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Messier 4
• M4 is a medium sized globular 

cluster, close to the Sun (~ 2 
kpc)

• Mass of about 105 solar and 
metallicity of about 1/20 solar

• Central density of about 3×104  
M
☉

 pc-3

• NB half mass is outside r1/2
• Core dispersion about 5 km/sec
• Homogenous population, age is 

12.7 billion yrs
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More Messier
• Core radius is 0.5 pc  

– Or about 50”
– RA J 16h 23’ 38.2218”
– DEC J -26 31’ 53.769
– In 1988 Lyne et al discovered a 

binary millisecond pulsar, PSR 
B1620-26 in M4

– Pulsar is just outside of the core. 
Thorsett (1991) noted 
anomalous timing residuals

– Has a low mass white dwarf 
companion in near circular orbit 
with semi-major axis of about 1 
AU

•
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PSR 1620-26
Classic LMXB descendant

~ 0.3 Msun He white dwarf (KITP 2003)

in ~ 1 AU orbit around MSP

roche lobe overflow + spinup

Cooling age ~ 500 Myr

Dynamical age < 2 Gyr

clearly an exchange system - recoil

Conjecture: PSR originally in high mass white 
dwarf binary with shorter orbital period
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Planets around pulsars
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Planets around pulsars

 Can find planets around pulsars, IF pulsars 
can acquire planets (Blandford et al ‘87)

Lots of MSPs in Globulars. Planets?

Direct formation with pulsar

<- WD-PSR direct formation ->

Formation later from companion/debris

Acquisition from external source

Saturday, February 21, 2009



Pulsar exchanges

Millisecond pulsars in globular clusters have 
high probability of acquiring planets through 
exchange of planets orbiting main sequence 
stars (or WDs)

IF planets are present in the first place... 
(Sigurdsson 1992, 1993, 1995; Sigurdsson et al 
2003; Joshi & Rasio 1997, Ford et al 2000, 
Fregeau et al 2006...)

Saturday, February 21, 2009



PSR B1620-26

Jovian mass planet in low eccentricity, high 
inclination, circumbinary orbit 

Exchange: - either with WD progenitor,     
OR after WD progenitor

Either way the planet formed around a     
~< 0.85 main sequence star 12.7 Gyrs ago in 
in orbit O(5 AU)!

WD eccentricity due to Kozai?
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How?

Exhange:  original primary turnoff mass star

Planet in ~ circular orbit at ~ 3-8 AU

Exchange with current secondary

or later - prior probability

Age of system - evolutionary, dynamical
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Kozai

WD eccentricity is anomalously high - due to 
Kozai pumping (Ford et al 2000; Moody & 
Sigurdsson)?

can be due to Kozai pumping for very 
specific ranges of system parameters

dissipative coupling?? => exchange before 
spin-up

Or δe from post WD formation exchange?

Saturday, February 21, 2009



 Implications  
Exhange only works if we are freakishly 
lucky, or if Jovian planets are common in 
globular clusters

Given failure of transit searches => migration 
less common in clusters - due to disk 
truncation? Or metallicity effects? Or both? 
Or something totally different... 

Metastable systems. 
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Wild Speculations
For the record: there are small but 
significant systematic residuals in the new 
data...

Was the progenitor a Blue Straggler... 

No, seriously: cf HR8799 - make massive 
wide planets in post merger excretion disk

All Blue Stragglers have planets?!

consistent with mass transfer???
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Future
Pulsar planets ought to be present at few % 
level (around MSPs) => we should see more 
soon;  cf NGC6440C (this meeting)!

should observe more of both the 1257+12 
and the 1620-26 types

test formation theories and probe presence 
of otherwise unobservable planets

MSPs in GC ought to show low mass 
exchange planets!  

Saturday, February 21, 2009



Saturday, February 21, 2009



Saturday, February 21, 2009



Scenarios of neutron star planet formation

• Different initial conditions at stellar
birth and death do not necessarily
imply very different conditions for
planet formation. Fundamentally, in
both cases, one postulates the
presence of a gaseous disk around
a central gravitating body

• Binary companion destruction: WD-
WD, NS-WD, NS-normal star
mergers/tidal disruption (early
reviews by Phinney & Hansen 1993;
Podsiadlowski 1993, also Currie &
Hansen 2007)

• Supernova fallback may produce a
~10-3 M, metal-rich disk (e.g.
Chevalier 1989, Wang et al. 2006,
see also Currie & Hansen 2007)
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