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Abstract. This study is the first known attempt to search foangular clustering (Petrosian and Efron 1995). Analyses based
gamma-ray burst repeaters combining data from gamma-ray eR-autocorrelations with data from the BATSE 3B catalogue
periments flying on board different satellites and making use difl not find any evidence of repetition (Bennett and Rhie 1996)
information derived from the bursts detected simultaneously bpd have imposed several constraints to the number of repeaters
all the experiments. The proposed method is suitable to corfegmark et al. 1996). Finally, recent studies confirm the lack
late GRB data provided by experiments that overlap partially of repetition in the 4B catalogue and lead to an upper limit to
totally in time. the repetition rate 0.04 burst source! yr—! (Hakkila et al.

As an application of this method we have correlated the pb997).
sitions of 57 gamma-ray bursts observed by WATCH/GRANAT The BATSE 4B catalogue was obtained by the BATSE ex-
and WATCH/EURECA with 1905 bursts detected by BATSEperiment on board the GROsatellite and contains 1637 GRBs
Comparing the so-called “added correlation” between thietected from April 1991 to August 1996 (Paciesas et al. 1998).
WATCH and BATSE bursts with that obtained with simulate@he BATSE experiment consists of eight identical detector mod-
WATCH catalogues, we conclude that there is no indication ofes, placed at the corners of tG&ROspacecraft and covering
recurrent activity of WATCH bursts in the BATSE sample. Wenergy channels from 25 keV to ~ 2 MeV. It provides er-
derive an upper limit of5.8%, with a confidence level &f4%, ror boxes with a minimum radius af6° (1o confidence level,
for the number of WATCH gamma-ray bursts that could repr&ishman et al. 1994). BATSE is detecting bursts at a rate of

sent a population of repeaters in the BATSE sample. 0.8 bursts per day. The bursts are daily added to the so-called
Current GRB Catalogue, which contains the BATSE 4B cat-
Key words: gamma rays: bursts alogue plus all bursts detected after August 1996. When this

study was started, the catalogue contained 1905 sources; this
sample constitutes the basis of the present work.

The WATCH X-ray all-sky monitor is based on the rota-
1. Introduction tion modulation principle (Lund 1986). The instrument has a

Despite the advances carried out so far, the origin of the gamrﬁggularr:?eld of view of 4 steradians and an effective area of
ray bursts (hereafter GRBSs) remains unknown. The identificg-3C_CNT (averaged over the field of view). Position sensi-
tion of absorption lines in the optical spectrum of GRB 970508/ 1S 'achleved'usmg th.e rotgtlon collimator principle, with
strongly supports models arising from sources at cosmolo§j€ collimator grids rotating with a frequency=1 Hz. The

cal distances (Metzger et al. 1997), but there is still a lack Bposwmh detectors consist of interleaved scintillator-strips of
knowledge on the mechanisms originating these enigmatic p 1l and Csl cr)_/stals. The geometric area of the scintillator is
nomena. One of the most important clues that could clarify t§& ¢ - Four units were mounted on board the SOBRANAT
nature of the GRBs would be the detection of a repeater ﬁél_telllte in a tetrahedral configuration covering the whole sky,
haviour. and one unit on board the European Space AgéHdiRECA

Initial studies showed an apparent evidence of repetition fgf2cecraft. The total energy range is 8-80 keV, therefore over-
the BATSE 1B catalogue (Quashnock and Lamb 1993), sUgPPing withthe lower BATSE energy band. WATCH/GRANAT
gesting that it would be possible to have an excess of pairsJgtected bursts in 1990-94 and WATCH/EURECA in 1992-93,

GRBs clustered in both time and space (Wang and Lingenfmys both.experiments also overlappedintime wit'h. BATSE. Qne
ter 1995). This fact was not confirmed by the work carried oﬁfthe main advantages of WATCH was the capability of locating

using the BATSE 2B catalogue (Brainerd et al. 1995), althou rsts with relatively small error boxe8( error radii with~
other studies provided marginal evidence for both temporal ahd (Brandt et al. 1990). WATCH/GRANAT detected 47 GRBs
in this period and WATCH/EURECA 12 (Castro-Tirado et al.
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Fig. 1. Error boxes for the 57 GRBs detected by WATCH, represented in galactic coordinates. The sample contains 45 GRBs detected by
WATCH/GRANAT, 10 by WATCH/EURECA and two localized by both experiments at the same time. The typical radii of the error boxes are
~ 1°, with a3o confidence level.

