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Chapterr  3 

EXOSATT Observations of the X-Ray 
Burstt  Source 4U 1702-42 

T.. Oosterbroek, W. Penninx, M. van der Klis, 
J.. van Paradijs, and W.H.G. Lewin 

AppearedAppeared in Astronomy & Astrophysics 250, 389 

Abstract t 

Wee report on the two EXOSAT observations of 4U 1702-42. In one of 
themm three bursts are detected. We analyzed the bursts and the spectral and 
fast-temporall  behaviour of the persistent emission. We conclude that 4U 
1702-422 is an atoll source, which was in the banana state when the bursts 
weree present. The characteristics of the burst are similar to those of 4U 
1636-533 in the banana state. 

3.11 Introductio n 

Thee source which is now known as 4U 1702-42, was first noticed as a burst 
sourcee with OSO 8 (Swank et al., 1976). The medium intensity Uhuru source 
1702-42== 2S 1702-429 (30 UFU, Forman et al., 1978) was proposed by Lewin 
andd Clark (1979) as die persistent counterpart of this burst source. Makishima et 
al.. (1982) found that bursts originate from within 0°.2 of 1702-42, which makes 
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itit  almost certain that this source is the burst source. Bursts from the direction 
nearr 1702-42 may have been observed earlier by Marshall et al. (1976) with 
thee SAS 3 satellite, but these may also have come from the nearby burst source 
4UU 1705-44. There is no optical counterpart known of 1702-42. The bursting 
activityy of 1702-42 is variable with time: Makishima et al. (1982) found that the 
burstt intervals varied by a factor of ~ 5. The observed upper limi t on the radio 
fluxx of 1702-42 at 5 GHz is 0.36 mjy (Grindlay & Seaquist, 1986). 

1702-422 is member of the class of low-mass X-ray binaries (LMXB), the 
brightestt of which can be divided into two subclasses, the so-called atoll and Z 
sources,, on the basis of their spectral and time variability (see Hasinger and Van 
derr Klis, 1989, hereafter HK89, and Van der Klis, 1991 for recent reviews). The 
atolll  sources show two states: 

-Thee banana state, characterized by a broad, upwardly curved branch in an 
X-rayy colour-colour diagram. In the banana state the power spectra of the X-ray 
intensityy are dominated by very low-frequency noise (VLFN). The power spectra 
cann be described by a power law with a power-law slope generally close to - 1 
( " 1 / // noise"), and sometimes also show some high-frequency noise (HFN). 

-Thee island state, characterized by litti e correlated motion in the colour-
colourr diagram. In the island state the power spectra are dominated by strong 
HFN,, and weak VLFN. 

Becausee the atoll sources tend, on average, to be less luminous than Z sources 
onee expects that 1702-42 is an atoll source, because it is a rather faint object 
(F(Fxx ~100(ijy). This is in accordance with the fact mat normal X-ray bursts (i.e. 
followingg the correlation of Van Paradijs et al., 1988, hereafter PPL88) are only 
foundd in atoll sources (with the possible exception of Cir X-l) , and the observed 
upperr limi t at radio wavelengths (see Penninx, 1989). 

Inn this paper we report on two EXOSAT observations of 1702-42, in one of 
whichh three bursts were found. We present the results of a spectral analysis of 
thee bursts, together with an analysis of the spectral behaviour and fast-variability 
characteristicss of the persistent emission, with the purpose of finding out if this 
burstt source has atoll-source characteristics as one expects. We also investigated 
whetherr the burst characteristics are related to the properties of the persistent 
emission. . 
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3.22 Observations and method of burst spectral ana-
lysis s 

Thee source 1702-42 was observed with the EXOSATME detector (Turner et al., 
1981)) on 9 August 1983 from 12h29m to 20h04m UT and on 8 April 1986 from 02h15m 

too 20h14m UT. During most of these observations one half of the ME detector 
arrayy was pointed at the source, while the other halfwas offset by 2° to monitor 
thee background. Swaps between the two array halves were made typically every 
44 hours during the 1986 observations. During the last ~4 hours of the 1986 
observationn both halves were pointed at the source. During the entire 1983 
observationn the same half array was pointed at the source. The typical source 
countt rate during the 1983 and 1986 observations is ~40 and ~50 counts/s per 
half-array,, respectively (the count rate during the 1983 observation is somewhat 
uncertain,, see below). The data we used for the spectral analysis have a time 
resolutionn during the 1983 observation of 0.3125 sec, and of 0.5 s during the 
19866 observation; spectra have been recorded in 32 and 64 pulse height analyzer 
(photonn energy) channels during these observations, respectively. During the 
19866 observation three bursts were detected (none occurred during the 1983 
observation). . 

