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Abstract—The results of a systematic analysis of master radial-velocity curves for the X-ray binary
4U 1700-37 are presented. The dependence of the mass of the X-ray component on the mass of the
optical component is derived in a Roche model based on a ﬁt of the master radial-velocity curve. The
parameters of the optical star are used to estimate the mass of the compact object in three ways. The
masses derived based on information about the surface gravity of the optical companion and various
+0.50
observational data are 2.25+0.23
−0.24 M and 2.14−0.43 M . The masses based on the radius of the optical star,
+0.78
21.9R, are 1.76+0.20
−0.21 M and 1.65−0.56 M . The mass of the optical component derived from the mass–
luminosity relation for X-ray binaries, 27.4M, yields masses for the compact object of 1.41+0.08
−0.08 M and
+0.18
c 2004 MAIK “Nauka/Interperiodica”.
1.35−0.18M . 

1. INTRODUCTION
The X-ray binary 4U 1700-37 was discovered by
the UHURU satellite in December 1970 [1]. Subsequent observations revealed eclipses of the X-ray
source with a period of 3.412 d. The system was
identiﬁed with the O6.5Iaf supergiant HD 153919 [2,
3], which displays brightness variations with the same
period. The system is 1.8 kpc from the Earth and
is made up of a compact object accreting material
supplied by an optical companion.
The X-ray radiation of 4U 1700-37 has a hard
spectrum that resembles the spectrum of an accreting
neutron star [4, 5]. However, no regular pulses associated with the lighthouse eﬀect, which arises during accretion onto a neutron star, are observed. This
hinders the construction of a radial-velocity curve for
the compact object, and hence determination of the
masses of the binary components.
In the early study [6], a least-squares solution for
the observed radial-velocity curve was obtained using
a model with two point masses. If the mass of the
optical component is 35M and the inclination of the
orbit is 90◦ , the mass of the compact object yielded by
this model is 2.4M .
Heap and Corcoran [7] estimated the masses of the
binary components using the algorithm of [8] together
with information about the duration of the eclipses
and the radius of the optical component. Based on
a mass for the optical component of 52 ± 2M , they
obtained a mass for the compact object of 1.8 ±
0.4M . An earlier analysis carried out using the same
method [9] yielded a mass for the relativistic component of 1.3M for a mass of the optical component of
27M .

The Monte-Carlo method used by Jones [10]
yields a mass for the compact object of 2.6+2.3
−1.4 M
+11
for a mass of the optical component of 30−7 M .
Clark [11], who also used a Monte-Carlo method,
derived a mass for the compact object of 2.44 ±
0.27M for a mass of the optical companion of
58 ± 11M . The modeling in this particular study was
not carried out entirely correctly. In place of the halfamplitude of the radial-velocity curve for the optical
component, Kv = 18.7 ± 1.0 km/s, corresponding
to a circular orbit, Clark [11] used the value Kv =
20.6 ± 1.0 km/s, leading to a slight overestimation of
the mass of the compact object.
The uncertainty in the estimated mass of the X-ray
component of the binary 4U 1700-37 is obvious. Let
us consider the factors hindering accurate estimation
of the mass of the relativistic component in this binary
system.
First, uncertainty in the mass of the relativistic
component in 4U 1700-37 is due to the unknown
mass of the optical component, which has only been
determined from its spectral type and luminosity class
with comparatively large uncertainties.
Second, the Monte-Carlo method used for the
mass estimates, as well as the method of [7, 9], relied
on relations obtained for a point-mass formalism.
Models approximating the O supergiant as a point
mass of electromagnetic radiation do not take into
account a wide range of phenomena associated with
the interaction between the components. Therefore,
a correct estimation of the mass of the relativistic
component is not possible using this type of model,
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Fig. 1. (a) Master observed radial-velocity curve for the close X-ray binary 4U 1700-37. The ﬁlled circles show the radial
velocities derived from hydrogen absorption lines [12]. For comparison, we also show theoretical radial-velocity curves for a
Roche model (solid) and point-mass model (dashed) for mx = 2.11M , corresponding to the minimum residual in the Roche
model with mv = 50M computed using method 2 (excluding the mean radial velocities at phases 0.4–0.6). The parameters
of the Roche model are presented in Table 1. (b) Radial velocities averaged within phase intervals (ﬁlled circles show the mean
radial velocities within given phase bins). For comparison, we also show theoretical radial-velocity curves for the Roche model
(solid) and point-mass model (dashed) for mx = 2.11M and mv = 50M .

