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Abstract Several X-ray binaries (XRBs) have been identified to be @ated with supernova remnants

(SNRs). Because of the short lifetimes of SNRs, this leahesntto be the youngest known XRBs.

This small group of binaries provides valuable informat@mnthe formation of compact stars under the
framework of massive binary evolution. In this paper we eevthe observational characteristics of these
youngest XRBs and discuss their possible implications erirthial conditions of compact stars and their

interaction with the companion stars.

Key words: accretion, accretion disks — stars: black holes — stardroepevolution

1 INTRODUCTION Due to the strong interaction between the compact
stars and the accreting material, the properties of compact
X-ray binaries (XRBs) usually consist of an accretingstars such as mass, spin, and magnetic field may have been
neutron star (NS) or black hole (BH) and an opticalsignificantly changed, and thus it is difficult to trace their
companion/donor starNagase 1989 According to the origins from their current status. Most NSs and BHs are
masses M of the companion stars, XRBs can be produced by supernovae (SNe) of massive stars. Because
mainly divided into high-mass X-ray binaries (HMXBs) supernova remnants (SNRs) are short-lived (with ages
where Mc 2 8Mg and low-mass X-ray binaries 10° yr), studies of XRBs associated with SNRs provide
(LMXBs) where M < 1 Mq. HMXBs can be further valuable insights into the earliest stages of XRB evolution
classified into supergiant X-ray binaries (SGXRBs), Wolf-and accretion history. Fortunately there have been an
Rayet X-ray binaries (WRXRBSs), and Be/X-ray binariesincreasing number of XRBs discovered to be associated
(BeXRBs) (seeReig 2011 for a review). Except for a with SNRs. In this paper we review the observational
few close binaries where mass transfer occurs via Roche&haracteristics of these youngest XRBs and discuss their
lobe overflow (RLOF) of the companion star, in mostpossible implications on the formation and evolution of
HMXBs the compact star accretes by capturing the winccompact stars.
material from the massive companion star. In the case of
SGXRBs and WRXRBs, the stellar winds are traditionally2 X-RAY BINARIES ASSOCIATED WITH
thought to be radially expanding (probably in the form of SUPERNOVA REMNANTS

clumpy winds), while in BeXRBs the donor stars are fast- ) _ )
rotating B-type stars and the winds are in the form of sCurrently there are six XRBs that are (possibly) associated
circumstellar decretion disk. SNRs, including one BH XRB and five NS XRBs. Three

) ~of them are in the Milky Way (MW), two in the Small
Based on the main-sequence (MS) and post-maing,qeianic Cloud (SMC) and one in the Large Magellanic

sequence (PMS) lifetimes of the compangon Starl’OLMXBSCIoud (LMC). Tablel summarizes the observational and
and HMXBs have typical ages ot 10° — 107" yr  gerived parameters of these XRBs.
and~ 10 — 107 yr, respectively. These objects provide

unique astrophysical laboratories for studies of stellay, 1 gga33

evolution, accretion processes and astrophysics of campac

stars. HMXBs are especially at the key transitional stag&sS433 is a well-known Galactic XRB/microquasar with
between young massive binaries and double degeneraigo mildly relativistic (0.26 speed of light) jetsKabrika
binaries, which are the important sources of gravitationa004 for a review). The binary orbital period iB,,;, =
wave radiation. 13.1 d (Crampton etal. 1980 Crampton & Hutchings
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Table 1 Properties of the XRBs and Candidates Associated with SNRs

XRB SNR Compact star Spectral type of Age Spin period  Orlpigaiod
(o, 8) (32000) companion star (yr) (s) (d)
SS433/3A1909+048 W50 BH(?) A7lb ~ 104 — 105 - 13.08
(19}‘11m49.6@, +04°58'58.0"")

Cir X-1/3A1516-569 G322.1+0.0 NS B5-A0 ~ 3000 - 16.6
(15"20m40.90', —57°10'01.0")

SXP 1062 - NS BO-0.5(ll)e+ ~ (2 —4) x 10* 1062 668(10)
(01}‘27“‘45.95, —73°32'56.3")

SXP 1323 - NS BOe lll-V  ~ (2.5 —4) x 104 1323 26.2
(01h03™37.40, —72°01/34.1")

MCSNR J0513-6724 - NS B2.51b ~ 1000 — 5700 4.4 2.2324(+£0.0003)
(05"13m42.60°, —67°24'12.4")

CXOU J053600.6-673507F SNR 0535-67.5 NS O5lII(f) > (5—17)x 104 -

(05"36™00.00, —67°35'07.0")

a See text for details’ the nature of the nebula is not confirmédhe nature of the compact star is not confirmed.

