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ABSTRACT 
Analysis of Vhuru data on the X-ray source 2U 1700—37 has revealed the presence of regular 

occultations. The period is 3.4 days with an occultation duration of 1.1 days. The source is 
highly variable on a time scale of minutes. Significant intensity variations have also been observed 
on a time scale of 0.1 second with a 3 <r upper limit of 17 percent on the percentage periodically 
pulsed. The energy spectrum is flat and shows a large amount of low-energy absorption. The data 
indicate that 2U 1700—37 is an X-ray source in a binary system. The 6.6-mag 07f star HD 153919 
is suggested as the optical candidate. 

Subject headings: binaries — X-ray sources 

I. OBSERVATIONS 

The X-ray source 2U 1700—37 was first detected by the Vhuru satellite in 1970 
December. The most extensive Vhuru observations of this source were made in 
1972 May. The 2-6 keV intensity measured for 7 days during this set of observations 
is shown in figure 1. These data show two complete cycles of the source. Transitions 
from the high-intensity state to the low state are clearly visible on May 11.7 and 
May 15.1. Two upward transitions from states of low intensity to states of high 
intensity are seen on May 12.8 and May 16.2. Combining these observations with 
others ranging over a year and a half, we have determined a period of 3.412 =!= 0.002 
days. The occultation is centered on UT 1972 May 15.64 =t 0.04 (JD = 2,441,453.14). 

We have examined data for 70 days on which 2U 1700—37 was surveyed between 
1970 December and 1972 May and have determined that its behavior is always con- 
sistent with the derived period and phase. Observations obtained over this time are 
shown in figure 1 folded with the 3.412-day period. The data are plotted twice for 
illustration. 

The eclipse duration determined from the data in figure 1 is 1.10 =b 0.07 days. 
We can set a 3 a upper limit of 6 counts per second on the intensity observed during 
the occultation of 2U 1700—37. At times the occultation appears to be somewhat 
longer than 1.10 days, as in the first cycle in figure 1. It is possible that the large 
variability in intensity described below could account for this behavior or that the 
eclipse duration actually does vary. 

The data in figure 1 also show a second minimum at phase 0.5. When all the 
available sightings are folded with the 3.412-day period and averaged into 25 intervals, 
the average intensity in the center bin of the high state is half that of the adjacent 
bins. The intensity at phase 0.5 is 10 standard deviations below that of the bins on 
either side, although it is not particularly meaningful to consider the difference in 
terms of standard deviations since statistically significant fluctuations in intensity 
are so prevalent in the data. There are, however, no substantial upward fluctuations 
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Fig. 1.—The 2-6 keV intensity of 2U 1700—37 corrected for elevation in the field of view and 
shown with ±1 a- error bars. The upper portion shows seven days of data from 1972 May. Plotted 
below are observations obtained between 1970 December and 1972 May folded with the 3.412-day 
period. A histogram of the intensity averaged in 25 equal intervals is also shown. 

yet observed at phase 0.5. The intensity averages without error bars are shown in 
the lower portion of figure 1. 

There is a large degree of variability in the intensity during the 2.3-day on time, 
as can be seen in figure 1. Since the data in the top portion of figure 1 were obtained 
after the failure of the Uhuru star sensors, only rough aspect information was available 
to correct the source intensity for the location of the source within the collimator 
field of view, so that the error bars on the intensities are necessarily large. However, 
the large uncertainties do not mask the fluctuations in which the intensity changes 
by as much as a factor of four in times of 10 minutes. Variability on the time scale 
of seconds also has been observed. On several occasions the intensity has more than 
doubled from one second of observations to the next. All of this variability has also 
been detected during observations made when the Uhuru star sensors yielded good 
aspect information. 

Rapid intensity changes on time scales of a tenth of a second are also present in 
the 2U 1700—37 data. These fluctuations are not so striking as those seen in Cyg 
X-l, perhaps owing to the lower intensity of 2U 1700—37. However, even when no 
significant flares on times of seconds are visible, the fits of the data to a constant 
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intensity are not good, implying that there is variability on even shorter time scales. 
When the intensities are averaged over a few tenths of a second, the fit is improved 
for about half the cases. For example, analysis of the center 7 seconds of one 30- 
second pass with the data taken every tenth of a second gave a x2 Per degree of 
freedom of 1.47 with a sigma of 0.16; the same measurement summed in 0.3-s bins 
gave a x2 per degree of freedom of 1.04 with a sigma of 0.28. We interpret these 
results as indicating that the rapid changes occurred on times of a tenth of a second 
or less. We have Fourier-analyzed and performed autocorrelations on several 20-30- 
second observations of 2U 1700—37 with a time resolution of 0.096 to search for a 
periodicity in the short-term variability. We can set a 3 o- upper limit of 17 percent 
on the percentage of the flux that is periodically pulsed with a period ranging from 
0.1 to about 10 seconds. 

The 2-20 keV spectrum of 2U 1700—37 is flat and shows a large amount of low- 
energy absorption. The spectrum is variable with a power-law energy index ranging 
from —0.4 to -fl-0 and a cutoff varying between 2.1 and 5.5 keV, corresponding to 
hydrogen densities of 4 X 1022 and 4 X 1023 atoms per cm2 (Brown and Gould 
1970). Thermal spectra with temperatures greater than 108 ° K and substantial low- 
energy cutoffs are also consistent with many of the observations. 