even if the mass of the optical component is precisely
known.
Third, the Monte-Carlo method uses the halfamplitude of the radial-velocity curve of the optical
component (which is known only to within ∼5−10%),
ignoring information contained in the shape of this
curve.
It is clear that the collected spectroscopic observations must be interpreted using a more realistic
model. A correct estimation of the masses of the
components in 4U 1700-37 will represent another
step forward in our understanding of the nature of the
X-ray source.
2. OBSERVATIONAL MATERIAL
We used the data of [12, 13] to construct a master radial-velocity curve, adopting the center of the
eclipse of the X-ray source by the optical component
as the zero phase in both cases.
The spectral data of [12] were obtained in 1973–
1976 on the 152-cm telescope of the European
Southern Obervatory. The radial velocities were
determined from the Hβ, Hγ, Hδ, H8, H9, H10,
H11, and H12 hydrogen Balmer absorption lines.

The radial velocities were measured in terms of the
absolute shift of the absorption-line core relative to
its laboratory wavelength. Therefore, we needed to
correct the spectral data for the systemic velocity
before using them in the master radial-velocity curve.
Note that the systemic velocity of the stellar
system determined from the hydrogen Balmer absorption lines grows with decreasing line number
in the series—the so-called Balmer progression [14,
15]. For example, the systemic radial velocities for
the Hδ, Hγ, and Hβ lines are −82.7, −110.3, and
−152.2 km/s, respectively. The increase in the systemic radial velocity with decreasing line number in
the series of absorption lines is associated with the
fact that the cores of the lines at the beginning of the
series are formed in higher layers of the stellar atmosphere, where a radial outﬂow has already developed
in the form of a stellar wind. The systemic velocities
obtained using the higher-order Balmer H10, H11,
and H12 absorption lines are −72.7, −83.3, and
−78.4 km/s, respectively. Since these lines form at
the base of the photosphere of the optical star and do
not experience strong perturbation by the stellar wind,
their mean value, −78.1 km/s, can be considered to
be the γ velocity of the 4U 1700-37 system.
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Fig. 2. (a) Same as Fig. 1a, but with open circles showing radial velocities determined from the IUE spectral data of [13]
and theoretical radial-velocity curves shown for mx = 2.01M and mv = 50M . (b) Same as Fig. 1b, but with theoretical
radial-velocity curves shown for mx = 2.01M and mv = 50M .

The data of [12] gave us 570 radial-velocity values distributed approximately uniformly in phase. The
master radial-velocity curve is presented in Fig. 1a.
The IUE satellite has taken more than 60 spectra
of 4U 1700-37. The results of these high-accuracy
spectral observations are presented in [13]. The
radial-velocity measurements in this case were obtained by cross-correlating intervals of the spectrum
in the range 1300–1850Å. The data of [13] gave us
61 radial-velocities; the corresponding radial-velocity
curve is presented in Fig. 2a.
The complex processes occurring at the surface of
the optical component and in various gaseous structures in the binary hinder determination of the intrinsic radial velocity of the optical component. The
observed radial velocities are unavoidably distorted
by random errors. We averaged the radial velocities
within phase intervals in order to decrease the inﬂuence of such random errors. These mean observed
radial-velocity curves are presented in Figs. 1b and
2b. Note that, in light of the recent study [16], the
errors introduced to the observed radial velocity of the
optical star by tidal–gravitational waves should also
be random, and can be suppressed by averaging over
many nights of observations.
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3. INTERPRETATION
OF THE RADIAL-VELOCITY CURVES
The optical component in the close binary
4U 1700-37 is close to ﬁlling its critical Roche
lobe [17]. Due to the tidal action of the relativistic
component, the shape of the optical star is not
spherical. The side facing the relativistic component is heated by X-ray radiation from this star.
These eﬀects associated with the interaction of the
components must be taken into consideration when
interpreting the observed radial-velocity curve of
4U 1700-37. Therefore, the mean radial velocities
should be interpreted using a Roche model, thereby
making it possible in a ﬁrst approximation to include
these eﬀects. A detailed description of the Roche
model is given in [18, 19], and we do not present
this information again here. The numerical values
of the Roche-model parameters for 4U 1700-37 are
presented in Table 1.
The masses of both components were treated as
unknown parameters. Since the process of ﬁnding
a best ﬁt is fairly cumbersome in this case, we
adopted an approach in which we carried out a
series of exhaustive parameter searches. For each
mass of the optical component from the discrete
set mv = 20, 30, 40, 50, 58, and 70M , we carried
out an exhaustive search for the optimum mass
of the compact object, mx . This process yielded a
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Table 1. Numerical values of parameters used to synthesize radial-velocity curves for 4U 1700-37 in the Roche model
P , days