1981 and the jets precess at a period of 164 d1977J), Cir X-1 has shown a vast change in X-ray intensity
(Fabian & Rees 1979 Milgrom 1979. However, the by two orders of magnitude. The X-ray luminosity can
nature of the accreting compact object and its companioaxceed 103® ergs! (Linaresetal. 2010 Heinz et al.
star remains highly debated. Based on optical observatio?2015. It shows X-ray and radio flare modulations at a
of the absorption lines of SS433iesetal. (2009  16.6 d period, which is thought to be the binary orbital
and Hillwig & Gies (2008 suggested that the optical period Kaluzienskietal. 1976Whelan et al. 1977 The
counterpart V1343 Aqgl has spectral classA7Ib, and presence of type | (i.e., thermonuclear) X-ray bursts
the latter work estimated the masses of the BH andTennantetal. 1986 Papitto et al. 2010 Linares et al.
the companion star to béd/x = 3.3(+0.8) M and 2010 confidently identifies the compact star to be an NS
Mc = 12.3(£3.3) M), respectively. Similar estimates with a relatively low magnetic field, but the spin period is
were obtained bKubota et al(2010 with theSubaruand  not known.
Gemini observations. However, X-ray eclipse data indicate  The nature of the companion star remains unclear.
a smaller mass ratio 0.15, which pointsto an NS accretor Early optical observations identified it as an early-type
(Brinkmann et al. 1989Kawai et al. 1989 Kotanietal.  supergiantWhelan et al. 197.Murdin et al. 198). Later
1998. More recent analysis of X-ray eclipses gives a massvorks (Argue & Sullivan 1982Moneti 1992 showed that
ratio > 0.6, and the mass of the compact objéét > 5—  the donor star was in fact several magnitudes fainter
9 M), placing it to be a BH Cherepashchuk et al. 2018 than that measured byhelan et al.(1977). It was then
2019. The mass loss rate is estimated to be very highsuggested to be an MS B star Iaynes(198%, and
~107* Mg, yr~!, indicating that the BH is accreting at a an MS star with spectral type no earlier than type G by
supercritical rate. Stewart et al(1997). More recently,Jonker et al.(2007)
SS433 is located at the center of W50, a nebulaletected near-IR Paschen absorption lines in the spectra,
thought to be an SNR at a distance of 5.5 kMafgon and suggested the donor star to be a supergiant star with
1984 Blundell & Bowler 2004*. Hydrodynamical simu- spectral type B5-A0 and orbital eccentricity 0.45.
lations constrain the age of W50 to be 10* — 105 yr ~ Johnston et al(201§ estimated the extinction to Cir X-
(Shklovskii 1980 Zealey et al. 1980_ockman et al. 20067 1 from the strength of the diffuse interstellar bands and
Goodall et al. 2011Panferov 201}, and the duration of the Balmer decrement. They showed that the optical light
the current jet activity to be- 10> — 10* yr (Kingetal.  curve can be modeled as arising from irradiation of the
200Q Bowler 201Q. These estimates demonstrate thattompanion star by the central X-ray source, suggesting that
RLOF of the companion star commenced shortly after thehe companion star is overluminous and underdense, due to

BH was born. the impact of the SN ejecta.
Based on a deephandra X-ray observation and radio
2.2 Cir X-1 observationgHeinz et al.(2013 reported the discovery of

