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Abstract
A spectacular transient that appears to be neither a typical gamma-ray

“burst nor an x-ray burster has been found to possess a variety of unusual
properties that would seem to be mutuaily inconsistent. These observed param-
eters include a < 200 microsecond onset time, a subsequent temporal intensity’
oscillation with an 8-second period, a spectral feature consistent with a
moderately red-shifted positron annihilation line, a maximum photon flux
greater than any known gamma ray or x-ray transient, and a véry accurate source
location measurement consistent with that of the N49 supernova remnant associated
with the Large Magellanic Cioud at 55 kpc distance. In addition, the ratio of
x-ray point-source steady state to transient emission is <10"% independent of
distance.

Given the accuracy of the observations (made possible by a gamma-ray burst
network of nine spacecraft, complemented by data from five additional instruments),
this phenomenon prompts both more theoretical examination of non-equilibrium
high-energy processes and more experimental study, with greater spectral, temporal
and directional resolution, devoted to transient gamma-ray phenomena in astrophysics.

Introduction

The experimental data regarding the 1979 March 5 transient can be reviewed
briefly as follows. First, the time history is shown in its large-scale features
in Figure 1, illustrating the relative intensity of the initial narrow maximum
and the subsequent complex but regular oscillation. What is not evident on this

"time scale is the rise time of the intensity onset (< 200 microseconds and possibly



much shorter) and the width of the initial spike (~ 120 milliseconds). The
obsérvations plotted here were made with our Goddard instruments on the ISEE-3
srjacecr‘aft1 and are confirmed in their general features with data from the other
contributing sensors that form the interplanetary gamma-ray burst netowrk: Helios-2,

Pioneer=-Yenus Orbiter, Venera-11 and -12, Prognoz-7 and the three Vela spacec%aftl’z’s,

and by other instruments on Venera-11 and —124. The gamma ray burst network is
presently uséd to define gaima-ray transient source positions by triangulation
over great distances, and performed the accurate and redundantly determined source

2sec"],

Tocation of this transient? The maximum intensity is > several x10'3 erg cm
an unsure and probably minimum value due both to the unknown fluxes below the
> 50 keV thresholds and to the problems of pulse pile-up effects at these energies.
The intensity above about 100 keV is thus at least one order of magnitude greater
than that of any gamma-ray burst observed during the ten years of essentially
continuous monitoring with the Vela systemS. The intensity of the oscillating
decay phase decreases from ~.2x10'4 ergs cm'zsec'l, a more typical gamma-ray burst
intensity, but exhibits a totally untypical phenomenon for bursts in its regular,
periodic nature. The great intensity, fast rise time, narrow and featureless
initial spike, and the regular > 22-interval 8-second oscillation with its compound
pulse shape all argue against its classification as a typical gamma-ray burst].

The spectra of the two portions of this transient as measured with
scintillator spectrometers on the Venera-11 and -12 space probes4 are shown in
Figure 2. These results are from independent experiments on the same spacecraft
series involved in the burst network. The spectrum observed during the initial
high-intensity portion generally conforms to a steep power law decreasing from its
threshold of ~ 30 keV, but with a distinct line feature at ~ 400 to 430 keV. The
average spectrum of the decay phase containing the oscillation is steeper and
featureless. (This line appears to be statistically significant; dts credibility

circumstantially enhances and is enhanced by reports of similar =~ 400-keV spectral
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features that appear to be evident (i), in a long duration, 20-minute gamma-ray
transient observed with balloon-borne instruments in 19746, (i1), in some, but
not all, typical gamma-ray bursts7’8, and {(ii1), in a May, 1976 balloon study of
the general direction of the Crab Nebula which found a narrow Tine at this energy
in one exposure but not in anotherg, thereby at least consistent with a transient
effect.)

The direction of the wavefront determined using the interplanetary
spacecraft array forming the gamma ray burst network described eariier is Tocalized
to a region slightly larger than 1'x2', having its center about 40" from the center
of N492. An error box of this size is generally considered, when including’a
candidate source object of this obvious nature, to form an identification. In
this case, the argument is clouded by the facts that typical gamma-ray bursts
have not been found te have source directions consistent with objects of obvious

10,11

candidate character and that N49 is not at all an obvious source candidate,

considering that its distance is 55 kpc.

