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When two compact objects such as black holes (BH), white dwarfs (WD), and neutron stars (NS)
orbit a common centre of gravity, they emit energy in the form of gravitational waves (GW). The
emission of GW will result in the two objects coalescing. In this work, we revisit the coalescence
of NS-WD binary systems with the addition of one NS-WD binary system to the coalescing NSWD binary systems sample. The addition of this new system increased the coalescence rate from
−1 to 8.0+24.0 Myr−1 at the 90% confidence level.
previously estimated 4.11+5.25
−2.0
−2.56 Myr

7th Annual Conference on High Energy Astrophysics in Southern Africa - HEASA2019
28 - 30 August 2019
Swakopmund, Namibia
* Speaker.

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0).

https://pos.sissa.it/

PoS(HEASA2019)022

L. Nyadzani*

L. Nyadzani

Coalescence Rate of NS-WD binaries

1. Introduction

2. Coalescing NS-WD Binaries
There are more than 2000 known neutron stars in binary systems in the ATNF Pulsar Catalog
. These neutron stars are in binary systems with either a planet, main sequence star, neutron star,
or a white dwarf [5]. About 100 of these neutron stars have a white dwarf as a companion and
only 4 of these are coalescing systems. For coalescence we require that a binary system merges
within the Hubble time (τmrg < 10Gyr) due to the emission of GW. The coalescence rate of binary
systems is given by the ratio between the number of binary systems and their life time. There are
1
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The emission of gravitational waves from massive binaries was predicted by Albert Einstein.
When two compact objects such as black holes (BH), white dwarfs (WD), and neutron stars (NS)
orbit a common centre of gravity, they emit energy in the form of gravitational waves (GW) [1]. The
emission of GW will result in the two objects coalescing . The study of the population of compact
binary systems is important in understanding the emission of GWs. In this work we study the
population of Neutron-Star White-Dwarf (NS-WD) binary systems. There are two ways in which
one can study the population of compact binaries, one is by a theoretical approach using stellar
evolution models and the second is by empirical calculations based on a sample of compact binary
systems in our galaxy and statistics. In this work we use the empirical calculations to estimate the
population and the merger rate of NS-WD systems.
This approach was used by Kim et al. in [2] in estimating the coalescence rate of NS-WD binaries
following their work on the coalescence rate of double neutron star systems [3]. In [2] they use the
properties of observed NS-WD binaries and Monte Carlo simulations to estimate the population of
NS-WD systems with properties similar to the properties of the observed sample and the Galactic
coalescence rate. In sampling the NS-WD binary systems one of the requirements to be counted as
coalescing binary system is that a binary system must coalesce within the Hubble time (t < 10Gyr).
During the time of their work, there were only 3 known coalescing NS-WD binaries in the Milky
Way (PSR J0751 + 1807, PSR J1757 − 5322 and PSR J1141 − 6445). With these three systems,
−1 from their
Kim et al. [2] found the coalescence rate (Rtot ) of NS-WD binaries to be 4.11+5.25
−2.56 Myr
reference model at 68% statistical confidence limit. This rate of NS-WD binaries is low compared
−1 at the
to the most recent coalescence rate of double neutron star (DNS) binaries of 42+30
−14 Myr
90% confidence level [4].
Since the work of Kim et al. [2] more NS-WD systems have been discovered of which only one is
a coalescing binary in the ATNF Pulsar Catalog [5]. In this work we follow the same approach as
in [2] to estimate the Galactic coalescence rate of NS-WD binary systems with the addition of one
coalescing NS-WD system: PSR J1952 + 2630 [5, 6].
In section 2, we show how we calculate the life-time of a binary system for population simulations
matching pulsar surveys and tabulate the properties of all known coalescing NS-WD binaries in our
Galaxy. In sections 3, we give a brief description of the statistical methodology presented in [3]
used in calculating the population distribution and the rates. In section 4, we describe the survey
simulation, list all the pulsar surveys considered in this work and and finally present our Galactic
coalescence rate in section 5.
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some uncertainties in estimating the life time of binary systems and this affect the coalescence rate
of binary systems (see [7] for detailed discussion). In this work we follow the procedure of [2]
when estimating the life time of a a binary system in order to simulate a population of binaries
with observed properties of a survey. We take the life time of a binary system to be the sum of the
current age (τage ) and the remaining life time of the system τobs ,
τli f e =τage + τobs

(2.1)

τli f e =min(τc , τsd ) + min(τmrg , τd )