3.411581

Period

e

0.0

Eccentricity

ω, deg.

0.0

Longitude of periastron of the optical component

i, deg.

67

∗

Orbital inclination

µ

0.93

f

0.9

Teﬀ , K

∗

Roche-lobe ﬁlling factor for the optical component at
periastron
Rotation-asynchronization coeﬃcient

36 000

∗∗

Eﬀective temperature of the optical component

β

0.25

Gravitational-darkening coeﬃcient

kx

0.0005

Ratio of the X-ray luminosity of the relativistic component
to the bolometric luminosity of the optical component, Lx /Lv

A

0.5

Coeﬃcient for reprocessing of the X-ray radiation

u

0.3

∗∗∗

Limb-darkening coeﬃcient

∗

Data taken from [17].
Data taken from [11].
∗∗∗
Data taken from [20].
∗∗

relationship between the masses of the compact and
optical components.
The residual between the mean observed radialvelocity curve and the theoretical curve was calculated using the formula
M


∆(mx ) =

(nj − 1)

j=1

M


obs
nj (Vj teor − V¯j )2

j=1
M


M

, (1)
nj (nj −

j=1

1)σj2

obs

is the observed mean radial velocity in
where V¯j
a phase interval centered on phase φ̄j , Vj teor the
theoretical radial velocity at this phase, σj the rms
obs
deviation of V¯j from the observed radial velocities in
the phase interval centered on phase φ̄j , M the number of phase intervals, and nj the number of averaged
observed radial velocities in this phase interval.
The quantity ∆(mx ) is distributed according to a
[21]. We can therefore ﬁnd
Fisher law, F 
M
M,

(nj −1),α

j=1

the conﬁdence set for the parameter mx for a given
value of mv corresponding to a speciﬁed signiﬁcance
level α. This consists of the three values of mx for
which
.
∆(mx ) ≤ F 
M
(nj −1),α

M,

j=1

We obtained ﬁts for both a Roche model and a
point-mass model. The latter model served to identify

divergences of the two model results. The ﬁtting of the
mean radial-velocity curve was carried out separately
for the spectral data of [12] and [13].
We should say a few words about the stellar wind
of the optical component in the 4U 1700-37 system.
The optical star is an O supergiant. Non-uniformity
in the gravitational forces at its surface and heating of
the surface facing the relativistic companion disrupts
the isotropy of the stellar-wind outﬂow. The wind
speed near the Lagrange point L1 grows, manifest
as an excess negative radial velocity near phase 0.5
(when the X-ray source is in front of the O supergiant;
Figs. 1b and 2b). The anisotropy of the stellar wind
introduces systematic errors in the observed radialvelocity curve. Therefore, we obtained ﬁts to the mean
observed radial-velocity curves in two ways:
Method 1. Using all the mean observed radial
velocities.
Method 2. Excluding the mean observed radial
velocities at phases 0.4–0.6, where the distorting effect of the anisotropic stellar wind is strongest.
We chose the 5% signiﬁcance level as the critical
level for our work. The ﬁts obtained for the spectral
data of [12, 13] using method 1 were not acceptable
at this level for either the Roche model or the pointmass model. The behavior of the residuals for the
Roche-model ﬁt to the data of [12, 13] are presented
in Figs. 3a and 3b. It is not possible to construct a
relation between the masses of the components in this
case.
Fitting the mean observed radial velocities while
indirectly taking into account the anisotropy of the
ASTRONOMY REPORTS Vol. 48
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Fig. 3. (a) Residuals between the mean observed radial-velocity curve for 4U 1700-37 for the data of [12] and the curve
synthesized in the Roche model, obtained using method 1 (i.e., using all of the mean radial velocities). The horizontal line
corresponds to the critical Fisher criterion ∆14,570 = 1.69 for the 5% signiﬁcance level. The masses of the optical component
in solar masses for which the residuals were obtained are indicated near the curves. (b) Same for the data of [13]. The horizontal
line corresponds to the critical Fisher criterion ∆12,61 = 1.916 for the 5% level.

