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Chapterr 2 

Thee Birth Rates of Low Mass Binary Pulsars and Low Mass 
X-Rayy Binaries 
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Astron.Astron. Astrophys. 218, 131-136 
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S u m m a r y y 

Wee reconsider the b i r th rates of galactic low-mass binary radio pulsars and their possible pro-
genitorr systems. Kulkarni and Narayan (1988) found a discrepancy between the b i r th rates of 
galacticc low-mass binary radio pulsars and low-mass X-ray binaries of short orbital period of 
att least a factor 100 at the 99 percent confidence level. We find that the bir th rates differ for 
shortt orbital period systems by at most a factor 18, whereas the b i r th rates of the group as a 
wholee are in good agreement. The largest source of uncertainties are the poor statistics of the 
samplee of binary pulsars with a low-mass companion, the estimated lifetimes of the low-mass 
X-rayy binaries and the unknown number of progenitors of low-mass binary radio pulsars, which 
accretee at a super-Eddington rate. We suggest that (partial) evaporation of the secondary in a 
closee binary may resolve (part of) the discrepancy, found for the short orbital period systems. 

2.11 I n t r o d u c t i o n 

Soo far, 5 galactic low-mass binary radio pulsars (LMBRPs) have been detected, including the 
recentlyy discovered new millisecond pulsar PSR 1957+20 (Fruchter et al., 1988; for a review 
onn the binary radio pulsars with a low-mass companion see e.g. Van den Heuvel (1988)). 
Thesee systems consist of a neutron star (NS) and mostly a low-mass white dwarf companion 
(i.e.. M2 < O.4JW0). Some of the LMBRPs may contain hydrogen-rich components of very 
loww mass, e.g. the system PSR 1957+20 (Fruchter et al., 1988; van den Heuvel and van 
Paradijs,, 1988; Phinney et al., 1988). The progenitors of LMBRPs, which contain a white 
dwarff  secondary, are thought to be the low-mass X-ray binaries (LMXBs), in which the low-mass 
companionn is a (sub)giant which overflows its Roche-lobe and transfers mass onto the neutron 
starr companion, thereby generating X-rays (see e.g Webbink, Rappaport and Savonije, 1983; 
Pylyserr and Savonije, 1988; and references therein). Various authors described the evolution of 
somee of the LMBRPs with the model calculations for low-mass X-ray binaries, as presented by 
Webbink,, Rappaport and Savonije (1983), e.g. (Joss and Rappaport (1983); Paczynski (1983); 
Savonije,, 1983, 1987). The single 1.5 ms pulsar, PSR 1937+21, is now believed to be the remnant 
off  a low-mass binary system, since i t has been shown that the outflow of energetic radiation 
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Tablee 2 .1: The properties of the LMBRPs in the sample 

PSR R 

0820+02 2 
1831-00 0 
1855+09 9 
1937+21 1 
1953+29 9 

P P 
(ms) ) 
865 5 
521 1 
5.36 6 
1.56 6 
6.1 1 

logP P 

) ) 
-16.0 0 
-16.8 8 
-19.7 7 
-19.0 0 
-19.5 5 

Port t 
(days) ) 

1232.5 5 
1.81 1 

12.33 3 
--

117.35 5 

logB B 
(Gauss) ) 

11.5 5 
10.9fc c 

8.52 2 
8.65 5 
8.65 5 

d d 
(kpc) ) 

1.92 2 
3.3 3 

0.350 0 
2.1 1 
3.9 9 

M5 5 

0.22 - 0.4 
0.066 - 0.13 

0.22 - 0.4 
--

0.22 - 0.4 

age e 
(years) ) 

107 7 

1.99 x 107 

4.33 x 109 

108 8 

3.22 x 109 

a)) Most likely mass for the secondary 
b)) Log B for PSR 1831—00 was calculated using the value of the period 
derivativee given by Taylor and Dewey (1988). 

off  a millisecond neutron star, in a close binary system, is able to completely "evaporate" its 
low-mass,, hydrogen-rich companion, as observed in PSR 1957+20 (Fruchter et al., 1988; van 
denn Heuvel and van Paradijs, 1988; Phinney et al., 1988; Kluzniak et al, 1988). 

