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Lada 2006

Most low mass stars
are single: 70% M-stars
single. This is for the
disk - binary fraction
is lower in the halo.
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Why? Needed to understand Why? Needed to understand rrcc/r/rhh distributiondistribution

“Only presence of an IMBH appears to be 
consistent with such large core radius
values” Trenti (2006) Gill et al 2008 “presence of an IMBH 

prevents core collapse”



A New Dynamical ScenarioA New A New Dynamical ScenarioDynamical Scenario
High binary fraction  & High binary fraction  & IMBHsIMBHs suggested as anothersuggested as another
heat source ignored heat source ignored -- ““kickedkicked”” white dwarfswhite dwarfs

Davis et al 2008

Examine WD radial distribution in cluster Examine WD radial distribution in cluster -- suggests suggests ““kickkick””
at birth 3 at birth 3 -- 5 km/sec5 km/sec
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Fregeau et al 2009



Implication of WD Kicks
Young-Old WD Radial Distributions
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YoungYoung--Old WD Radial DistributionsOld WD Radial Distributions

No WD Kick
Fregeau et al 2009

6 km/s WD Kick



Other Implications of WD KicksOther Implications of WD KicksOther Implications of WD Kicks

May explain shortage of WDs in open clusters

Reduces need for high binary fraction - new 
heat source

Prevent or delay core collapse

May explain large rc/rh ratio seen in many 
globular clusters - without need for Black Holes 
in most cases
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Drukier et al 1992
Richer et al 2009
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Gemini AO Observations Core M71 in H & KGemini AO Observations Core M71 in H & K
Two Two Epochs separated by 1.8 years plus 1998    Epochs separated by 1.8 years plus 1998    

CFHT AO images CFHT AO images (no obvious (no obvious systematicssystematics in in PMsPMs))
Field Field 2222”” x 22x 22”” -- Pixel 0.022Pixel 0.022”” -- FWHM 0.06FWHM 0.06”” in Kin K



Observed PMs
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(note PM scale)(note PM scale)

σσproper motionproper motion = 250+/= 250+/--20 20 micromicro--arcsecarcsec / / 
yryr



No Evidence Excess Velocity in Core M71No Evidence Excess Velocity in Core M71No Evidence Excess Velocity in Core M71

Line is Line is spheresphere
of influence of influence 

of of 
100 100 MMsunsun
black hole.black hole.



Some ThoughtsSome ThoughtsSome Thoughts
Primordial binary fraction appears to be low (few %) in globular clusters

WD kick can provide a new heat source to delay core collapse

Monte-Carlo simulations with kick produce large rc/rh clusters

Soon - direct detection of young and old WD proper motion dispersions
Soon - good statistics on radial distributions various stellar populations in 
globular clusters to investigate source of kick



Where Does the “Kick” Occur?Where Does the Where Does the ““KickKick”” Occur?Occur?

Suggestive (but not conclusive) that it may occur late on the AGB.
New HST/ACS proposal will provide superb statistics. 
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