wind (method 2) enabled us to obtain an acceptable
model at the 5% signiﬁcance level. This indicates the
importance of including the anisotropy of the stellar
wind when interpreting the radial-velocity curves of
OB stars in close binary systems [22]. Figures 4a and
4b show the residuals obtained for the Roche-model
ﬁts to the mean observed radial-velocity curves. We
used the results of these ﬁts to construct the dependence of the mass of the X-ray component on the
mass of the optical component (Figs. 5a and 5b). For
a mass of the optical component of 69M , the minimum residual in the analysis using the data of [12],
achieved for mx = 2.61M , is equal to the quantile.
Therefore, the error corridor for the component-mass
dependence in Fig. 5a is cut oﬀ at mv = 69M . The
numerical results of our ﬁtting of the data of [12] and
[13] using point-mass and Roche models are given in
Tables 2 and 3.
We can see from these tables that the masses of
the compact object obtained in the Roche and pointmass models are similar. This can be explained in two
ways. First, due to the small gravitational force near
the Lagrange point L1 , the temperature of the “nose”
of the optical star is lower than that of its remaining
surface (gravitational darkening). Second, the heating of the part of the optical star facing the X-ray
source is very low (kx = 0.0005). Therefore, the contribution of the “nose,” which introduces the largest
ASTRONOMY REPORTS
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perturbations into the observed radial-velocity curve,
to the integrated radiation of the optical component is
small. The similarity of the results for the Roche and
point-mass models comes about because radiation of
the optical component is dominated by the spherically
symmetric part of its surface. The inﬂuence of the
heating coeﬃcient on the shape of the radial-velocity
curve is discussed in more detail in [18].
The relations between the masses of the optical
and X-ray components obtained using the data of
[12] and [13] are in good agreement with each other
(Figs. 5a and 5b, Tables 2 and 3).
Because the orbital inclination is not accurately
known, we also obtained ﬁts applying method 2 to the
spectral data of [13] for inclinations of 62◦ and 72◦ ,
with the remaining parameters for the Roche model
taken to be the same as before (Table 1). The numerical results are presented in column 1 in Tables 4 and
5, and the results are shown graphically in Figs. 6a
and 6b.
The dependence of the mass of the compact object
on the orbital inclination in the point-mass model is
given by the relation mv ∼ sin−3 i. We carried out a
test similar to that of [23] to verify how accurately this
relation was obeyed for the Roche model.
The mass of the compact object derived in the
Roche model for an orbital inclination i = 67◦ was
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Fig. 4. (a) Residuals between the mean observed radial-velocity curve for 4U 1700-37 for the data of [12] and the curve
synthesized in the Roche model, obtained using method 2 (i.e., excluding the mean radial velocities at phases 0.4–0.6). The
horizontal line corresponds to the critical Fisher criterion ∆11,428 = 1.79 for the 5% signiﬁcance level. The masses of the optical
component in solar masses for which the residuals were obtained are indicated near the curves. (b) Same for the data of [13].
The horizontal line corresponds to the critical Fisher criterion ∆10,48 = 2.03 for the 5% level.
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Fig. 5. (a) Dependence of the mass of the compact object in 4U 1700-37 on the mass of the optical star for an orbital inclination
of 67◦ . The ﬁt was obtained in a Roche model for the radial velocities determined from hydrogen Balmer absorption lines in [12]
using method 2 (i.e., excluding the mean radial velocities at phases 0.4–0.6). The line corresponds to the relation between mx
and mv for the component-mass ratio q = 0.0462 found from (4). (b) Same for the IUE data of [13]. The line corresponds to
the relation between mx and mv for the component-mass ratio q = 0.0444 found from (4).
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Table 2. Mass of the relativistic component of 4U 1700-37
obtained from the ﬁt of the data of [12] in Roche (“R”) and
point-mass (“P”) models
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Table 3. Mass of the relativistic component of 4U 1700-37
obtained from the ﬁt of the data of [13] in Roche (“R”) and
point-mass (“P”) models

