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1.0 INTRODUCTION

We propose to analysmndinterprety-ray burst(GRB) datausing bothtelescope modelata andsingle
detector burst mode data frca@OMPTEL. Collectively, thesdataspan theenergy rangdérom 300 keV up to 30
MeV. The initial goal of our proposal will be to perform a standard analysisafthisignificant GRB event seen by
COMPTEL. This includes GRBs thate registered bthe telescopenodedata aswell as GRBs thaare registered
only in the burst mode data. (The lattategory include®oth GRBs that lieoutside of thé=oV as well asGRBs
within the FoV that are too weak to be seen in the telesemuke.) We wouldalso generate aet 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 pperfrm moredetailedstudies of
selectedGRB events, includingpint analysis with other instruments, as was nresentlycarriedout with GRB
990123 (Briggs eal. 1999). Ingeneral, thgroposed effort representcantinuation of past GRB studies by the
COMPTEL team.

A separate cycle 9 proposal (M. McConnell, RIuestsupport to continue the COMPTHERapid Burst
Response (RBR) program. That programdesigned toprovide rapiddissemination of burstocations (within
minutes) to interested obsevers. The RBR progranoisiesigned tgprovide spectratlataproducts.This proposal
seeks support tprovide astandardlevel of spectralanalysis foreachGRB detected byCOMPTEL and to provide
more detailed studies of selected events.

2.0 PREVIOUS GRB RESULTS FROM COMPTEL

Although recent measurements G&RB afterglowsand coincidentoptical emissionshave revolutionized
GRB research, most of our knowledge of GRBs comes from measurements made in theramgefrom ~10 keV
up to a few hundred keV. Measurements with COMPTEL have confirmed earlier SMM findings that MeV emission
is a common and energetically important feature of GRB spectra (e.g., Hanlon et al. 1994; Kippen 1988)dyThe
of GRBs at MeV energies has therefore been one of the important scientific objectives of COMPTEWVif&lgr,
et al. 1986,Schonfelder etal. 1993). Theshape of the emissioabove thevF, peak serves as a constraint on
synchrotronand inverse Compton peaks in today’s fledglingosmological fireball model¢e.g., Pilla & Loeb,
1998).

Dataderivedfrom COMPTEL'stelescope mode (coverirtge 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 independehdcations of GRBs with <l@accuracy(Kippen 1995, Kippen et al. 1995a,
1995b, 1998). This can provide important constraints on the burst locations within 10 minutes of the event. A total
of 39 bursts have already belecalized inthis manner duringhe first 8years of operatiofthrough April, 1999).
These independently obtainkztations have beerused tofurther constrain GRBerror boxes obtainedusing the
coarserBATSE locations (Fishman et al. 1994hd the 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-detectonodddas,
span two separate but overlapping energy intervals. IoMre¢angedatacovers0.3—-1.7 MeV. Théenigh-rangedata
covers 0.6-10.6 MeV. These data can be used to generate time-histories and spectra independent genarétede
by telescope mode datd/hereagelemetry constraintéimit the telescope event rate te24 s', the burstmode
detectors accumulate and transmit binned spectra and and can therefore handle much higher event rates.

