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Introduction

» Globular clusters host low-mass X-ray binaries (LMXBs)
» LMXBs = millisecond pulsars (MSPs)

» What can a globular cluster pulsar sample tell us about
luminosity function parameters, population size?
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» Radio luminosity distribution — lognormal
(Faucher-Giguere & Kaspi 2006, Bagchi et al. 2011):
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» Pseudoluminosity: L = S r?

» Flux density distribution
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Bayesian Parameter Estimation

p(6]D, M) o p(D|6, M)p(6] M)

0 — Parameters (i, o, N, ...)
D — Data (n, {Si}, Sobs)
M — Model (Form of luminosity function — lognormal)
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n pulsars
gpi(]"g Silus 05 Spin) p(n| N, g, 05, Syin) P(Sabs | N, 5, 05)
Total likelihood (flux):

pllog Sy n, Sy, | N, g, 0, Spin)

min

Total likelihood (luminosity):
pllog Sy 1, Sy | N, 11, 0, S, 1)

Priors:
p(N)
p(u)
p(o)

P(Spin)

- p(r)
Posterior:
P(N, ut, 0, Sy, 71 log S, n, Sg)
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Likelihood A: - Likelihood B: Likelihood C:
fulsar flux densities Observ:&sr;urrsnber of Diffuse flux
il;([)l’i(l”g Silus o5 Suin) pn| N, ug o5, Spin) P(Sqgns | N, a5, 05)
Total likelihood (flux):

pllog S, 1, Syp, | N, ttg, 05, Spyi)

Total likelihood (luminosity):
p(log S 1, Sy, | N, 11, 0, Sy 7) Priors:
p(N)
p(w)
p(o)
P(Spin)
p(r)

Posterior:
P(N, ut, 0, Sy, 71 log S, n, Sg)
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Likelihood A: Pulsar flux densities
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n
) ) ) pulsars
gl’,(l"g Silus 05 Spin) p(n| N, ug 06 Spin) P(Sabs | N, 5, 05)
Total likelihood (flux):

pllog S, 1, Syp, | N, ttg, 05, Spyi)

Total likelihood (luminosity):
pllog Sy 1, Sy | N, 11, 0, S, 1)

Priors:
p(N)
p(w)
p(o)

P(Spin)

- p(r)
Posterior:
P(N, ut, 0, Sy, 71 log S, n, Sg)
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p(n|/V, NS7USa5min) = m pgbs (1 — Pobs)
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'Likelihood B: Number of observed pulsars

N—n
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n pulsars
gp,(log Silts: 05 Sui) p(nIN, ug o5, Sy) P(Sa |1N, 15, 09
Total likelihood (flux):

pllog S, 1, Syp, | N, ttg, 05, Spyi)

Total likelihood (luminosity):
pllog Sy 1, Sy | N, 11, 0, S, 1)

Priors:
p(N)
p(w)
p(o)

P(Spin)

- p(r)
Posterior:
P(N, ut, 0, Sy, 71 log S, n, Sg)
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Likelihood C: Diffuse emission

2
1 _ (Sobs—5dift)
29 dit

Sobs|N, i, 05) = ———— e
p( ObS| us 5) O'diff\/%

Sair = N(S)
oar = VN SD(S)
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n pulsars
gl’ﬂ"g Silus 05 Spin) p(n| N, g, 05, Syin) P(Sabs | N, 5, 05)
Total likelihood (flux):

P(10g S, 1, Sops | N, i, 05 S

Total likelihood (luminosity):
pllog Sy 1, Sy | N, 11, 0, S, 1)

Priors:
p(N)
p(u)
p(o)

P(Spin)

- p(r)
Posterior:
P(N, ut, 0, Sy, 71 log S, n, Sg)
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Total likelihood (flux domain)

n

p(log 5i7 n, SObS|N7 HS,08S, Smin) — H Pl(|0g 5[|M57 gs, Smin)
i=1

X p(nlel-LSao'SuSmin)
X p(Sobs|NaH5ao'S)
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n pulsars
gpi(]‘)g Silus 05 Spin) p(n | N, ug, o5 S P(Sabs | N, 5, 05)
Total likelihood (flux):

pllog S, n, Sy, | N, ug, 05, S,)

Total likellhood (luminosity):
P(log Sy 1, S | N, 4, 0, Sy 7) Priors:

p(N)
p(w)
p(o)

P(Spin)

- p(r)
Posterior:

P(N, 1, 0, Sy 11108 S, 1, Sgy)
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Earth GC
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Transformation to luminosity domain

Y

logL=1log$S+2logr
= ps +2logr
o =05

p(log Sia n, SObS‘N7 M, 0o, Sminy r) = p(log Sia n, Sobs‘Na Hs,0s, Smin)
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Likelihood A: Likelihood B: Likelihood C:
Pulsar flux densities || Observed number of Diffuse flux
n pulsars
gpi(]"g Silus 05 Spin) p(n| N, g, 05, Syin) P(Sabs | N, 5, 05)
Total likelihood (flux):

pllog S, n, Sy, | N, ug, 05, S,)

Total likelihood (luminosity):
pllog Sy 1, Sy | N, 11, 0, S, 1)

Priors:
p(N)
()
p(o)

P(Spin)

p(r)

Posterior:

PN, 85, O, Ssies 71 l0g Sy 1, Scig)
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P(N, M, 0, Sminu r| |0g 5f7 n, Sobs) X P(log 5i7 n, 50bS|N) M, 0, 5min7 r)
x p(N) p(1) p(o) P(Smin) p(r)

p(6210) = [ p(6ID) dB2-m
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Data
{S,'} —
n 25
Sobs 5.2 mly
(Fruchter & Goss 2000)

Priors
,u Uniform in [-2.0,0.5]
o Uniform in [0.2,1.4]
Simin Uniform in (0,0.02]
N Uniform in [25,500]
d Gaussian, with mean 5.5 kpc
and SD 0.9 kpc
(Ortolani et al. 2007)
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Data and Priors for Terzan 5

S (mJ)

Ransom et al. 2005,
Hessels et al. 2006
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Results

Terzan 5, wide priors
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Terzan 5, narrow priors
p: Uniform in [—1.19, —1.04]

o: Uniform in [0.91,0.98]
(Boyles et al. 2011)
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Summary and Conclusions

» A new Bayesian technique to constrain luminosity function
parameters and pulsar population size
> Prior information helps obtain better constraints on N

» More data (more individual pulsar and diffuse flux

measurements) will help further parameter estimation, cluster
comparison
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Thank You

Paper: arxiv.org/abs/1207.5732
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Source Code: psrpop.phys.wvu.edu/gcbayes
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