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Final mass of the first stars
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(Hosokawa et al. 2011, 12; also see Hirano et al. 13)
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The PLUTO code

% RXITMHD Y Bicode (Mignone et al. 07)

HRAIROREEERKAICHAFEINT 0
B RX—X (R.Kuiper+10 etc.) 7.0
(+ self-gravity & FLD solvers)

Z
_I_ [KAU] 4.0
3.0

- EUV/FUVER 5181 1%
- Chemistry (£9 primordial H\i5) 0.08 |
(> PLUTO originally has MHD routines) 10

R [KAU]

Kuiper & Yorke 13
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Ng X Ng (X Ny) =64 x 16 (x 64) or 128 x 32 (x 128)
central sink cell: 10-30AU

+ iR + chemistry (H,, H, H*, e, H-, H,*D JEF & network)
+ ERSTHEAIE (EUV/FUV, ENf 7':7I'"J®ray tracing)
(+ MHD in future studies)

+ 2DE1L: Omukai & Pallaad—F / Yorke & Bodenheimera—K

+ #EASE 1
- —RZEHRAE M_~ 100M, in R_<0.1pc
- fl{A[ElEE Q =5.e- 13 Hz
- [ZC®I[Zrun-away collapseZ &t &, BEMN+7 Eho7=5
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DB: data_220 _
Cyeles 2290 , density on the equator
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Infalling fragment
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Accretion History

"Stel"
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Stellar mass (Msun)
red: current case, green: lower res. (1/2 grids), blue: 2D with a=1 (lower res.)

More fragmentation with the higher resolution
All of the fragments are falling into the central sink cell.



Stellar Mass (M),
Acc. Rate x 100 (M. /yr)

Mass Growth History

with const. rate
5x 103 M. /yr
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UV Feedback in progress

TEST: spherical expansion of an Hll region / PDR in 3D

Pressure
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Backup materials



Directions to go

+ star formation in the early universe
- first star formation in 3D (in progress)
- supermassive disk around supermassive stars
(by extending chemistry network)

+ present-day high-mass star formation
- with UV transfer (an Hll region will form in the cavity)
- outflow and magnetic fields (PLUTO has a MHD module)

+ (high-mass) star formation in low-metallicity environments
attacking from the two opposite limits (Z=Z. and 0)



Temperature & H2

DB: data_234] DB: data_234@:silo
Cycle: 2349 Cycle: 2349 |

e L lower T in the arm —« o Fully molecular in the disk

fho A

' ]‘ ]l |
1.000e-13 ' 1000e-14 ]

— 1.000e-14 — 1.000e-15

— 1.000e-tb. 5 — 1.000e-&- 5

— 1.000e-16 | ]
Max: 1.314e-13 Max Taeds ]
Min: 1382622 ax: 1.314e- ]

Min: 1.382e-22

\P/Sc?rl“l?e.%dorhys Pseudocolor
Vo gy s
S 0.0 ) 0.0

tww =0.1581 1
300.0 [o.osooo ]

.—04.87 l0.01581

— 30.00 — 0.005000
Max: 1.223e+Q4 . 5 Max: 04944 -0.5
31.55 Min: 1.342e-12 1

DB: data_234g.
Cycle: 2349
Pseudocolor 1.0+
Var den]s.yg/ UUDehYg

1.000e-14
— 1.000e-15

— 1.000e-@ 5

2 Oa0rs) e | 0.9
X Axis (x10"3) Min: 1.3826.22 X Axis (x10"3)

T




FFZE (Ry)

700

500 | /‘ |

500 F

| f N
: ““
MM L

EE855 (M)
THEIIZ(Z10M, fF 3B AW EVE 7 /KHIRFE D Y B H Y




