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* MHD-driven Jets & Outflows: Launching, Acceleration, and Feedback
(Kolligan & Kuiper 2018)

* Radiation Forces & Photoionization: Feedback in Time and Space
(Kuiper & Hosokawa 2018)

e UV-Line Scattering Forces: Ablation, Disk Winds, and the Upper Mass Limit
(Kee, Owocki, & Kuiper 2018a,b; Kee, Kuiper et al., in prep.)
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Software Development

e Magnheto-Hydrodynamics PLUTO 4.] (Mignone et al. 2007,2012)

* Self-Gravity (Kuiper et al. 2010b)

e Stellar Evolution (Kuiper & Yorke 201 3)

* Dust Evolution: Sublimation and Evaporation

* Protostellar Outflows (Kuiper, Yorke, & Turner 2015; Kuiper,Turner, & Yorke 2016)
e MHD-driven Jets & Outflows (Kolligan & Kuiper 2018)

e Radiation

* Hybrid Scheme: Stellar Irradiation + Continuum (Re-)Emission (Kuiper et al. 2010a)
* now also in FLASH 4 (Klassen, Kuiper et al. 2014) & ORION (Rosen et al. 2017)

 Variable Equation of State: Thermal Dissociation and lonization (Vaidya et al. 2015)
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MHD-driven Jets & Outflows

What is the driving source of observed large-scale outflows!?

s jet launching an universal (mass-independent) process!?

Does magnetic braking prevent disk formation?
What is the efficiency of the accretion-ejection process?
Does the outflow carry angular momentum (enabling disk accretion)?

What is the effect from/onto the stellar environment?

Kolligan & Kuiper (2018)



MHD-driven Jets & Outflows

* non-ideal MHD

* isothermal

* axial and midplane
symmetry (2D)
high-resolution:

Kolligan & Kuiper (2018)
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MHD-driven Jets & Outflows

low-res
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But do collimated jets around
massive proto stars exist!



A scaled-up view of star formation!?!

TV

yHH 212 - ' HH 1177

Calar Alto, MAGIC
H2 2.122 ym

Zinnecker et al.« -« Q
(1998), Nature McLeod, Reiter, Kuiper, Klaassen, & Eva
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A scaled-up view of star formation!?!

Zinnecker et al.
(1998), Nature
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Radiation & Photoionization Feedback

* Does feedback stop stellar accretion?
* |s the upper mass limit of stars due to feedback?
* Which feedback components dominate!?

On what spatial scales? During which epochs!?

Kuiper & Hosokawa (2018)



Radiation & Photoionization Feedback

Grid:
* Axial and midplane symmetry (2D)
e Ax =0.3 au

Feedback Physics:
e Outflows (subgrid)
e Radiation Forces

* Photoionization — HII Region

Two different Initial Conditions:
e Finite 100 M@ pre-stellar core (R = 0.1 pc)
e Infinite 1000 M@ mass reservoir (R = | pc)

= VM) M~ re ~ll~ ~ra foad v I ras ~la

Kuiper & Hosokawa (2018)
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Radiation & Photoionization Feedback

Finite Mass Reservoir "Infinite" Mass Reservoir

Outflow

- S .v—-’
Sl
N N‘-*--_-
Outflow only

1
Outflow + lonization

10‘4 Outflow + Radiation
Outflow + lonization + Radiation

——
——————————

0 10 20 30 40 50 60 70
M. [Mo]

Controlled by mass loss of the reservoir: Controlled by radiation forces:

v Outflows X Outflows

X Photoionization

¢/ Radiation Forces

Kuiper & Hosokawa (2018)

September 04, 2018
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Disk Fragmentation

* Do massive accretion disks undergo fragmentation!?

* Does disk fragmentation prevent/enhance stellar accretion!?

* Does disk fragmentation yield multiplicity?



Previous Disk Fragmentation Studies

Klassen, Pudritz,
Kuiper et al. (2016)

M, =28.22 M, M, =36.01 M, M, =40.41 M,

o

3000 AU
£=0.51 t,
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Previous Disk Fragmentation Studies

Klassen, Pudritz,
Kuiper et al. (2016)

Time
—_——m—-nm—-——

M, =28.22 M, M, =36.01 M, M, =40.41 M,

3000 AU
t=0.51 t
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Disk Fragmentation

No sink particles!

* spatially resolve the disk’s
pressure scale height &
Jeans length

» log-radial + cos-polar grid:

* 44 x 107 grid cells total

|07 grid cells in the disk
(dynamic range Vasi/ Veious ~ 105)

naturally includes ...
* fragmentation / local collapse
e shear
migration / grav. torques
merging

orbital interaction 1500 au

Rolf Kuiper
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Fragmentation & Star Formation

107" 107" 100 300 1000

B
Gas Temperature [K]

Gas Density [g cm-3]

N "

. .

1500 au 1500 au
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Migration
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First Larson Cores

e Mass dependence of first Larson core properties

* How important is rotation?

* How important are magnetic fields?

Bhandare, Kuiper et al. (2018)



First Larson Cores
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UV-Line Scattering Feedback

* How is the gas accreted from the disk onto the stellar surface!?
* How important is feedback on these smallest accretion scales?

* Boundary layer vs. magneto-spheric accretion!?

Kee, Owocki, & Kuiper (2018a,b); Kee, Kuiper et al, in prep.



UV-Line Scattering Feedback
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UV-Line Scattering Feedback
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UV-Line Scattering Feedback

.
=7

—

Rolf Kuiper Accretion and Feedback in the Formation of Massive Stars September 04, 2018



UV-Line Scattering Feedback

Density e
[g cm'3] 1 Oe-17 1 Oe-15 | De-13 | De-11 1 0e-09 M. (MO)
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Summary / Overview

MHD-driven Jets & Outflows

Radiation & Photoionization Feedback

Disk Fragmentation UV-Line Scattering Feedback

First Larson Cores

log (First core lifetime / years)

0.5 1.0 1.5

log (Initial cloud mass / M,,)
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A parsec-scale Jet from a Massive Young Star

Large Magellanic Cloud - N 180 HH 1177

-70°00'00.0"

02'00.0"

04'00.0"

-
o
o
N
~
J
o
0

06'00.0"

VLT, MUSE
red [SII] 673nm

green Ha _ > ' : LT, MUt
blue [OIll] 50Inm red/blue Ha

20.00s 49m00.00s 40.00s 5h48m20.00s
RA (J2000)

Rolf Kuiper Accretion and Feedback in the Formation of Massive Stars September 04, 2018