. ] the natal SNR of Cir X-1. Analysis of the SNR evolution
Cir X-1is an unusual XRB whose nature has been a puzzIg, jicates an upper limit ofi600 yr on the age of the

for many years. Since its discovery in 197M&gon  remnant, if at a distance of 8 kpc. More recent radio

1 Begelman et al(1980 suggested that W50 is a bubble swept in the observations determine the distance to Cir X-1 to be
interstellar medium by the SS433 jets or winds rather an SNR. 9.41“1):% kpc and the age of the SNR to e 3000 yr.
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This makes Cir X-1 the youngest known XRB. The interpretation of the shell. If the SNR is in the adiabatic
short timescale for the orbital evolutioﬁ’orb/Porb ~ phase, its age can be estimated to(bé — 4) x 10* yr
1400 — 3000 yr also suggests that Cir X-1 be very youngwith Esy = (0.1 — 1) x 10°! erg.
(Parkinson et al. 200&larkson et al. 2004

2.5 MCSNR J0513—-6724

2.3 SXP 1062 _
MCSNR J0513-6724 was previously thought to be a

Hénault-Brunet et al(2012 reported the discovery of a candidate SNR in the LMC Haberl & Pietsch 1999
BeXRB SXP 1062 in the Wing of the SMC. The detectionBozzetto etal. 2017 In X-rays it displays a shell-like

of strong X-ray pulsations with a period of 1062 s revealedmorphology, with a size of~ 14.5 x 12.3 pc at the
that the compact star in this system is a slowly rotatinglistance of the LMC (50 kpc). Combined radio and X-
pulsar. SXP 1062 shows regular type | outbursts but withray observations showed that emissions in the radio and
a relatively low intrinsic X-ray luminosityLx =~ 6 x X-ray wavelengths from the south shell are correlated,
103° ergs!. Its optical counterpart is the Be star 2dFSand that the brightest and hardest X-ray emission from
3831 with spectral type B0O-0.5(lll)efEfans et al. 2004 the south shell is spatially coincident with the brightest
Hénault-Brunet et al. 20)2 Regular variations in the radio emission. This confirms its identity as an SNR
optical and X-ray outbursts reveal the orbital period to bgMaitra et al. 2019 From the measured SNR radius and
P,» = 668(+10) d (Schmidtke etal. 2032Sturm etal.  shock temperature the authors derived a dynamical age of
2013 Gonzalez-Galan et al. 201.8 ~ 1000 — 5700 yr.

Hénault-Brunet et al.(2012 also detected a shell Moreover,Maitra et al. (2019 discovered a faint X-
nebula around the optical counterpart of SXP 1062 irray point source at the geometrical center of MCSNR
Ha and [O Ill] images and concluded that it is most J0513-6724. The0.2 — 12 keV luminosity of the source
likely an SNR. The SNR nature was further confirmedis around7 x 1033 ergs™!, and its X-ray spectrum is
by Haberl et al. (2012 using radio, optical and X-ray consistent with an absorbed power law with spectral
images. Adopting a canonical SN explosion energy oindex ~ 1.6. Tentative X-ray pulsations were observed
Esx = 10°% erg, Hénault-Brunet et al(2012 estimated  with a periodicity of 4.4 s. The optical counterpart was
the current shell kinetic energy to Bex 10°° erg, which  identified to be BSDL 923, which may be a supergiant with
implies a shell expansion velocity 850(+100) kms™!  spectral type B2.5Ib. The OGLE I-band light curve of the
and an age of- (2 — 4) x 10* yr. From the temperature optical counterpart reveals a period20£324(+0.0003) d,
derived from X-ray spectral modelling and the size of theindicative of the binary orbital period. All these features
SNR,Haberl et al(2012) estimated the age of the SNR to point to the fact that the X-ray source is likely an
be~ 1.6 x 10% yr. SGHMXB.