(2.2)

here τc is the characteristic age of the pulsar, τsd is the current “spin-down” age, τmrg is the coalescence time of the binary system due to the emission of gravitational waves [8] and τd is the pulsar
death time.
P
(2.3)
2Ṗ
where P is the current period of the pulsar and Ṗ is the period derivative and

h P i2 
0
τsd = τc 1 −
(2.4)
P
where P0 is the birth period of the pulsar and assuming that the spin-down rate has not changed
since birth, we adopt the spin-up line from [9] and write the birth period as,
3/7

ṖP
(2.5)
P0 =
1.1 × 10−15 s−4/3
and the pulsar death time is given by,
!
Pd2 − P2
τd =
(2.6)
2PṖ
τc =

here Pd is the pulsar “death-period” given by

7/13
Bs
Pd =
s
(2.7)
1.4 × 1011 G
and Bs is the surface magnetic field of the neutron star and can be estimated from the current spin
period P(s) and the spin-down rate Ṗ (ss−1 ) [10],
Bs = 3.2 × 1019 (PṖ)1/2 G.

(2.8)

The merger time τmrg is calculated using an analytical solution we developed in [11] following
Peters [8]. The four known NS-WD coalescing systems and their orbital properties in Table 1.
Note that for J0751+1807, J1952+2630 and J1757-5322; τmrg < τd and the lifetime is calculated as
τli f e = τsd + τmrg . Only for J1141-6545; τmrg > τd and the lifetime is τli f e = τc + τd [2].
2
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In calculating the current age of the pulsar we take the minimum between the characteristic age
of the pulsar and the current “spin-down” age and for the remaining observable life of the system
we take the minimum between the time to merger due to the emission of GW and the pulsar death
time.
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Table 1: List of coalescing NS-WD systems in the Milky Way from the ATNF Pulsar Catalog [5]. P is the
pulsar period, Ṗ is the period derivative, Pb is the binary period, τd is the observable lifetime. The big mass
is of a NS (mNS ) and small mass is of WD (mW D ).
Name
(PSR

Ṗ
(s/s)
8.01 · 10−21

P0
s
5.57 · 10−4

Pb
(hr)
6.32

J1952 + 2630

20.73

4.27 · 10−18

1.76 · 10−2

9.40

J1141 − 6545

393.9

4.29 · 10−15

1.20

4.74

J1757 − 5322

8.87

2.78 · 10−15

1.41 · 10−3

10.88

J0751 + 1807

Masses
(M )
2.20
0.18
1.40
0.95
1.43
0.99
1.35
0.67

e

τsd
(Gyr)
6.7

τd
(Gyr)
401

τmrg
(Gyr)
7.6

Ref

3 · 10−6

τc
(Gyr)
6.8

4 · 10−5

0.076

0.037

9.8

3.9

[6]

0.172

0.0015

...

0.104

0.6

[14]

10−6

5.1

4.9

145

7.8

[15]

[12, 13]

3. Statistical Analysis

Here we present the statistical analysis developed by Kim et al. in [3]. For a fixed value of
Ntot , the observed samples is used to estimate the distribution of objects with like properties. One
might expect that the number of observed pulsars in a sample Nobs follows very closely a Poisson
distribution:

P(Nobs ; λ ) =

λ Nobs e−λ
Nobs !

(3.1)

where, by definition λ ≡ hNobs i. Following arguments presented in [3], the relationship between λ
and Ntot is linear,

λ = αNtot

(3.2)

where α is a constant that depends on the properties of the Galactic pulsar population and the
Pulsar surveys given by α = 1/Ntot . The probability distribution of the total number of pulsars
with properties of the observed sample is obtained by applying Baye’s theorem,

P(H|DX) = P(H|X)

P(D|HX)
P(D|X)

(3.3)

here H is our model hypothesis λ , which is proportional to Ntot (see equation (3.2)) D is the real
observed sample, X is the population model. In equation (3.3), P(H|DX) is the probability of
a model hypothesis H given data D and model priors X, P(H|X) is the probability of a model
hypothesis without any data, P(D|HX) is the likelihood of the data given a model hypothesis H
and priors X, and P(D|X) is the model prior probability, this acts as a normalization constant. The
likelihood of the real observed sample P(D|HX) (with D = 1) is given by the best fitting Poisson
distribution,
P(D|HX) = P[1; λ (Ntot ), X] = λ (Ntot )e−λ (Ntot )

3

(3.4)
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P
(ms)
3.48
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without any data information, given a set of assumptions X,

P[λ (Ntot )|X] = constant

(3.5)

P(λ |DX) = constant · P(1; λ (Ntot ), X)

(3.6)

hence

P(1; λ , X) = P(λ ) = λ e−λ

(3.7)

Note the maximum value of P(λ ) is P(1) = 1/e. With P(λ ) we calculate P(Ntot ) using equation
(3.2) as follow,
dλ
dNtot
2
= α Ntot e−αNtot