Duringg the mass transfer phase, the accreting NS acquires angular momentum from the 
infallingg mat ter and it is spun up. The evolution of the spin period of an accreting NS is 
determinedd by the evolution of bo th the NS magnetic field and the accretion rate (e.g. Ghosh 
andd Lamb, 1978, 1979; de Kool and van Paradijs, 1987; Pylyser, 1988) Three of the galactic 
LMBRPss and the single millisecond pulsar have pulse periods < 6 ms and very low P-values 
(seee Table 1), indicating low surface magnetic field strengths (i.e. < 5 x 108 Gauss). 

Iff  the LMXB s are the sole progenitors of all the LMBRPs, the bir th rates of both types of 
systemm should be equal in a steady-state situation. Van den Heuvel et al. (1986) estimate the 
inversee bi r th rate of the LMXB s to be about 5.0 x 106 yr. If the magnetic fields of binary pulsars 
decayy on the same t ime scale as that of the single radio pulsars (about 5 x 106 years), they would 
noo longer be observable after about 2 x 107 years, and we would expect to observe no more 
thann a few such systems in the whole Galaxy (van den Heuvel et al., 1986). Prom the fact that, 
amongg the about 500 known radio pulsars, five have already been observed in LMBR P systems, 
ann incidence of about 1 0- 2 is inferred. The total pulsar population for our galaxy is est imated 
att about 1.5 x 105 (Narayan, 1987), suggesting a total number of LMBRPs of about 1500. This 
numberr exceeds, by a factor of 300 the number one expects, if the magnetic fields of binary 
pulsarss decay continuously on t ime scales of the order of 5 x 106 years. This discrepancy can be 
removedd if one allows for the existence of a bot tom field, beyond which NS magnetic field-decay 
occurss on a t ime scale of about 109 yr or longer, (Bhattacharya and Shrinivasan, 1986; van den 
Heuvell  et al., 1986). Direct evidence for the existence of such a bot tom field has come from 
thee optical observations of the white dwarf companion in the binary systems PSR 0655+64 
(Kulkarni,, 1986) and P SR 1855+09 (Wright and Loh, 1986; Kulkarni, 1987), whose age of 
aa few 109 years can be estimated from the optical colours. Contrary to the earlier results by 
Wrightt and Low (1986) and Kulkarni (1987), Callanan et al. (1989) could not detect the optical 
counterpartt of P SR 1855+09. They find a lower limi t to the apparent visual magnitude of the 
companionn of mv > 26.5 and conclude that the white dwarf in this system must be older than 
~~ 3.3 106 yr. 
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Kulkarnii  and Narayan (1988, hereafter referred to as KN) estimated the b i r th rates of 
LMBRPs,, taking various selection effects into account and assuming the above field decay 
modell  for neutron stars. They made an independent estimate of the b i r th rate for the LMXBs, 
usingg the model calculations by Webbink, Rappaport and Savonije (1983, hereafter WRS), and 
concludee that, for the short orbital period systems, there is a discrepancy between the b i r th 
ratess of bo th types of system of at least a factor of 100, at the 99 percent confidence level. For 
thee long orbital period systems, they found a discrepancy of at most a factor 6. 

Thee main object of this Paper is to use the numerical model calculations by Pylyser and 
Savonijee (1988, hereafter PS), to derive b i r th rates for short orbital period LMXBs. Unlike the 
modelss of WRS, these models include the effect of magnetic braking (Section 2.3). In Section 2.2 
wee reconsider the b i r th rates of galactic LMBRPs. In Section 2.4 the results are summarized 
andd possible solutions for the observed discrepancies are given. 

2.22 T h e b ir th ra te of l o w - m a s s b inary pulsars 

I nn our analysis, we restrict ourselves to the population of LMBRPs in the disk, thereby excluding 
thee four recently discovered sources in globular clusters. We also include the single 1.5 ms pulsar 
PSRR 1937+21 in our sample for which, until recently, the progenitor system was supposed to be 
aa massive X-ray binary e.g. van den Heuvel and Bonsema, 1984; Bonsema and van den Heuvel, 
1985).. However, the recent discovery of the 1.6 ms eclipsing binary pulsar PSR 1957+20, which 
hass a secondary of only 0.024 M© (Fruchter et al. (1988)), indicates that the progenitor systems 
off  both PSR 1957+20 and PSR 1937+21, may have been a LMXB , in which the secondary is 
beingg evaporated by the rapidly spinning neutron star primary (Ruderman et al., 1989, van 
denn Heuvel and van Paradijs, 1988). Some of the characteristics of our sample of LMBRPs 
aree listed in Table 1. Because of the lack of sufficient data at this t ime, PSR 1957+20 is not 
included.. We note that our sample is identical to the sample used by KN. 