The position of the X-ray source (90 percent confidence level contours) is shown 
in figure 2 (plate LI). The large box is the position from the 2U catalog, and the 
small box is a new position obtained from additional source sightings not included 
in the 2U catalog. The new box has an area of 0.009 square degrees and is centered 
at «(1950) = 17h00m298 and 8(1950) = —37°46M, with the corners located at 

The most conspicuous object at the new X-ray location is a 6.6-mag 07f (Crampton 
1971) star HD 153919 («1950 = 17hOOm32.7s, S195o = —37046,29//). Rappaport, 
Doxsey, and Zäumen (1972) have communicated that data from a rocket flight on 
1971 May 1 have yielded an independent X-ray location for 2U 1700—37. Their 
observations with a modulation collimator show a 4 0- peak centered at «(1950) = 
17h00m29.58 and 8(1950) ——37046/44/' with a radius of uncertainty of 1'5 (90 
percent confidence). This position, which includes the candidate star, is also shown 
in figure 2. 

The high correlation of bright stars in X-ray error boxes noted by Gursky (1972) 
provides further reason for considering this star as the optical candidate. Also Heap 
(1971) has found that compared to O stars, Of stars have low surface gravities, 
which would fit well with a model in which X-rays result from the accretion of 
mass from the binary companion, in this case the 07f star, onto the compact X-ray 
source. Compactness is inferred from the short-timescale pulsations. Spectra recently 
obtained by Koo and by Liller and Forman show interesting features that appear to 
come and go on time scales less than 10 minutes. Further optical observations of HD 
153919 are needed to test the identification with the X-ray source. 

Henry (1972) has suggested that for binary systems containing X-ray sources, the 
amount of X-ray radiation absorbed by the optical companion and reradiated at 
ultraviolet and optical frequencies is proportional to the duration of the X-ray 
eclipse. For 2U 1700—37, the maximum observed X-ray luminosity from 2 to 10 keV 
is 3 X 1036 ergs per second, based on a distance of 1.7 kpc to the optical candidate. 
However, the luminosity of the optical candidate is about 1038 ergs per second, so 

a(1950) 
l7ll00mSls 

l7ll00m51s 

I7b00m6s 

17hOOm6s 

5(1950) 
—37°48:0 
—37°44:7 
—37°44:7 
—37°48:0 

II. DISCUSSION 
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BINARY NATURE OF 2U 1700-37 L47 

even if a large fraction of the X-ray energy were absorbed and reradiated, there 
would be only a small (< 1 percent) effect on the observed optical luminosity. 

Six X-ray sources—Cen X-3, Her X-l, SMC X-l, Cyg X-l, 2U 0900—40, and 
2U 1700—37—are now believed to belong to binary systems. Of the six, all except 
Cyg X-l show X-ray occultations. As for the other occulting binaries, the energy 
spectrum of 2U 1700—37 is flat and has a large low-energy cutoff. Interstellar ab- 
sorption cannot account for the large cutoff and certainly not for the variability 
observed in the amount of absorption. In fact, this source has the greatest amount 
of absorption of any of the X-ray binaries observed so far. The eclipse duration of 
2U 1700—37 is also the longest of any of the six binaries, lasting about 30 percent 
of the entire period. Schreier et al. (1972Ô) have suggested that the large low-energy 
cutoff observed in occulting X-ray binaries is due to an accretion disk or circumbinary 
matter concentrated in the orbital plane. Also the presence of a second intensity 
minimum, when combined with the compactness required by the time variability and 
the parameters of the system that might be determined from an optical identifi- 
cation, could be very important in understanding the nature of the emission process. 

A comparison of some of the properties of 2U 1700—37 with those of the other 
X-ray binaries is given in table 1. For the power-law energy index and the low- 
energy cutoff, the extremes in variability are given for each source. In several re- 
spects, in addition to their both being in binary systems, 2U 1700—37 is similar to 
Cyg X-l. For both sources the X-ray energy is pulsed on short time scales requiring 
compactness of the X-ray source, although neither shows periodic pulsations. 
Neither source exhibits extended lows during which it is not observed above the 
X-ray background. In addition, the peak X-ray luminosity of 2U 1700—37 and 
Cyg X-l (post transition) are about the same if the optical identifications and 
hence the distances are correct. The close similarity in the X-ray properties of Cyg 
X-l and 2U 1700—37 suggests that 2U 1700—37 might be a black hole, as has been 
advocated for Cyg X-l (Webster and Murdin 1972; Bolton 1972a, b; Tananbaum 
et al. 1972b).In that case, as for Cyg X-l, the mass of the X-ray source would be 
considerable and the mass ratio therefore would not be very different from unity. 
Hence a search for radial velocities in the proposed optical candidate could prove 
most informative. 

We thank William Liller and Steve Murray for useful discussions and Carol 
Stratton and Frank Simpson for assistance in the preparation of the manuscript. We 
are grateful to David Koo for communicating to us the results of his spectroscopic 
study of HD 153919. 
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