2.4 SXP 1323 2.6 CXOU J053600.0—-673507

SXP 1323 is a BeXRB in SMQ\eyssonnier & Azzopardi The SNR 053567.5 in the HIl region DEM L241 in
1993 Haberl & Sasaki 2000 with a pulse period of the LMC was first identified byMathewson et al(1985
1323 sHaberl & Pietsch 2006 Follow-up optical spec- with combined analysis of optical, radio, and X-ray
troscopy observations showed that the optical star is a BOgbservations. They showed that DEM L241 has the typical
-V star (McBride etal. 2008 Schmidtke & Cowley looped filamentary structure of an SNR with a size of
(2009 and Carpano et al.(2017 obtained the binary ~ 2’ in both optical and radio images, and the [SII]
orbital period to be 26.2 d from the optical and X-ray lightto Ha ratio is 0.6. A Chandra observation revealed an
curves. interior unresolved source, which is probably an accretion
Gvaramadze et a2019 showed that SXP 1323 is powered binary $eward et al. 20)2 Emission from the
located at the center of a circular shell which was detectecemnant interior is thermal and spectral information was
in an Hy image obtained with the Very Large Telescope.used to derive the density and mass of the hot material,
This suggests that both objects are physically associatdtom which Seward et al(2012 obtained an age of
with each other. Follow-up spectroscopy with the Southerr{5 — 7) x 10* yr for the SNR.XMM-Newton observation
African Large Telescope showed that the shell expandBy Bamba et al(2009 showed that the X-ray emission in
with a velocity of abouti00 kms~! and that its emission the soft band reveals an elongated structure with a central
is due to shock excitation. The authors suggested that thjmintlike source. From its luminosity and spectrum they
shell is an SNR. The ratio of the combined [SA}6716,  argued that the source might be a pulsar wind nebula in
6731 lines against & of 0.3 — 0.4 agrees with the SNR DEM L241.
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A Chandra observation shows that the compact X-rayKeplerian angular velocity of the accreting material equal
source CXOU J053600-0673507 appears point-like and the angular velocity? of the NS, i.e.,
has a luminosity~ 2 x 10%° ergs™! (Seward et al. 2012

1/3
The variability in X-rays excludes an unresolved pulsar Reo = (G_M> ) 2)
wind nebula. It is too bright to be a Cas A-type central o

compact object whose typical luminosities aré*> —  Accordingly the spin period of the NS should be longer

10** ergs™*. Although the X-ray luminosity is compatible than the equilibrium period

with an anomalous X-ray pulsar, the spectrum is harder .

than that of most anomalous X-ray pulsars. Combining Pog = 2"/ Mg g2 ST =3T(GM) T, (3)
the fact that the optical counterpart HD 269810 is an,,

O5lII(f) star, Seward et al(2012 suggested that CXOU

J053600.0-673507 is likely an HMXB comprising an O B < 8.5 x 10'(¢, /"M PR >*)PT/S LY G, (4)
star and an accreting NS.

However, Cobert et al. (2016 recently discovered Wherg S5 = £/05, My - M/1'14M®’ Rs =
luminous  gamma-ray  emission from  CXOU R/10° cm, andLs; = Lx/10™ ergs™. For MCSNR

J053600.0.673507 with Fermi observation. Periodic J0513-6724, assuming a correction factor of two for the

modulation in gamma-rays with a 10.3 day period Wasbolometric Iuminos_ity and adoptir)g.the spin period of
detected. The radio and X-ray counterparts also exhibi A4S, o_ne%_ clz;n denvehthe upper limit olfltr(;e NS Slljrface
flux modulation on this period. The source properties{\‘;agnet'c :ezosltrelngthto be — f5>CX ;01 h(see aiso
including radial velocity measurements of the O5 IlI(f) aitra eIt;. bg n the case o Ilrlg-d't N preser|1ce
counterpart, suggest that the system contains a rapidg type_ A-ray ursts {ennant etal. 198 mares_eta.
rotating NS which may eventually evolve into an XRB. 010 |qd|c§tes that the NS Fl)g)ssesses a rellatlvely low
van Soelen et al2019 reported on optical spectroscopic m?Q”e“C field strength<( 107 G) (‘]OSS. & L.' 1980.
observations of the source and obtained an orbita'I:u]'mmo et aI: 1,98)l At Fhe observed Iummosny. of Cir
eccentricitye = 0.40(+0.07). The determined mass X-1, the emission radius of the blackbody is small

function, f = 0.0010(£0.0004) M), also favors a pulsar enough to be as.spmated.wnh the accret|on- hot spot
wind driven and not accretion driven system. as the X-ray emitting region, which also points to a
field strength belowl0'? G (Schulz etal. 2020 Thus

these two objects could belong to the group of so-called
“anti-magnetars” (young NSs born with a weak dipole
field), originally discovered in the compact central obgect