920814 and GRB 921022) were detected by both the WAT Chinit (~25 KeV), which generally belong to the class of bursts
/GRANAT and WATCH/EURECA experiments. Therefore, thevith durations longer than 2 s.
sample of WATCH GRBs used in this study comprises 57 GRBs: iii) On the other hand, since WATCH is about an order of
45 WATCH/GRANAT bursts, 10 WATCH/EURECA bursts andmagnitude less sensitive than the large-area detectors of BATSE,
the above-mentioned two GRBs. BATSE also detected 27 the WATCH catalogue contains bursts which are brighter than
them. Fig[ll shows the sample of 57 WATCH GRBs used in thisose in the BATSE sample.
study. The above three reasons explain why the GRBs in the
The distribution of time amplitudes for GRBs shows tw&WATCH sample are longer, softer and brighter than the average
classes of bursts: a) durations shorter thap s and b) longer BATSE 4B bursts.
than~ 2 s (Kouveliotou et al. 1993). It was noticed that the This study is the first known attempt to search for repeaters
energy spectra of the short bursts were generally harder tltmmbining data ofy-ray experiments flying on board differ-
those of the long ones (Kouveliotou et al. 1993, Lestrade et aht satellites. The method proposed makes use of the so-called
1993). “simultaneous bursts” and is suitable to correlate GRB data pro-
The fraction of short events in the WATCH sample is smalleided by experiments that overlap partially or totally in time.
than thatin the 4B catalogue. This fact can be justified by at le#sthe future, this work could also be used to detect systematic
three selection effects: pointing errors between differentray experiments, allowing
i) The availability of WATCH for localizing sources is gov-to improve their capability for locating GRBs.
erned by the rotation speed of the collimator grids (1 Hz). So, a
source needs to be bright enough for at least one rotation of the
modulation collimator in order to be localized, implying a burst. Method

duration longer than 1 s. In contrast, the BATSE expermentisiyis section we outline the methodology proposed to carry out

abl? tqrﬂetiact bursts wgh déjriu%ns\;avi_ls_g(:t as 64_ ms. the study. First, we exclude the simultaneous bursts (Sect. 2.1)
i) The low energy band of the experimentg§- and calculate the so-called “added correlation” function be-

20 KeV) is sensitive to the soft GRBs, below the BATSE IOWet(/veen the WATCH and BATSE samples (Sect. 2.2). Afterwards,
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1500 WATCH catalogues are simulated (Sect. 2.3) in orderwsth s = 0.9973, andd; the distance between the integration

calculate the expected value of the “added correlation” functigooint and the centre of theth BATSE burst;

Then the distribution of the overlapping function for real and

random overlaps is obtained (Sect. 2.4) and finally the probabil- @ =arccos(sin(b;) sin(b) + cos(b;) cos(b) cos(l —I;))

ity of having different number of repeaters (Sect. 2.5) is found. .
’ We congsider that there is a copmmon s(ource in )both sam- Vil i, b, b?) is analogous to B;(l,1;,b,b;) based on

ples when the emission of a repeater is detected at least tw \TCH coordinates. Although we are aware that the errors of

once by each experiment and the detections are separatefi’) SE.Iocations do not follow a.single Gaussian distribution
time. Thus, the same GRB detected simultaneously by both € B:Iggdst(ra]t a(lé 1998.)’ we cons!dert_thatf, Lc;rigusrgplfrrﬁps.es, we
periments is notonsidered as a common source. Our study(@n extend the Laussian approximation ir IS 1S

aimed at searching common sources detected by both WAT yer appropriate and useful approximation which has been
and BATSE experiments requently used in the past (Fisher et al. 1987, Bennett and

Rhie 1996), providing stringent upper limits on the 3B cata-
_ logue (Tegmark et al. 1996).
2.1. Simultaneous bursts On the other hand, the error introduced:jn by consider-

The positions of 27 simultaneous bursts detected by WATCRP Only overlaps betweenos3error boxes, instead of assum-
and BATSE are in good agreement. If BATSE error boxes ing unl|m|ted_error boxes, is Iess_ tha_n 0.1%, |rrelevaont for our
are considered, there are 20 overlaps with WAT&Hboxes. final conclousmn.s. I_n the. apprOX|mat|or-1 thay << 60° and
Instead, if3o error boxes are taken into account there is onfly <<_60 (which is quite accurate, since typical values are
one burst (GRB 920714) that does not overlap. These 27 buf5ts” 1° ando; ~ a few (zegrees)gij approximately depends
were excluded from the BATSE sample of 1905 sources, b#d;; like ~ exp % so it decreases rapidly when both
cause they are obviously the same sources detected by WATGkbnanility distributions are not close to each othgrprovides
Therefore the sample was reduced to 1878 bursts. Neverthelgsfieasurement of whether both GRBs originated from the same

(Sect. 2.4), because they provide information on the overlappiRgided correlation as follows:

expected for a repeater detected by both BATSE and WATCH.

