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Astract

The Dani sh e x pe ri me nt WATCH (Wide Angle Te l e s c o p e  for Cosmic Hard X-rays) 
is to be flown on board the Soviet satell it e GRAN AT in m i dd le of 1989. 
The p e r f o r m e n c e  c h a r a c t e ri st ie s of the WA T C H  instrument is described. It 
is es t i m a t e d  that WA TCH can detect about 100 solar hard X- ray bursts per 
day. WA T C H  can also detect about 40 e n e r ge ti c stellar soft X- ray flares, 
similar to the fast tr ansient X-ray emissi on s de t e c t e d  by the Ariel V 
s a t e 1 1 'te.

I n t r o d u c t i o n .

All sky X- ray mo ni to rs have made two important c o n t r i b u t i o n s  to X-ray 
astronomy: si gn alling the onset of transient phenom en a and the study of 
long term v a r i a b i l i t y  in the bright g a l a ct ic X-ray sources (Holt and 
P r i e d h o r s k y ,1987). The all sky X-ray mo ni to rs flown up to now (eg. Vela 
EB and Ariel V SSI) had limited energy range (< 20 keV) and duty cycle 
^<0.011. Therefore, only a limited pa ra me te r space in time scale (>hours), 
energy (< 20 keV) and se ns itivity (> 5 m Crab for one day) have been 
eyplored upto now. The importance of ex te nd in g these pa r a m e t e r s  can be 
realized from the fact that omni-directional detect or s of m o de st s e n s i 
tivity like the Vela 5A have opened up a new branch of astronomy, namely 
the ga mma ’ay burst astronomy.

The WA T C H  de te ct or s ( L u n d , 1981) have ex te nd ed energy range (6 keV to 
180 keV), co mp le te sky coverage at all time scales and single station 
l o ca li sa ti on ca pa ci ty for bright sources. Hence they are ideally suited 
for (1) r e a l -t im e alarm for X-ray transients, (2) c o nt in uo us m o ni to ri ng 
of bright X - ra y sources for long term variability, (3) single station 
l o ca li sa ti on for ga mm a- ra y bursts and (4) exploring new ph e n o m e n a  in the 
hard X- ray e n er gy range with time scales of a few minutes. Further, WATCH 
ietectors can also detect solar hard X-ray bursts and bright st ellar X-ray 
flares. Here we de scribe the c h a r a c t e ri st ic s of the WA T C H  instruements 
and di scuss the ca pa bilities of studying solar and stellar flares.

2. Instrumentation.

The WA T C H  d e t e c t o r  is a Rotation M o d u la ti on Co l l i m a t o r  (RMC) with single 
m o du la ti on grid and two interleaved grids of X-ray detectors. The de te ct or 
consists of a ci rc ul ar mosaic of Nal (Tl) and Csl (Na) crystals, viewed 
by single ph ot o m u l t i p l i e r  tube. A mo d u l a t i o n  grid made of bars of 
Tantalum, Tin and Copper, is moun te d 3 cm above the crystal surface. The 
crystal and the m o du la ti on grids are rotating at a rate of about 60 rpm.
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The X rays incident on each type of d e t e ct or s are re co gnised e l e c t r o n i 
cally by their decay time c h a r a c t e r i s t i e s . An k ray source g e n e ra te s a 
p e r i od ic "chirp" in the count rate in each type of d e t e c t o r  called the 
m o d u l a t i o n  pattern which is uniquely de pe nd en t on the X-ray source p o s i 
tion. The total count rate in both the detectors, however, will not be 
m o d u l a t e d  and hence can be used to de co up le the effect of source intensity 
va ri at io n on the m o d u l a t i o n  patterns. Though the pitch angle of the m o d u 
lations is 2 . 0 6 ‘ , bright sources can be localized correct to a few arc- 
m i n u t e s .

The op ening angle of the d e t e ct or is 73* (4.4 steradian). Four identical 
units will be moun te d on the Soviet satellite GRANAT, giving complete 
sky coverage. The total effect iv e area of the detector, av er ag ed over 
the wh ole sky, is shown in Fig. 1, as a function of energy. The ef fe ct iv e 
area of the Csl crystal is lower for X-ray en er gi es less than about 70 
keV because of a dead layer d e ve lo pi ng on the crystal surface. It can be 
seen from the figure that the effect iv e area is > 25 cm^ for X-ray e n e r 
gies between 20 keV and 110 keV; and > 10 cm^ for X-ray en er gi es between 
6 keV and 100 keV. The d e t e c t o r  ch ar ac teristics, along with the deta il s of 
the CRANAI satellite is given in Table 1.
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Fig.l. The ef fe ct iv e area of the WA TCH detectors, 
the whole sky, as a function of energy.

averaged over
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T a b l e  1. WA TCH instrument details.