Three additienal small transients were observed with VYenera-11 and

-12 to follow the March 5 event by ~ 0.6, 29 and 50 days delay, with intensities
of ~3, 1 and 0.5 percent that of the peak March 5 intensity, respective?y]z. A
very rough inverse proportionality is evident in that the greater the relative
delay from one event to the next the smaller the relative intensity. This is

a distinctly different situation than that o% the typical relaxation oscillator
model of x-ray transients. The intensity profiles of these are generally wider
than that of the initial March 5 spike, but, at up to 1 second wide, they are

more similar to ¥t than to typical, Vela-type gamma-ray bursts. The directions
are coarsely resolved, due both to the low intensities and to the fact that

these events were not detected by other sensors participating in the long-baseline

gamma ray network; however, given their sequential and temporal connection.to the

March 5 event, and given that the initial March 6 event error box of several square



4
degrees is consistent with that for the March 5 event4, the supposition of their
common source seems assured. The intensities were too weak to obtain data above
1-0 keV; bejow that their spectra resemble that of the March 5 eventlz.

X-ray measurements of the N49 region were carried out with the Einstein
Observatory on occasions that happened to be a few days prior to and following the

March 5 event13. No point source was found, although the investigators were able

to set certain very strong limits: an upper 1imit to the change in flux is ZXLO_TZ
erg cm'zsec"], which is also the point-source flux upper Timit. This isamore important
resutt than_that of a statement of nondetection of the neutron star implicit in a
supernoya remnant; it shows that the transient to steady-state x-ray ratio is >J09,'
independent of distance. The authors conclude that, if N49 fis regarded as a chance
background object, a close-by galactic neutron star origin fpr thg March 5 event. is
unlikely, since x-rays from interstellar accretion onto an jso]ated‘neutron star would
require a ;teady state emission above the Timits obtained scanning thé source region13"
Discuséion

The unique temporal properties of this transient would be amply fascinating in
themselves, even if it could be assumed to- have originated in a nearby white dwarf
or pulsar; the strong identification with N49 at 55 kpc is what creates an even more
puzzling mystery. In our opinion, the Tikelihood that the identification is accidental

8

is remote: give a source field of area about 2x10°° that of the celestial sphere,

depending on the proximity requirements for a SNR identification, the random prob--

6 1o 10'4 for this to be a coincidencez. However, if known

ability varies from 10~
extragalactic objects only are seTecte& for accidental identification, the probability of
a chance coincidence is certainly much smailer. The well-known dangers of post-hoc.
statistical inferences should of course be kept in mind, but we feel that the association
with N49 {s real. Obviously, if the interplanetary burst network had not been in

existence when this once-per-decade event occurred, a low-resclution, several square

degree source field instead, typical of earlier burst localizations, would not
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5
have provided the link to N49. Refinements in participating spacecraft temporal
and spatial calibrations may in fact allow this error box to be shrunk by an
order of magnitude in area. Such a result would be even more convincing if
it localized a small region well inside N49; unfortunately, this is not available
at the time of writing. A radio astronomy pulsar search would therefore be
valuable at this time; also, a later optical study of N49, after several years,
might even show some delayed effects of this outburst on the nebular structure.

The singular intensity of this transient seems inconsistent with an LMC source
identification. Since it is more intense, by an order of magnitude than the most
intense gamma-ray bursts, considerations of both the absolute and the relative
intensity values are pelevant. The absence of a continuously distributed size
spectrum of smaller events is a problem: 1is this observation a statistical
fluctuation, chancing on the occurrence of an effect that occurs not just once
per decade but perhaps once per/century? If the source is in the Large Magellanic
Cloud and if galactic supernova remnants are similar in their characteristics
to those in the LMC, then similar events shouldbe evident from source objects
inside this galaxy. These would. have a greater frequency of occurrence and,
typically, greater apparent magnitudes. Thus, the attendant size spectrum would
predict a great number of events, perhaps » 104 per decade above the present
thresholds for detectability.