The discovery of NS XRB-SNR associations provides(CCOS) in SNRs, like 1E 120746209 in G296.5-10.0
interesting information about the initial spin period and(Zavlinetal. 2000 Gotthelf & Halpern 200y, CXOU
magnetic field of the NSs, as well as the interaction beJ185238.6-004020 in Kes 79 Haberl 2007, and RX
tween young NSs and their companion stars. When the N&0822-4300 in Puppis A Gotthelf & Halpern 2008 An
captures the envelope material from the companion star H?terestmg scenario for these objects suggests that rapid
gravity, the motion of the accreting material is also stigng fallback accretion after the SN explosiddH{evalier 1989
influenced by the NS magnetic field and the particle wind MY bury the magnetic field of the NS and decrease its
At the stopping radius the ram pressure of the accretinéurface strengthsBernal et al. 2013 Torres-Forné et al.
material is balanced by the magnetic/radiatioin pressure?018. The buried field then gradually reemerges
If the magnetic pressure dominates, the stopping radius through Hall drift and Ohmic dissipation when accretion

called the magnetospheric radius, which is given by stops (Geppertetal. 1999Ho 2011 Ponsetal. 2013
Vigano et al. 2013Gourgouliatos & Cumming 2035The

3 IMPLICATIONS ON THE PROPERTIES OF
YOUNG NEUTRON STARS

©2 2/7 typical timescale of the reemergencejs 03 yr (Ho 2011
Rm=§(7- ) ) CONNNE liatos & Cumming 2035depending on the burial
MA2GM douLgou iatos & Cumming 20)5depending on the buria
epth.
wherey, = BR®, M, and M are the magnetic moment, A newborn NS is believed to rapidly rotating. The

mass, and mass accretion rate of the NS, respectively. Herelativistic winds from the rotation-powered NS can
G is the gravitational constanf} the surface magnetic prevent the companion’s matter from penetrating the light
field, R the radius of the NS, and a dimensionless cylinderical radius or the Bondi gravitational radius, so
factor of order unity. A necessary condition for steadythe NS usually first appears as a radio pulsar and spins
accretion onto the NS is that the magnetospheric radiudown by magnetic dipole radiation. Once the plasma
is smaller than the corotation radius where the locaknters the light cylindrical radius, the pulsar mechanism
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switches off and the incoming matter forms a quasi-stati@ccretion theorySerim et al (2017 obtained a magnetar-
atmosphere surrounding the NSgvies et al. 1979 Since  like surface magnetic field estimation that is consistent
R.n > R in this situation, the infalling material is with the estimations bifu & Li (2012

stopped at the magnetosphere by the centrifugal barrier, If SXP 1062 is or has been a magnetar, so is SXP
which prevents material from accreting onto the NS. Thel323. Thus, we see the diversity of youngest NSs in
ejected material carries away the angular momentum ahe small sample of youngest XRBsConsidering the
the NS and decelerate its spin by the propeller mechanistfact that young isolated NSs can manifest themselves as
(INlarionov & Sunyaev 197p The system finally switches magnetars, high-B pulsars, and CCOs, some of NS sub-
on as an accreting XRB when the NS spin period hagopulations could be connected with similar evolutionary
reachedP,,, whereR,, = R.,. Thus, to reach the current paths but with different initial field configurations in
spin period the NS should have already experienceterms of the magnetothermal evolution mod&agpi

the ejector and propeller phases. Most X-ray pulsars i”201Q Popov et al. 201,0Pons et al. 201,3Vigano et al.
HMXBs have a spin period of tens or hundreds of second2013 Gullon etal. 201p» While the magnetothermal
with an age in excess @f° yr. In contrast, the spin periods evolutionary model is mainly applicable for NSs with
of SXP 1062 and SXP 1323 are longer (03 s), but their  high magnetic fieldsX 103 G), to unify NSs with both
ages are much shorter (10% yr). So itis interesting to ask low and high surface fields one may need to invoke the
how the NSs can spin down to such a long period withinfield burial and reemergence mod¥lgano & Pons 2012
such a short time. Heinz et al. 2015Popov et al. 2015Rogers & Safi-Harb