Thee method used by KN to derive bir thrates for LMBRPs was introduced by Narayan 
(1987),, who defined a scale factor S(P,L), relating the observed pulsar distr ibution p0(P,P,L) to 
thee t rue distr ibution pt (P,P,L). Narayan accounted for various selection effects, and allowed for 
aa beaming factor that varies with the pulse period P, as suggested by Narayan and Vivekanand 
(1983).. They find that for fast pulsars (P < 0.1 s) the beaming factor f(P) may be about 1.0, 
ratherr than about 0.2 (Gunn and Ostriker, 1970). 

Usingg the method of Narayan (1987), KN calculated the bir th rates of LMBRPs in more 
detail.. Some of the surveys they used in calculating the scale factors were sensitive enough 
too detect millisecond pulsars. The sample that Kulkarni and Narayan used is identical to the 
samplee listed in Table 1. KN find a total inverse bir th rate for the galactic populat ion of 
LMBRPss of B R - 1 = 3.3 x 104 yr. Because of the number of LMBRPs in the sample is very 
small,, the calculated bir thrates may suffer from small number statistics. Therefore, KN also 
calculatedd the BRs ar the 99% confidence level and find an upper limi t of BR~l = 2.0105 yr, 
i.e.. a factor 6 higher. 

KNN separate the LMBRPs in 'slow' (P„ b > 25 days) and 'rapid' systems (P,**  < 25 days), 
andd make a corresponding division (at an initial period P, of 3 days) of the LMXBs. They find 
inversee bi r th rates for the slow and rapid systems of 4.5 x 104 yr and 1.3 x 105yr, respectively. At 
thee 99 percent confidence level, these bir th rates become 1.7. x 105 and 2.9 x 105, respectively. 
Wee adopt the b i r th rates for LMBRPs from KN at the 99 percent confidence level, using the 
periodd dependent beaming factor. The results are listed in Table 2. 
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Wee note that the total b i r th rate and the b i r th rate for the short orbital period LMBRPs 
aree heavily dominated by the presence of PSR 1855+09 in the sample. The inverse b i r th rate 
derivedd for this pulsar is 5.7 x 10 yr (KNT their Table 4), whereas the total inverse bir th rate 
forr LMBRPs is 3.3 x 104 yr. KN estimate the total number of objects like PSR 1855+09 in the 
diskk of our galaxy to be about 1.5 x 105, i.e. of the same order as the total number of single 
pulsarss derived by Narayan (1987), which seems extremely high. The inferred bir th rate for 
thiss system is so high, because PSR 1855+09 is a nearby, low luminosity pulsar (Luminosity at 
4000 MHz of 1.84 mJy kpc2, adopting a distance of 350 p c ), which results in a very high scale 
factorr S(P,L). 

AA survey by Stokes et al. (1986) suggests that the incidence of millisecond pulsars among 
thee whole populat ion may be of the order of 0.1, However, this number may suffer from 
selectionn effects (Kulkarni, private communication), and should be considered a lower limit . If 
thee incidence of millisecond pulsars is of the order of 10 percent, and adopting a total galactic 
pulsarr populat ion of Ntotal = 1.46 x 105 (Narayan, 1987), the total inverse b i r th rate would 
becomee 7.1 x 104, and the inverse birth rate for rapid systems would be 1.6 x 105. 

2 .33 T h e b i r t h ra te of L M X B s . 

I nn th is Section we wil l use the numerical model calculations of Pylyser and Savonije (1988, 
hereafterr referred to as PS), to derive the bir th rates for short orbital period LMXBs. The 
effectt of magnetic braking (Verbunt and Zwaan, 1981) is included in these calculations and the 
init iall  orbital periods of the calculated systems are < 1.9 days. 

