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Thee Spectrum, Orbit and Magnetic Field of HD 153919 (2 U 1700-37) 
G.. Hensberge, E. P. J. van den Heuvel*  and M. H. Paes de Barros** 

Astronomicall  Institute, Utrecht 

Receivedd August 3, 1973 

Summary.. A radial velocity study of the O 6.5 f star 
HDD 153919 (optical candidate of 2 U 1700-37) shows 
thiss star to be a 3*?412 spectroscopic binary with a 
masss function of 0.0036 M©  20 %. A recurrent dis-
turbancee of the radial velocity curve around phase 0.30 
iss noticed. From 10 Zeeman spectra no magnetic field 
off  strength larger than the probable error (3500 Gauss) 
iss found. The shallow emission features of 100 to 180 A 
widee around H6 and Hy as reported by Walker are 
confirmed.. A similar feature of over 120 A wide is found 

1.. Introduction 
HDD 153919 is the optical candidate for the 3*412-
periodd eclipsing X-ray source 2 U 1700-37 (Jones et ai, 
1973).. It is a 6T6 0f star. A first description of the 
spectrumm was given by Walker (1973). Photometric 
observationss by Jones and Liller (1973) suggest a period 
off  variation similar to the X-ray period. In order to 
examinee the radial velocity variations of HD 153919 
onee of us (E.v.d.H.) obtained 25 high dispersion coudé 
spectraa with the 152-cm telescope of the ESO, La Silla, 
Chile,, between March 31 and April 10, 1973. Table 1 
listss the spectra. 
AA study of the radial velocities of the hydrogen absorp-
tionn lines H8, Hf and H^ revealed a variation with a 
3*?4ll  periodicity, an amplitude of about 23 km/s and the 
samee phase as the X-ray variations (van den Heuvel, 
1973),, thus confirming the identification of HD 153919 
withh 2 U 1700-37. This result, as well as the observation 
thatt the radial velocity of the He n 4686 emission line 
variess with about the same amplitude and phase as the 
absorptionn line velocity, were confirmed by a study of 
177 high dispersion coudé spectra by Wolff and Mor-
risonn (1973). A detailed analysis of the radial velocity 
variationss based on a combination of our data with those 
off  Wolff and Morrison is given in Sections 2 and 3. 
Inn order to study the magnetic field of about 
100000 Gauss as reported by Kemp (1973) ten of the blue 
spectraa were obtained with the Zeeman analyser on 
loann to the ESO from AURA. These spectra are in-
dicatedd with a Z in Table 1. 

**  Also at the Astrophysical Institute, Vrij e Universiteit, Brussels. 
***  On leave from Mackenzie University, Sao Paulo, Brasil. 

aroundd Cm X4650 (and probably also around Hen 
XX 4686) and indicates an outflow velocity of the order of 
40000 km/s. Problems with the determinations of masses 
off  early-type supergiants in X-ray binaries are discussed 
andd a lower mass limit of between 0.7 MQ and 
1.55 M0 is obtained for 2 U 1700-37. 

Keywords::  X-ray sources - Of stars - magnetic fields 
-- emission lines 

Eightt of the other spectra were taken in the yellow red 
(emulsionn 103 aF), covering the region between 4500 A 
andd 6600 A (dispersion 19 A/mm). 
Thee blue spectra (emulsion IlaO, dispersion 12 A/mm), 
coverr the wavelength region between 3400 and 4900 A. 
Thee blue as well as the yellow-red spectra contain the 
importantt strong emission lines He n 4686, N m 4634, 
4641-422 and the blend C m 4647, 4650, 4651. 
Inn the Sections 4 and 5 we give a brief description of 
thee magnetic measurements and of the most prominent 
emissionn features. A discussion of the possible mass 
off  the X-ray source and the uncertainties involved in 
thee determinations of masses of binary X-ray sources 
iss given in Section 6. 