57 1878

c=Y"Y
j=1i=1

Recurrence, even in a single case, would be immediately obyiis a parameter which is very sensitive to the presence of com-

ous if we had locations with no errors. However, the locationgon sources in both catalogues. The larger the number of com-

provided by BATSE and WATCH, while numerous, have inaGnon sources, the higher the value@fobtained. Our study is

curacies and consequently a statistical analysis is requirety{ed onthe comparison of the “added correlat@oalculated

demonstrate, or limit, the presence of common sources. If 3gY the real WATCH catalogue (renamed @sy) with those

repeater is present in both catalogues, an excess in the oveglgRined for 1500 WATCH simulated catalogues (renamed as

between the error boxes of both catalogues would be expec@gj’.j = {1,2,...,1500}). C'is the generalization for two prob-

We define the overlapping function between ikt WATCH  apjity distributions (WATCH and BATSE) of thé statistics

and thej—th BATSE error boxes as the following integral ove[ntroduced by Tegmark et al. (1996); is corrected by the

the galactic coordinatésandb: BATSE and WATCH exposure maps, the first one is taken into
account in the ternt; included in the definition of;;, whereas

{AFj [ Wil 1, b,0,)B;(1,15,b,b;) dQ if di; < o; + o, thesecond one s considered to simulate the WATCH catalogues

0

2.2. The “added correlation” estimate

Cij = ifd;; > o; +0; fOrwhichCj are calculated.

whereA is a normalization factor computed in such a way tha&t3. Simulation of WATCH catalogues
¢i; remains between 0 and ; is the BATSE exposure cor-
rection for the BATSEj-th burst./;, [; andb;, b; are the galac-
tic coordinates of the centre of thigh WATCH and thej-th
BATSE error boxesy;; is the distance between th¢h WATCH

Monte Carlo simulations of 1500 WATCH-like catalogues have
been performed. They provided 1500 values f6r called
C;,j = {1,2,...,1500}. In order to determine reliable val-

- . ~ues for them, the exposure maps of the WATCH/GRANAT and
and the;-th BATSE burst, an@;, o; are the3o radii of thei-  \\xrcH/EURECA instruments were taken into account. The
Fh WATCH an.d thej-th BATSE error_boxgsBj(lzlhb,.bi) failure of unit number 2 on boar@RANAT and the limited

is a Gaus§|an-llke no'rmallzed probability distribution given bﬁeld of view and the Earth blockage of WATCH/EURECA,
the following expression: made it that none of the experiments covered uniformly the
sky. The WATCH/GRANAT map shows larger exposures to-
wards the Galactic centre whereas the WATCH/EURECA one
is under exposured towards the equatorial poles (Brandt 1994,