The datacollectedfrom the COMPTELtelescope mode hawhown that thdime-averaged.75-30 MeV
spectra tend to be best represented Bingle power-law (Kippen etl. 1995a, 1995b; Connors et al. 1997). The
distribution of power law indices for spectra > 1 MeV is shown in Figure 1. The mean spelgxaforall such
bursts observed by COMPTEL is 2.43. Thmwer-law spectral shape ¢®nsistent both witkearlier resultsfrom
SMM and higher energy measurements from EGRET. Hewaright bursts, COMPTEL hameasured curvature
within its energy rangegonsistent with gpeakvF, of ~1 MeV, ratherthan hundreds okeV. For example, both
GRB 910814 (Hanlon et al. 1994) and GRB 940217 (Figures 2-5; Winkler et al. H®85learlydefinedspectral
breaks at energies abo860 keV. TheseCOMPTEL results, together with lowenergyresults from OSSE and
BATSE, shows thay-ray burstspectraseem to have a canonical shape: a peakFpspace typicallycentered
around ~hundreds of keV (but with a range of about a factor of 5 in either diragiibra power-lawtail at higher
energies extending out as far as it is measurable, sometimes to 100 MeV oMuotorated by findings atower
energies of two classes of burst emisdiased orhardnessthe COMPTELdatahas beenused totest thespectral
index histogram forevidence oftwo populations. So far, the COMPTEdata doesnot require such adual
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population (Connors et al. 1997). Only with a suitably large sample of events will a coherent pictotarze to
investigate in detail the frequency of occurrence of spectral breaks and the energies at which break$iscmay
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
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 baeneg¢erdiscovered 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 has been the examinaspactf foremission
and/or absorption features. The primary candidates iIC@RPTEL energy rangare redshifted oblueshifted 511
keV annihilation featuresEarlier reportsare unconfirmed byother instruments. In the past, this Hasen
complicated byarious types of instrument biasd the fact that thesefeatures are reported to iiene variable
(Hurley 1988). All GRB photon spectra analysed by COMPTElfas@ould be modelledsing continuunrspectra
not requiring any additional component.

COMPTEL telescope modevents 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 tefrfpwal
structure in combination with positivdetection of >1MeV emissioncan be used tderive distancdimits and to
place realistic constraints on the nature of the burst process. Analydasabbm GRB 930131land GRB 940217
were used to derive distance estimatesuming both isotropiand 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 d#t& RBequired
to pursue this important issue.

The COMPTEL GRB location database has also been used to investigate the nptteniidilly repeating
sources. Spectra and lightcurves obtained from events with overlapping location error boxearaysbd in detall
to study whether these close evefstsparated irtime) could bedue to gravitational lensingeffects ofthe same
physical GRB event. This analysis so far has been applied on the two close events GRBaA8GRB 940301
although with a negative result (Kippen et al. 1995a, Hanlon et al. 1995a).

3.0 OBJECTIVES FOR CYCLE 9

As part of ourcycle 8 activities, we have been working tset up a pipeline for processing and
disseminating high-level spectrahtaproductsvia the World Wide Web. This pipeline will baised to generate a
COMPTEL catalog of burst spectra and to perform a standard analysis of new events as they ocaffor(Tias
included participation by a local high school student as part of a palieach effort.yor cycle 9, we propose to
continue this effort. In addition, we propose to continue our program of performingdetailedstudies ofselected
events (as was the case, for example, with GRB 990123; Briggs et al., 1999).

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

1) the telescope mode data, covering@h#5—-30 MeVenergy rangevith 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@uiidn of
at 0.5 MeV; and 3) the high range burst mode data, covering the 600 keV to 10.&ndigly rangavith a spectral
resolution of 7.0% at 1.5 MeV. The analysis of théseesets 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 GRBOawethis is done, a
spectralfitting is performed toextract aphoton spectrum from thdata. This steprequiresthe availability of a
suitable spectral response function éach ofthe threedetectormodes. The response GOMPTEL 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, bdreatedseparately. FOCOMPTEL,
response functions are derived from Monte Carlo simulations (Stacy et al. 1996). Two such simariatemsred
for each GRB event — one for the telescope mode data and one for thmdueslata (asingle response function is
generated for both the low-range and high-range Inoosie data). Thesemulationscan often takeseveral days to
generatewith the requisitestatistics. Inorder tomake maximal use of the full complement of COMPTéta, a
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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 availableetatadfrom its Rapid Burst Response
Program via the COMPTEL GRB Web page. These include time history data, image data and location contours. To
date, spectral data (i.e., deconvolved photon spectra)rizav@menmadeavailable on a routinbasis. Thespectral
analysis tools have now evolved to the point where the dissemination ofiiteabecomes practical. Duringycle
8 we have initiated an effort to provide, via d&feb page, a more complete catalog (including spedatd) of not
only COMPTEL telescope mode data, but also the COMPTEL burst modé\&apaopose, as a part of our cycle 9
program, to continue this effort oforoviding spectral data productsvia the Web. A moreletailed analysis of
individual events will include studies of the GRB spectrum and its variability during the course of the searth a
for spectral line features, and a study of variability at MeV energies.