Wee analysed the bursts using an adapted version of an EXOSATdata analysis 
packagee developed at the Space Research Laboratory in Leiden. In our analysis 
burstt spectra are accumulated during time intervals ranging between 0.5 s near 
thee peak of the burst, and -25 s in the tail of the burst to ensure good statistics 
inn each spectrum. From these burst spectra a spectrum accumulated for 100 s 
justt prior to the burst (persistent emission and background) is subtracted. These 
background-subtractedd spectra are fitted with a blackbody spectrum, with a 
low-energyy cut off due to interstellar absorption included. For a good modelling 
off  this low-energy cut off we need a value for the equivalent hydrogen column 
densityy (NH) (see section 3.3.1 and 3.3.2). In our fit procedure we assumed a 
systematicc error in the EXOSAT calibration of 1%. Deadtime corrections were 
madee as described by Damen (1990). 
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Figuree 3.1: Light curve of the 1983 (top) and 1986 (bottom) observations of 
1702-42.. Due to residual uncertainty of the background, the flux during the 
19833 observations is only approximate. 

3.33 Results 

3.3.11 Persistent emission 

Inn Fig. 3.1 the observed X-ray flux (1-15 keV) of 1702-42 (not corrected for 
interstellarr absorption) during the 1983 and 1986 observations is displayed; the 
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Figuree 3.2: X-ray colour-colour digram of the 1986 observation. Each point 
representss 200 s of data. A typical error bar is shown. 

burstss are clearly visible in this figure. We analysed the persistent emission of 
1702-422 to determine die flux, spectral shape and the value of the equivalent 
interstellarr hydrogen column density (/VH). To do this we divided the persistent 
emissionn during the 1986 observaüon in 44 intervals of 1000 s each and made 
background-subtractedd spectra for each interval. The spectra cover about 75% 
off  the total observation time (intervals with bursts were excluded as well as short 
dataa stretches just before and after detector array swaps, and short intervals 
att the beginning and end of data stretches). From diese persistent-emission 
spectraa a background spectrum, accumulated with the same detector half at a 
differentt time (a few hours earlier or later), was subtracted. 

Fromm opücal observaüons of a field near 1702-42 (Van Paradijs et al., 1986) 
wee can deduce a lower limi t for NH towards the source of ~ 8 x 1021 cm"2, using 
thee relation between Av andNH given by Gorenstein (1975). Using this NH range, 
wee find that in the 1986 observation the spectrum neither fits a power law nor a 
powerr law with exponential cut-off. For the 1983 observation we have no suitable 
backgroundd data, so that we can not draw conclusions on the spectral shape in 
thatt observation. 

Wee made colour-colour diagrams and power spectra of the 1986 persistent 
emissionn in order to see whether 1702-42 fits into the classification of HK89. The 
colour-colourr diagram (see Fig. 3.2) shows the background-corrected ratios of 
thee (6.2-20.4) keV/(4.5-6.2) keVcounts (hard colour) versus the (2.9-4.5) keV/(0.9-
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2.9)) keV counts (soft colour). The colour-colour diagram shows that there is littl e 
variationn of the hard colour and soft colour. The total intensity varied by ~15% 
duringg the 1986 observation (see Fig. 3.1). This behaviour is fairly typical of 
ann atoll source in the banana-state (HK89), however an analysis of the rapid 
variabilityy of the persistent emission is required to confirm this classification. 

Usingg a total of ~ 45 000 s of data the 1986 observation with a time resolution 
off  ~-4 ms we made power spectra for individual data stretches of 8192 data points 
each,, using the Fast Fourier Transform (FFT) technique. We also calculated 
powerr spectra of the 1983 data, using ~ 18 000 s of data with a time resolution 
off  ~8 ms. By rebinning of the data (but again transforming 8192 rebinned data 
points,, and thus increasing the length of the data stretches) we extended the 
low-frequencyy part of the power spectra to ~ 10~3 Hz. For broad features in 
thee power spectrum this rebinning of data is equivalent to Fourier transforming 
unrebinnedd longer data stretches. We used the normalization of the power 
spectraa of Leahy et al., (1983). The power spectra shown in Fig. 3.3 are rebinned 
averagee power spectra in which the average level of the white-noise, due to 
Poissonn counting statistics as modified by instrumental effects (see, e.g., Van der 
Klis,, 1989) has been subtracted. This can be done with sufficient accuracy when 
thee data are obtained without intervention of the £XOS/lTon-board computer, 
whichh is the case for the data we used (HTR5- and HTR3-data, Andrews & Stella, 
1986).. The fractional r.m.s.-variation in the region 0.1-100 Hz equals % 
(forr the 1983 data we found % in the region 0.1-60 Hz). Fits to the power 
spectraa were made with a power law with index a (ƒ — Ava, with v frequency and 
AA a normalization constant). 

