STRONG GAMMA-RAY BURSTS OBSERVEDBY COMPTEL DURING ITS SECOND YEAROF OPERATIONR. M. Kippen,* A. Connors,* M. McConnell,* J. Ryan,* W. Collmar,**J. Greiner,** V. Sch�nfelder,** M. Varendorff,** W. Hermsen,***L. Kuiper,*** K. Bennett,� L. Hanlon,� O.R. Williams� and C. Winkler�*Space Science Center, University of New Hampshire, Durham, NH03824, USA**Max-Planck Institut f�r Extraterrestrische Physik, D-85740, Garching,FRG***SRON-Utrecht, Sorbonnelaan 2, 3584 CA Utrecht, NL�Astrophysics Division, ESTEC, NL-2200 AG Noordwijk, NLABSTRACTThe imaging Compton telescope COMPTEL onboard the Compton Gamma Ray Observatory canlocalize gamma-ray bursts occurring inside its ~1 sr field-of-view in the energy range from 0.75 to 30MeV with location accuracy of ~1�. Additional time-resolved spectral measurements in the energy range0.1 to 10 MeV are made by individual COMPTEL �burst� detectors. During its second year of operation,COMPTEL observed several gamma-ray bursts. Locations of five strong bursts (including the rapidlyimaged events GRB 930131 and GRB 930309) are presented here along with the findings frompreliminary spectral analysis.COMPTEL BURST SEARCHCOMPTEL measures radiation from gamma-ray bursts (GRBs) with two independent operating modes/1/. To identify GRBs, COMPTEL utilizes the onboard transient event triggering system of theCompton-BATSE instrument. Upon receipt of a BATSE trigger signal, COMPTEL�s �burst� modedetectors automatically switch to shorter accumulation times, while normal �telescope� operationcontinues. Since COMPTEL is only sensitive to bursts which occur at zenith angles <50� from itspointing axis /1/, not all BATSE bursts are candidates for COMPTEL.During the period from April 1992 through April 1993 (Compton�s second full year in orbit), there weremore than 700 BATSE triggers; ~300 of which were due to GRBs. Of these, ~70 were localized byBATSE with zenith angles <60� and are thus potentially inside COMPTEL�s FoV. Due to telemetrylosses, COMPTEL data are available for only ~55 of these triggered events. We searched the telescopedata at the times of each of these candidates (see below for detail) and have identified five significantdetections. Preliminary results on some of these bursts have been published earlier /2,3/. Here wecomplement the earlier findings by presenting updated burst locations and preliminary spectral results.BURST LOCATIONSIn its telescope mode, COMPTEL measures the energy and interaction location of photons which scatterin each of two separated detector-module layers. These time-tagged measurements (telescope �events�)are used to determine the total energy (ETOT), scatter direction (c, y), and scatter angle ( φ) οϕ ινχιδεντπηοτονσ, ϕορμινγ ποιντσ ιν α ϕουρ διμενσιοναλ δατασπαχε . Ασσυμινγ τηε ενεργψ σπεχτρυμ οϕ τηε σουρχε,τηε δατασπαχε διμενσιονσ αρε ρεδυχεδ το τηρεε. Βψ στατιστιχαλλψ αναλψζινγ τηε διστριβυτιον οϕ οβσερϖεδεϖεντσ ιν τηισ δατασπαχε, ωιτη κνοωλεδγε οϕ ποιντ−σουρχε ανδ βαχκγρουνδ σιγνατυρεσ, ωε αρε αβλε τολοχαλιζε βυρστ σουρχεσ /1/. Of the ~55 candidates, we identified five bursts in the telescope whose detection significance exceeds~3.5s using a maximum likelihood imaging technique /1/. The results of our analysis are listed in Table1 where, for each significant detection, the most probable position along with the mean 1

s angularuncertainty radius are given. The localization maps of two of these bursts are shown in Figure 1.TABLE 1 Locations of significant COMPTEL gamma-ray bursts observed from 4/92 - 4/93.Burst DateTelescopeSignificanceMost Likely LocationMean 1 s ErrorZenith (deg)(No.

s)(RA, Dec., J2000.0)Radius (deg) GRB 92062246.013.510h50.0m, +49.2�1.0GRB 92083016.65.317h16.0m, -74.5�1.5GRB 93011815.73.914h47.2m, -34.8�1.5GRB 93013127.95.112h24.8m, -07.9�1.9GRB 93030929.95.921h30.8m, +55.2�1.0

55504540

δ

2000

(deg)

170 165 160 155

α2000 (deg) GRB 920622

-15-10-50

δ

2000

(deg)