2.3 .11 T h e m e t h o d 

I nn wide LMXB s (i.e. P^-j, > 12 h), mass transfer is driven by the interior nuclear evolution of 
thee donor star (WRS). According to WRS, the average mass transfer rate < M > and the final 
per iodd Pf as a. function of the initial period P< for such systems (for X=0.7, Y=0.02), are given 
by: : 

<M><M>  = -5.3xl0-10 (Pi/day) M 0 / y r _ 1 (2.1) 

logg Pf = ) log Pi + ) (2.2) 

Al thoughh Eqs. 2.1 and 2.2 are valid only for initial binary periods P̂  > 1.3 days, KN assume 
thatt Eq. 2.1 can also be used for systems with 0.5 days < Pj < 1.3 days. Observational evidence 
thatt Eq. 2.2 is not applicable for these systems, comes from the LMBR P PSR 1831-00. Indeed, 
thee shortest final orbital period Pf, that can be reached in the models of WRS, is 10.5 days, 
whichh is in contradict ion with the observed orbital period of 1.81 days of PSR 1831—00. 

A nn upper limi t to the final period Pj of LMXB s is set by the Eddington mass transfer rate, 
forr which it is expected that X-ray detection is inhibited by the large amount of mass accreted 
onn the NS, i.e. Pj < 25 days. The initial period range of 1.3 d < Pj < 25 d thus corresponds 
too a final per iod distr ibut ion of 23 d < P/ < 217 d. 

Thee orbital period of P SR 0820+02 (Port = 1232.5 days) indicates that its initial period is 
aboutt 30 days and shows that during the previous mass transfer phase accretion must have been 
super-Eddington,, probably making the system invisible as an X-ray source. De Kool and van 
denn Heuvel (1986; see also Helfand and Becker, 1985) suggest that the progenitor systems of 
LMBRPss like P SR 0820+02 can be seen as axially symmetric radio sources (ASRs, see Shaver 
ett al., 1985; Becker and Helfand, 1985; Becker, 1985). 



2.3.2.3. The birth rate ofLMXBs. 13 3 

2.5 5 

logfj ld. l l 

20 0 

1.5 5 

1.0 0 

05 5 

0 0 

-0.55 0 0.5 1.0 1.5 
logg Rid. I 

Figuree 2.1: The relation between the final and initial orbital periods Pƒ and P; of short orbital period 
LMXB ss (Pi < 1.9 days), according to the numerical calculations by PS. The semi-analytical relation, 
derivedd by WRS is added for comparison. For all initial orbital periods P; < 1.8 days, the effects of 
inclusionn of orbital angular momentum loss, due to magnetic braking, in the results of the numerical 
calculationss and the limitations of the description for the evolution of LMXB s as provided by WRS, is 
clearlyy demonstrated. 

Wee note here that according to Eq. 2.2, an initial period Pj of 3 days (at which KN make a 
separationn between rapid and slow LMXBs), corresponds with a final period of about 42 days. 
Thee latter period therefore correspondingly divides the sample of LMBRPs in rapid and slow 
systems,, instead of the dividing period of 25 days, used by KN. Since none of the LMBRPs 
havee Por(, between 25 and 42 days, the sample of rapid and slow LMBRPs remains the same 
ass in KN, and consequently, their derivation of the birthrates of the sample of rapid and slow 
LMBRPss remains unaffected. 

I nn view of the limitations of the semi-analytical description of WRS for short orbital period 
systems,, we decided to use the results obtained by PS, which include both the effects of gravita-
tionall  radiat ion and magnetic braking. The initial periods of the systems in these calculations 
rangee between 0.67 and 1.91 days. 

Fig.. 2.1 presents the relation between the final period Pf and initial period Pj resulting from 
thee calculations performed by PS. For comparison, the relation 2.2 (WRS) is added in Fig. 2.1. 
Forr all P{  < 1.8 days, the relation obtained from PS is significantly different from WRS, clearly 
demonstrat ingg the effects of magnetic braking : 

logg Pf = (3.32  0.45) log Pi + (0.76  0.06) (2.3) 

forr 0.67 < Pi < 1.91 days. 
Fig.. 2.2 relates the mean mass transfer rate and the initial orbital period, as derived from 

'WRSipop. I I 

r r 

i i 

PS;DOp. I I 
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-e.o o 

logg <M> 
l inf^/yr) ) 
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-9.0 0 
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logg R(d.) 