A Timit to this size spectruﬁ is set by the Vela observations of only about
4 other gamma-ray bursts events of moderate intensity with = 100 millisecond
durations seen in the Tast ten years]4. Also, balloon and satellite searches
for less intense transient bursts fail to find either a continuing distribution

15,7

of typical bursts at the lower flux leyels or a separate population of

particularly brief, ~ 100-msec events in any special abundance16. These several
other narrow, ~100-msec Vela events, due to their intensity, cannot be examined

for post-onset oscillations of character similar to the March 5 event. Aiso,



their temporal resolution is limited to > 16 msec, and the celestial directions
of these events are not well defined. Thus, we cannot conclude that smaller
ovents 1ike that of March 5 have never been observed, but only that their

number is 4 or fess per 10 years, at under one decade ltower flux level. This
result aoes not compare favorably with the expected size distribution and suggests
that this 15 a particularly unusuai event‘in any case.

The source output of the March 5 event would be as much as a:5x10ﬂ4 ergs sec—1
if N49 radiated this outburst isotropica]Tyz. Typical, less intense gamma-ray
bursts have been claimed to be restricted to origin distances of less than several
hundred pc to several kpc, due to considerations of photon-photon scattering in

17’]8. The March & event would therefore be even more

the source region itself
inconsistent both with the equilibrium fireball model in the peak phase and with
Eddington Timited accretion in the pulsed phase. A recent treatment of photon-
photon degradation in the March 5 e\«'ent.lg estimates that the source distance is
Tess than 200 bc unless beaming is present, in which case the Timit is increased

to over =~ kpc, .and concludes that the N49 identification must be due to chance.

1t may be that very marked emission directivity could be present, accounting

at 1e#st'in pért for the absence of a reasonable event size spectrum. However,
very detailed and novel theoretical modeling will be necessary to find alternmatives
to these admittedly classical considerations.

The detection of the =~ 420 keV line_{unless that spectrum represents, instead,
an equally curious absorption feature at =~ 300 keV) clearly shows that annihiltation
photons do find their way of of the surface of a high photon density region
that therefore cannot be given a purely classical, equilibrium photon-photon
scattering treatment. The absence of this line feature in the oscillating .decay
phase may indicate the transifion to a more easily explained situation. For
example, a ~ 20-to 30-keV temperature blackbody (not exactly matching the data

but not too inconsistent with 1t)'does it the measurements for the observed flux



at the 55 kpc distance of N49 and a 5 0.2 light-millisecond, 60 km source size
Timit.

The 8-second period of the pulse structure is too slow to match the required
pulsar fundamental spin period for N49, given its age at 2:1.5x104 yearszz, but
may yet be found to agree with the modeling of an excitation mode. A1l things
considered, neutron star origin models for gamma ray transients are undeniably
appealing, but to attribute the March 5 event to a nearby, invisible, neutron
star is surely premature {given a possible Tocal density of old neutron stars at
3><10"2 pc_3, which does not violate the Qort iimit23, one such object could he
contained within the conical error box volume 1000 pc in 1ength3). This explana-
tion may of course turn out to be entirely adequate to explain the traditional
gamma ray bursts, which do appear to originate in empty source fie]ds]p’]1.

Finally, if the March 5 event did originate at the LMC, and if transients
like it are in fact very rare occurrences per galaxy, depending on the galaxy,
then a search for similar events from the nearest supercluster may yield a
measurable event rate, given adequate detector sensitivity. The Gamma Ray
Observatory is planned to include a large~area transient monitor; it turns out
that this instrument will be capable of detecting such events from the Virgo
region at a nearly daily rate, assuming a production rate of one per decade per

24

galactic mass™', It is hoped that, in the next few years, equivalent progress

will be made n the theoretical understanding of gamma-ray transients.



