CGRO Observations of the 2.2 MeV Source Candidate RE J0317-853 PI: M. McConnell, UNH

1.0 INTRODUCTION

We have succeeded in generating the first all-sky m&h2aMeV using CGRO/COMPTEMdatafrom the
first five years of the CGRO mission (McConnell et al. 1997a, 1997b). The purpose of this effortsgaschofor
sources of unshifted neutron capture radiation, as dgktraxpect in certain binargccretionscenarios. Although
generally featureless, thmaps do show one point-likéeature (provisionally designatedGRO J0332-87) at a
significance level of ~d. Although X-ray coverage inthis sky region israther sparse, we havalentified one
possiblecounterpart — REI0317-853, aunique DA white dwarf star with both an unusually higtemperature
(=50,000 K) and an unusually strong magnefield (=340 MG). Wespeculatghat the 2.2 MeV emission ight
arise from this source through some type of flaring process, although the exact mechanism remains unclear.

For Cycle 7, weequestedwo weeks of observatiotime with both COMPTELand OSSE so that we
might confirm the existence of the 2.2 MeV source. These observations will take place in June, Ea@8vhilgl,
we have beemade aware of annpublished observation of a 6 aadio flarefrom RE J0317-853 (Limprivate
communications) that provides furtheupport for the associatidretweenGRO J0332-87and RE0317-853. We
therefore propose to repeat the COMPTEL/OSSE observations aktiis duringcycle 8, augmenting thgray
data with coordinated observations in other wavelength bar@isen the probable flaringature ofthis source, we
believe that these additional observations during cycle 8 will be warranted.

2.0 SCIENTIFIC MOTIVATION

The emission of 2.2 MeY-rays from neutron capture diydrogenoften dominates thg-ray spectrum of
solar flares. Scenarios that might lead to other astrophysical sources of 2.2 MeV radiation include:

NeutronCapturein the CompanionStarof anX-Ray Binary. The accretion ofmatter onto a neutrostar
or black holecan lead toion temperatureghat are sufficient to break up heavienuclei. Somefraction of the
escaping neutrons may then interact in the atmosphere of a companideasiag toline emission at 2.2 MeV
(Guessom and Dermet988). Several factorsuggest that close binariase more probable sources of significant
2.2 MeV emission. In this model, the flux originates on dlie ofthe companion starradiated bythe neutrons.
The flux would therefore be modulated lige binary period, peakingearthe X-ray maximum. Guessom and
Dermer (1988) predict a flux level for Cyg X-1 that may be as high a3 et s™

NeutronCaptureResultingfrom an AcceleratedParticleBeam. The detection ofVHE photons (E > 18
eV) hasbeenreportedfrom variousaccretingsources, including Cyg X-3, Vel X-Her X-1 and AEAqr. These
observations, coupled with the recent detection of Cen X-3 by EGRET (Vestrand et al. 1997) suggesttice of
very energetic protons accelerated in the magnetosphere of the X-ray binary. If the protons interact in the companion
star atmosphere, we would expect a flux of 2.2 MeV photons that would be modulated with orbital \¢deissnd
(1989) has estimated the resulting 2.2 MeV lmeakflux for Cyg X-3 to be ~1d¢ cnT? s, within the sensitive
range of COMPTEL.

NeutronCapturein StellarFlares. Following the solar flare analogy, vexpectthat stellarflareswill lead
to 2.2 MeV emission. Although it might be difficult tietect asolarflare atstellar distances, stellflaresare far
more energeticthan typical solaflares(e.g., Dulk 1985; Haisch, StrorapndRodond 1991). \Wereasthe most
intense solar flares exhibit |~ 6 x 10?” ergs s', RS CVn stars, for examplaave beerknown to exhibitflares
with L, > 10" ergs . The transient nature of suelkents, howevemvould make it difficult to detect. On the
other handsome level of on-going microflaring, as hasenobserved insome RS Cvnand dMestars (Haisch,
Strong and Rodond 1991), might lead to a more steady level of 2.2 MeV emission.

3.0 PREVIOUS WORK

The COMPTEL experiment on CGRO (Schonfelder et al. 1994) is ideally suited for studies of the 2.2 MeV
line emission. Itswide field-of-view (~1 steradian)permits periodic exposure to aumber of sourceand has
provided the first-ever all-sky survey at these energies. Despite the presence of baokgjamundine at 2.2 MeV
(resulting from neutrorcapture within the liquid scintillator of the D1 detectors), COMTEL posesses an
unprecedented sensitivity at this energy.

