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Runaway stars

In general, “runaway stars” 
are young O-B stars: 

● with high space velocities  
(> 40 km/s)

● far away from their place of 
birth (clusters, associations 
and H II regions that 
constitute the spiral arms).

Sahai et al. (2009)



Blue stars in the Halo

• Blue stars discovered in the Halo in 1947 by Humason & Zwicky.  
In 1974 Greenstein & Sargent found that a few appeared 
indistinguishable from MS stars (low resolution spectra).

• O and B type stars have very short MS lifetimes (less than a few 
100 million years).

• O and B stars are not expected in the Halo, where we expect only 
Pop II objects (no star formation).



Ejection mechanisms
• The binary ejection scenario  - BES (Blaauw, 1961): the 

primary explodes as a supernova altering the centre of mass 
and the angular momentum of the system, often disrupting 
the binary.

Maximum velocity for late-type B stars ≈ 200 
km/s (Portegies Zwart, 2000; Leonard and 
Dewey, 1993)

Portegies Zwart (2000)



Ejection mechanisms
• The dynamical ejection scenario - DES (Poveda, Ruiz & Allen, 

1967) in this scenario  the star is part of a cluster and is ejected 
through dynamical interactions inside the cluster.

Leonard (1990)

Velocities of several 100 km/s are possible 
(Leonard, 1991), but ≈ 400 km/s is a more 
probable maximum velocity for this mechanism 
(see also Gvaramadze et al., 2009)



Data

HR diagram with the 95 selected stars, 
selected from literature
Late-B dominate the sample

The two ejection mechanisms 
predict different distributions for 
the ejection velocity (in particular 
for the maximum possible velocity).

We need to estimate the ejection 
velocity distribution to model the 
ejection mechanisms properly.

We selected a sample spanning a 
large range of altitudes above the 
galactic plane (1 – 10 kpc), and good 
estimates of the stellar proper 
motions.



Method: orbits

Hoogerwerf (2000)

Two runaway stars 
apparently otiginating 
from the same 
dynamical interaction 
in  Orion's OB1 
association

Orbits computed from  current 
position (α,δ,distance) and 
velocity (radial velocities and 
proper motions).

On the galactic potential of Allen 
& Santillan (1991) 



Results: age vs. flight time

Most flight times 
consistent with 
evolutionary ages

●80% within 1 
sigma  errors

●95% within 1.5 
sigma errors



Results: age vs. flight time

Most compelling case: 
SB 357

Clearly a young star (Be star, 
normal He abundance)

Flight time  > Evolutionary age

Even after  considering:

●Rotation =>  H mixing

●Metallicity => longer lifetimeStar formation in the Halo?



Results: ejection velocity vs. mass

Limiting magnitudes:
●Palomar-Green survey:  15-16 in B band

●Edinburgh-Cape survey:  16.5 in B band

●Height is correlated with velocity

●Where are the 15 magnitude 
stars?

●400 km/s is close to the 
theoretical maximum in the DES 

●Discontinuity suggests different 
mechanism for hypervelocity 
stars
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Future work

•Investigate the sample bias

•Model  the ejection mechanisms using 
synthetic disk populations 

•Improve the ejection models as needed 
(the DES in particular)



The end
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