Table I

Observed Properties of 1979 March 5 Event

Initial Intensity Peak

Diséernab?e by factor >-104

above omnidirectional primary and secondary
background

Onset time constant of less than 200 microseconds

Duration 120 milliseconds of initial, high intensity portion

Decay time constant #35 milliseconds, for » 300 millisecond portion

Spectrum more intense <100 keV, rel. to >100 keV, than for typical gamma
ray bursts

Spectral line feature at = 420 keV

3 zsec"1

Peak flux = 2x10°~ erg cm ;3 > 10 x largest known gamma ray burst
Direction localized to ~ 2'x1' region, with center ~ 40" from center of N49
Flux egquivalent to » 5x1044 erg sec”! f omnidirectional from N49

Transient to steady state x-ray flux ratio >J09, independent of source distance

Subsequent, Oscillating Intensity Decay

Osciilation period of 8.0 +0.05 seconds

Periodically repeating profile of compound, pulse/interpulse structure
Average decay time constant =~ 50 seconds

Spectrally featureless and steeper >100 keV than for intensity peak

5 erg cm‘zsec'], <1072 that of peak

44

Flux of decay portion < 2x10°
Total output equivalent » 4x107 " erg, if omnidivectional from N49

0e1ayed Buysts

Three weak events following initial event by ~ 0.60, 29.37 and 50.11 days
Peak fluxes =3, 1, and 0.5 percent that of March 5 event, respectively
Intensity profiles roughly 1 second, 0.1 and 0.2 second FWHM, respectively

Direction of one event localized to ~ 6°x0.4° error box containing initial souce
region

Spectrally similar to initial March 5 event <100 keV, not resolvable > 100 keV
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Figure Captions

Figure 1.

Figure 2.

The intensity profile of the 1979 March 5 transient as observed with
The GSFC/MPI instrumentation on the ISEE-3 spacecraft]. This event
was also observed in varying detail by the solar orbiter Helios-2,

the Pioneer-Venus Orbiter and the interplanetary Venera-11 and -12
spacecraft following their Venus encounters, and by at Teast six
Earth-orbiting satellites. ISEE-3 used three independent sensors, and
Venera-11 and -12, two each. The count rate is plotted as recorded
for the first 8 seconds, and in 1/2-second time intervals for the next
48 seconds. Seven 8-second recurrent patferns are evident, shown
delineated with dashed Tines for clarity. A folding procedure was
used to construct the remaining data presentation, in which groups of

8-second cycles are combined. The various features of pulse struc-

vture clearly remain in phase after more than twenty 8-second
cycles, exhibiting a varying, complex pattern of one major and at
least oné minor ﬁeak per cycle. The initial <200-microsecond rise
time, 120-msec wide counting rate peak is the most intense high-

energy non-solar x-ray transient-ever observed.

The energy spectra of (i), the intensity peak of the 1979 March 5 event4,

4

(ii) the average oscillating portion’, (iii), the 1978 November 19

gamma-ray burstg, and {iv), typical gamma ray burstgo ’21. The -existence
of a feature at ~ 420 keV in the 1979 March 5 event is consistent with
the positron annihilation Tine, given the redshift appropriate for a
neutron star. Strong suggestions of both this feature and another line
at =700 keV are shown in a typical, Vela-type burst (iii) observed

with the high~resolution ISEE-3 spectrometerg. The higher energy feature

is consistent with the 847-keV firstexcited state of iron, given the same

redshift. Observations of several similarly redshifted gamma ray lines
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in a transient of much longer (20 minute) duration were cobtained

with & ballodn-borne Spectrometers. Together, these measurements

give strong circumstantial evidence that all three types of gamma-ray
transients are consistent with neutron star origins. No gamma-ray
transient has yef been observed to originate from a direction consistent
with a known x=ray burster, however.