By (1 15.0.5) = 20 exp (dy 0,7 In(1 — )
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Castro-Tirado 1994). If we assume that GRBs occur randomly more complicated study would deal with the time evolution
both in space and time, the probability of detecting a GRB in of the repeater sources.
a given direction is proportional to the exposure time spent on
that region. Therefore for each simulated set of 57 bursts,
of them follow the WATCH/GRANAT exposure map, 10 th
WATCH/EURECA exposure map and the remaining two bursthe set of 150@;’s calculated using mock WATCH catalogues
(representing GRB 920814 and GRB 921022) follow both ejellows a Gaussian probability distribution (hereafter cafgd
posure maps simultaneously. The simulated WATCH-like setse Fig[2). The simulated WATCH catalogues were generated
have the same error radii than the real WATCH catalogue. only using the exposure maps and they only contain accidental
overlaps, because the simultaneous GRBs were excluded from
the sample. Therefor§, gives us the expected value of the
“added correlation” when WATCH and BATSE catalogues do
We call random overlaps to overlaps between the BATSE burstst share any source. Assuming that,; represents the ex-
and the simulated WATCH events. The random overlaps provigected value of the overlapping function for repeater sources,
aset of;; that follows a distribution so-calleg...4om- In order we can introduce trial repeaters and construct@hs proba-
to estimate such distribution, the value of the overlapping funisility distributionsSy for different number of repeaterd/, by
tionsc;; are calculated for all the overlaps between the BATSie following symbolic expression :
sample and 50 simulated WATCH catalogues. It shows a mean
value < ¢andom > = 0.0098 and a deviation,,,gom = 0.035.
Crandom Provides the expected value of the overlapping function Sy =50 + Z(Creal ~ Crandom)
when there is a casual overlap between two boxes (not due to =1
arise from the same source). The majority of the random ovey- being the number of repeaters. If we take any “added cor-
laps shows very low values of the overlapping function becauggation” C; of N = 0 repeaters with a probability given by
they tend to occur at the border of the error boxes in the tail gf, and then we add the contributiond@ of any repeater with
the probability distribution. overlapping function given by,.. and subtract the contribu-
On the other hand, the overlapping functiep), for each of tjon of any random overlap given byandom, We get a new
the 27 BATSE-WATCH simultaneous pairs is calculated. Thedded correlationC;. This process can be repeated by intro-
distribution of these 27 values of; is calledc,ca. The mean ducing other real and random overlaps, providing a new set of
value of the real overlaps; cr.ar >= 0.28932, and the devi- (C's. Once a trial repeater has been introduced, this s€t sf
ation o,ca1 = 0.22984. As expected< c..1 > is greater than will follow a different probability distribution fromS,, called
< Crandom >. This fact can be explained taken into accountthat, . Thus,S; provides the expected values@f when BATSE
the probability distributions due to a single GRB detected d WATCH share one source. Similarly, this method can be
both experiments tend to be close to each other, compared véiiplied for N = {2,3,...9} repeaters, in order to obtain the
two GRBs randomly located in the same zone in the sky. Thustributions of the “added correlations” for different number
the random overlaps tend to occur in the tail of the probabif repeatersSy, N = {2,3,...9}. Fig.[3 shows the probabil-
ity distribution, thus forcing:;; to be very low. Moreover, the ity distributionsSx, N = {0,1,2,3,...9} obtained using this
lower sensitivity of WATCH in comparison to BATSE impliesprocedure.
that the 27 simultaneous bursts are brighter than the averageThe intersection betweefizy, and the distributionsSy
BATSE bursts, (as the radii of the error boxes depend on the fitovides9 values calledPy, N = {0,1,2...9}. Based on th®
tensity) and therefore they have smaller error boxes, thus makiagues of Py we can obtain the distribution d?y for N > 9.
< Creal > larger than< crandom >- Taking into account that the maximum number of allowed coin-
The next step is to consider..; as the expected distribu-cidencesis7x 1878, the distribution of?x’s can be normalized
tion of ¢;; for repeaters. This consideration is based on the twg imposingzizllm Py = 1. Then,Py provides the proba-
following assumptions: bility that the BATSE and WATCH catalogues sha¥esources
(see Fig[h).

eﬁ%' Quantification of the number of repeaters

2.4. Random and real overlaps

N

1. Therg is little variation Wlth time on.t.h(.a sgnsnw;ty of potkb. Results and discussion
experiments. A change in the sensitivity imply into differ-
ences in the sizes of error boxes and thus indthealues. As it can be seen in Figl 2, the mean value of the “added cor-
If more accuracy is desirable, then it is necessary to knaelation” for the simulated catalogues,S, >= 16.40 +1.47,
how the sensitivity of both instruments evolves, in order tig even larger than the “added correlation” for the real WATCH
correct the sizes of the error boxes depending on the datenfl BATSE catalogues, namelyzy, = 13.72. This implies
detection. that our results agree qualitatively with the absence of common
2. The intensities of different bursts from a repeater sourseurces.
do not change significantly in time. Therefore the sizes of The fact that we have preferred to simulate WATCH cat-
the repeater error boxes remain approximately the samealdgues instead of BATSE ones is only due to the computing
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Fig. 2. The values of the “added COfrelfitiOﬂj, for the simulated Fig. 4. The values ofPy for different number of repeaters. The prob-
catalogueg = {1, 2,...1500}. The solid line represents S, >, the  ability of having N repeaters reaches its maximumMt= 0 (no

mean value of the “added correlation” for the simulated catalogugdmmon sources) and decreases rapidly with the number of repeaters.
the long-dashed lines are thel o limits. As it is clearly seen the real

value of the “added correlatiorC'sw (represented by the square)
below thelo limit. Our results are not compatible with the presen
of common sources, as expected from the graph.