Thee reduced %2 are ~2.3, and ~1.0 (for 8 d.o.f.), for the 1986 and 1983 data, 
respectively.. This fit yields a power-law index of 8 (-1.0Ü0.05 for the 
19833 data). There is a significant excess above this power-law fit for frequencies 
<:: 20 Hz, in the 1986 power spectrum. We calculated this excess to be % 
inn the range 20-100 Hz (for the 1983 data we found 0.1 % in the range 
20-600 Hz). We did not try to fit a high-frequency component to this excess in 
vieww of the poor statistics. The power spectra are typical of an atoll source in 
thee banana-state (see HK89); we conclude that the source was in the banana 
statee during the 1986 observations. From the fact that some high-frequency 
noisee seems to be present during the 1986 observation (but much weaker than 
observedd in the island state, see HK89) we deduce then that the source probably 
wass in the lower part of the banana branch. The smaller strength of HFN in the 
19833 observation suggests that the source was further 'up' the banana branch. 
Thiss is in accordance with the absence of bursts in the 1983 data (see HK89, 
Vann der Klis et al., 1991). The absence of reliable background data for the 1983 
observationn makes it difficult to determine the flux in that observation relative 
too that in 1986. 
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Figuree 3.3: Average power spectra of the 1983 (top) and 1986 (bottom) obser-
vations.. The drawn lines represent power-law fits to the data. Error bars were 
determinedd from tiie observed dispersion of the power estimates. 

3.3.22 Burs t s 

Duringg the 1986 observation three X-ray bursts occurred, in which the flux 
reachedd a maximum value a few dozen times that of the persistent emision. For 
mee fitting of burst spectra it is necessary to adopt a value for the equivalent 
hydrogenn column density to model as accurately as possible the low-energy cut-
off,, due to interstellar absorption. As discussed above, there is no unambigious 
wayy to determine this value from the persistent emission alone; therefore we 
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Tablee 3.1: Properties of the bursts of 1702-42. In this table a is defined as 
thee total energy emitted in the persistent emission (1-15 keV) before the burst 
dividedd by the total energy of the burst. 

startt time (UT, on April 8 1986) 
peakk flux Fm-d*  HO-9 ergs"1 cm"2) 
fluence£hh (10~7 erg cm"2) 
durationn x (s) (£t,/Fp) 
waitingg time (h) 
a a 

03:33:31 1 
8 8 

9 9 
7 7 

>1.3 3 
>15 5 

10:27:19 9 
4 4 

5 5 
5 5 

6.9 9 
- 1 00 0 

18:49:16 6 
5 5 

7 7 
8 8 

6.4 4 
- 60 0 

usedd the burst spectra to determine /VH. From optical observations (see above) 
wee can deduce a lower limit for NH towards the source of JVH~ S X X 1021 cm"2. We 
fittedd all the time-sliced burst spectra, using blackbody spectra, with fixed, but 
differentt A^-values, ranging from -2 x 1021 cm"2 to +20 x 1021 cm"2. For a given 
valuee of JVH we added the x2 of the individual burst spectra. We then selected that 
valuee of JVH which minimizes %2 (reduced x^m ~ 1.1, for—30 d.o.f.) This value is 
9xl02]] cm"2. 

Usingg this /VH value we fitted each time-sliced spectrum with a blackbody, 
andd determined the blackbody temperature kTco\. We use this blackbody fit 
too determine a bolometric correction to find the bolometric flux (Fho\) in the 
burst.. This bolometric flux is used to determine the blackbody radius with 

11 il 

RR - (I (h0\/csT ô]) , in which d is the distance to the source (we used d= 10 kpc) 
andd a the Stefan-Boltzmann constant. 

Somee observational parameters of the bursts are listed in Table 1. In Figure 
3.44 £(,„!, kTm\ and R are shown as a function of time for the three bursts. 

InIn Fig. 3.5 log Fbo\ is plotted against log kTca\ (equivalent to a Hertzsprung-
Russelll  diagram) for all three bursts. For a perfect blackbody with a constant 
radiuss this relation should be a straight line with a slope of 4. The tracks are 
curved,, which likely reflects deviations from a pure blackbody spectrum in the 
burstss (see e.g. Penninx et al., 1989; Damen et al., 1990). 