195 190 185 180 175

α2000 (deg) GRB 930131

Fig. 1. COMPTEL maximum likelihood localizations of GRB 920622 and GRB 930131. For each burst, 1, 2, and 3s confidence contours are plotted in celestial coordinates (a, d).Our burst localization analysis accounts only for statistical uncertainty, which is the dominant source ofl o c a t i o n e r r o r i n t h e s e b u r s t s . S i m u l a t i o n s , a l o n g w i t h t h e s t u d y o f s o l a r f l a r e s a n d i n d e p e n d e n t l y l o c a l i z e d b u r s t s , i n d i c a t e t h a t t h e s y s t e m a t i c e r r o r i n b u r s t l o c a t i o n c a u s e d b y i n a d e q u a c i e s i n t h e instrument response and background model is ~0.5�. Both statistical and systematic errors are stronglydependent on the zenith angle of the burst. Those bursts near the edge of the FoV have the greatestl o c a t i o n u n c e r t a i n t y . G R B 9 2 0 6 2 2 , G R B 9 3 0 1 3 1 a n d G R B 9 3 0 3 0 9 , h a v e b e e n i n d e p e n d e n t l y constrained to lie on thin (typically << 1�) annuli by the Interplanetary Network (IPN) using timingdifferences between BATSE and Ulysses detectors /4/. The COMPTEL locations are consistent with theIPN annuli and their intersections provide sufficiently small regions to search for counterparts at otherwavelengths.In addition to providing relatively small error boxes, COMPTEL burst localization is valuable because itcan be performed quickly. Starting with GRB 930131, this ability has been utilized in rapid searches forfading and/or delayed emission from optical/radio counterparts. GRB 930131 was localized within 6.5hours of the burst onset, prompting world-wide multiwavelength observations which began as soon as 11hours after the GRB. Although no obvious counterparts were identified, several interesting objects wereobserved and continue to be studied (/5/ and references therein). The COMPTEL image of GRB 930309was obtained in less than 4.5 hours, however its relatively poor localization and proximity to the Sun

m a d e o b s e r v a t i o n s p r o b l e m a t i c . R a d i o o b s e r v a t i o n s w i t h i n s e v e r a l d a y s o f t h i s b u r s t r e v e a l e d n o obvious counterpart emission. The lack of observed counterparts this soon after bursts will help toconstrain the nature of fading or delayed counterpart emission (/6/ and references therein). We continueto improve this effort such that COMPTEL localizations of newly occurring bursts can now be obtainedwithin ~1 hour of the burst.ENERGY SPECTRASpectral analysis of COMPTEL telescope and burst detector data is performed separately using differentanalysis techniques. This is due to the completely independent operation of the two detection modes,e a c h w i t h s e p a r a t e i n s t r u m e n t r e s p o n s e , b a c k g r o u n d a n d s t a t i s t i c a l r e q u i r e m e n t s . M o d e l t e s t i n g i s performed using a standard forward-folding technique where model photon spectra are convolved withthe instrument response and compared to the observed source and background data in count-space usingthe appropriate statistical test /1/.When the COMPTEL data are analyzed in this manner, the five bursts listed in Table 1 are all well fit bya simple power-law model of the form A (photons cm-2 s-1 MeV-1) Æ E (MeV)-a with spectral slope a inthe range 2-3. As a group, the high energy behavior of these events is consistent with that seen inprevious COMPTEL and Compton-EGRET bursts /1/ and agrees with an extension of more complicatedmodels used to describe BATSE data at lower energies /6/. The results of full spectral analysis of allthese bursts will be presented in a later paper. Here we summarize the results from two interesting cases:GRB 920622 and GRB 930131.

0.001

0.01

0.110

Photon Flux (cm

-2

sec

-1

MeV

-1

)

10Energy (MeV)

Telescope High Range Burst Detector Low Range Burst Detector

GRB 920622 Fig. 2. COMPTEL energy spectra of GRB 920622 integrated over the full burst duration.Significant emission from GRB 920622, (the strongest COMPTEL burst of this group) was observedover nearly two decades in energy up to ~10 MeV when integrated over its full ~24 s duration (Figure 2).Spectra of the individual observing modes are each well fit by simple power-law models and all giveconsistent results in the overlap region near 1 MeV. There is no significant change in the spectral slopeover the entire COMPTEL energy range -- each power-law fit being consistent with

a » 2.5. However,time resolved spectra from the first ~6 seconds of this burst show that there is significant hard-to-softevolution. Such behavior is a common feature in many GRBs (/3/ and references therein).The most intense burst of the group, GRB 930131, exhibited hard power-law emission with a » 1.8throughout the COMPTEL energy range. This spectrum was observed to extend above 10 MeV with nosignificant break or cut-off at the highest energies. The bulk of the burst was contained in a short ~1 s