. 2016 Liu & Li 2019).
Haberl et al(2012 argued that, if an NS has a normal

magnetic field B ~ 102 — 10'* G), it is difficult to
spin-down to a period- 1000s within a few10* years.
Assuming that SXP 1062 has spun down with a constant

rate P = 100 syr-! as observed over its whole lifetime, The mass transfer in XRBs occurs through two ways:
they derived the lower limit of the initial spin period of capture of the wind from the companion star and RLOF.
the NS to be 0.5 s. Assuming that SXP 1062 is spinningy, the former case, to ensure efficient mass accretion onto
at the equilibrium periodPopov & Turolla(2012 derived  the compact star requires both high wind mass loss rate
the current NS magnetic field to e 10'* G. To reconcile  ang short orbital separation. This is why most HMXBs
the long spin period and short age of SXP 1062, theyossess a supergiant donor star in close orbit or a Be star
suggested that the NS magnetic field must be in excess gf long and eccentric orbit. While MCSNR J0518724,

10" G in the past and then decayed to its present, normayp 1062, and SXP 1323 readily fit the BeXRB picture,
value. Thus SXP 1062 may be a unique example of evolveghe |uminous X-ray emission and jet activity in SS433
magnetars in HMXBs.Fu &Li (2019 explored the 4nq Cir X-1 clearly indicate rapid mass transfer caused by
possible evolutionary tracks of SXP 1062, taking accounk| oF. |t is then interesting to ask how the companion star
of various initial parameters and spin-down mechanismgap, || jts RL shortly after the SN for the latter systems.

of the NS. They showed that the current magnetic field  Ajthough there have been extensive investigations on
of the NS may bez 10'* G. As such, SXP 1062 would e formation and evolution of various types of XRBs, to
be an accreting magnetdgonzalez-Galan et al(.2018 our knowledgeHan & Li (2020 andXing (2020 are the
estimated the magnetic field for SXP 1062 adopting the,n|y theoretical works that investigate the formation of
quasi-spherical accretion model Shakuraetal(2012, g o xRBs within the SNR's lifetime, which focus on
and found no need for an extremely high magnetic fieldsg433 and Cir X-1, respectively.

at present day for SXP 1062. However, it is noted that Assuming that the compact object in SS433 is a BH,

in the model of Shakura etal.(201) the estimation 51 ¢ | (2020 employed a binary population synthesis
of the NS B—field is sensitively dependent on a few (gpgy methodi to study the formation of SS433. After
parameters whose magnitudes are uncertain.Additionall)évo|ving a large number of primordial binaries, they
the Shakura et al(2019 model was constructed for NSS ge51ched the BH binaries in the BPS results whose XRB
accreting from spherically expanding winds in HMXBs,

while in the case of SXP 1062 the winds from the Be 2 Assuming that the current spin period of MCSNR J056324 is
is in the f fad . disk diti K around the equilibrium period/aitra et al.(2019 estimated its magnetic
star Is In the form of a decretion disk, and It Is UnkNOWNye|q 16 pe less thas x 1011 G. However,Ho et al.(2020 argued that

whether the model applies in that case. For example, th&e NS is unlikely to be an accretor because of the long duratf the

i ; ; ejector and propeller phases. They instead suggestedébtS is likely
timing analysis bySerim etal.(2017) Sh_OWS that SXP tg be in the propeller phase and has a magnetic field a fewx 1013 G.
1062 has a long-term Se(_:UIar steady Spmfdown that could » seeHan et al.(2020 in this special issueWang & Ip 202Q for a
be a result of a steady disk accretion. Using the standarndcent review of BPS.