Figuree 2.2: The relation between the mass transfer rate < M > and the initial orbital period of short 
orbitall  period LMXB s (P; < 1.9 days). For a comparison, the semi-analytical relation derived by WRS 
iss added. 

thee calculations by PS, and can be described by : 

logg < M >=  (3.80  0.33)logPi + ( -9.06  0.04) (2.4) 

forr 0.67 < Pi < 1.91 days. The relation 2.1 obtained by WRS is added for comparison. 
I nn order to understand the above differences, we present in Figure 2.3 the stellar radius as a 

functionn of the He-core mass of single stars of 0.7 M®, 1.0 M®, 1.5 M Q and 2.0 MQ. The mean 
stel larr radius - core mass relations derived by WRS is added for comparison (dash-crossed line). 
Thee relation of WRS only satisfies the numerical calculations of single low-mass stars for core 
massess M c > 0.22 M Q . Therefore, the use of semi-analytical calculations, as those performed 
byy W R S, is not justified if the initial core mass of the donor star is smaller than 0.22 M Q . 
Th iss lower limi t on M c corresponds with a lower limi t on the initial and final orbital period of 
aboutt 5 days (slightly depending on the mass of the donor star) and about 62 days (Eq. 2.2), 
respectively. . 

Followingg WRS, the mass transfer rate is proportional to dR/dMc, which is the variation 
off  the stellar radius R as a function of the core mass M c. For M c < 0.22 M Q (i.e. Pj < 
55 hrs.), dR/dMc, as derived from the single-star evolution calculations, is significantly lower 
t hann dR/dMc a s derived from the relation of WRS (see figure 2.3), which results in a much 
lowerr mean mass transfer rate. The inclusion of magnetic braking in the numerical calculations 
does,, however, increase the mass transfer rate again, resulting in the picture presented in 
Fig.. 2.2. 

Theree is evidence that a fraction of the neutron stars in LMXB s are formed by accretion 
inducedd collapse (AIC) of a massive WD (see e.g van den Heuvel, 1984, 1987). If, at the onset 
off  mass transfer, the compact component in the system is a massive white dwarf, the X-ray 

'WRS,popp I 

PS.popp I 
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Figuree 2.3: The relation between the stellar radius R and the helium core mass Mc in 0.7 to 2.0 MQ sin-
glee (sub)giants. For comparison, the semi-analytical relation derived by WRS is added as a dash-crossed 
line.. In view of the differences between the semi-analytical and numerical results, we indicate that the 
usee of the relation of WRS for core masses < 0.22 MQ, is not justified. 

lifetimess can be significantly reduced, because as long as the accreting object is a white dwarf, 
thee system is not seen as a bright X-ray source. The mass-losing component in such a system 
mayy have to transfer a significant amount of mass before the WD collapses to a NS, since the 
occurrencee of nova-explosions may expel a large part of the accreted matter from the system 
(Starrfieldd et al. 1985). In this case, the remnant mass of the hydrogen envelope of the donor 
starr at the moment of the AI C determines the lifetime of the newly formed LMXB . As a tool for 
thee determination of the X-ray lifetime in case such a situation occurs, we present Fig. 2.4. I t 
givess the lifetimes of LMXB s as a function of their final orbital period, for a certain amount of 
masss still to be transferred. I t can easily be seen that, depending on the amount of mass to be 
transferred,, the lifetimes of LMXB s can vary significantly. KN estimate that, on the average, 
thee X-ray lifetime lasts only a third of the total possible accretion time (i.e. corresponding with 
thee transfer of 0.2 M Q towards the NS). 

2.3.22 T h e resul ts : t h e b ir th rate of L M X B s 

Usingg Eq. 2.1, assuming that the total number of wide LMXB s (Port > 0.67 d) is Nj, = 33 (Bradt 
andd McClintock, 1983), adopting AM = 0.2 M 0 , and choosing an initial (Pj) distr ibution of 
n(Pi)dPin(Pi)dPi = P^dPi, KN find an inverse bir th rate for the LMXB s of B R " 1 = 2.8 x 107 yr for 
thee rapid systems (0.5 < Pj < 3.0 days), and BR-l(yr) = 2.3 x 105 yr for the systems with 
initiall  periods in the total period range (0.5 < P; < 300 days). 