2.. Identification and Radial Velocities 

Alll  our spectra were traced with the digitized Faul-
Coradii  comparator/microphotometer of the Utrecht 
Observatoryy and - after Fourier-noise filtering - plot-
tedd in intensity. As the spectrum fairly closely resembles 
thatt of the O 5 f star £ Puppis, we used for the identifi-
cationn the detailed linelist of this star given by Baschek 
andd Scholz (1971). Table 2 lists all lines recorded in the 
spectrum.. From the ratio of the strengths of He i 4471 
andd Hen 4541 (Conti and Alschuler, 1971) Wolff and 
Morrisonn classified the spectrum as O 6.5 f; our spectra 
confirmm this classification. An outstanding feature is the 
largee intensity of the C in X 4650 emission blend which, 
withh an equivalent width of over 2.5 A is exceptionally 
strongg for an Of star (cf. Walker, 1973; Conti, 1973a, b). 
Diffusee interstellar bands are present near the wave-
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Tabicc \. Heliocentric radial velocities. The blue plates (12 A/mm) are listed in the upper part of the tabic, the red plates (19 A/mm) in the 
lowerr pari 

Plate--
number r 

GG 3829Z 
GG 3830Z 
GG 3836Z 
G3839 9 
G3844Z Z 
G3853Z Z 
G3863 3 
G3874 4 
G3887 7 
G3890Z Z 
G3898Z Z 
G3900Z Z 
G3912 2 
G3914Z Z 
GG 3925 
G3927Z Z 
GG 3931 

J.D. . 
24410000 + 

772.790 0 
772.848 8 
773.735 5 
773.895 5 
774.753 3 
775.725 5 
776.812 2 
778.824 4 
779.764 4 
779.878 8 
780.744 4 
780.857 7 
781.744 4 
781.830 0 
782.670 0 
782.774 4 
782.917 7 

Phase e 

.68 8 

.70 0 

.96 6 

.01 1 

.26 6 

.54 4 

.86 6 

.45 5 

.73 3 

.76 6 

.01 1 

.05 5 

.30 0 

.33 3 

.58 8 

.61 1 

.65 5 

H 88 + H £ + H , 

-- 9! 
- 103 3 
-115 5 
-- 59 
-- 74 
-- 82 
-- 93 
-- 60 
- 1 00 0 
- 122 2 
-- 81 
-- 85 
-- 63 
-- 59 
-- 89 
-- 87 
-101 1 

H r r 

- 104 4 
- 125 5 
-126 6 
-- 78 
-- 98 
-127 7 
-131 1 
-- 96 
-110 0 
-128 8 
-123 3 
-123 3 
-- 95 
-112 2 
-111 1 
-125 5 
-124 4 

Hen n 
4026 6 

- 76 6 
- 69 9 
- 49 9 

- 81 1 

- 62 2 

- 15 5 
- 58 8 
- 40 0 
- 64 4 
- 55 5 
-- 9 
- 50 0 

Hen n 
4200 0 

-- 62 
-- 92 
-- 52 

-- 78 

-- 85 

-- 72 
-- 50 
-- 38 
-- 62 
-- 50 
-- 97 

Hei i 
4471 1 

-158 8 

-- 80 

-105 5 

-113 3 
-- 68 

Hen n 
4542 2 

-- 74 
-- 54 
-- 39 
-- 56 
-- 69 
-- 77 
-- 38 
-- 62 
-- 68 
-- 93 
-- 64 
-- 55 
-- 37 
-- 55 
-107 7 
-- 54 

Hen n 
4686e e 

7 7 
9 9 
4 4 

10 0 
36 6 
23 3 
16 6 
34 4 

-- 5 
14 4 
26 6 
36 6 
22 2 
28 8 
20 0 
19 9 
10 0 

Nm m 
4634e e 

- 55 5 
- 84 4 
- 39 9 
- 46 6 

10 0 
- 14 4 
- 20 0 

43 3 
- 73 3 
- 41 1 
- 43 3 
-- 8 

90 0 
-- 9 
- 44 4 
- 47 7 
- 25 5 

N m m 
46411 e 

- 47 7 
- 53 3 
- 49 9 
- 54 4 
- 15 5 
- 26 6 
- 16 6 
- 26 6 
- 57 7 
- 51 1 
- 30 0 
- 28 8 
- 30 0 
-- 8 
- 29 9 
- 49 9 
- 52 2 

Cm m 
4650c c 

-- 97 
-- 87 
-122 2 

-- 32 

-- 31 
-- 99 

GG 3838 
GG 3847 
G3855 5 
GG 3864 
GG 3888 
G3901 1 
G3913 3 
G3926 6 

773.849 9 
774.908 8 
775.879 9 
776.869 9 
779.788 8 
780.906 6 
781.777 7 
782.706 6 