Figure 3. The source field error box for the 1979 March 5 transient as determined
by the nine-spacecraft interplanetary gamma-ray burst networkz, plotted
on the x-ray surface brightness contour map of the N49 and (N49) region,
as observed with the HEAO0-B high-resolution imager]l. The contour levels
correspond to 0.025, 0.1, 0.2, 0.4 and 0.62 counts [(1'x1')s1™'. No
x~ray point source has been resolved. The change in x-ray intensity from

shortiy before to several days after March 5 event was < 2x10‘12 er

cmhzsec'], and the point source upper limit is also A,2x10']27erg cm

g

g

2 1

sec ',

or ~ 1077 that of the transient itself, independent of distance: The

1

implied Tuminosity at 55 kpc is <4x1035 erg sec ', two orders of magnitude

betow that of .a typical pulsating binary x-ray source, and at nearby

interstellar distances wmay be inconsistent with accretion onto an isolated

11

neutron star Thus, although classical photon density arguments are

17,18,19

incompatible with a source at 55 kpc , a source at the distances

preferred may have a steady-state x-ray emission problem.



REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

References !

1. T. L. Cline, U. D. Desai, G. Pizzichini, B. J. Teegarden, W. D. Evans,
R. W. Klebesadel, Jd. G. Laros, K. Hurley, M. Niel, G. fédrenne,

I. V. Estulin, A. V. Kouznetsov, V. M. Zenchenko, D. Hovestadt and
G. Gloeckler; to be published in Astrophys. J. (Letters).

2. W. D. Evans, R. W. Klebesadel, J. G. Laros, T. L. Cline, U. D. Desai,
G. Pizzichini, B. J. Teegarden, K. Hurley, M. Niel, G. Vedrenne,
I. V. Estulin, A. V. Kouznetsov, and V. M. Zenchenko; to be published
in Astrophys. J. (Letters).

3. §. Barat, G. Chambon, K. Hurley, M. Niel, G. Vedrenne, I. V. Estulin,
Y. G. Kurt, and V. M. Zenchenko, Astron. Astrophys. 79, L24 (1979).

4. E. P, Mazets, S. V. Golenetskii, V. K. I1'inskii, R. L. Aptekar' and
Yu. A. Gur'yan, Nature 282, 587 (1979).

- 5, R. W. Klebesadel, private communication.

6. A. S. Jacobson, J. C. Ling, W. A. Mahoney, and J. B. Willett, Gamma Ray
Spectroscopy in Astrophysics, NASA TM79619, edited by T. L. Cline and
R. Ramaty, p. 252 {1978).

7. E. P. Mazets, S. V. Golenetskii, V. N. I1'inskii, V. N. Panov, R. L. Aptekar',
Yu. A, Gur'yan, I. A. Sokolov, Z..Ya. Sokolova, T. V. Kharitonova; Academy
of Sciences of ‘the USSR, A. F. Toffe Physical-Technical Institute, Report
#599 and 618 (1979).

8. B. J. Teegarden and T. L. Cline; to be published in Astrophys. J. {Letters).

9. M. Leventhal, J. C. MacCalium and A. C. Watts, Astrophys. J. 216, 491 (1977).

10. T. L. Cline, U. D. Desai, G. Pizzichini, A. Spizzichino, dJ. Trainor,

R. W. Klebesadel and H. Helmken, Astrophys. J. (Letters) 232, 1 (1979).



12

11. T. L. Cline, 'U. D. Desai; G. Pizzichini, W. D. Evans, R. M. Klebesadel,
J. G. Laros, K. Hurley, M. Niel, G. Vedrenne, I. V. Estulimn, A. V. Kuznotsov
and Y. M.- Zehchenko; submitted for pubtication.
12. S. V. Golenetskiis IE. P. Mazets; V. N. I1%inksii -and Yu. A. Gur'yan, submitted
for publication in Pis'ma v. Astronomitcheskii Zhurnail.
13. D: J. Helfand and K. S. Long, “Nature 282, 589 {1979).
14. R. Klebesadel, unpublished.
15. G. J. Fishman, C. A. Meegan, J. W. Watts, -Jr., -and 4. H. Derrickson,
Astrophys. J. (Letters) 223, L13 (1978)..
16. T.d. Cline; U. D. Desai, W.-K. H. Schmidt, B.. J. Teegarden, :Nature 266,
‘694 (7977). .
17. G. Cavallo and M. J. Rees, Mon. Not. R. AStron. Soc. 183, 359 (%.978)..
18. W. K. H. Schmidt, Nature 271, 525 (1978).
T9.. F.-A. Agaronban.and L. M. Ozernoy, Academy of Sciences of the USSR, Astron.
. CircuTar #1072 (1979). . ,
20. T, L. Cline and U. D. Desai, Astrophys. J. (Letters) 196, 143 (1975).
.21. A.. E. Metzger,:R. H. Parker, D. Gi?lman; L. ‘E. Peterson, and J. L. Trombka, .
- .= Astrophys;-J.-{Letters?} j})j_, L19 (71974).
29, .. S. Mathewson and J. M. Clarke, Astrophys. J. 179, 89 (1975).
23. J. P. Ostriker, M. J. Rees and J. Silk, Astrophys. Lett. 6, 179-(1970).
‘04, G. J. Fishman, to be published in ‘the Proceedings of the International

