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Globular Clusters in equilbrium: 
Plummer Model

• Densely packed gravitationally bound cluster of stars, each containing some 105 

stars packed within few tens of parsecs, with core radius typically few x 0.1 pc. 
Some contain many more stars.

• Average star density in a Globular Cluster is about 0.4 stars per cubic parsec. In 
the dense center of the cluster, the star density can increase from 100 to 1000 
per cubic parsec.

• Globular clusters in Milky Way are estimated to be > 10 Gyr old, contain oldest 
stars. The universe age used to be measured with the age of oldest globular 
clusters, 13 Gyr

• About 150 known GCs in Milky way

• Pluumer model: Spherical models with isotropic velocity distribution. Analytic 
solutions in terms of polytropic speheres with n = p + 3/2.

• n=5 describes Plummer model, starting poit.  Resembles actual clusters with a 
compact core and extended outer envelope

•
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Credit:
NASA/ESA and A. Feild  http://www.spacetelescope.org/images/opo0210e/
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http://phys.org/news/2016-01-kepler-1000th-exoplanet-discovery-uncovers.html

Credits: NASA
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NASA Ames/JPL-CalTech/R. Hurt

https://www.nasa.gov/ames/kepler/a-keplers-dozen-small-habitable-zone-planets
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Why are globular clusters interesting ?
• Advanced Civilizations require long time to develop; humans took  ~ 4.5 Gyr to communicate 

across a few parsecs).  Globular clusters are some of the oldest objects in our galaxy.
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(as possible habitats of Advanced Civilizations, communicating across interstellar space & spacefaring) 

• Life (any form) may be relatively rare (Fermi paradox?).  Requires special conditions: liquid 
water,  warmth, protective shielding from hazards (energetic radiation & Cosmic Rays etc).  
Planets in  Habitable zones around their host stars

• Celestial bodies where life may develop need to be (?) in the Habitable zone

• There are lots of stars in a globular cluster, typically 105 stars, but some (M15 or M22) may 
have close to 107 stars MGC = 6-7 106 MSun  (Allen, 3rd ed).  A few among these stars may 
have planets

• Interstellar distance in a globular cluster is small compared to that in the disk of the galaxy, 
e.g. the solar neighbourhood.  Interstellar travel & Interstellar communication in globular 
clusters will be easier for an advanced civilization than our environment due to short 
distances till the next orbiting planet or free-floting planetary bodies.

• If a civilization becomes spacefaring, it is easier to establish outposts that may survive and 
flourish in more congenial habitat even after the original dies out due to planetary or 
stellar dynamical causes
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Do Planets exist in Globular Clusters?
• YES  !  A planet around a binary millisec PSR B1620-26 in M4 found: radio PSR timing

• Optical searches? Zero so far from searches with HST in 47 Tuc (Gilliland et al 2000) and 
NGC 6397 (Nascimbeni et al 2013)

• In 47 Tuc,～34,000 main-seq stars: HST WFPC2 for 8.3 d ‘continuously’ for photometric 
transit signals from hot Jupiters. Should have detected ～17 Jupiters, R ~1.2-1.4 RJ  but 
found none => frequency of Jovian planets in close orbits: 1/10 of that solar nbhd. No limits 
on Jovian planets in wider orbits or planets Rp ≪ RJ

• Low metallicity cause for dearth of planets in GC? (Mortier et al 2012: ～700 exoplantes: 
freq. of hot Jupiters declines w metallicity)

• Dressing & Charbonneau (2015): Kepler M-dwarfs (relevant since GCs contain mainly M-
dwarfs) estimate: 1 in 4 M-dwarf habitable zones host Earth-sized planet (1-1.5 RE )

• Freq of low mass planets do not follow metallicity correlation for hot Jupiters (Buchhave 
et al, 2012,2014,2015), => null detection do not imply low metallicity culprit. 28/134 GCs 
(Harris cat.) more metal rich than 47 Tuc ([Z] < -0.76). GCs exhibit multiple stellar pop: 
later stars have higher metallicities

• Sub-Neptunian planets discovered in 1 Gyr open cluster NGC6811 (Meibom 2013) show 
planets form and survive in dense environments. Not all orbital separations equally 
dangerous. A “sweet spot” may exist within some GCs.
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D=1.9 kpc = 6200 light years

M4 or NGC 6121

Wide Field Imager on ESO 2.2-metre telescope at ESO’s La Silla Observatory
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Credit: ESO/Digitized Sky Survey 2
Acknowledgment: Davide De Martin.
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http://imgsrc.hubblesite.org/hu/db/images/hs-2006-33-c-full_jpg.jpg
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Evolution of PSR B1620-26. Image: NASA and A. Feild (STScI)Cartoon following: Sigurdsson et al (2003)
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Planetary system survival in Habitable 
Zones in Globular Clusters

• HZ Orbital radius a =√(L/LSun) AU, although planetary 
atmosphere plays a role in setting surface T (for liq water). 
L∝(MStar)2.3-4: GCs containing M-dwarfs: aHZ << AU

• Small orbits more stable w.r.t. stellar interactions. HZ planets 
can have orbits stable over long periods

• Spurzem etal (2009): simulate int. passing star & planetary sys

• v is the ambient stellar speed in GC and ρ mass density, a = 
planetary orbit separation. Similar study by Fregeau (2006) for 
passing stars affecting planet orbits w intermdt orbit seprtion.
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Stellar Habitable Zone, Globular Cluster 
Habitable Zone & the “Sweet Spot”

• Individual stars have regions around them where their planets are allowed to have 
liquid water on surface of Earth-like planets. Globular clusters have low mass, red, M 
stars

• Planets around M stars in their habitable zones have tightly hugging orbits compared 
to higher mass stars, e.g. Sun. Can they survive in dense globular cluster environment? 
-- passing stars steal, destroy, eject HZ planets over time short for life to develop?