Wee also calculated a quantity 0 = kTca\/F^, which is proportional to the 
ratioo of colour temperature to effective temperature. In Fig. 3.6 O is plotted 
ass a function of kTw\; we see that 0 increases with temperature, by about 
-15%% between the low (Jt7"t(,| -0.8 keV) and high (Jtrcnl -2.2 keV) fitted blackbody 
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Figuree 3.4: Top panel: bolometric flux in the burst as function of time. Middle 
panel:: blackbody temperature as fitted to the burst spectra as function of time. 
Bottomm panel: equivalent blackbody radius at 10 kpc as function of time (see 
text). . 

temperatures;; this variation likely reflects the varying deviation of the burst 
spectraa from a blackbody (c.f. London, Taam and Howard, 1986). 
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shown. . 

3.44 Discussion 

Fromm its colour-colour diagram (Fig. 3.2) and the power-spectra (Fig. 3.3) 
itt appears that during our observations the source behaviour of 1702-42 is 
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Figuree 3.6: The quantity 0 (proportional to rcoi/7eff, see text) as function of the 
fittedd blackbody temperature. 

consistentt with that of an atoll source in the banana-state, using the criteria 
formulatedd by HK89. Therefore, we classify 1702-42 as an atoll source. From the 
colour-colourr diagram alone it is not very clear in which state the source is, as the 
variationn in the colours are quite small. As noted by HK89, the shape observed 
inn the colour-colour diagram is determined in part by the circumstances of 
thee observation (such as the total length) so that it is very important to look 
att the power-spectra; looking at only the colour-colour diagram may lead to 
incorrectt conclusions. One reason for this is that the 'amount of movement' in 
thee colour-colour diagram is a relative quantity, and is not easily quantified from 
aa single observation. 

Thee durations of the bursts are rather short (x ~ 5-8 s), which fits the 
observationn that for the source 4U 1636-53 bursts with short durations have 
alsoo been found when this source was in the banana-state (see Van der Klis 
ett al., 1990). As the bursts we observed from 1702-42 do not exhibit radius 
expansionn we can not estimate the Eddington flux (reached during the peak of 
suchh bursts), and the value of y, which is denned as fe (PPL88). However, since 

ll  u Edd 

thee observed maximum burst flux Fmax is less then the Eddington flux, we can 
sayy that ^ > y. We find y < 0.014, y <0.014, and y <0.017, for burst 1, 2, and 

1.0 0 
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33 respectively. When we compare these values of y and x with the results of 
PPL88,, we see that our values of t are a bit low compared to their results, but 
inn view of die rather large scatter in their data we can say that our results are 
consistentt with theirs, if the observed maximum burst flux is not too different 
fromm the Eddington flux. Since Fmax < FEdd, one can derive an upper limi t to the 
distancee of 6.7(M/1.4M. )(1 +X)-°5(1 +e)-° V > 5 kpc (Van Paradijs and Lewin 
1988),, using the maximum flux of 6.6 x 10~8 ergcm~2s_ I . Here X is the fractional 
hydrogenn content (by mass), z is the gravitational redshift at the neutron star 
surface,, and £ is a factor mat takes possible anisotropy of the radiation into 
accountt (see Sztajno et al., 1987). Since 1702-42 is probably close to tiie galactic 
center,, we expect that this maximum flux is fairly close to the Eddington flux, 
andd die distance ~ 7 kpc. 

Thee variation of the value Ö as a function of JfcTcoi has been studied earlier 
by,, e.g., Penninx et al. (1989) and Damen et al. (1990), who showed that there 
iss quite some variation in the behaviour of 0 as a function of kTcoi. For the 
sourcee 4U 1608-52 0 varies by ~ 40%, and the relation between 0 and kTco] is 
stronglyy curved. For the sources studied by Damen et al. (1990) the variation 
off  0 is much smaller and the relation can be fitted with a straight line rather 
well.. For 1702-42 the variation in the ratio Tc0[/Teff, which is ~ 15%, between 
kTkTcoco\\ ~ 0.8 and kTc0\ ~ 2.2 keV, is small compared to the range observed in 4U 
1608-522 (Penninx et al., 1989), but larger than found by Damen et al. (1990) for 
radius-expansionn bursts in 4 sources. 

Forr the equivalent hydrogen column density towards die source we find NH~ 
99 x 1021 cm- 2. According to the relation of Gorenstein (1975) between Av and 
NHH Wv = 4.5 x lO - 22 JVH), Üiis corresponds to a visual extinction of ~4.5 mag. 
Assumingg that 1702-42 is an optically "normal" LMXB (Mv ~ 1, Van Paradijs, 
1983)) and the above derived distance, its visual magnitude is expected to be 
closee to V~ 20. This suggest that an optical identification of die source may be 
possiblee without too many problems. 

Acknowledgments.. WL acknowledges support from the United States National 
Aeronauticss and Space Administration under grants NAG8-571, NAG8-674, and 
NSG-7643.. JvP acknowledges support from NATO throught grant 26 331/88. 


