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Kuiper Belt vs asteroid belt 



Two unusually dusty sun-like 
stars:   

HD 23514: Pleiades member 

 BD+20 307: main sequence 
field star  





Pleiad HD 23514 



Comparison of LIR/LBol in Sun’s zodiacal cloud and 
in analogous regions at stars with warm dust 

Name Sp. Type LIR/LBol Age  
(Myr) 

ζ Lep A3 0.65 x 10-4 300 

HD 23514 F6V 0.02 100 
BD+20 307 G0V 0.04 ??? 
η Crv F2V 5 x 10-4 600 

HD 72905 G1.5 1 x 10-4 400 

HD 69830 K0V 2 x 10-4 2,000 

Zodiacal dust G2V 10-7 4,600 













At HD 23514 and BD+20 307, the strong 
silicate emission features indicate the dust 

particles are of micron size (due to a 
collisional cascade?). 

As a result, at these stars, PR lifetimes 
from <~1 AU, are very short.  How can 

there be so much dust in such tight orbits 
around the two stars? 



Era of heavy bombardment in 
early solar system 

•  Until ~600 Myr following the formation of the Sun, the 
bombardment rate in the early solar system was 
sporadically heavier than at present by factors up to 
1000. 

•  At BD+20 307, which is ~1,000,000 times dustier 
than the present solar system, the current 
bombardment rate might be incredibly large! 



Very recent collision of two 
planet-mass objects?? 

•  To account for the estimated dust mass at BD+20 
307, one must pulverize a 300 km diameter object 
(e.g., Davida, the 5th largest asteroid) into micron-size 
particles. 

•  Perhaps something analogous to the collision 
postulated to explain Earth’s moon has occurred 
recently within a planetary system at BD+20 307. 



How old is BD+20 307? 

~300 Myr (Song et al 2005) 

Based on lithium content, Galactic 
space motion (UVW), and upper limit 

to ROSAT X-ray flux 



In late October 2007, Alycia 
Weinberger made the surprising 

discovery, from observations on 3 
successive days, that BD+20 307 

is ~3.5 day period double-line 
spectroscopic binary!    

This was surprising because the 2004 
epoch, Song et al echelle spectrum showed 

no suggestion of binarity 





Where do things stand now? 

Because of the short orbital period (in 
conjunction with the [weak] 6708 A lithium 

absorption line strength), we can be confident 
that the orbital and rotation periods are 

synchronized and that neither the rotation 
period, nor any activity indicators that depend on 
it, (e.g. X-ray flux), tell us anything about the age 

of BD+20 307  



Instead, for an age estimate, 
we must use other indicators, 
such as lithium line strength, 

Galactic space motion (UVW), 
metallicity, and placement on 

the HR diagram 



In summary, BD+20 307 is probably a few Gyr old, and
 possibly considerably older.  

Can we be witnessing the aftermath of a collision of two
 terrestrial planets orbiting  such an old star!? 





Is there an unseen faint star 
or substellar object whose 

gravitational field has 
destabilized the orbits of two 

rocky planets?? 





Suppose a tertiary star is a 
mid-M dwarf [0.3 M(sun)] 

a (AU) Period 
(yrs)       

Semiamp 
K (e=0) 
km/s  

 K 
(e=0.5) 
km/s 

10 21 1.8 2.1 

5 7 2.6 3.0 

2 1.8 4.1 4.8 



These velocity amplitudes for the 
center of mass of the binary pair 

can be compared with its 
measured change over a period 

of order 1/2 year: 

With one caveat, the systemic velocity is 
constant to within the measurement 

uncertainties of a few tenths of a km/s 



Whatever its age, if the 
massive amounts of dust do 
point toward the presence of 

terrestrial planets, then BD+20 
307 is the first known example 
of planets of any mass in orbit 

around a close binary star. 