1. Detectors:

Cf ec ti ve area 
Energy range 
[nergy r e so lu ti on 
A n g u l a r  r e s o lu ti on 
Ex pe ct ed b a ck gr ou nd 
Sensitivi ty

Time r e so lu ti on

2. O t h e r  d e t a i 1s : 

Launch

S a t e ll it e orbit

Life time 
Te le m e t r y

30 cm^
6 keV to 180 keV 
30 %  at 60 keV 
5 areminutes.
400 counts per second.
20 mCrabs (for 1 day integration)
10'' ergs/cnr (for g a m m a - r a y  bin'sts) 
100 /is (triggered events)
4 s ( count rates in two ener gy bands) 
512 s ( mo d u l a t i o n  patterns )

~ July 1989 (Tour WA TCH d e t e ct or s 
on b ^ r d  the Soviet sa tellite GRANAT) 
Eccentric (2000 km - 200000 km)
5 1 ’ inclination 
96 hour period.
> 1 year
once every 24 hours.

3. Solar hard X-ray bursts.

From the numb er d i s t r i b u t i o n  of solar hard X-ray bursts gi ven by Lin et 
al (1984), we es ti ma te that WA TC H should detect about 100 solar hard X-ray 
bursts per day during the next solar maximum. This e s t i ma te is based on a 
assumed power law specral index of -5, du ra ti on 5 seconds and low energy 
cutoff at 10 keV (see Lin et al.). We find these assu mp ti on s to be c o n s i 
stent with the de t e c t i o n  of 15 - 25 solar hard X-ray bursts per day by 
the HXRBS of SMM (Dennis et.al., 1908), wh ich has much h i gh er low energy 
cutoff (25 keV).

The much larger data base of solar hard X-ray bursts is useful to c o nf ir m 
the flare p e r i o d i c i t y  reported by B a i (1987). Further, the mode st p o s i t i o 
nal information [~ 5 areminutes) is useful to identify the solar hard 
X-ray bursts with the associated Hft flares, which in turn can be used to 
search for active longitude belts ( Bai, 1988).

Lm et. a l . also es ti ma te that the average rat.j of energy d e p o s i t i o n  by 
grea te r than 20 keV electrons from all the bursts above a t h r e sh ol d of 
10"2 (cm^ s keV)** is about 1 0 ^  ergs s'*. The c o nt ri bu ti on to this energy 
input from bursts of lower threshold, can be estima te d from m e a s u r i n g  the 
integrated hard X-ray flux from the Sun. The WA TCH d e t e ct or s can measure 
the integrated hard X-ray flux from the Sun correct to 0.5 dex in one 
day. If the total hard X-ray flux is co m p a r a b l e  to the so lar coronal 
emission (10?' ergs s'*), it will be an independent support to the recent 
suggestion by Parker (1988) that the solar corona is powe re d by "nano- 
f 1 a r e s " .
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4. Stellar '.oft X ray flare-'..

Stellar ooft X ray flares of the type detected by focussing X-ray i n s t r u 
ments like the finstoin O b s e rv at or y (Haisch, 1983), are too we ak for' 
d e t e ct io n by the WATCH detectors because of low energy threshold (6 keV). 
the f a s t  transient X ray (ffX) emissions de te ct ed by the Ariel V satellite 
(l'/e arid Mr Hardy, 1983) are of more energetic type and about 60 %  of these 
I (X events are identified with stars (Rao and Vahia, 1987). Pye and McHar- 
dy have estima te d that an isotropic de te ct or should detect about 120 FTX 
per year above the SSI threshold of 8 SSI counts per sec. WA TCH should 
detert about 40 fIX per year above 10 a (a 5 keV thermal spectral shape 
is a s s u m e d ). WA1CH has c o ns id er ab ly better lo calisation c a p a b i l i t y  (a few 
arrminutes) compared to the Ariel V detect or s (a few degrees) and hence 
un am biguous stellar identification sholud be possible. The WA TCH d e t e ct or 
also has high time resolution gamma ray burst d e t e ct io n capacity, which 
should clar if y the intriguing co nn ection between the g a m m a - r a y  bursts and 
( IX sources, as indicated by the two associ at io ns given in Pye and Mc Hardy 
(1983).

On the other hand, the IITAO A - 1 fast transient search (Connors et a l ., 
1986) identified 8 FTX sources and 6 of them are likely to be associated 
with flare stars. Connors et a l , however, es ti ma te that an isotropic 
de te ct or should detect more than 1CH FTX per year above the threshold of 
6 mCrabs. This co rresponds to an event rate of more than 240 per ye ar for 
the WA TCH detectors, above a threshold of 10 a. This is c o n s i d e r a b l y  
higher than the Ariel V FTX event rate and this di f f e r e n c e  can be e x p l a i 
ned from the fact that Ariel V SSI instrument had a time r e so lu ti on of 90 
minutes, whereas the HFAO A-l FTX events had a time d u r a ti on of less than 
1000 s. The WATCH detectors, being sensitive to all time scales, should 
be able to d i s t i n gu is h and cl as si fy the two types of FTX events. Further, 
detect io n of soft X ray flares by an isottupic detectors, should lead to 
the d i s c ov er y of many new RS CVn type of binaries, which cannot be i d e n t i 
fied ph o t o m e t r i c a l l y  because of their un fa vo ur ab le orbital inclinations.
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