We have used an imaging technique similar to that which has been successfillyed in studies of the
diffuse galacticemission at 1.8 MeV (e.g., Diehl et al. 199%50diseder etal. 1996). Thisapproach generates
images thatresensitive only to line emissions; continuwourcesare suppressed. For 2.2 MeV studies, the
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imaging algorithm haseenvalidatedusing solarflare observationswherestrong 2.2 MeV emission ipresent.
The lack of any significant response from the Crab in our mapsddes a further validation dhis method. The
all-sky map generated from the first five years of the CGR€sion (VPs 1.0 - 523.0) is shown in Figure 1. At
the sensitivity level of this map (~P@&nt? sec?), the 2.2 MeV sky is relativelfeatureless. There is noevidence
for any detectabldevel of diffuse galacticemission. The only significarieature (pealtikelihood value of 32) is
found at (I,b) = (300.5 -29.6). In the case of a known source location, this likelihood value waartgspond to a
significance of 5.@. However, given the number afdependentrials associatedvith a full-sky survey (~500), the
actual significance is3.70. Themeasured®.2 MeV line flux is 1.7¢0.4) x 10 cnT? sec*. Imagesgenerated
using data from individual phases of the CGRO mission are consistent with a constant flux level. dtdgrad
imaging algorithm that is sensitive to both liaedcontinuum fluxegBloemen etal. 1994), wehave generated
images inthree separate energy bands surrounttieg2.2 MeV line,againbased on datkom VPs 1.0 -523.0.
Theseimages, shown in Figure ZJearly support thepresence of 2.2 MeV sourceThere is no evidence for
continuum emission above 750 keV. The location contours for the 2.2 MeV line source are shown in Figure 3.

There is limited X-ray coverage in this part of the sky. The best available data come from the ROSAT All-
Sky Survey Catalog, that lists Isburceswithin the COMPTEL & location contour. None of thesmurces
corresponds to any known X-ray binary, cataclysmic variable or AGN. The most interesting of the RQUBZAEE
is RE J0317-853%Barstow etal. 1995;Ferrario etal. 1997), the location of which isoted in Figure 3. First
detected by the ROSAT Wide Field CameraH®Y, this source isalso detected bythe ROSATPSPC (at energies
below 0.28keV) and by EUVE. It hashbeen identified a®ne of the hottest=60,000 K) and most highly
magnetized$340 MG) DA white dwarf. Its distance is estimated to be ~35 pc. A 725 s optical pppedrs to be
rotational; the optical variations can be attributed largely to variations in the surface magnetic field which result from
a large offset of the magnetic dipole (~35% of the white dwarf radius). There is also evidence for a circumstellar cloud
of highly ionized heavy elementd/e speculate that the 2.2 MeV emission might arise through some figgaof
process, although thexact mechanisnremains unclear. The COMPTELdatacould beconsistent witheither
episodic flaring orsome quasi-continuous process. Adistance of 35c, theobserved.2 MeV flux implies a
time-averaged line luminosity of ~¥@rgs s. Such a value isomparable tdhe totalenergycontent of a single
solar flare (produced in a magnetic field of ~100 G).

For Cycle 7, weequestedwo weeks of observatiotime with both COMPTELand OSSE so that we
could confirm the existence of th2.2 MeV source. The OSSE sensitivity with suchexposure is below the
average flux level measured by COMPTEL. At that time, we had not yet made the link between GRO J0332-87 and
the white dwarf RE J0317-853. Despite the fact that the OSSE observatigatednatherlow (it received aclass
C ratingdue tothe large size othe COMPTELerrorbox relative to the size of th@SSE collimator), goint
COMPTEL/OSSE observation was scheduled for the lastwegks ofJune in 1998. Iraddition, we obtained an
RXTE scan of the COMPTEL error box region in February of 1998. The total RXTE obseneateatabout 40
ksec, only draction of whichincludedthe location of RE J0317-853. A preliminary analysis of the Ria@a
showed no evidence for any source within the COMPTEL error box.

Interest in this source was heightened even further when we learned, after the submissio8 ®@R6uiand
RXTE proposals, of an unpublished observation of a 6 radio flare from RE J0317-853Lim 1997, private
communications). Thisletectionwas made during asingle onehour observation athe Australia Telescope
Compact Array (ATCA) in 1996The 10 minuteadio flarereached dew tens of mJy in strengtandexhibited a
nearly 100%circular polarization. Theguiescentevel of emission was below 1 mJy. Sutdresaretypical of
those seen, for example, in AM Her and other cataclysmic variables (e.g., Dulk et al. 1983; Dulkvhegsthe
total luminosity often exceeds ¥@&rgs. Despite the radio similarity to cataclysmic variables, however, searches out
to 8000A have yielded no detection of a red dwarhpanion(Ferrario etal. 1997; 1998private communications),
as might be expected in the case of a pre-cataclysmic binary. This supports the contention that RE J0317-853 is a
high-mass white dwarf resulting fromdaubledegeneratenerger(e.g., Barstow etal. 1995;Ferrario etal. 1997).