interval. Within this interval, temporal structure on time-scales of ~50 ms was observed with a peakintensity of ~42 photons cm-2 s-1 (@ 1 MeV). The great intensity and rapid fluctuations of the highenergy (>10 MeV) flux observed by COMPTEL from this burst constrains the source to lie within theG a l a x y a s s u m i n g t h a t t h e r a d i a t i o n i s n o t r e l a t i v i s t i c a l l y b e a m e d . C o n v e r s e l y , i f t h e s o u r c e i s a t extragalactic distances, these COMPTEL observations require that the radiation be highly beamed /3/.CONCLUSIONSIn its second year of operation COMPTEL has detected five significant gamma-ray bursts which havebeen well-localized. Two of these events were rapidly located, initiating multiwavelength observations inrecord time. Spectral analysis indicates that all of these bursts are consistent with simple power-lawemission in the COMPTEL energy range. Unique results from individual bursts like GRB 920622 andG R B 9 3 0 1 3 1 h e l p t o c o n s t r a i n t h e n a t u r e o f a l l b u r s t s b y p r o v i d i n g n e w c l u e s a b o u t h i g h e n e r g y emission mechanisms.ACKNOWLEDGEMENTSCOMPTEL is supported in part by NASA under contract NAS5-26645, by the German governmentthrough DARA grant 50 QV 90968 and by the Netherlands Organization for Scientific Research (NWO).REFERENCES1.L . O . H a n l o n , K . B e n n e t t , O . R . W i l l i a m s , C . W i n k l e r , W . C o l l m a r , R . D i e h l , J . G r e i n e r , V . Sch�nfelder, H. Steinle, A. Strong, A. Connors, R. M. Kippen, M. McConnell, J. Ryan, M. Varendorff,R . v . D i j k , J . W . d e n H e r d e r , W . H e r m s e n , a n d L . K u i p e r , O b s e r v a t i o n s o f g a m m a - r a y b u r s t s b y COMPTEL, A&A, 285, 161 (1994).2.M. Varendorff, A. Connors, W. Collmar, L. Hanlon, W. Hermsen, R. M. Kippen, L. Kuiper, M.McConnell, J. Ryan, V. Sch�nfelder, O. R. Williams, C. Winkler, COMPTEL observations of gamma-ray bursts, Proceedings of the 23rd ICRC, #1, 81, Calgary, Canada. (1993).3.J. M. Ryan, K. Bennett, W. Collmar, A. Connors, G. J. Fishman, J. Greiner, L. O. Hanlon, W.Hermsen, R. M. Kippen, C. Kouveliotou, L. Kuiper, G. Lichti, J. Macri, J. Mattox, M. McConnell, B.McNamara, C. Meegan, V. Sch�nfelder, M. Varendorff, W. R. Webber and C. Winkler, COMPTELmeasurements of the gamma-ray burst GRB 930131, Ap. J. 422, L67 (1994).4.K. Hurley, M. Sommer, G. Fishman, C. Kouveliotou, C. Meegan, T. Cline, M. Boer and M. Niel,in: Gamma-Ray Bursts, ed. G. Fishman, J. Brainerd and K. Hurley, Precise triangulation of the Jan 311993 (�Superbowl�) burst, AIP, New York 1994, p. 369.5.R. M. Kippen, A. Connors, J. Macri, M. McConnell, J. Ryan, W. Collmar, J. Greiner, V.Sch�nfelder, M. Varendorff, G. J. Fishman, C. Meegan, C. Kouveliotou, B. McNamara, T. Harrison, W.Hermsen, L. Kuiper, K. Bennett, L. Hanlon and C. Winkler, First results of the BATSE/ COMPTEL/NMSU Rapid Burst Response campaign, in: Gamma-Ray Bursts, ed. G. Fishman, J. Brainerd and K.Hurley,AIP, New York 1994, p. 418.6.B. E. Schaefer, Search for gamma-ray burst counterparts, in: Gamma-Ray Bursts, ed. G. Fishman, J.Brainerd and K. Hurley, AIP, New York 1994, p. 382.7.D. Band, J. Matteson, L. Ford, B. Schaefer, D. Palmer, B. Teegarden, T. Cline, M. Briggs, W.Paciesas, G. Pendleton, G. Fishman, C. Kouveliotou, C. Meegan, R. Wilson and P. Lestrade, BATSEobservations of gamma-ray burst spectra: spectral diversity, Ap. J. 413, 281 (1993).