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Background

• Proper Motion: 𝜇	(𝑚𝑎𝑠 ' 𝑦𝑟!") = #$
%

• Radial Velocity: 𝑉& 	(𝑘𝑚 ' 𝑠!")
• Transverse Velocity: 𝑉' 𝑘𝑚 ' 𝑠!" = 4.74 ' 𝜇𝐷

• Space Velocity: 𝑉 𝑘𝑚 ' 𝑠!" = 𝑉&( + 𝑉'(
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Some Geometry

4/11/24 4



4/11/24 5



4/11/24 6

CP



4/11/24 7

CP

KEY INSIGHT:  Parallel lines in 3D space will appear to 
meet at a convergence point when projected onto a 
2D plane
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The direction from us to CP 
tells us the direction of the 
space velocity 𝑉 !

Cluster stars have identical 
velocity vectors

𝑉" = 𝑉! tan𝜓

Binney & Merrifield (1998)
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𝑉* = 𝑉+ tan𝜓 𝑉* = 𝜇 ( 𝐷

𝐷 =
𝑉+ tan𝜓

𝜇

𝜛
𝑚𝑎𝑠

=
4.74
tan𝜓

𝑉+
𝑘𝑚 ( 𝑠,-

,- 𝜇
𝑚𝑎𝑠 ( 𝑦𝑟,-



Significance in 
Context
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Significance of Moving Cluster Method

• ”Historically, the distance to the Hyades cluster was of enormous 
importance because the cluster includes types of stars whose 
distances, and hence whose absolute magnitudes, could not be 
measured by the trigonometric parallax method...The Hyades 
cluster is less important now that trigonometric parallaxes can be 
obtained at its distance and beyond” (Binney & Merrifield 1998)
• Hyades MS fitting
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Sources of Error
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Sources of Error

• MCM assumes that the cluster does not rotate, contract, or 
expand
• MCM assumes random internal motions are small
• MCM assumes all cluster members have velocities equal in 

magnitude and direction
• MCM highly depends on how you define cluster member sample
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Hanson (1975)



In Research Past 
and Present
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𝐷 = 45.5	 ± 1.7	𝑝𝑐

Hanson (1975)
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𝐷 = 46.75	𝑝𝑐 Hyades
𝐷 = 87	𝑝𝑐 Coma Berenices

HIPPARCOS Data

Dravins et al. (1997)
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𝐷 = 183	𝑝𝑐	𝛼 Persei Makarov (2006)
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𝐷 = 183	𝑝𝑐	𝛼 Persei

Makarov (2006)
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HIPPARCOS with MC statistics Galli et al. (2012)
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HIPPARCOS with MC statistics Galli et al. (2012)
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APOGEE Radial Velocities
Astrometry from Tycho-2 and DANCe

𝐷 = 134.41	 ± 0.18	𝑝𝑐 
Pleiades

Galli et al. (2017)
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APOGEE Radial Velocities
Astrometry from Tycho-2 and DANCe

𝐷 = 134.41	 ± 0.18	𝑝𝑐 
Pleiades

Galli et al. (2017)



Summary
1) MCM can be applied to nearby open clusters
2) From 𝑉!  and 𝜇, can use trigonometry to find 𝐷
3) MCM assumes velocity vector is identical for all 

stars in cluster
4) With fancy statistics and precise astrometry, can 

get very accurate distances to nearby clusters 
and account for internal motions/rotation
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