.99 9 

.30 0 

.59 9 

.87 7 

.73 3 

.06 6 

.31 1 

.59 9 

H«(e) ) Cm m 
5696e e 

Civ v 
5802 2 

Civ v 
5812 2 

Hen n 
4542 2 

Hen n 
4686e e 

Nm m 
4634e e 

Nm m 
4641 e 1 e 

Cm m 
4650e e 

23 3 
118 8 
50 0 
87 7 

130 0 
115 5 
82 2 
84 4 

- 56 6 
- 55 5 
- 57 7 
- 70 0 
- 50 0 

- 21 1 
- 29 9 

-139 9 
-- 74 
-115 5 
-135 5 
-122 2 

-110 0 
-- 99 

-- 95 
-- 44 
-- 98 
-117 7 
-114 4 

-- 80 
-107 7 

-- 67 

-- 55 
-- 85 

-- 49 

15 5 
60 0 
27 7 
29 9 
2 2 

24 4 
12 2 
14 4 

- 54 4 

- 45 5 
- 48 8 
- 47 7 
- 26 6 
-- 2 
- 10 0 

- 56 6 

- 37 7 
- 77 7 
-71 1 
- 60 0 
- 23 3 
- 38 8 

-- 145 

-- 92 

-- 52 
-- 91 

Tablee 2. Line-identification list 

Identification n 

Tablee 2 (continued) 

Identification n 

3750.15 5 
3770.63 3 
3797.90 0 
3835.39 9 
3889.05 5 
3923.48 8 
3933.66 6 
3968.47 7 
3970.07 7 

4025.60 0 
4026.2 2 
4097.31 1 
4101.74 4 
4103.37 7 
4116.10e e 
4199.86 6 
4340.47 7 
4430.6 6 
4471.48 8 
4485.7e e 

H12 2 

H„ „ 
H l 00 ( + 3796.33 Hen5) 
H99 ( + 3833.80 He ii 4) 
Hgg ( + 3887.44 He ii 4) 
Hee II 4 
Caa II K interstellar 
Caa II H interstellar 
H t (( +3968.43 Hen3) 

Hee II 3 1 
H e i l 8j j 
N mm 1 

HiHi  ( + 4100.04 He II 3) 
N mm l 
Sii  iv 1 
Hee II 3 
H77 ( + 4338.67 Hen 3) 
Diffusee interstellar band 
Hee i 14 
Unidentified d 

lengthss A 4430, 5780 and 6284 A. The central depth of 
thee 4430 band is between 8 and 10 per cent. All plates 
weree measured with the digitized Grant comparator of 
thee ESO, Santiago, Chile. On some weak plates not all 
liness could be measured. On Zeeman plates, both spectra 

4503.7e e 
4541.61 1 
4634.14e e 
4641.25e e 
4649.70e e 
4659e e 
4685.74e e 
4861.33 3 
5411.52 2 
5696.0e e 
5780.5 5 
5801.51 1 
5812.14 4 
5875.64 4 
5889.95 5 
5895.92 2 
6283.9 9 
6310.8 8 
6527.1 1 
6562.82e e 

Unidentified d 
Hee n 2 
NN m 2 
NN m 2 (blend of A 4640.64 and 4641.90) 
Cmm 1 (blend of k 4647.40, 4650.16, 4651.35) 
(weak,, possibly C iv 4659 + 4660) 
Hee ii 1 
H„ (( + 4859.32 He n 2) 
Henn 2 
Cmm 2 
Diffusee interstellar 
Civv 1 
C i v l l 
Hee 1 11 (blend of X 5875.62, 5875.65. 5875.991 
Naa i D2 interstellar 
Naii  D, interstellar 
Diffusee interstellar 
Hee n 7 
Hen n 
H,, ( + 6560.10 Hen 2) 

