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What can we tell about the 
primordial binary fraction of 

the cluster from the BSS 
population?
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BSS and binarity

GC distance 91.5 kpc (Dalessandro et al. 2008)

distance from the Sun 87±4 kpc (Dalessandro et al. 2008)

heavy element content z ~ 0.0002 (Ferrarro et al. 1999)

rc ~ 8.4 pc  rh ~ 24.5 pc  rt ~ 214 pc (Dalessandro et al. 
2008)

central density ~ 25 M⨀/pc3 (Pryor & Meylan 1993)

trelax at rc ~ 6 Gyr, at rh ~ 18 Gyr (Dalessandro et al. 2008)

NBSS > 230 (Dalessandro et al. 2008)

NGC 2419
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King profile 

w0 = 7 

Virial radius = 20 pc

Kroupa IMF in the range 0.1 - 18.5 M⨀ (no black holes)

primordial binary fraction 0, 10, 20, 30, 40%

BSS and binarity
NGC 2419 like cluster
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King profile 

w0 = 7 

Virial radius = 20 pc

Kroupa IMF in the range 0.1 - 18.5 M⨀ (no black holes)

primordial binary fraction 0, 10, 20, 30, 40%

BSS and binarity
NGC 2419 like cluster

trelax,half mass ~ 17.4 Gyr
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BSS and binarity
NGC 2419 like cluster: rc/rh
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BSS and binarity
NGC 2419 like cluster: central density
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BSS and binarity
NGC 2419 like cluster: CMD

primordial binary fraction = 0.1
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BSS and binarity
NGC 2419 like cluster: CMD

primordial binary fraction = 0.1
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BSS and binarity
NGC 2419 like cluster: CMD

primordial binary fraction = 0.1
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BSS and binarity
NGC 2419 like cluster: CMD

primordial binary fraction = 0.1
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BSS and binarity
NGC 2419 like cluster: radial distribution
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These quantities allow us to estimate the impact of the field con-
tamination on the selected samples; 6 BSSs (!2%), 12 HBs
(!1.5%), and 31 RGBs (!1%), essentially all in the most ex-
ternal annulus, could be field stars (see Table 2). Although the
effect of the field contamination is small, in the following we use
the statistically decontaminated samples in order to determine
the population ratios and the radial distribution.

By using the Kingmodel, the distancemodulus and the redden-
ing estimated in x 3.1, the luminosity sampled in each annulus
(L samp) has also been estimated. Then for each annulus we com-
puted the double normalized ratio defined in Ferraro et al. (1993),

Rpop ¼
Npop=N tot

pop

Lsamp=Lsamp
tot

; ð3Þ

with pop ¼ BSS, HB, and RGB. We find that RHB and RRGB are
essentially constant and close to unity (see RHB in Fig. 12). This
is what expected for any post-MS population according to the
stellar evolution theory (Renzini & Fusi Pecci 1988). Surpris-
ingly we also find that the double-normalized ratio of BSSs is
constant, and that it is fully consistent with the reference pop-
ulations (Fig. 12). Using the number counts listed in Table 2, we

also computed the specific frequenciesNBSS/NHB,NBSS/NRGB, and
NHB/NRGB. We find that all these ratios are almost constant all over
the entire extension of the cluster (see Fig. 13), confirming again
that no signatures of mass segregation are visible for the BSS
population of NGC 2419.9

Fig. 11.—Cumulative radial distribution of BSS (solid line), HB (dashed
line), and RGB stars (dotted line) as a function of the projected distance from the
cluster center, for the combined HST + Subaru sample at r < 50000. The pop-
ulations show essentially the same radial distribution.

TABLE 2

Number Counts of BSS, HB, and RGB Stars,
and Fraction of Sampled Luminosity

r 00i r 00e NBSS NHB NRGB Lsamp/L samp
tot

0............................. 20 56 160 745 0.21

20........................... 60 71 253 1137 0.31

60........................... 100 41 142 592 (1) 0.21

100......................... 180 43 (1) 121 (1) 497 (3) 0.18

180......................... 500 15 (5) 77 (11) 248 (27) 0.09

Note.—The values listed outside of the parentheses correspond to the number
of stars assumed to belong to the cluster (and thus used in the analysis), while
those in the parentheses are estimated to be contaminating field stars (see x 4.2).

Fig. 12.—Double normalized ratios, as defined in eq. (3), of BSS (dots) and
HB stars (gray rectangular regions), plotted as a function of the radial coordinate ex-
pressed in units of the core radius. The vertical size of the gray rectangles corresponds
to the error bars. The two distributions are almost constant around unity over the entire
cluster extension, as expected for any normal, nonsegregated cluster population.

Fig. 13.—Specific frequency of BSSs with respect to HB stars (top), RGB
stars (middle), and the sampled luminosity in units of 104 L% (bottom) as a func-
tion of the projected distance from the cluster center in units of rc.

9 Note that this result is independent of which portion of the RGB is selected.
In fact, similar results are obtained also by considering the RGB in the same
magnitude range of the BSSs.
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BSS and binarity
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NGC 2419 like cluster: radial distribution
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BSS and binarity
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BSS and binarity
NGC 2419 like cluster: primordial fb and NBSS
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BSS and binarity
NGC 2419 like cluster: primordial fb and NBSS
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BSS and binarity
Concerns (need help, suggestions)

How to make the definition of BSSs more robust?

observationally it can be done only by eye

How strongly can the simulated NBSS be compared 
with the observed

color conversion 
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What can we learn from the 
shape of the BSS radial 

distribution? 
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King profile 

w0 = 7 

Virial radius = 5 pc

Kroupa IMF in the range 0.1 - 18.5 M⨀ (no black holes)

primordial binary fraction 10%

BSS and Relaxation
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King profile 

w0 = 7 

Virial radius = 5 pc

Kroupa IMF in the range 0.1 - 18.5 M⨀ (no black holes)

primordial binary fraction 10%

BSS and Relaxation

trelax,half mass ~ 2.2 Gyr
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BSS and Relaxation
rc/rh
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BSS and Relaxation
central density
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BSS and relaxation
log10T vs log10L
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BSS and relaxation
log10T vs log10L
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BSS and relaxation
log10T vs log10L
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BSS and relaxation
log10T vs log10L
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BSS and relaxation

0 5 10 15
r/rc

0.6

0.8

1

1.2

1.4

1.6

1.8

2
N
BS
S/
N
G
ia
nt
s

Age ~ 2.5 Gyr;  ~ 1 trelax, half mass

BSS radial distribution

Monday, March 2, 2009



BSS and relaxation
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time evolution of BSS radial distribution
BSS and relaxation
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time evolution of BSS radial distribution
BSS and relaxation
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Future thoughts, concerns
BSS and relaxation

BSSs are rare compared to the other stars 

Need one characteristic reference population that 
remains a good choice throughout the evolution time 
of interest (in particular for young clusters)

Branching ratios of different BSS production channels

Luminosity distribution of the BSSs

Time evolution of the BSS mass distribution 

Testing the zone of avoidance model
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BSS and binarity
NGC 2419 like cluster: CMD

primordial binary fraction = 0
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BSS and relaxation
time evolution of NBSS
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BSS and relaxation
time evolution of BSS radial distribution

Monday, March 2, 2009