mv , M 

mx (P), M

mx (R), M

mv , M 

mx (P), M

mx (R), M

20

1.15+0.13
−0.12
1.51+0.16
−0.16
+0.20
1.82−0.20
2.11+0.23
−0.23
+0.26
2.32−0.25
2.64+0.28
−0.30

1.15+0.08
−0.06
1.51+0.08
−0.07
+0.08
1.82−0.07
2.11+0.07
−0.06
+0.05
2.33−0.06

20

1.10+0.15
−0.14

2.64∗

70

1.09+0.10
−0.10
1.42+0.13
−0.13
+0.16
1.72−0.16
1.99+0.18
−0.19
+0.21
2.19−0.20
2.49+0.23
−0.24

30
40
50
58
70

30
40
50
58

1.44+0.19
−0.19
1.73+0.25
−0.23
2.01+0.28
−0.27
2.22+0.31
−0.31
2.51+0.35
−0.34

∗

Conﬁdence interval not indicated, since the model is rejected at
the 5% signiﬁcance level.

recalculated for i = 62◦ and i = 72◦ using formulas
(2) and (3):
sin3 67◦
,
(2)
sin3 62◦
sin3 67◦
mx (72◦ ) = mx (67◦ ) 3 ◦ .
(3)
sin 72
Here, mx (62◦ ), mx (67◦ ), and mx (72◦ ) are the masses
of the relativistic component for inclinations of 62◦ ,
67◦ , and 72◦ . The results of recalculating the mass of
the compact object using (2) and (3) are presented in
the second columns of Tables 4 and 5.
A comparison of the ﬁrst and second columns in
Tables 4 and 5 shows that the relation mv ∼ sin−3 i
yields results that are close to, but not strictly coincident with, those for the Roche model. Nevertheless,
the masses agree within the errors (Figs. 6a, 6b).
Therefore, if the inclination i is reﬁned, the mass of
the compact object mx can be approximately recalculated using the relation mx ∼ sin−3 i. A more precise
determination of the component masses for speciﬁed
values of i can be carried out by interpolating the
results of Tables 2–5 (see also Figs. 5 and
mx (62◦ ) = mx (67◦ )

4. DETERMINATION
OF THE COMPONENT MASSES

Based on the Gravitational Acceleration
of the Optical Component
A detailed non-LTE analysis of spectra of the
optical star in the 4U 1700-37 system was carried out
in [11]. The gravitational acceleration log g derived
from the wings of Balmer and HeI absorption lines in
the spectrum of the optical component, HD 153919,
lies in the range 3.45–3.55 [11]. The bolometric
luminosity and eﬀective temperature of the optical
component were found to be log(L/L ) = 5.82 and
ASTRONOMY REPORTS
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35 000 ± 1000 K, yielding a radius of 21.9R . Using
the values log g = 3.45 − 3.55 and Rv = 21.9R , we
obtain a lower limit for the mass of the optical star of
55+7
−6 M . The mass of the optical star derived from
the observed free-fall acceleration will be a lower
limit, since the true acceleration will be greater due to
the action of centrifugal forces. Clark [11] suggested
that the lower limit for the mass of the optical star is
close to 50M , while the upper limit, derived from
the position of HD 153919 in the Hertzsprung–
Russell diagram, is no more than 60M . The mass
of the compact object corresponding to a mass for
the optical star of 55+7
−6 M and an inclination of
67◦ based on the relation between the component
masses constructed using the spectral data of [12]
is 2.25+0.23
−0.24 M (Fig. 5a). The relation between the
component masses constructed for the IUE spectral
data of [13] yields a mass for the relativistic component of 2.14+0.50
−0.43 M (Fig. 5b).
The masses of the relativistic component obtained from the component-mass relation based on
the IUE spectral data of [13] are 2.26+0.49
−0.44 M and
+0.47
◦
2.06−0.39 M for inclinations of 62 and 72◦ , respectively (Fig. 6b).

