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SFE ~ Bremmstrahlung / CO emission

SFE ~ N_YSOS / dust mass
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The Long Road to the IMF

9

Jets set the IMF turnover/avg. stellar mass

Radiation + winds from massive 
stars regulate high-mass tail

See upcoming 
STARFORGE IMF paper 

by Dávid Guszejnov
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Magnetic fields in STARFORGE Simulations

10

Clearly feedback is important - but what about magnetic fields?
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Magnetic field vs. density

11

B at high densities insensitive to low-density field strength - asymptotes to  - see also Wurster+19, Guszejnov+20vA ∼ cs ∼ 0.2km s−1
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Effect of magnetic fields on SFE

12

Many effects likely at work:

• Confinement of HII regions suppressing 

blowout? (e.g. Krumholz 2007)

• Anisotropic accretion -> less massive SF -> less 

feedback (e.g. Lee 2014)

• Suppression of fragmentation -> slower SF -> 

feedback less apt to “overshoot”
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pipeline in prep.

• Studied the effect of the magnetic field on SF:

•  in dense gas insensitive to large-scale field - B B ∝ ρ1/2; vA ∼ cs

• Strong field has slower, more quiescent SFR until SNe go off

• Strong field has fewer massive stars (i.e. steeper IMF)

• No disks in any high-resolution ideal MHD runs - non-ideal MHD needed?
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Henry Lane

Pennsbury High School, PA
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Feedback Coupling Methods

18

1. Local injection 2. Cell spawning
Inject mass/momentum/energy into pre-existing cells conservatively Create new Lagrangian gas cells, still conserving COM/momentum to 

machine precision 
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STARFORGE uses Meshless Finite mass method which 
has umerous advantages for SF problems:
•Good AM conservation
• Lagrangian: resolution tied to mass elements Δm
(Good resolution in shocks/overdensities, convenient 
for resolving the IMF)
•Consistent coupling to gas self-gravity
•Hopkins 2016 constrained-gradient scheme reduces, 

competitive with Constrained Transport codes
•Timestep not constrained by Δt = Δx/v - MUCH 

faster with jets/winds/disks
• Less diffusive in supersonic flows than AMR (e.g. 

Roberston 2010, Pontzen 2020)

Mach 9 Supersonic MHD Turbulence
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Protostellar Jets
• Jet launching powered by accretion 

onto the disk/protostar


• Very important for regulating stellar 
accretion, the IMF, SFE on <1pc scales 
(e.g. Rosen & Krumholz 2020, 
Guszejnov+2021MNRAS.502.3646G, )


• Use phenomenoligical model 
(Cunningham 2011)


• Use cell spawning technique

20
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Radiation

Radiative transfer in 5 bands:


• LyC (13.6+eV)


• Photoelectric (8-13.6eV)


• NUV (3.4-8eV)


• Optical/NIR (0.4-3.4eV)


• Far-mid IR (0-0.4eV)


Solved with GIZMO’s M1 RMHD solver (Hopkins & Grudić 2018, Hopkins et al. 2020)

21



STARFORGE                              starforge.space                               arxiv:2010.11254                                       Mike Grudić & Collaboration  

Radiation

Radiative transfer in 5 bands:


• LyC (13.6+eV)


• Photoelectric (8-13.6eV)


• NUV (3.4-8eV)


• Optical/NIR (0.4-3.4eV)


• Far-mid IR (0-0.4eV)


Solved with GIZMO’s M1 RMHD solver (Hopkins & Grudić 2018, Hopkins et al. 2020)

21



STARFORGE                              starforge.space                               arxiv:2010.11254                                       Mike Grudić & Collaboration  

Stellar Winds

• Inject winds from OB and WR stars


• Simple phenomenological prescription 
following Smith 2014


• Adaptive hybrid method: Use local 
injection if free expansion cannot be 
resolved, cell spawning if it can
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Supernovae

• >8M☉ stars undergo a 1051erg 
supernovae at the end of their 
life


• Use cell spawning to directly 
resolve ejecta and free expansion
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