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1.0 INTRODUCTION

We propose to analysndinterprety-ray burst(GRB) datausing bothtelescopemode data andsingle
detector burst mode data from COMPTEL. Collectively, tldsaspan theenergy rangérom 300 keV up to 30
MeV. The initial goal of our proposal will be to perform a standard analysis for each significant GRB event seen by
COMPTEL. This includes GRBs that amegistered bythe telescopenodedata aswell as GRBs thaare registered
only in the burst mode data. (The lattategory include®oth GRBs that lieoutside of thad=oV as well asGRBs
within the FoV thataretoo weak to be seen ithe telescopenode.) We wouldalso define aset ofdata products
(including deconvolvedphoton spectra)that, for each detectedGRB event,would be made available via the
COMPTEL GRB Web Page. The second important goal of our proposal will perfrm moredetailedstudies of
selected GRB events. This would represent a continuation of past GRB studies by the COMPTEL team.

A separate cycle droposal (A. Connors, Phequestssupport to continue the COMPTERapid Burst
Response (RBR) program. That programdésigned toprovide rapiddissemination of burst locations (within
minutes) to interested obsevers. The RBR program is not designed to provide spegpralducts. Thigproposal
seeks additional support to provide a standard level of analysis for such spectral data.

2.0 PREVIOUS GRB RESULTS FROM COMPTEL

Most of our knowledge of GRBs comes from measurements made in the energy range arounahdréelw
keV. Measurements with COMPTHiave confirmed earlier SMMindings that MeV emission is a common and
energetically important feature of GRB spectra (e.g., Hanlon et al. 1994; Kippen 1995). The study of GRBs at MeV
energieshastherefore beewne of the important scientific objectives of COMPTEL (e.ginkiér et al. 1986,
Schonfelder et al. 1993). The shape of the emisabmve thevF, peak serves as a constraint on synchrotron and
inverse Compton peaks in today’s fledgling cosmological fireball models (e.g., Pilla & Loeb, 1998).

Dataderivedfrom COMPTEL'stelescopanode (coveringhe 0.75-30 Me\energyband)can be used to
derive time-histories,spectraand images for a GRB event. Usints unique ability to image MeV photons,
COMPTEL can provide independeihbcations of GRBs with < accuracy(Kippen 1995, Kippen et al. 1995a,
Kippen et al. 1998). This can provide important constraints on the burst locations within 10 minutes of the event.
A total of 36 bursts have already bdenalized inthis manner duringhe first 7years of operatioithrough May,
1998). These independently obtaidedationshave beenused tofurther constrain GRError boxesobtainedusing
the coarseBATSE locations (Fishman et al. 199)dthe interplanetary network (IPN) triangulation arcs. The
COMPTEL experiment also uses two it large D2 Naldetectormodules to provide additional spectroscopic
information in parallel with the telescope mode data. These data, referred to as the single-detector or bdatst,mode
span two separate but overlapping energy intervals. IoMreangedatacovers0.3—-1.7 MeV. Théenigh-rangedata
covers 0.6-10.6 MeV. These data can be used to generate time-histories and spectra independentdemerdtese
by telescope mode data.

The data collecteétom the COMPTELtelescopemode haveshown that thdime-averaged®.75-30 MeV
spectra tend to be best represented by a single power-law (Kippen et al. 1995; Connors et al. 1997). The distribution
of powerlaw indices for spectra > 1 MeV ishown in Figure 1. The mean spectradex for all such bursts
observed by COMPTEL is 2.43. Thi®wer-law spectral shape @®nsistent both witlearlierresults from SMM
and higher energy measurements from EGRET. For a few bright bursts, COMPTHledmsed curvatungithin
its energy rangegonsistent with geakvF, of ~1 MeV, ratherthan hundreds ofkeV. For example, both GRB
910814 (Hanlon et al. 1994) and GRB 940217 (Figures 2-5; Winkler et al. 1995) have clearly definedtspaksral
at energies above 300 keV. These COMPTEL results, together with éoagyresults from OSSEndBATSE,
shows thaty-ray burstspectraseem to have a canonical shape: a peakHpspace typicallycentered around
~hundreds of keV (but with a range of about a factor of 5 in either direction) with a power-law tail atehigigges
extending out as far as it is measurable, sometimes to 100 MeV or more. Motivated by findings ehéogies of
two classes of burst emissiddased onhardnessthe COMPTEL datahas beenused totest thespectralindex
histogram forevidence oftwo populations. So far, the COMPTEHlata doesot require such adual population
(Connors et al. 1997). Only with a suitably large sample of events will a coherent picture be obtained to investigate
in detailthe frequency of occurrence afpectral breakandthe energies atwhich breaks occur. This may have
important implications for models of burst sources.