Based on the Radius of the Optical Component
The radius of the optical component Rv , Rochelobe ﬁlling factor µ, eccentricity e, inclination i, orbital
period P , mass function for the optical component
fv (m), and component-mass ratio q = mx /mv are
related by (4) (see, for example, [17]):

1/3
1+q
0.38µ GP 2 fv (m)
,
(4)
sin i =
Rv
4π 2
q 1.208
where fv (m) is deﬁned to be
fv (m) =

P (1 − e2 )3/2 3
Kv .
2πG
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Table 4. Column 1: Mass of the relativistic component
obtained for the Roche model, method 2, the data of [13],
and orbital inclination i = 62◦ . Column 2: Result of using
(2) to recalculate the mass of the compact object obtained
for the Roche model and i = 67◦ (see text for details)
mv , M 

mx , M 
1

2

20

1.16+0.15
−0.15

1.25

30

1.51+0.20
−0.20
1.82+0.24
−0.24
+0.28
2.11−0.28
2.33+0.30
−0.31
+0.35
2.63−0.34

1.63

40
50
58
70

1.96
2.28
2.52
2.84

Table 5. Column 1: Mass of the relativistic component
obtained for the Roche model, method 2, the data of [13],
and orbital inclination i = 62◦ . Column 2: Result of using
(3) to recalculate the mass of the compact object obtained
for the Roche model and i = 67◦ (see text for details)
mv , M 
20
30
40
50
58
70

mx , M 
1

2

1.06+0.15
−0.14
+0.19
1.39−0.20
1.67+0.24
−0.23
1.94+0.27
−0.27
+0.30
2.13−0.29
2.51+0.33
−0.33

1.00
1.31
1.57
1.82
2.01
2.28

Consequently, if we have information about the radius
of the optical component and the remaining parameters of the binary system in (4), we can determine the
component-mass ratio q.
The values for µ, e, P , and i were taken from
Table 1. We carried out a search for the velocity of
the center of mass of the optical component Kv in a
point-mass model. We constructed a radial-velocity
curve for a point-mass model for each pair of component masses determined in the Roche model (Tables 2 and 3). Further, we determined the mean value
of Kv . The results for the spectral data of [12] and
[13] were Kv = 19.72 ± 0.02 km/s and Kv = 18.81 ±
0.01 km/s, respectively.
We can obtain an equation for q by substituting
the radius of the optical star Rv = 21.9R [11] into
(4). Solution of (4) using the value Kv = 19.72 km/s
based on the data of [12] yields the component-mass

ratio q = 0.0462; using the value Kv = 18.81 km/s
based on the data of [13] yields q = 0.0444.
We show the corresponding curves on the component-mass relations in Figs. 5a and 5b. The
intersection of a line with the region of allowed
masses identiﬁes the corresponding mass of the compact object. The resulting masses for the relativistic
component based on the data of [12] and [13] are
+0.78
1.76+0.20
−0.21 M (Fig. 5a) and 1.65−0.56 M (Fig. 5b).