The radio flaring is perhaps more difficult to understand, in the context of present matladsit thepresence of a
binary companion. Nonetheleghge presence ofadio flares doessuggest thepresence ofsome phenomenahat
might lead to 2.2 MeV emission.

Motivated by theseadio observations, wéiave scheduledadditional observations atradio and optical
wavelengths. Bychancethesedatawill also be collected duringthe scheduledtime of the cycle 7 CGRO
observations, in late June of 1998. The radio data will be collected at 3 and 6 cm with ATCA on anddutié
25, while optical spectroscopy is scheduled for June 17 with the Siding Sphbseyvatory(SSO) 2.3mtelescope.
These observations should provide preliminary results on the multi-wavelength nature of the radio flares.

page 2



CGRO Observations of the 2.2 MeV Source Candidate RE J0317-853 PI: M. McConnell, UNH

4.0 PROPOSED ACTIVITIES FOR CYCLE 8

Given the nature of RE J0317-853, we believe ddditional observationgluring cycle 8are justified. If
the source isindeedflaring, assuggested byhe radio datathen a null neasurement during cycle may simply
imply that we missed any flaring activity. In that case, additional observations will be justifie@fforirio detect
a flaring event (or events). On the otlhand, if we dadetectthe source during cycle hen further observations
would be of interest to more clearly define the nature of the emisEi@nobservations that waopose forcycle 8
will insure that such observations are acquired in a timely fashion.
Observations at other wavelengthisl help us to assemble a more compleieture of this enigmatic
source. X-ray and radio data will, in general, provide useful information on the accetdeatezhpopulation. The
presence oR.2 MeV emissionhowever, suggests thgresence ofacceleratecorotons A useful signature of
medium-energyroton beamsvould bethe presence of an increasfidx in the red wing of the Ly« line near
1223A, resulting froncharge exchange betwedme downwardmoving protonbreamand the ambienthydrogen
(Orrall & Zirker 1976; Canfield & Chang 1985; Haisch, Strong & Rodond 1991). Such a signature hast,in
been detected in an HST observation of a flare in AU Mic (Woodgate et al. 1992). A similar signature might also be
seen by EUVE in the Ly line of He Il near 310A (Peter et al. 1990). Unfortunately, the analysipestraldata
for RE J0317-853 is severely complicated by effects (such as Zeeman splitting) resulting from the strong B-field.
For cycle 8, we propose to obtain a 3-week exposure of RE JO31wi#Bb®oth OSSEand COMPTEL.
In parallel, wewill seekcoordinatedX-ray observationsvith BeppoSAXRXTE, ASCAand/or ROSAT, optical
observations at th&€SO 2.3mand radioobservationswith the ATCA. Wewill also explore thepossibility of
using HSTand/or EUVE data to searchfor signatures of protolbeams. Because othe sourceproximity to the
south celestial pole, the observational constraints (other than relative timing of the observations) are not too severe.
Finally, we will use the COMPTEL all-sky map searchfor evidence of2.2 MeV emission fronother
sources (such as highly magnetized white dwarfs and cataclysmic variables) that are similar to in nature to RE J0317-
853. We will also seek to improve upon the present ®OEL result byreanalyzingthe datawith different event
selections (viz., with events selected at high geomagnetic rigidity) in an effort to improve the signal-to-background.
The proposed level of funding of $18,000 wouldused tosupport the analysis of CGR@ata,activities
(such as travebnd dataanalysis) associatedwith the multiwavelength observationgnd the preparation of
publications resulting from these observations.
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Galactic Coordinates

FIGURE 1 COMPTEL map showing the distribution of 2.2 MeV emission (McConnell et al. 1997a,bonlyhe
significant sourceemission, at a positionear (I=300°, b =-30°), has beerassociatedvith the highlymagnetized

white dwarf RE J0317-853.
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FIGURE 2 Standard CONPTEL maps of the 2.MeV source regionfor 1.9-2.1 MeV (left), 2.110-2.336 MeV

(middle) and 2.35-2.55 MeV (right).
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FIGURE 3. Location contours for GRO
J0332-87based on COMTEL maximum
likelihood data. The location of RE
J0317-853 is indicatedytthe diamond.
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Theourceappearsonly in the lineinterval, thus providing supporting