The spectral/temporal analysis of GRBs shows that most bursts demonstrate a significant spectral evolution
during the burst event. An important aspect of spectral variability is the hard—to—soft evolution of the spectral slope
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during the burst event (Norris et al. 1986, Winkler et al. 1992, Hanlon et al. 1994, Winkler et al. 1995). Variability

of continuum shapes and of spectral breaks (i.e. shifts of break energy as a function of time) hdisedseeed in
COMPTEL data(GRB 910814, Hanlon et al. 1994) as well as in BAT&Ha(Ford etal. 1994, 1995). Alarge

sample of burst data will be required to systematically study these phenomena in more detail. These processes can be
expected to have important implications on the physical processes at the emission site (e.g., Baring 1994).

Another important objective of our ongoing GRB studies is the examination gpéutra foremission
and/or absorption features. The primary candidates in the COMIem&igy rangere redshifted oblueshifted 511
keV annihilationfeatures. Earlier reportare unconfirmed byother instruments. In the past, this Haeen
complicated byarious types of instrument biasdthe fact that thesefeatures are reported to biene variable
(Hurley 1988). All GRB photon spectra analysed by COMPTEfas@ould be modelledsing continuunspectra
not requiring any additional component.

COMPTEL telescopemode events provide time histories showing structures with typically 100 ms
resolution for stronger bursts within the FoV (Ryan et al. 1994, Winkler et al. 1995). An analysis tefripogal
structure in combination with positivdetection of >1 Me\Vemissioncan be used tderive distancdimits and to
place realistic constraints on the nature of the burst process. Analydatatfbm GRB 930131and GRB 940217
were used to derive distance estimates assubtiy isotropicand beame@mission (Ryan et al. 1994; Winkler et
al. 1995). The data for GRB 930131, for example, suggests that, if the burst occured at cosmological distances, then
the emission must have a bulk Lorentz factor of > 2800. Further analysis of a larger sample of GRBdaitads
to pursue this important issue.

The COMPTEL GRB location database has also been used to investigate the nature of potgeiihg
sources. Spectra and lightcurves obtained from events with overlapping location error boxesnedysbed in detall
to study whether these close evefstsparated irtime) could bedue to gravitational lensingeffects ofthe same
physical GRB event. This analysis so far basn appliedothe two close events GRB 930784d GRB 940301
although with a negative result (Kippen et al. 1995a, Hanlon et al. 1995a).

3.0 OBJECTIVES FOR CYCLE 8

The initial goal of ourcycle 8 activities will be to establish a pipelifer processingand disseminating
high-level spectratiataproductsvia the World Wide Web. This pipeline will beused to generate a CONMEL
catalog of burst spectra and to perform a standard analysis of new events as theyTderstandard data products
provided to the CGRO science support center by the COMPTEL itedune only processedurstdata. Here, we
are proposing to take this one sfepther and perform astandardanalysisof eachevent.) Thesecondgoal of our
proposed program will be to perform more detailed studieslettedevents. Thiswvould represent aontinuation
of past GRB studies by the COMPTEL team.