• Lifetime of planetary orbits longest for planets orbiting lower mass stars.

• Stellar collisions w. external stars cannot easily disrupt planets (Fregeau 2006, 
Spurzem 2009 simulations) at Cluster radius where stellar density drops to low values 
for τ to be large enough to allow developing Civilization -- inner radius of Cluster HZ. 

• Large interstellar distance (e.g. in solar neighborhood) may influence long-term 
survivability of an adv. civ. -- short distances, better communication & interstellar 
travel times allow civ. outposts. “Comfortable” near neigbour D (104 AU) marks outer 
bndry HZ. “Sweet spot” bet. inner & outer boundaries

• Use Monte Carlo to simulate lifetime studies of planetary orbits w Plummer Model of 
star distribution in GCs and determine the “Sweet spots”. 
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DiStefano & Ray 2016

Cluster Habitability & “Sweet Spot”

• survival time of the planetary 
system

• strong dependence on the mass of 
star hosting planet  in its HZ 
(smaller stars live long and have 
tighter HZ orbits)

• orbit of the star within the cluster. 
Stars can travel from centre to 
edge and vice versa. whether 
planetary orbit survives depends 
on how much time star-planet 
spends at different distances 

Location of inner edge of 
GC-HZ depends on
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Cluster stellar concentration & 
location of  “sweet spot”

• In low concentration clusters habitable 
zones of stars with M < 0.4 Msun can 
survive throughout the cluster. 

• Blue vertical edge for 0.6 Msun WD-
planets. 

• For M= 0.8 Msun, survival beyond 
yellow line. Sweet spot for 0.8 Msun

• In middle panel shown is the outer 
boundary of the sweet spot where 
advantage of short interstellar travel 
& communication upto 104 AU (w.r.t. 
solar nbhd) diminishes

• situation different for high 
concentration clusters

19



DiStefano & Ray 2016

Cluster stellar concentration & 
location of  “sweet spot”

• In low concentration clusters 
habitable zones of stars with M < 
0.4 Msun can survive throughout 
the cluster. 

• Blue vertical edge for 0.6 Msun 
WD-planets. 

• For M= 0.8 Msun, survival beyond 
yellow line.

•
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Friendly millisecond pulsars in the 
globular cluster backyards

• Millisecond pulsars are very stable clocks sending out sharp 
signals in radio bands

• Can use 4 or more millisecond pulsars to determine position and 
velocity of observer in a astronomical version of the GPS !

• Millisecond pulsars may be occuring or staying in parts of the 
galaxy where it is possible for a slowly spinning  neutron star to 
capture a main sequence star

• Pulsar is spun over long durations by stable mass transfer from 
a companion. Therefore while collissions do happen they are not 
frequent enough to upset the applecart

• So pulsars may also be inhabiting near the “sweet shells” of the 
globular clusters. Investment of precious telescope time for those 
clusters that have (sometimes multiple) ms PSRs. 
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DiStefano & Ray 2016

Cluster concentration and 
millisecond PSR abundance
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Globular Clusters hosting millisecond pulsars

DAA Annual Interaction Meeting 19 Jan 2016Alak Ray
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P. S. Ray, NRL Review 2006
Spacecraft Navigation using X-ray Pulsars

Timing residuals of multiple pulsars determine spacecraft position with a precision that 
depends on the accuracy of measured times of arrival (ToAs) of pulses and stability of 
pulsars. Millisecond pulsars are better clocks and easier to detect in the radio, but require 
large antennas on Earth to detect at kpc distances (4 millisecond pulsars timing on board 
spacecrafts can yield 20 km autonomous accuracy on a Earth to Mars trajectory (Deng 
et al 2013)). Difficult to fit such large antennae on spacecrafts. Hence use X-ray pulsars. 

In some Globular Clusters, millisecond pulsars are only few x 0.1 pc away ! Can detect 
these easily in the radio with antennae that are fitted in intercluster travel by spacecrafts

19 Jan 2016Alak RayDAA Annual Interaction Meeting
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Dangers of living in a Globular Cluster?
• Stellar collisions and exchanges with passing stars in a high density 

environment. There are “sweet shells” where the AC is safe

• Planetary ejection is more likely for planets in wider orbits 
converting them into free-floaters, and liquid water on the surface 
cannot be sustained.

• Small changes in eccentricity of planetary orbits due to passing 
stars might be “adaptable”.

• Type Ia supernovae: bad news due to small size of globular clusters. 
Rates unknown but not more frequent in clusters than in the field

• Asteroid hits? Stars in globulars cannot have extended disks or 
clouds of asteroids. Decreases the asteroid impact frequency. But 
larger number of planetoids or free-floaters in globulars. But 
because asteroids, comets etc. have very small masses, they migrate 
towards the outer edges of the cluster due to mass segregation
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Globular Clusters vs disk of Galaxy

• Globular clusters have low mass, red stars like M stars

• Number of stars in a GC being N*  = 105-6 let’s look at the ratio R* 
= N*GC / N*

• If all other factors were equal, a population of 1000 
communicating civilizations would correspond to ~ 1 in the 
Milky way’s population of ~150 Globular Clusters
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Thank you
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