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Evolution of the Disk around Pop Il Star
by One-Dimensional Model

A+ & (RAKF)

LE R A

HHI =R (FRERKEE)
25 Fi=E (A)—F R KER)




1. Introduction



Fragmentation of Circumstellar Disk

observed in many simulations of pop lll star formation

affect accretion rate and evolution of central star

formation channel of binary or multiple stars

— Gravitational Wave ?
change IMF from the cases of single star

Grief et al. (2012) Chon, Hosokawa & Yoshida (2018)




Previous Study and Motivation

Matsukoba et al (2019) : Primordial Case

- one-dimensional and steady disk model

- discuss the condition for disk fragmentation

- not compared with simulation

Takahashi et al (2013) : Solar Metallicity Case
- one-dimensional and non-steady disk model

- One-dimensional model is in good agreement with 3D simulation

We incorporated the physical processes in pop Il
star formation into Takahashi’s model
( and want to compare with 3D simulation )

The advantages of one-dimensional model are

- long time evolution with high resolution
( but in limited situation)

- parameter search



2. Model



Model

- model accretion from envelope to the disk analytically

s o

coIIapse accretion

‘ from envelope
T =250K

n, = 103f /cm?3
|

Critical Bonnor-Ebert Sphere Central star

- One-dimensional equation of the Disk

- Mass Conservation i (2nrY) + i(anZv,,)
- Angular Momentum Conservation (EOM) Jt o

— Minfall

- Energy Conservation
A
Thermal Evolution : visocosity , radiation , advection , chemistry

Chemical Evolution (Saha): H,H, ,H* ,H™,e




Model

* Viscosity : a model

Gravitational Torque If @ > 0.1 somewhere in the disk,
clumpy structures transfer

Vv = acgH
angular momentum globally

[ ew-eY
0.01 + exp(—Q*) (if ayqy > 0.1)

- Parameter

E Q2R3
Bo = Emt = 36(}\/10 =1073~107%, f=1.4 accretion
grav BE from envelope
- Initial Condition of the Disk /

Central Star M, = 1072 Mg, ;“““----—-_-_-___.____._._ -------- i

No Disk M.



3. Result



Outer region is maginally stable
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outer region (optically thin) : viscous heating = H, cooling

inner region (optically thick) : viscous heating dominant

Temperature gradually increase




Circumstellar disk is massive
*Bo =107, f =14,
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The radius where Q takes least value

- =1073,10"%°,10"% f = 1.4 snapshotat M, = 10Mg
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- B0 <1072  n.~10%® where disk becomes optically thick

- By =1077 more outer region



Comparison with Different Viscosity Model

* heating and cooling processes , snapshot at M, = 10M,

107 /AP : )
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only gravitational torque MRI + gravitational torque

q = { exp(=Q*) a = 0.01 + exp(—Q*%)
0.01 + exp(—Q*) (if ayqy > 0.1)



Summary

+ We investigated time evolution of the disk
around pop lll star by one-dimensional model

Result
» In outer region, viscous heating = H2 cooling

» In inner region, viscous heating is dominant

» The radius where Q takes least value depends on £,

- If MRI viscosity is added ,
viscous heating = radiative cooling in inner region

Future Work

- Calculation in other parameter ranges
» Comparison with 3D simulation