4 THE EVOLUTIONARY PICTURES FOR S$433
AND CIR X-1
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SN MS star SN Be star
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XRB SG star

Fig.1 Demonstration for the early-stage evolution of a newbornWt8 a massive companion star. In the left and right
panels the companion star is an MS star with radially expandind and disklike wind, respectively.

phase starts withi0® yr since the birth of the BH. Other one BH XRB (i.e., Cygnus X-1) discovered in the Galaxy,
selection criteria include: (1) the mean mass transfer ratthe very low birthrate of SS433 suggests that either we are
> 1078 M, yr~*', (2) the companion mass is initially less extremely lucky to observe such a rare object or the actual
than50 M., and (3) the orbital period at the beginning of age of SS433 is much longer thadr yr.

RLOF is less than 1 yr. It is found that the properties of The case of Cir X-1 is probably more complicated
the selected binaries span a wide range and can be diVid%g.-cause the spectral type of the optical counterpart
into three groups according to the evolutionary stage of th% highly uncertain.Xing (2020 also investigated its
companion star: (1) BH binaries with an MS companion,rormation with a BPS method, taking into account
(2) BH binaries with a Hertzsprung gap (HG) COmpanion’asymmetric SN kick imparted on the newborn NS. Due
and (3) BH binaries with a core helium burning (CHeB) to mass loss and the SN kick, the binary orbits are likely

star or hellum main-sequence (I—!eMS) s.;tar compgnlor‘to be eccentric after the SN. By selecting binaries where
The overall birthrate of the E’H binaries 'S_ a few times RLOF initiates within10® yr at periastron after the SN, he
10~%yr—1. If one sets more stringent constramtsforSS433round that the birthrate of NS XRBs with an MS donor
such as the time the companion spent to fill its RL afterStar is~ (5 — 10) x 10-% yr—1. Thus, if taking the upper

the BHs birth is less tha0 yr, the orbital period is limit of the SNR ages to b&0> yr, there could be at most
shortgr than 20 days at the .end of the RLOF, and th‘(a)ne such source in the MW. The birthrate for a supergiant
duration of the RLOF phase is longer thaé® yr, then donor is smaller~ (1 — 4) x 10~° yr—', because of the
only BI—|_/L—|G_b1|nar|es. are left, and the birthrate decreaseg, ;. shorter lifetime of supergiants. If one considers the
to~ 10~"yr~". Detailed mass transfer calculation shows o\ star to be a Be star and assumes that RLOF takes
that at the moment of SN, both the companion mass ang,ce at periastron when the Be star disk is larger than its

the orbital period were larger than the current valuesg, hen the birthrate of these binaries can be obtained
The companion star evolved rapidly within the lifetime of to be~ (5 — 10) x 1075 yr-L. It clearly demonstrates

the SNR and transferred mass to the BH, which CaUSERt the BeXRB model is most likely to account for the

significant mass loss and orbital shrink. Considering thecharacteristics of Cir X-1 (see alSzhulz et al. 2020
fact that the birthrate of BH binaries in the Galaxy is a '

few 10~ — 10~4 yr—! (Shao & Li 2018 and there is only Figurelillustrates the possible evolutionary tracks for
an SGXRB (left) and a BeXRB (right) that starts emitting
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X-rays within the lifetime of the SNR. Here we assume Chevalier, R. A. 1989, ApJ, 346, 847

that the compact star is an NS. Before it accretes fronClarkson, W. I., Charles, P. A., & Onyett, N. 2004, MNRAS, 348
the companion star and becomes an X-ray source, the NS 458

experiences a phase of radio pulsar because the stellar wirtbrbet, R. H. D., et al. 2016, ApJ, 829, 105

was originally relatively weak and/or the NS was initially Crampton, D., Cowley, A. P., & Hutchings, J. B. 1980, ApJ, 235

rapidly rotating. L131
Crampton, D., & Hutchings, J. B. 1981, ApJ, 251, 604
5 SUMMARY Davies, R. E., Fabian, A. C., & Pringle, J. E. 1979, MNRAS, 186
779
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