5M ,Radius : 30 au
Vv Density distribution of disks
(Nakatani et.al 2018)
R \~ /4 T 77
Ny =Ng | —— e
Eage ® =T (1au) P17 22
Cs(sound speed)
 h(disk height) =
( ( ght) Q. (Keplerian speed)
Radius - 100 au (1/10 of calculation area)
Face On Density outside disk - 1/100 of the disk edge

© External radiation

3 patterns based on the average energy flux Fgyy In interstellar
Space. (TFUV = 1.0 X 101TISRF - 1.0 X 103TISRF - 1.0 X 105TISRF)

3 directions to the disk (Face On * Edge On * oblique 45 degrees)
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Results

FruvlFisrel Temperature distribution in the yz plane for each model
! Face On Edge On 45 degree
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» Fryy = 1.0 X 10 Figpp - 1.0 X 10°Figrp
) Thel-frontis approaching the disk due to external radiation.

° TFUV = 1.0 X 103TISRF
} The |-front is far from the disk and the PDR is wide.
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Evaporation rate calculation box Time variation of evaporation rate of disks

* Evaporation rate becomes steady
after about 6 ~ 8 X 103 years.

- The dependence of the evaporation rate
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= is small, while the dependence on
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the radiation intensity is large.
107 e TFUV = 1.0 X 103 . 105TISRF
because all the gas will evaporate within

10° (<100 million) years,
planet formation may be deterred.
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Time for all gas to evaporate
dependence on UV intensity
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Temperature distribution in the XYy plane (external radiation is given by Edge On)

The structure of the evaporative flow is distorted compared to the direction

of the external radiation.
} This may be due to the fact that the disk is rotating counterclockwise

when viewed from the positive direction of the z-axis.

* The simulation of the previous work was extended to three dimensions, and a total of 9 models (3 directions and 3 radiation intensity patterns) were calculated

by varying the parameters of the external radiation to the disk.

» When external radiation Fryy = 1.0 X 10 Fsgr - 1.0 X 10°Fisrr is given, the I-front approaches to the vicinity of the disk due to external radiation,
but when external radiation Fryy = 1.0 X 103FsgF is given, the distance between the I-front and the disk increases.

* Regardless of the intensity and direction of the external radiation, the evaporation

rate of the disk reaches a steady state after about 6 — 8 X 10° years.

There is no directional dependence in the value of its evaporation rate, but a large intensity dependence.

* Fryy = 1.0 x 10° - 105TISRF because all the gas will evaporate within 10° (<100 million) years, planet formation may be deterred.

* When external radiation is given at Edge On, the evaporative flow structure is distorted in the direction of disk rotation.
When analyzing the direction of external radiation in proplyd observations, the effect of the direction of rotation of the disk may have to be considered.
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