weree measured independently. The resulting radial 
velocitiess are listed in Table 1. For Zeeman spectra the 
meann of the radial velocities of upper and lower spectraa is 
given.. The radial velocities of the strong interstellar lines 
off  Can and Nai are 4 and -9.5 + 0.3 km/s. 
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lespeelivclv.. I "IK* radial velocities of slellar lines differ 
systematicallyy from line to line, the emission lines giving 
largerr velocities by amounts up to 150km/s than the 
absorptionn lines (cf. Wolff and Morrison). Also differ-
entt absorption lines differ in radial velocity in a systema-
ticc way. The well known Balmer progression (increase in 
radiall  velocity towards the lower series numbers) is 
clearlyy present. These systematic differences make it 
impossiblee to define a unique radial velocity for the 
star.. The much higher radial velocities for the emission 
liness than for the absorption lines can be explained by 
thee fact (Underhill, 1966; Hutchings, 1968) that the emis-
sionn lines are formed in a relatively transparent extended 
envelopee around the star which flows outwards in all 
directions.. The blue wings of the lines represent the 
velocitiess towards us, the red wings the velocities away 
fromm us. The larger the radius of the part of the envelope 
inn which an emission line is formed, the more the radial 
velocityy of this line may be expected to approach that 
off  the center of gravity of the star. 
Onn the other hand, as the absorption lines arise in a thin 
atmosphericc layer of large optical depth they will only 
representt the outflow velocities of the hemisphere which 
iss directed towards us; hence they will show negative 
radiall  velocities. Since different absorption lines are 
formedd at different depths, their velocities can be used 
too determine the velocity gradient in the outstreaming 
atmospheree (Hutchings, 1968). 

3.. The Radial Velocity Curve 
a)a) Absorption Lines 

InIn order to derive the radial velocity curve we proceeded 
ass follows. We found that the higher Balmer lines Hg, 
Htt and Hd (with their possible helium blends) have 
practicallyy identical radial velocities. (The same was 
foundd by Wolff and Morrison to hold for H9, H8 and H6). 
Forr this reason we give in Table 1 only the mean velo-
cityy for these three lines. The line Hy + He has a radial 
velocityy systematically more negative by 30km/s with 
respectt to the higher Balmer lines. In Fig. la we plotted 
ourr mean velocities of H8, He, H^ and Hy (the crosses) 
togetherr with Wolff and Morrison's mean velocities of 
H9,, H8, HA and Hy (the dots) in a 3.412 day period. 
Forr phase zero we adopted the mid-occultation of the 
X-rayy source on May 15.64, 1972 (Jones et al., 1973). 
Figuree 1 b shows the mean of the radial velocities of 
Henn 4200 and 4541, which have similar velocities on 
eachh plate. The figures clearly show the periodic be-
haviourr of the radial velocities. Because of the relati-
velyy large scatter of the velocities of the He n lines we 
onlyy used the velocities of the higher Balmer lines for 
thee determination of the radial velocity curve. As 
Fig.. la shows, the scatter of the velocities of these 
lineslines is relatively small. Part of the scatter in the radial 
velocitiess is expected to be intrinsic, as Of stars are 
knownn to exhibit rapid fluctuations in radial velocity 

(cf.. Hutchings, l%8), presumably due to instabilities 
inn the atmospheric outflow. 
AA best fit  sine curve is drawn through the points in 
Fig.. la. It shows that within the observational uncer-
taintiess a circular orbit gives a good fit. The radial 
velocityy amplitude thus derived is K, = 2 2  1.5 (p.e.) 
km/s.. The conjunction in the radial velocity orbit occurs 
exactlyy at phase 0.00. [This is remarkable because of 
thee uncertainty of 0*?23 in the moment of the mid-
occultationn of the X-ray source predicted for April 1.37, 
19733 from the orbital elements given by Jones et al. 
(1973).]]  For comparison the same sine curve is also 
drawnn in Figs. 1 b, c and d. 

b)b) Emission Lines 

Figuress lc and d show plots of the radial velocities 
off  the emission lines Hen 4686 and N in 4641. (The 
velocitiess of the other emission lines show more scatter 
andd have not been plotted.) The figures show that both 
liness follow the same radial velocity curve as the ab-
sorptionn lines. In order to obtain the best possible fit 
too this curve, it proved necessary to apply a phase 
shiftt of about cp0 = 0.06 with respect to the absorption 
lines.. Such a shift is indeed to be expected as the 
atmospheree is flowing outwards and the emission 
liness are formed at larger distances from the star than 
thee absorption lines. If the difference in height of forma-
tionn between the absorption and emission lines is D 
andd the velocity of outflow is v, one expects the orbital 
radiall  velocity variations of an emission line to lag 
behindd in phase by an amount q>0 = D/vP with respect 
too those of the absorption lines (P denotes the binary 
period),, as the gas which formed the absorption lines 
reachess the region of formation of the emission lines 
afterr a time interval D/v. 
Fromm the widths of Hen 4686 (and N m 4641) one 
derivess an outflow velocity of about 370 km/s (cf. 
Sectionn 5), which gives D«6.5x 106km%9Ro . With 
aa stellar radius of about R = 20RQ as estimated by 
Wolfff  and Morrison this means that these emission 
liness are formed at a distance of about 0.45 R* above 
thee stellar surface. Such a height is intermediate be-
tweenn the values found in the Of stars HD 151804 
andd HD 152408 for these lines (Hutchings, 1968). 