For studies of-ray bursts, COMPTEL can actually biewed asproviding threeindependensets ofdata:

1) the telescope mode data, covering the 0.75-30 MeV eramggwith an event time resolution of 1/8 msec; 2)
the low range burst mode data, covering the energy range of 300 keV to 1.7 MeV with a spectral res@usitn of
at 0.5 MeV; and 3) the high range burst mode data, covering the 600 keV to 10.6nklgly rangavith a spectral
resolution of 7.0% at 1.5 MeV. The analysis of thémseesets ofdatacan either bgerformed independently or
jointly. In either case, these data provide a nice complement to one another.

The spectral analysis @ach datdype requiresthe generation of a suitabl@ckground-subtracted energy-
loss spectrum accumulated over some appropriate time interval with respect to the GRBeagettis is done, a
spectralfitting is performed toextract aphoton spectrum from théata. This steprequiresthe availability of a
suitable spectral response function éach ofthe threedetector mdes. The response of CEGNIEL to a point
source of radiation depends upon its position with respect to COMPTEL and the rest of the CGRO spacecraft. Since
eachGRB occurs at d@ifferentlocation, eachGRB eventmust, ingeneral, bdareatedseparately. For CORTEL,
response functions are derived from Monte Carlo simulations (Stacy et al. 1996). Two such sinarktespuied
for each GRB event — one for the telescope mode data and one for thedmeslata (asingle response function is
generated for both the low-range and high-range burst mode data). Theksi@nscan often takeseveral days to
generate with theequisitestatistics. Inorder tomake maximal use of the full complement of COMPTé4ta, a
joint spectral analysis of all COMPTEL data is desirable. Figure 5, for example, shows the result of a joint analysis
using both the low range and high range burst mode data.

For the last few years, the COMPTEL team has made available data deriveitsflRRapid Burst Response
Program via the COMPTEL GRB Web Pag&hese include timéistory data,imagedata andocation contours.
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To date, spectral data has not been made available on a routine basis. The spectratcatalyaienow evolved
to the point where the dissemination of these data becomes practical. We therefore propose, as a pgdeoBour
program, to add spectral data products to our Web pages. These data products will inchdesgieetrabatafrom
both the COMPTELtelescopanode aswell as the burstletectors. In addition, waill strive to nake photon
spectra available in a timely fashion.

A more detailed analysis of individualents willinclude studies ofhe GRB spectrunandits variability
during the course of the event, a search for spectral line features, and a study of variabiility at MeV energies.

4.0 SUMMARY

We arerequesting access tall burst datacollected by CONPTEL during cycle 8 forthe purposes of
performing a standard data analysis and to continue with our ongoing studies of GRBs at MeV energiguest/e
data from the COMPTEL instrument only since, as members of the COMPTEL instrument tealmgadye have
seven years of in-flight experience and several years of pre-flight experience in the analysis of the COMPTEL burst
and telescope data.

To fully exploit these data, it is also importantdonsiderthem together witldatafrom the other CGRO
instruments. As members of the instrument teanakeadybenefit from existing contacts with members of the
BATSE, OSSE and EGRET teams working on the joint analysis of G&d{seee.g. COMPTEL/BATSE/OSSE
analysis in Hanlon et al. 1995and COMPTEL/BATSE/EGRET analysis in Winkler et al995, as well as
Hanlon et al. 1995b: GRB 940217, Share et al. 1994: GRB 910601, Schaefer et al. 1994: GRB 910503).

Data analysis will bearriedout at one or more Pl sites of the COMPTEL collaboration. r&heested
level of funding($20,000) will beused tosupport activities at UNH. UNH, in conjunction wi®SD, will be
primarily responsible for the standard data analysis. UNH will assume sole responsibility for disseminalitey the
via the COMPTEL GRB Web Page.
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Figure 1 Histogram of photon power-law indices for bursts Time Since BATSE Trigger (s)

measured with COMPTEL telescope mode data. Figure 2 Time of history of GRB940217 based on
telescpe-mode data.
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Figure 3 Location contours for GRB940217 derived Figure 4 Photon spectrum of GRB 940217
from telescope-mode data with IPN localization. derivedirom telescope mode data.
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Figure5: Photon spectrum of GRB 940217 derived from
low- and hgh-range burst mode data.
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