IsTabIe 1. The first and third column represent the number of repeaters,
?I. The second and the fourth ones give the probability of haihg
repeaters.

N N Py (%) N Py (%)
0 24.84+4.0 5 6.04+2.0
1 18.7+3.0 6 4.54+1.7
2 14.04+2.7 7 3.4+1.5
3 8
4 9

10.5+2.5 2.5+1.1

7.9+2.2 1.9+0.9

PROBABILITY

showing the maximum value when BATSE and WATCH do not
7 share any source. Thus, our results support the lack of com-
mon sources. Furthermore, the number of common sources is
< 9 with a94% confidence level (see Table 1), which means
a15.8% of the whole sample. This percentage is similar to the
Z NS 20% upper limitimposed to the 1B catalogue (Strohmayer et al.
09,9 170 220 1994). The results are also in good agreement with the studies
ADDED CORRELATION carried out with the BATSE 3B (Tegmark et al. 1996) and 4B
Fig. 3. The Gaussian-like curves represent the probability distribgatalogues (Hakkila et al. 1998), which did not find evidence
tions Sy, N = {0,1,2...9}, and the vertical dashed line showsof repetition. A possible reason to explain our results could be
the value of the BATSE-WATCH “added correlation”. The intersecjue to the different sensitivity of the experiments, as WATCH
tion of Czw with the probability distributionsSx provides the set js sampling the strongest bursts and BATSE is also detecting a
Py, N ={0,1,2..9}. fainter population. The different populations of objects found
inside WATCH and BATSE error boxes could support this idea

time, because it is more efficient to simulate sets of 57 bur&gorosabel and Castro-Tirado 1998a, 1998b).
in comparison with groups of 1906 members. In spite of this
fact, the roles of both cgtalogues were exchanged in order Vfl'Conclusion
idate the method, applying the process explained in Sect. 2 fo
50 BATSE simulated catalogues. Only with 50 catalogues the this study we have developed a method that allows us to
values obtained fo€ gy, and< S, > differ by less than 5% search for GRBs common to two catalogues of sources, each
from those obtained when WATCH catalogues were simulatazhe based on a different instrument. The method makes use
The probability distributionsS,y are shown in Figl13 and of the GRBs detected simultaneously by both experiments, so
the deduced values d?y are given in Table 1 and displayedt is necessary that the experiments overlap in time. We have
in Fig.[4. As it is shown in Table 1Py decreases witlV, applied the method to the WATCH (WATCH/GRANAT +
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WATCH/EURECA) and BATSE (BATSE 4B + bursts detectedund, N. 1986. The WATCH gamma-burst detector for EURECA-I. In:

after August 1996) catalogues. Culhane J.L. (eds.). SPIE Conf. Proc. 597. X-ray Instrumentation
We conclude that there is no evidence of recurrent activity in Astronomy. Int. Soc. Eng., p. 95.

of WATCH bursts in the BATSE sample. We claim (witl9&% Metzger, M. Djorgovski, S.G., Kulkarni, S.R., Steidel, C.C., Adel-

confidence level) that no more thana.8% of the 57 GRBs _ berger, K.L., etal. 1997, Nature 387, 878.

detected by WATCH are present in the sample of 1905 BATSECIesas, W.S., Meegan, C.A., Pendelton, G.N., Briggs, M.S., Kouve-

bursts (excluding the simultaneous bursts). However, the p %—trl'oosfg:]’ 3 Z'tqgl'égjgns’;‘ legsg,sln Apgisli 41 137

sibility of finding repeaters in each single catalogue cannot ashnock, J.M., and Lamb, D.Q. 1993, MNRAS 265, L59.

ruled out. Our results support models which do not predict regs,onov, s.v., Sunyaev, R.A., Terekhov, O.V., Lund, N., Brandt, S.,

etitions of GRBs (for instance the merging of neutron stars at and Castro-Tirado, A.J. 1998, A&AS 129, 1.

cosmological distances). Strohmayer, T.E., Fenimore, E.E., Miralles J.A. 1994, ApJ 432, 665.
Tegmark, M., Hartmann, D.H., Briggs, M.S., Hakkila, J. and Meegan,
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