c)c) The Systematic Velocity Deviations around Phase 0.3 

Thee radial velocities of the He u 4686 emission line and, 
thoughh less pronounced, also of the absorption lines 
inn Figs. 1 a and b show systematic downward deviations 
aroundd phase 0.30. This downward scatter with respect 
too the sine curve is definitely real as it is present in 
ourr observations as well as those of Wolff and Mor-
rison.. The Hen emission and absorption lines show 
thiss effect most pronounced; the downward deviation 
iss about 20 to 30 km/s. As this means that the line 
centerr is shifted by these amounts, it might also mean 
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0.11 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 10 
PHASE E 

Fig.. I. The radial velocities of absorption and emission lines plotted in a 3d412 period. Crosses indicate our measurements, dots are the measure 
mentss by Wolff and Morrison (1973) 

thatt the blue wings are displaced by 40 to 60 km/s. In 
vieww of the above mentioned phase shift of 0.06, phase 
0.300 for the emission lines corresponds to phase 0.24. 
Aroundd this phase the X-ray source is approaching us 
att its highest velocity which strongly suggests that this 
objectt is the cause of the disturbance. However, the 
orbitall  velocity of the X-ray source is expected to be 
severall  hundreds of km/s (as the mass ratio of the system 
iss likely to be larger than 10, cf. Section 6). For this 
reasonn it seems very unlikely that the velocity distur-
bancee is associated with the X-ray source itself. We 
suggestt two possible explanations: 
(I)) the presence of the X-ray source heats the out-
flowingg matter in such a way that the outflow velocities 
aree locally enhanced; a cloud of gas which follows the 
X-rayy source in its orbit partly shields the outflowing 
matterr behind and aside of the X-ray source from this 
heating,, and causes the velocity enhancement to occur 
mainlyy in the direction of the orbital motion. The 
secondaryy dip in the X-ray light curve around phase 
0.55 (Jones et ai, 1973) seems indeed suggestive for the 
presencee of a cloud near the X-ray source. 

(2)) the velocity disturbance is a kind of wake due to the 
passagee of the X-ray source through the outflowing 
gas.. Assuming Tgas = Tef f» 4 x 104 °K (cf. Conti, 1973c), 
thee sound velocity in the outflowing matter (ionized 
hydrogen)) is about 30 km/s. Hence, the motion of the 
X-rayy source is highly supersonic. As the wake is ex-
pectedd to propagate with the sound velocity, the ob-
servedd velocity disturbance might be compatible with 
ann explanation of this type. Photometric observations 
mayy possibly provide further clues for the explanation 
off  the observed velocity disturbance. 

4.. Magnetic Field 

Thee wavelength differences between lines in the righl-
andd left-hand polarized spectra on the Zeeman plates 
aree as often negative as positive on the same plate. 
Thee z-values for most of the lines are unknown. 
Adoptingg z = 1 (the value for a classical harmonical 
oscillator)) one finds magnetic fields between zero and 

00 Gauss with a probable error of 3500 Gauss. 
Ass this holds for ten Zeeman plates taken on eight 
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Fig.. 2. Very broad emission features in the vicinity of C m X 4650 and He n i. 4686 indicating outflow velocities of about 4000 km/s 

differentt nights, our observations do not confirm the 
presencee of a magnetic field with a strength of about 
100000 Gauss as reported by Kemp (1973). Similar 
conclusionss were reached by Angel et al. (1973) and by 
Wolfff  and Morrison (see note). 

5.. Emission Features 

Tablee 2 indicates for which lines emission is observed. 
AA number of the prominent emission features were 
describedd by Walker and by Wolff and Morrison. Some 
importantt features not yet considered in detail will be 
describedd here. 