P(Ntot ) = P(λ )

(3.8)

The coalescence rate of a binary system containing an observable radio pulsar is given by,

R=

Ntot
× fb
τli f e

(3.9)

here, Ntot is the estimated number of pulsars in our Galaxy with pulse profiles and orbital characteristics similar to those of known systems, and fb is a correction factor for pulsar beaming. This
correction factor ( fb ) is needed to account for the fraction of pulsars that remain undetected not
because of survey selection effects but because they do not beam in our direction [16, 17]. The correction factor depends on the distribution of pulsar beam sizes which may be different for different
types of pulsars. Taking into account the half-opening angle (α) in the latitude direction and the
magnetic inclination angle (ρ) (relative to the spin axis), the beaming fraction is given by [7],

fb =

Z α+ρ
h 2 Z 2π
i−1
dφ
sin θ dθ
2π 0
α−ρ

(3.10)

Then the Galactic merger rate probability distribution is calculated using,
dNtot
P(R) = P(Ntot )
dR
 ατ 2
li f e
=
Re−(ατlife R/ fb )
fd
4

(3.11)
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Note the normalization constant P(D|X) is absorbed by the constant P[λ (Ntot )|X]. The normalizaR
tion constraint 0∞ P(λ |DX)dλ = 1 gives, P(H|X)/P(D|X) = constant = 1, then
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and the Milky Way merger rate will be the sum of all individual rates calculated in equation (3.9)
and is given by,
RMW =

m

∑ Rn

(3.12)

n=1

The Galactic merger rate probability distribution is given by a convolution of the individual merger
rate probability distributions in equation (3.11) as follow,

(3.13)

n=1

4. Population simulations
We make use of the freely available PsrPopPy1 software to model the pulsar population and
survey selection effects [18]. Our pulsar surveys are selected in such a way that they cover as
much sky as possible. We simulate the following pulsar surveys in this work, Parkes multi-beam
survey [19], PALFA Galactic plane survey at full resolution [20], The Parkes High-Latitude Pulsar
Survey [21], Putative pulsar survey with LOFAR [22], HTRU [23]. From these simulation we
obtained the number of pulsars NPSR in our Galaxy with pulse profiles and orbital characteristics
similar to those of the known systems in Table 1. We do not include the beaming corrections in our
calculation of coalescence rate for the same reasons mentioned in [2], hence we let fb = 1.
Table 2: Results from simulation showing the estimated number of pulsars in our Galaxy with pulse profiles
and orbital characteristics similar to those of known systems NPSR and their life time.

PSR
J0751 + 1807
J1952 + 2630
J1141 − 6545
J1757 − 5322

NPSR
1700
1220
680
1430

τli f e (Gyr)
14.3
12.7
0.105
3.93

5. Results and Discussion
The coalescence rates for each of the known individual binary systems in table 2 are calculated
using equation (3.11) and their probability distribution is shown in Figure 1. PSR J1141 − 6545
has the highest coalescence rate followed by the newly added PSR J1952 + 2630. Even though
PSR J0751 + 1807 has the highest population its lifetime is very high, and it therefore has a low
coalescence rate. The small lifetime of PSR J1141 − 6545 means it has high merging rate. The
+0.49
+0.22
+1.13
−1
−1
−1
individual merger rates peak at 6.48+14.75
−1.43 Myr , 0.120.05 Myr , 0.09−0.02 Myr , and 0.49−0.13
Myr−1 for PSR J1141 − 6545, PSR J0751 + 1807 , PSR J1757 − 5322, PSR J1952 + 2630, and
respectively.
1 https://github.com/samb8s/PsrPopPy
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m

P(RMW ) = ∏ P(Rn )
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Figure 1: This figure shows the probability of the individual coalescence rates of the four coalescing NSWD binaries in our galaxy. The probability for PSR J1952 + 2630 is represented by dashed line (red), PSR
J1757 − 5322 by dash-dot (green) line, PSR J0751 + 1807 by dot (orange) line and PSR J1141 − 6545 by
solid (blue) line.
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Figure 2: The probability distribution of the Galactic coalescence rate at 90% confidence level.
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Figure 2 shows the Galactic rate is calculated by summing the individual rates using equation
−1 [2] to 8.0+24.0
(3.13) where m = 4. There is an increase in the Galactic rate from 4.11+5.25
−2.0
−2.56 Myr
Myr−1 according to our calculation. The newly added NS-WD system PSR J1952 + 2630 contributes more to the Galactic rate than PSR J1757 − 5322 and PSR J0751 + 1807 combined.

6. Conclusions
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