Based on the Mass–Luminosity Relation
The mass of the optical component determined
from the mean linear mass–luminosity relation for
main-sequence stars in non-interacting binaries is
49.5M [24]. Using the relations between the component masses based on the data of [12] and [13], this
value corresponds to masses for the compact object
+0.27
of 2.08+0.07
−0.07 M (Fig. 5a) and 1.98−0.26 M (Fig. 5b).
However, the mass–luminosity relation for the optical components of X-ray binaries diﬀers from the
analogous relation for single stars [25]. When the
Roche lobe is ﬁlled or there is an intense stellar wind,
the optical star in a close binary loses the upper layers
of its atmosphere, so that the temprature of its surface
and its luminosity are higher than for an isolated star
of the same mass. The observed overabundances of
carbon and nitrogen on the surface of the optical star
in the 4U 1700-37 system [11] conﬁrm that this star
has lost the upper layers of its atmosphere. Figure 7
presents a mass–luminosity relation for OB stars in
X-ray binaries based on the data of [26] and [27].
We can see that the luminosity of the optical component, log(L/L ) = 5.82 [11], corresponds to a mass
of 27.4M . For this mass, the masses of the relativistic component that are implied by the componentmass relations constructed using the data of [12]
+0.18
and [13] are 1.41+0.08
−0.08 M (Fig. 5a) and 1.35−0.18 M
(Fig. 5b).
Thus, based on the mass–luminosity relation for
OB stars in X-ray binaries, the mass of the relativistic object in the 4U 1700-37 system agrees within the errors with the mean mass of neutron stars,
1.35+0.04
−0.04 M [28].
5. CONCLUSION
Our main result is the relationships between the
masses of the optical and relativistic components in
the X-ray binary system 4U 1700-37 obtained for orbital inclinations i = 62◦ , 67◦ , and 72◦ (Figs. 5 and 6).
We have also estimated the mass of the compact
object in 4U 1700-37 based on the known parameters
of the optical component. It has not been conclusively demonstrated whether the compact object in
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Fig. 6. (a) Dependence of the mass of the compact object in 4U 1700-37 on the mass of the optical star for i = 62◦ . The ﬁt was
obtained for the Roche model for the data of [13] using method 2 (i.e., excluding observed radial velocities at phases 0.4–0.6).
The dot–dashed line corresponds to the masses of the compact object obtained by using (2) to recalculate the masses obtained
for the Roche model and i = 67◦ . (b) Same for i = 72◦ . The dot–dashed line corresponds to the masses of the compact object
obtained by using (3) to recalculate the masses obtained for the Roche model and i = 67◦ .
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square marks the position of the optical component of the 4U 1700-37 system based on the luminosity log(L/L ) = 5.82
[11]. The hollow circles mark the positions of OB supergiants in non-interacting binaries on the mass–luminosity relation
according to the data of [24]; the wide, grey line shows a least-squares linear approximation to this relation.

the 4U 1700-37 system is a low-mass black hole or
a neutron star. Our results support the idea that it is

The masses for the relativistic component obtained using the mass–luminosity relation for OB

a neutron star.

stars in X-ray binaries are 1.41+0.08
−0.08 M and
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1.35+0.18
−0.18 M , which agrees within the errors with
the mean mass of neutron stars, 1.35+0.04
−0.04 M [28].
The masses of the compact object obtained based on
the surface gravitational acceleration of the optical
+0.50
component are 2.25+0.23
−0.24 M and 2.14−0.43 M , while
those based on the radius of the optical component
+0.78
are 1.76+0.20
−0.21 M and 1.65−0.56 M . These estimates
for the mass of the compact object in 4U 170037 coincide within the errors with the mass of the
Vela X-1 X-ray pulsar, 1.93+0.19
−0.21 M [23]. It may
be that, similar to the situation with Vela X-1, the
compact object in 4U 1700-37 is a massive neutron
star. The hard X-ray spectrum of 4U 1700-37, which
resembles the spectra of X-ray pulsars [4, 5], also provides evidence that the compact object is a neutron
star. The absence of periodic X-ray pulsar from 4U
1700-37 associated with the rotation of an accreting
neutron star can be understood if the magnetic-dipole
axis and rotational axis are coincident.
It is not currently possible to give an unambiguous estimate of the mass of the relativistic component in 4U 1700-37. Additional information about
the optical component is required to reﬁne the mass
of the relativistic component. For example, the space
astrometric project GAIA planned by the European
Southern Observatory will measure the trigonometric
parallaxes and distances to millions of stars in the
Galaxy. Knowledge of the distance to the 4U 1700-37
system will make it possible to obtain a direct estimate of the radius of the optical star, which can, in
turn, be used to derive a trustworthy estimate of the
mass of the compact object. Further careful searches
for phenomena associated with the possible presence
of an X-ray pulsar in 4U 1700-37 can also play an important role in elucidating the nature of this system.
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