Usingg the results from PS (cf. Eq. 2.4), adopting A M = 0.2 M 0 , as the total amount of 
masss accreted by the neutron star (KN) and averaging over the same ensemble of initial periods 
ass used by KN, we find that the mean bir th rate BR for the rapid LMXB s is given by : 
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Figuree 2.4: The X-ray lifetime of a short orbital period LMX B as a function of its final orbital period 
andd the amount of mass left to be transferred between the components after the accretion induced 
collapse. . 

BRBR = Nfr < i f ' 80 > / (2 .3x l08) (yr) (2.5) 

wheree N is the number of progenitor systems of LMBRPs with Port, > 0.67 days, fr the 
fractionn of rapid systems with 0.67 < Pj < 1.91 days and the factor between brackets, i.e. 
<< P?-80 >, represents the mean value over the total initial period distr ibution of P ?8 0 . 

Inn their est imate of the total b i r th rate of LMXBs, KN considered the initial period range 
0.55 to 300 days, i.e. they included systems with Pi > 25 days. However, this is inconsistent 
wit hh their use of JV = Nx = 33, since this number is determined by systems that must have had 
Pjj  < 25 days. We note that systems with Pj > 25 days accrete at super-Eddington rate and 
mayy be visible as ASRs (see Section 2.3.1). Based on the initial period distribution, we find 
thatt the fraction of systems with Pi > 25 days, with respect to the total initial period range 
off  0.67 to 300 days, is 0.39. Hence, there must be about 22 ASRs and the total number iV of 
progenitorr systems of galactic LMBRPs is 55. 

Wee adopt the same period distribution of KN and find that B R - 1 = 8.5 x 106 yr for LMXB s 
wit hh Pi < 1.91 days, a factor of 6 lower than derived by KN, for the same period range. We 
expectt that for the initial period range 1.91 < Pj < 3.0 days, the mean mass transfer rate is still 
higher,, by a factor of at least 3, than the mass transfer rate derived from WRS (see Figure 2.2. 
Wee expect the inverse bi r th rate of the progenitor systems of LMBRPs, 0.67 < Pi < 3.0 days, 
too be B R - 1 ~ 5.2 x 106 yr. The models of PS do not cover the range upto initial periods of 
3000 days, but extrapolat ion from Fig. 2.2 would suggest it is higher than the mass transfer rate 
fromm the models of WRS. Therefore, we expect the inverse bir th rate for the slow systems, as 
welll  as the total inverse bi r th rate to be smaller than 1.4 x 105 years, i.e. a factor 5 lower than 
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Tablee 2.2: The birthrates of LMBRPs and their progenitor systems 

System m 
Type e 

rapid d 
slow w 
total l 

CP° ° 
5.22 x 106 

<< 1.4 x 105 

<< 1.4 x 105 

Inversee Birthrate (yr) 
LMXB ss LMBRPs 

KN66 KNC 

2.88 x 107 2.9 x 105 

2.44 x 105 7.0 x 105 

2.33 x 105 2.0 x 105 

a)) This paper 
b)) The result by KN, assuming that the total amount of mass accreted 
byy the neutron star is 0.2 MQ 
c)) The upper limits to the inverse birthrates from KN are at the 99% 
confidencee level and for a period dependent beaming factor. 

foundd by KN. We have summarized our results in Table 2. For comparison, we have added the 
resultss of KN. As can be seen from the Table, our estimates for the inverse birth rates are lower 
thann those by KN. 

