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Tully-Fisher Relation
Tully & Fisher (1977)

A relation between the 
luminosity of rotating disk 
galaxies and their line-width.

Widely used as a distance 
indicator; also constrains 
galaxy formation physics.
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Observables
• Luminosity (must calibrate with known D)

• Band pass (BVRIJHK) [slope varies with band]

• Mass - stars, gas, stars+gas

• Rotation Velocity

• line-widths; rotation curves

• W20, W50; Vflat, V2.2, Vmax

• inclination corrections

• turbulence/non-circular motions
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• Band pass

• slope becomes steeper from bluer to 
redder bands (B  I  H)

• Worry about internal extinction, especially 
for blue bands and highly inclined galaxies

• Mass

• Can convert luminosity to stellar mass by 
estimating the stellar M/L via population 
modeling. 

• IMF biggest systematic uncertainty

Luminosity measures



Rotation velocity measures



single dish HI observations - flux integral & line-width



Radio synthesis observations - complete rotation curve



M31

Chemin et al (2009)
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Trachternach et al.



Velocity estimators:

W20 W50

Vflat

V2.2

Vmax

W20 W50

Line-widths are 
often corrected 
for instrumental 
resolution and 
some guess at 
turbulent gas 
motions.  Care 
must be taken to 
treat everything 
in a uniform 
manner.



Tully-Fisher is a relation between 
luminosity and line-width.  

Very useful as a distance indicator.

line-width

Sakai et al. (2001)

Bothun et al. (1985)
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Application:
Tully & Courtois
arXiv:1202.3191

Clusters containing 
spirals compared 
to calibrated TF 
relation (solid line).



Luminosity and line-width are 
proxies for stellar mass and 
rotation velocity.

The traditional Tully-Fisher 
relation covers the range 
illustrated at right.
Can expand this range by 
considering lower rotation 
velocities...

line-width

Sakai et al. (2001)

Bothun et al. (1985)
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Stellar Mass Tully-Fisher relation

line-width outer (flat) velocity
ga
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McGaugh et al. (2000)

Gurovich et al. (2010)

Begum et al. (2008)
Trachternach et al. (2009)

McGaugh (2005)
Stark et al. (2009)



HI Tully-Fisher relation
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McGaugh et al. (2000)

Gurovich et al. (2010)

Begum et al. (2008)
Trachternach et al. (2009)

McGaugh (2005)
Stark et al. (2009)



Baryonic Tully-Fisher relation: Mb = A Vf
4
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McGaugh et al. (2000)

Gurovich et al. (2010)

Begum et al. (2008)
Trachternach et al. (2009)

McGaugh (2005)
Stark et al. (2009)

A = 45−50 M! km−4 s4
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The Tully-Fisher relation is the optimal projection of 
the disk galaxy fundamental plane (no R dependence).

NGC 2403

UGC 128



Same (M,V) but very different size and surface density

No residuals from TF with size or surface density

V 2 =
GM

R
which is strange, since



TF relations

• Optical/IR luminosity correlates with line-
width/rotation velocity

• Bedrock relation of extragalactic distance 
scale

• Physical basis of this relation unclear

• tantamount to Natural Law?