4.0 SUMMARY

We arerequesting access tall burst datacollected by COMPTEL during cycle 9 forthe purposes of
performing a standard data analysis and to continue with our ongoing studies of GRBs at MeV energiegquedtVe
data from the COMPTEL instrument only since, as members of the COMPTEL instrument tealmgade have
several years of experience in the analysis of the COMPTEL burst and teldatmp€ofully exploit thesedata, it
is also important ta@onsiderthem together withdatafrom the other CGRO instruments. As members of the
instrument team we already benefit from existing contacts with members of the BATSE,aO@SERET teams
working on the joint analysis of GRB data (see e.g. COMPTEL/BATSE/OSSE analysis in Hanlon et al. 1995a, and
COMPTEL/BATSE/EGRET analysis in Winkler et al. 1995, as well as Briggs et al. 1999: GRB990123; Hanlon et
al. 1995b: GRB 940217, Share et al. 1994: GRB 910601, Schaefer et al. 1994: GRB 910503).

Dataanalysis will becarriedout at one or more Pl sites of the COMPTEL collaboration. réheested
level of funding($10,000) will beused tosupport activities at UNH. UNH, in conjunction wiBSD, will be
primarily responsible for the standard data analysis. UNH will assume sole responsibility for disseminatatg the
via the COMPTEL GRB Web Page.
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SUMMARY OF PREVIOUS CGRO WORK
Dr. Mark McConnell
Research Associate Professor
University of New Hampshire

Approved CGRO Guest Investigations

Phase 3 “COMPTEL Observations of X-Ray Binaries”

Phase 3 “Investigation of BATSE Sensitivity to Polarized Radiation”

Cycle 4 “COMPTEL Observations of X-Ray Binaries”

Cycle 5 “COMPTEL Observations of Cygnus X-1”

Cycle 5 “Search for Nuclear Line Emission from Accreting Binaries”

Cycle 5 “BATSE Albedo Polarimetry of Gamma-Ray Bursts and Solar Flares”
Cycle 6 “Quiescent Solar Gamma-Ray and Neutron Emission”

Cycle 7 “Exploring the Gamma-Ray Sky at 2.2 MeV”

Cycle 7 “COMPTEL Observations of Soft X-Ray Transients”

Cycle 8 “Broad Band Gamma-Ray Spectra of Cygnus X-1”

Cycle 8 “COMPTEL Studies of Gamma-Ray Bursts at MeV Energies”

Cycle 8 “COMPTEL Observations of X-Ray Transients”

Cycle 8 “CGRO Observations of the 2.2 MeV Source Candidate RE J0317-853”

Partial list of CGRO-Related Publications :

COMPTEL OBSERVATIONS OF X-RAY BINARIES
M. McConnell, K. Bennett, W. Collmar, A. Connors, R. van Dijk, D. Forrest, W. Hermsen, J. Ryan, V. Schonfelder, H. Steinle,
and A. Strong, 1993, Proc. 23rd Internat. Cosmic Ray Conf., Calgary, 1, 192.

COMPTEL OBSERVATIONS OF CYGNUS X-1

M. McConnell, A. Connors, D. Forrest, J. Ryan, W. Collmar, R. Diehl, V. Schonfelder, H. Steinle, A. Strong, H. Bloemen, R.
van Dijk, W. Hermsen, L. Kuiper, B. Swanenburg and C. Winkler, 1993, in AIP Conf. Proc. 280, Compton Gamma-Ray
Observatory, ed. M. Friedlander, N. Gehrels & D.J. Macomb (New York: AIP), p. 335.

OBSERVATIONS OF CYGNUS X-1 BY COMPTEL DURING 1991
M. McConnell, D. Forrest, J. Ryan, W. Collmar, V. Schonfelder, H. Steinle, A. Strong, R. van Dijk, W. Hermsen, and K.
Bennett, 1994, Ap. J., 424, 933.

MEV EMISSION FROM THE BLACK-HOLE CANDIDATE GRO J0422+32 MEASURED WITH COMPTEL

R. van Dijk, H. Bloemen, W. Hermsen, W. Collmar, R. Diehl, J. Greiner, G.G. Lichti, V. Schonfelder, A. Strong, K. Bennett, L.
Hanlon, C. Winkler, M. McConnell, and J. Ryan, 1994, in AIP Conf. Proc. 304, The Second Compton Symposium, ed. C.E.
Fichtel, N. Gehrels, & J.P. Norris (New York: AIP), p. 197.