Gamma ‘Ray Burst Symposium, Toulouse, France, November, 1979, .



COUNTS/SECOND

1979 MARCH 5 GAMMA RAY TRANSIENT

a— 120 MSEC FWHM | sy
To(©CTR)= 15" 52" 04%816  UT

<0.2 MSEC
RISE TIME

'_%HL”' ! lI[IIH’ [ llllll[l T T TTTII] T lél‘li'ﬂl

e ———— — —— —
— ———— —

1t

Lt rul

0O 8 16 3 32 40 48 56 56 64 88 96

CYCLES  CYCLES  CYCLES
8 TO It 2TOI6 770 22 -
ISERIEY RINTREENN
\/LIZB 136
80 88 20 128 168 |76

T—To (SECONDS)

H00d SI EOHvd TVNIDIEO
AHL 40 AITTIEIDATOEIIY



10:

kev™)

SEC
S

T
i

2

INTENSITY ( y CM'F
3

10

b

IREREID

) -I;- t

l l'l'lll!l“

c (i)

LLLiind

COUNTS (ARBITRARY UNITS)

-«
. . ¥
| "y

ERIRE

D

100

E {keV)

1000

\ .



BIBLIOGRAPHIC DATA SHEET

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

4. Title and Subtitle 5. Report Date
The Unique CosmicEvent of 1979 March b i

6. Performing Organization Code

. 661
7. Author(s), 8. Performing Organization Report No.
Thomas L. Cline - 661
9. Performing Organization Name and Address 10. Work Unit No.
Sciences Directorate
Laboratory for High Energy Astrophysics 11. Contract or Grant No.

Cosmic Radiations Branch

13. Type of Report and Period Covered

12. Sponsoring Agency Name-and Address
™

14, Sponsoring Agency Code

15. Supplementary Notes

To be published in Comments on Astrophysics

16. Abstract . .
A spectacutar transient that appears to be neither a typical gamma-ray’
burst nor an %-ray burster has been found to possess a variety of unusudl
properties that would seem to be mutually inconsistent. These observed
parameters include a <200 microsecond onset time, a subsequent temporal
intensity oscillation with an 8-second period, a spectral feature consistent
with a moderately red-shifted positron annihilation line, a maximum photon
flux greater than any known gamma ray or x-ray transient, and a very accurat
source location measurement consistent with that of the ‘N49 supernova remnan
“associated with the Large Magellanic Cloud at 55 kpc distance. 1In additiop,
the ratio of x-ray point-source steady state to transient emission is <i077,
independent of distance.
* Given ‘the accuracy of the obsérvations (made possible by a gamma-ray

burst network of nine spacecraft, complemented by data from five additional

. instruments), this phenomenon prompts both more theoretical examination of
non-equilibrium high-energy processes and more experimental study, with
greater spectral, temporal and directional resolution, devoted to transient
gamma-ray phenomena in astrophysics.

17. Key Words {Selected by Author{s}} 18. Distribution Statement

19, Security Classif. {of this report) | 20. Security Claésif. {of this page) 21. No. of Pages | 22. Price”
UN UN 15

117

e

*r -« eals by the National Technieal Information Service, Springfield, Virginia 22151. GSFC 25-44 {10/77)



-66°2'

-66°4'

~66°6'

-66°8'

1979 MARCH 5
TRANSIENT SOURCE

-—N




