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Tremaine-Weinberg Method (1984)

Three conditions:
• The galaxy disk is flat;
• The disk contains a constant, 

well-defined pattern speed;
• The tracer obeys the continuity 

equation.

NGC0628 by PHANGS collaboration
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Tremaine-Weinberg Method (1984)

T. Williams et al. (2021)
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Tremaine-Weinberg Method (1984)
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sum of weighted velocities

sum of weighted x-coordinates
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Previous studies
Observations                                             Simulations

T. Williams et al. (2021) V. Debattista (2003)
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Previous studies
Observations                                             Simulations

T. Williams et al. (2021) V. Debattista (2003):
the higher inclination, 
the bigger errors in PA 
we can tolerate 5



2D simulations: everything works, but…
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… some slits show wrong result

Borodina, Olga
CHECK OUT INTERACTIVE PLOT HERE

Borodina, Olga



Possible explanation
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Possible explanation

hvi = 0

hxi = 0
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Possible explanation
uncertainties in flux or PA

⌃1 6= ⌃2
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Possible explanation

⌦ ⇡ ⌦P
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Possible explanation

We pick up weighted 
velocity field and not the 
actual pattern speed
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3D simulations: different gas tracers

M. Sormani et al. (2018)

• different chemical 
components
• separately they don’t obey 

continuity equation
• clumpiness!
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M. Bureau et al. (1999)
A. Banerjee et al. (2013)
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Bootstrapping





Perfect disk

• Exponential density profile
• Solid body rotation



Average velocity field for perfect disk
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