HydrogenHydrogen and Carbon in and iv 

Haa has a variable profile with a halfwidth at the conti-
nuumm of mostly over 21 A, indicating outflow velocities 
off  over 900 km/s. The central intensity is about 2.0. H^ 
hass a shallow P-Cygni type profile. Hy shows weak and 
variablee emission with a width of 5-10 A at its red 
side.. To the immediate red of Ha there is a clear emis-
sionn feature about 5 A wide. Somewhat further to the 
redd is Si iv 4116 also in emission and variable in 
strength.. As was first noticed by Walker, underlying H,, 
andd on some plates also Hd there is a very broad 
shalloww emission feature in the continuum, over 100 A 
wide.. A similar feature, probably centered around the 
Cmm /. 4650 blend (Conti, 1973b) has a total width of 
aboutt 120 A and a central intensity of sometimes as 
muchh as 1.2. The plot in Fig. 2 clearly shows this 
feature.. The figure shows that similar wings may also 
bee present around He n 4686. As these very broad 
featuress are also present during the X-ray eclipse, they 
aree not connected with the X-ray source. The outflow 
velocitiess corresponding to the widths of these very 
broadd emission wings range from 3000 to 4000 km/s. 
Suchh velocities are of the same order as the outflow 
velocityy of 3400 km/s deduced by Stecher (1968) from 
thee profile of the C iv 1550 line in the rocket ultraviolet 
spectrumm of ( Puppis. To our knowledge, however, this 

iss the first Of star in which velocities of this order have 
beenn found from the optical spectrum. 
Onn some plates there is a weak broad emission line at a 
wavelengthh of about 4660 A (see Fig. 2). A possible 
identificationn is Civ 4659 + 4660. It might be that this 
linee and not C m 4650 is the center of the above 
mentionedd broad emission wings. In that case the out-
floww velocities will be even larger than the above 
mentionedd values. 

Helium Helium 

Hee i X 5876 has a variable P-Cygni type profile. The ab-
sorptionn and emission components have widths of 
overr 10 A each and equivalent widths of over 2 A. 
Hee I 4471 also has a P-Cygni type profile but its 
emissionn is very weak. 
Hee II X 4686 has a fairly symmetric profile with a half-
widthh at its base of about 5.7 A, indicating an expansion 
velocityy of about 370 km/s. Sometimes the profile has a 
flatt top. The behaviour of the radial velocity of this 
linee was described in the foregoing section. 

6.. The Mass Function and the Masses of Non-pulsating 
X-rayy Sources 

Fromm the orbital elements derived in Section 3 a mass 
functionn follows of 

f(M„f(M„  Mx) = M 3 sin3 i/(Mx + Mf = 0.0036 MQ . (1) 

Thee probable error in this value, due to the p.e. of 
KiKi  is . Here Mx and Ms denote the mass of the 
X-rayy source and of the Of-star, respectively, and i is 
thee orbital inclination. This mass function sets a lower 
limi tt to the mass of the X-ray source by (cf. Bolton, 
1972) ) 

MM >0.154Mt
2 /3. (2) ) 

Inn order to determine the mass Ms, the distance should 
bee known. The large strength of the X 4430 interstellar 
bandd (cf. Section 2) together with an equivalent width 
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11 'able 3. I o\\er mass limits of non-pulsating binary X-ray sources. The Mx values are the smallest ones possible compatible with spectral type 
andd luminosity class of the primaries, in case that mass loss has taken place. Values in the case of no mass loss are given in parentheses 

X-ray y 
source e 

CygX-1 1 
2U09O0 0 
2UU 1700 

40 0 
37 7 

Optical l 
candidate e 

HDD 226868 
HDD 77581 
HDD 153919 

Binary y 
period d 
(days) ) 

5.6 6 
8.93 3 
3.412 2 

Spectral l 
type e 

OO 9.7 lab 
BB 0.5 lb 
OO 6.5 f 

Masss function 
/(M)/M 0 0 

0.182 2 
0.016 6 
0.0036 6 

Primary y 
mass s 
M,(M 0) ) 

§§ 10(30) 
^^ 8(24) 
èè 10(30) 

00 = 90) 

èè 2.6 (5.5) 
£1.0(2.1) ) 
^0.7(1.5) ) 

MJMMJM ) 
<// = 59 ) 