RECENT RESULTS FROM COMPTEL OBSERVATIONS OF CYGNUS X-1

M. McConnell, D. Forrest, J. Ryan, W. Collmar, V. Schonfelder, H. Steinle, A. Strong, R. van Dijk, W. Hermsen, K. Bennett,
and R. Much, 1994, in AIP Conf. Proc. 304, The Second Compton Symposium, ed. C.E. Fichtel, N. Gehrels, & J.P. Norris
(New York: AIP), p. 230.

THE BLACK-HOLE CANDIDATE GRO J0422+32: MEV EMISSION MEASURED WITH COMPTEL
R. van Dijk, K. Bennett, W. Collmar, R. Diehl, W. Hermsen, G.G. Lichti, M. McConnell, J. Ryan, V. Schonfelder, A. Strong, J.
van Paradijs, and C. Winkler, 1995, Astron. Astrophys., 296, L33.

SEARCH FOR MEV EMISSION FROM THE X-RAY BINARY CYG X-3
W. Collmar, M. McConnell, K. Bennett, R. van Dijk, W. Hermsen, V. Schonfelder, and H. Steinle, 1995, Proc. 24rd Internat.
Cosmic Ray Conf., Rome, 2, 170.

HARD X-RAY POLARIMETRY OF SOLAR FLARES WITH BATSE
M. McConnell, D. Forrest, W.T. Vestrand, and M. Finger, 1996, in AIP Conf. Proc. 374, High Energy Solar Physics, ed. R.
Ramaty, N. Mandzhavidze & X.-M. Hua (New York, AIP), p. 368.

GAMMA-RAY OBSERVATIONS OF GRO J1655-40

R.A. Kroeger, M.S. Strickman, J.E. Grove, P. Kaaret, E. Ford, B.A. Harmon, and M. McConnell, 1996, Astron. Astrophys.
Suppl., 120, C117.
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A SURVEY OF GALACTIC BLACK HOLE CANDIDATES AT MEV ENERGIES - PRELIMINARY RESULTS
M. McConnell, K. Bennett, H. Bloemen, W. Collmar, R. van Dijk, W. Hermsen, R. Much, J. Ryan, V. Schonfelder, H. Steinle,
and A. Strong, 1996, Astron. Astrophys. Suppl., 120, C149.

THE RESPONSE OF THE CGRO COMPTEL DETERMINED FROM MONTE CARLO SIMULATION STUDIES
J.G. Stacy, RM. Kippen, S.C. Kappadath, M. McConnell, D. Morris, R. Miller, A. Connors, B. Hersh, J. Ryan, J. Macri, G.
Simpson, V. Schonfelder, H. Steinle, R. van Dijk, and O.R. Williams, 1996, Astron. Astrophys. Suppl., 120, C691.

THE RESPONSE OF THE CGRO COMPTEL DETERMINED FROM MONTE CARLO SIMULATION STUDIES
J.G. Stacy, RM. Kippen, S.C. Kappadath, M. McConnell, D. Morris, R. Miller, A. Connors, B. Hersh, J. Ryan, J. Macri, G.
Simpson, V. Schonfelder, H. Steinle, R. van Dijk, and O.R. Williams, 1996, Astron. Astrophys. Suppl., 120, C691.

USING BATSE TO MEASURE GAMMA-RAY BURST POLARIZATION
M. McConnell, D.J. Forrest, W.T. Vestrand, and M. Finger, 1996, in AIP Conf. Proc. 384, Gamma Ray Bursts, 3rd Huntsville
Symposium, ed. C. Kouveliotou, M.F. Briggs & G.J. Fishman (New York: AIP), p. 851.

COMPTEL OBSERVATIONS OF GRO J1655-40
R. van Dijk, K. Bennett, C. Winkler, H. Bloemen, W. Hermsen, R. Diehl, V. Schonfelder, M. McConnell, and J. Ryan, 1997,
Proceedings of the 2nd INTEGRAL Workshop, “The Transparent Universe”, ESA SP-382, p. XXX.