2.44 Discussion and conclusions. 

Wee adopted the birth rates for the LMBRPs from KN at the 99 percent confidence level, using 
aa period dependent beaming factor. The inverse birth rate at the 99 percent confidence level 
forr the rapid LMBRPs is 2.9 x l 5, for the total period range the inverse birth rate is 2.0 x 105. 
Forr the progenitor systems of LMBRP, we find BR- 1 < 1.4 x 105 yr, for 0.5 < P, < 300 days, 
andd BR- 1 ~ 5.2 x 106 yr, for P; < 3.0 days. The results are summarized in Table 2. Thus, 
forr the total range of periods the birth rates are in excellent agreement, whereas for the rapid 
systemss there is a discrepancy of a factor of 18. We recall that KN found a discrepancy between 
thee birth rates of short orbital period systems of order of 100. 

Ourr analysis differs from the analysis of KN in two ways. First, we use a different estimate 
off  the number of visible progenitor systems of LMBRPs, by including an estimate of the num-
berr of progenitor systems that accrete at super-Eddington rate. We estimate the number of 
suchh systems at 22, and suggest that these systems may be observed as ASRs (Section 2.3.1). 
Inclusionn of the estimate of super-Eddington accreting systems, systematically lowers the in-
versee birth rates of LMXBs by a factor of 1.7, with respect to the estimates of KN. Secondly, 
wee use the numerical models of Pylyser and Savonije (1988, PS), rather than the models of 
Webbink,, Rappaport and Savonije (1983, WRS), since the models of PS also include the effect 
off  magnetic braking. That, indeed, this effect can be important for short period systems can 
clearlyy be seen in Fig. 2.2. Using a different estimate for the number of progenitor systems 
too LMBRPs and using the models of PS, reduces the discrepancy between the birth rates of 
LMBRPss and LMXB s from a factor 10 to a factor of 18. 

Inn view of the recent discovery of the new binary 1.6 ms pulsar (Fruchter et al., 1988), 
Kluzniakk et al., (1988), Phinney et al., (1988) and van den Heuvel and van Paradijs (1988) 
suggestt that rapidly spinning neutron stars in short period LMBRPs may evaporate their sec-
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ondaries.. After at least a few times 10- 2 M 0 have been transferred, the NS may be spinning 
w i t hh a period in the millisecond range, if the NS magnetic field strength is low (a few 108 

Gauss).. If mass transfer is then temporarily interrupted, for example by a random fluctuation 
i nn the stellar radius of the mass-losing component, by only a few atmospheric scale-heights, the 
pulsarr becomes active as a radio pulsar and may emit sufficient energy to "evaporate" the entire 
H-richh envelope of the giant. This greatly reduces the X-ray lifetime and simultaneously the 
radioo lifetime of the system. The fraction of mass effectively transferred determines the X-ray 
lifetimee of the system. This effect wil l bring the bir th rates of rapid LMXB s and LMBRPs in 
closerr agreement. 

Also,, the est imate of the total amount of galactic LMXB s may be uncertain and awaits 
confirmation.. According to Blair et al. (1988), the total number of these systems could possibly 
bee a factor 5 higher than derived by Bradt and McClintock (1983), thereby decreasing the 
differencee in b i r th rates between both types of system with the same factor. 

Twoo of the three LMBX s in the LMC, LHG 87 and LHG 83, have very soft X-ray spectra, 
comparedd to the galactic LMXB s and LMCX-2 (Smale et al., 1988; Pakull et al., 1988). Pakull 
ett al. (1988) suggest that their presence may be due to the less advanced chemical evolution 
off  the LMC. On the other hand, similar objects may also be found in our galaxy. However, 
thee large absorption near the galactic plane would bias against the detection of distant sources 
wi t hh a soft X-ray spectrum, if present. Therefore the number of potentially observable LMXB s 
mayy be higher than suggested by Bradt and McClintock (1983). 

I nn inferring the b i r th rates of LMXB s and LMBRPS the largest sources of uncertainties are 
thee poor statistics of the sample of binary pulsars with a low-mass companion, the estimated 
lifetimess of the low-mass X-ray binaries and the unknown number of progenitors of low-mass 
b inaryy radio pulsars, which accrete at a super-Eddington rate. In conclusion, we find that the 
b i r thh rates for the total sample of LMBRPs and their progenitors (i.e. wide LMXB s and ASRs) 
aree in excellent agreement. The possible discrepancy of about a factor 18, between the rapid 
L M B R Pss and LMXBs, may be resolved by destruction of potential LMXB s with relatively short 
orbi tall  periods by the process of evaporation. 
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