££ 3.0(6.4) 
èè 1.2 (2.5) 
£0.8(1.7) ) 

off  0.51 A of the interstellar Ca II K-line indicate, for a 
starr in this direction a distance of about 2kpc (cf. 
Munch,, 1968). Such a distance is supported (Bessell 
etet ai, 1973) by the reddening E{B- K) = 0.58, which is 
largerr than that of the Of members HD 152408 and 
HH D 151804 of Sco OB I, which have a distance of about 
22 kpc and are situated in the same direction (cf. Craw-
ford,, 1971). After applying a reddening correction 
AVAV = 3E{B-V) one then finds Mv£ -6T6, in good 
agreementt with the value of — 6T3 given by Conti and 
Alschulerr (1971) for O 6.5 f stars. Bolometric correc-
tionss for Of stars are poorly known but probably ex-
ceedd 3m (cf. Underhill, 1966). Even with the moderate 
assumptionn of B.C. = 2m one finds M  ̂ = - 8T6 which 
yieldss a bolometric luminosity of 2 x 105 L0. If the star 
hass not lost mass, comparison with Stothers's (1966) 
evolutionaryy track for a 30 M0 star shows that 
M >> 30 MQ. Such a mass is in the same range as the 
massess of the O 7 f and O 8 f members of the eclipsing 
binariess UWCMa and HD 47129 which are 24 MG 

andd 64 MQ, respectively (Stothers, 1972). 
However,, since HD 153919 is a close binary, mass loss 
mayy be a problem. The luminosity and radius of a 
massivee post-main sequence star are practically uniquely 
determinedd by the mass of its helium core, regardless 
off  the mass of the hydrogen-rich outer layers (cf. 
Giannonee et ai, 1968). For instance, Kippenhahn's 
(1969)) calculations of the evolution of a close binary 
withh components of 25 M0 and 15 MQ show that after 
thee 25 MQ star has lost its 16.46 M© envelope to its 
companion,, the remaining 8.54 M© star has about the 
samee effective temperature and luminosity as a 25 M© 
early-typee supcrgiant. The 8.54 M© star practically is 
thee helium core of the 25 Af© star surrounded by a very 
extendedd hydrogen-rich envelope with a mass of only 
0.44 Mw. Spcctroscopically it would be very hard to 
distinguishh this star from a 25 M© early-type supergiant. 
Thee helium core of a 30 M© post-main sequence star 
hass a mass of about 10 MQ. Hence, the mass of 
HDD 153919 might be as low as only 10 M©. With 
MMss==  10 M0 one obtains from Eq. (2) a lower mass 
limitt of 0.7 M0 for the X-ray component. For M=30 M© 
aa lower mass limit of 1.5 M© is obtained. Such masses 
aree consistent with a neutron star, although for i < 90° 
aa black hole is also possible. 

Inn Table 3 we compare the lower mass-limit of 
2U2U 1700-37 with those of the two other non-pulsating 
galacticc X-ray binaries. HD 226868 (Cyg X-l) is classified 
OO 9.7 lab (Walborn, 1973) and HD 77581 (2 U 0900-40) 
hass spectral type B 0 lb (Hiltner et ai, 1972). Comparison 
withh evolutionary tracks show that such spectral types 
correspondd with masses of about 30 M© and 24 MG, 
respectivelyy (cf. van den Heuvel, 1968). However, as 
arguedd above, if possible mass loss is taken into account, 
thee same spectral types and luminosity classes might 
correspondd to masses of only 10 M© and 8 MQ respec-
tivelyy (it is assumed here that these supergiants have 
normall  luminosities and are not the peculiar low-lumi-
nosityy objects discussed by Trimble et ai, 1973). The 
lowerr mass limits in Table 3 were computed for (=90 
andd t' = 59 (the latter value corresponding to the value 
off  (sin3i')1/3 for a random distribution of inclinations), 
andd using the radial velocity amplitudes of HD 226868 
andd HD 77581 given by Bolton (1972) and Hiltner et ai 
(1972)) respectively. 
Thee table shows that Cyg X-l is the only system in 
whichh the X-ray star is certainly very massive - possibly 
moree massive than the upper mass limit for neutron 
stars. . 
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NoteNote added in Proof. Recently Kemp (Astrophys. J. 185, L 2). 1973) 
foundd that the circular polarisation in Hf shows rapid fluctuations on 
aa time scale of less than 10 m, giving smaller average values over 
periodss of one to three hours. Since the exposure times of our 
Zeemann plates always exceeded one hour, the small magnetic field 
valuess recorded from our plates may be due to this effect. 
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