LATEST COMPTEL RESULTS ON GALACTIC BLACK HOLE CANDIDATES
M. McConnell, K. Bennett, W. Collmar, R. van Dijk, D. Forrest, W. Hermsen, R. Much, J. Ryan, V. Schonfelder, H. Steinle,
and A. Strong, 1997, Adv. Space Research, 19, No. 1, 25.

A SEARCH FOR MEV GAMMA-RAY EMISSION FROM THE QUIET-TIME SUN
M.L. McConnell, K. Bennett, A. MacKinnon, R. Miller, G. Rank, J. Ryan, and V. Schonfelder, 1997, Proc. 25th Internat.
Cosmic Ray Conf., Durban (South Africa), 1, 13.

COMPTEL ALL-SKY IMAGING AT 2.2 MEV
M.L. McConnell, K. Bennett, H. Bloemen, R. Diehl, S. Fletcher, W. Hermsen, J. Ryan, V. Schonfelder, J.G. Stacy, A. Strong,
and R. van Dijk, 1997, Proc. 25th Internat. Cosmic Ray Conf., Durban (South Africa), 3, 393.

GALACTIC BLACK HOLE BINARIES: HIGH ENERGY RADIATION

J.E. Grove, J.E. Grindlay, B.A. Harmon, X.-M. Hua, D. Kazanas, and M. McConnell, 1997, in AIP Conf. Proc. 410, The 4th
Compton Symposium on Gamma-Ray Astronomy and Astrophysics, ed. C.D. Dermer, M.S. Strickman, & J.D. Kurfess (New
York: AIP), p. 122.

THE MEV SPECTRUM OF CYGNUS X-1 AS OBSERVED WITH COMPTEL

M. McConnell, J. M. Ryan, W. Collmar, V. Schonfelder, H. Steinle, A. Strong, H. Bloemen, W. Hermsen, L. Kuiper, K.
Bennett, R. van Dijk, and R. Much, 1997, in AIP Conf. Proc. 410, The 4th Compton Symposium on Gamma-Ray Astronomy
and Astrophysics, ed. C.D. Dermer, M.S. Strickman, & J.D. Kurfess (New York: AIP), p. 829.

A SEARCH FOR GAMMA-RAY FLARES FROM BLACK-HOLE CANDIDATES ON TIME SCALES OF ~1.5 HOURS

R. van Dijk, K. Bennett, R. Diehl, V. Schonfelder, H. Bloemen, W. Hermsen, M. McConnell, and J.M. Ryan, 1997, in AIP
Conf. Proc. 410, The 4th Compton Symposium on Gamma-Ray Astronomy and Astrophysics, ed. C.D. Dermer, M.S.
Strickman, & J.D. Kurfess (New York: AIP), p. 967.

COMPTEL ALL-SKY IMAGING AT 2.2 MEV

M. McConnell, J. Ryan, S. Fletcher, R. Diehl, V. Schonfelder, A. Strong,H. Bloemen, W. Hermsen, K. Bennett, and R. van
Dijk, 1997, in AIP Conf. Proc. 410, The 4th Compton Symposium on Gamma-Ray Astronomy and Astrophysics, ed. C.D.
Dermer, M.S. Strickman, & J.D. Kurfess (New York: AIP), p. 1099.

OBSERVATIONS OF GRB 990123 BY THE COMPTON GAMMA-RAY OBSRVATORY

M.S. Briggs, D.L. Band, R.M. Kippen, R.D. Preece, C. Kouveliotou, J. van Paradijs, G.H. Share, R.J. Murphy, S.M. Matz, A.
Connors, C. Winkler, M.L. McConnell, J.M. Ryan, O.R. Williams, C.A. Young, B. Dingus, J.R. Catelli, and R.A.M.J. Wijers,
1999, submitted to Ap.J.

THE MEV GAMMA-RAY SPECTRUM OF CYGNUS X-1
M. McConnell, J.M. Ryan, W. Collmar, V. Schonfelder, H. Steinle, A. Strong, H. Bloemen, W. Hermsen, L. Kuiper, K. Bennett,
B. Phlips, and J.C. Ling, 1999, to be presented at the 26™ International Cosmic Ray Conference.
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