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Physics

Code Development:

* Hydrodynamics (Pluto; Mignone et al. 2007, 2012)

e |log-radial spherical grid; axial and midplane symmetry

e Self-Gravity (Kuiper et al. 2010b)
e Stellar Evolution (Hosokawa & Omukai 2009)
 Stellar Atmosphere (Kurucz 1979)

* Radiation Transport (Kuiper et al. 2010b, 2018 subm.)
e Dust Evaporation and Sublimation (Bhandare et al. 2018 subm.)

Rolf Kuiper First Hydrodynamics Simulations of Radiation Forces and Photoionization Feedback in Massive Star Formation May 14, 2018



Two Accretion Scenarios

2

pXT
tg = 52.4 kyr (524 kyr)
Mg =2 x 1073 Mg yr*

QO x R1
Erot/Egrav = 2%
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Result: Stellar Mass

Finite Mass Reservoir "Infinite" Mass Reservoir

Outflow only

Out + Photoionization

104 Out + Radiation Forces
Out + lon + Rad

0 10 20 30 40 50 60 70 100 150 200
M, [Mg] M. [Mo]

e controlled by mass loss of the reservoir X Outflows
X Photoionization
¢/ Radiation Forces

Mstar — 95 M@, tace ~ |26 k)'l"

Rres = 0.24 PC, Mres W 240 M@
Kuiper & Hosokawa (2018)
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Result: Outflow Broadening
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Result: Outflow Broadening

Cluster Photoionization > Radiation Forces
1.0 pc HIl Region Expansion decreases Infall by 50%
Core Ram Pressure collimates Outflow Cavity
0.1 pc Radiation Forces > Photoionization
BIN Disk Structure sets Opening Angle
0.01 pc X Photoionization
2000 AU

¢/ Radiation Forces

Kuiper & Hosokawa (2018)
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* Disk Fragmentation (Meyer et al. 2017,2018)

— see Poster by Rolf Kuiper

Midplane Gas Mass Density
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* Disk Fragmentation (Meyer et al. 2017,2018)

— see Poster by Rolf Kuiper #P23
* Observational Comparison / CORE (Ahmadi, Kuiper et al., in prep.)

— see Poster by Aida Ahmadi #P2
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Density
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* MHD-driven Jets and Outflows (Kélligan & Kuiper, in prep.)

Lo-13
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* First Larson Cores (Bhandare, Kuiper, Henning, Fendt, Marleau, Kolligan, subm.)
— see Poster by Asmita Bhandare #P5
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* Disk Fragmentation (Meyer et al. 2017,2018)
— see Poster by Rolf Kuiper #P23

e Observational Comparison / CORE (Ahmadi, Kuiper et al., in prep.)
— see Poster by Aida Ahmadi #P2

e UV-line Scattering Feedback onto the near-star Disk (Kee et al. 2018, + in prep.)
* MHD-driven Jets and Outflows (Kélligan & Kuiper, in prep.)

* First Larson Cores (Bhandare, Kuiper, Henning, Fendt, Marleau, Kolligan, subm.)
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Photoionization feeding the Disk

Photoionization's positive Feedback:

* Protostar keeps bloated until ~30 Mso (~30 kyr)
(Hosokawa & Omukai 2009, Kuiper & Yorke 201 3)

» HIl Region fills Bipolar Outflow Cavity
» Thermal Pressure Feedback
acts like Scissor Handles

Kuiper & Hosokawa (2018)
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Feedback from First Stars

First Stars Present-Day Star Formation
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Hosokawa, Hirano, Kuiper, et al. (2016) Kuiper & Hosokawa (2018)
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A parsec-scale Jet from a Massive Young Star

Large Magellanic Cloud - N 180 HH 1177
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A Disk around a Massive Young Star
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