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¢ gamma-ray burst is reported that occurred at 29309.11 g UTC, May ‘
14, 1975. The burst was detected at an atmospheric depth of 4 g/ residual
atmosphere with the University of California double scatter gamma-ray tele-
scope launched on a balloon from Palestine, Texas at 1150 UTC, May 13, 1975.
The burst was observed both in the single scatter mode by the top liquid
sciatillator tank in anti-coincidence with the surrounding plastic scimtilla-
tor and in the double scatter mode from which emergy and directional informa-
tion are obtained. The burst is 24 standard deviatioms ‘(O'))a-b’ovc the back-
ground for single scatter events. The total gamma-ray flux in the burst,
incident on the = : with photon energy greater than 0.5 MeV, is 0.59(* ¥
0.15 ph&tmlm‘:m rise time to 90X of maximum is 0.)150.005 s and
the duration is 0.11 s. Time structure down to the 5 ms resoluticn of the

is seen. The mean flux over this time p:

gz “F. and the maximus flux is 8.5 2.1 photons
distribution is obtained from the single scatter flux and the 8 double Compton
scattered _-tm recorded during the 0.11's. When fitt:d to a power law
in energy N(>E) = A £, A = 0.24 + 0.04 and u = 1.3 + 0.2. The total energy
in the burst above 0.5 MeV is 2 + 0.5 x 10™° erg/ca’. The direction of the
source, with 90X confidence, is limited to a circle with radius of 25° and
center at a R.A. of 248° and a declination of +22°. 1In the search for smaller
bursts of wore than 50 sbove be. kground, 2 additioual camdidates of 6.4 and 6.50

were found. The nmber of bursts, including candidate bursts is in agreement with
the integral distribution 8’1'5 wvhere S is the totul emergy in the burst.

An integral energy
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1. INTRODUCTION

In this paper we describe a cosmic gamma-ray burst observed from a balloon
with the University of California (UCR) double scatter telescope. Although
gamma-ray bursts of about 100 s duratién have previously been seen from single
balloon observations (Kondo and Nagase, 1969; Kondo et al. 1970; Hirasima et al.
1970: Koga et al. 1974) this is the first observation of a short burst from a
balloon with properties similar to bursts observed from satellites (e.g.,
Klebesadel et al. 1973; Strong et al. 1974; Clime et al. 1973; Clime and
Desai, 1975b). This is the smallest y~t reported and has a duration comparable
to the 3hortest Vela satellite bursts. Evidence for small bursts from balloon
measurements using time interval amalysis was recently discussed by Cline and
Desai (1975b).

The gamma-ray burst was detected on May 14, 1975 at 29309.11 8 UTC during
the night at an altitude of 4 gh:-2 of residual atmosphere on a balloon
launched from Palestine, Texas at 1150 UTC, May 13, 1975. The burst was
detected in two modes of operation of the UCR double scatter gamma-ray and
neutron telescope (Herzo et al. 1975, Zych et al. 1975). 1a the first mc 2
the counting rate of the top liquid scintillator tank S1 of dimensions 100
cm x 100 cm x 12.5 cm is observed in anticoincidence with the plastic sein-
tillator box of 0.6 cm thickness completely surrounding the tank. The number
of counts in this neutral counter abov: a threshold of 0.5 MeV is telemetered
every 5 ms. The burst was 24 o above background in this mode.

In the second mode the energy and directional information about the

incident gamma-rays are obtained from double Compton scattering. in event

is recorded if the gamma-ray scatters in S1, continues on and scatters again




in a second liquid scintillator tamk 82, 100 cm x 100 cm x 20 cm, that is
located 100 cm below S1 center to center. A separate anticoincidence box

of plastic seintillator completely encloses S2. Each tank is divided

into 28 celhvand each cell is observed Ly a separate photo-lt;plizr for
better angular resolution. When a coincident neutral interaction occurs

in S1 and S2, the pulse heights, time of flight between S1 and S2, identi-
fication of the rells registering the event and event arrival time are loaded
into one event: frame. ‘l‘be ff-a are telemetered at a rate of 200/s. Double
scattered neutrons are also recorded in this mode and are distinguished from
gamma-rays by their longer times of flight. The time of flight is also used
to separate upward from downward moving gamma-rays so that celestial gamma-
rays are clearly separated from earth albedc gamma-rays.

The direction and energy cf the incident gamma-ray are not uniquely
defined because part of the energy can be carried away by the scattered
gamma-ray in S2. 1In order to take account of this, on the average, the
clectron energy deposit in S2 is multiplied by a correction factor f(E).

The resulting distributions are sufficiently narrow that the uncertainty

in energy is only about 20X. The incidcat gamma-ray direction can be deter-
mined to a cone whose axis is the direction of the scsttered gasma-ray and
whose opening angle is twice the scattering angle in S1. The umcertainty is
about 10°. The maximum digitized event rate in the double scatter mode is 1
event/5 me determined by the telemetry frame rate. In addition the number
of true and accidental coincidences between S1 and S2 are recorded and
telemetered every 5 ms. The digitized double scatter gamma-ray rate is
corrected for the frame dead time to obtain the true gamma-ray rate. In

the double scatter mode each event gives an energy and come direction for

the incident gamma-ray. From the overlap of the cones the direction of



the source may dbe found.

2. RESULTS

The counting rate at and near the time of the burst, in the single
scattering mode, as a function of time in intervals of 5 ms is given in
Figure 1. From it, a burst rise time of 0.015 + 0.005 s and a burst dura-
tion of 0.11 ¢ are obtained. It appears from l:hi..r figure that significent
variations are occurring in time intervals comparable to our fime resolution
of 5 ms. These variations appear to be the shortest yet observed in bursts,
considerably shorter than the 60 =. "microbursts"” observed by Imhof et al.
(1975) with a time resolution of 32 ms and likely shorter than the < 16 ms
durations suggeste’ by the Vela sat :llite results (Strong et al. 1974) and
the 10-15 ms fluctuations suggested by the Apollo 16 burst (Metzger et al.
1974). This short time infers a maximm source dimension of 1500 im. The
0.11 s duration is also comparable to the shortest Vela bursts that consist
of single 0.1 s spikes (Strong et al. 1974).

Using a total of 670 burst coumts above background, the detector .écl
of 10" cnz, an efficiency of 0.19, and a transmission by the 2.3 ;lc-2 of the
detector and gondocla mate: ial above the S1 scintillator and by the & 'I",-z
overlying atmosphere of 0.63, we find a total burst flux of C.59 + 0.15
photons/cm> with energles greater tham 0.5 MeV, inc.dent o the atmosphere.
The flux averaged over the 0.11 » of burst time is 5.0 + 1.3 pbotoulcnz-s
with energies greater than 0.5 MeV and the maxiwwwr flux during the burst is
8.5 + 2.1 photons/ce’-s.

A comparison of the true (zero dead time) double sca:tering smd accidental
(delayed coincidence) rates with the single rate is shown in Figure 1.

These rates represent both neutron and gamma-vay interactions im S1 and S2.



The observed number of accidental counts during the burst agrees with the num-
ber calculated. The lack of any large increase in the accidental counting
rate during the burst is evidence that the burst double scattering rate
increase was caused emntirely by time-corralated interactions in S1 and S2
and not by an extraordinarily large increase in the counting rate of S2.
It appears that the double scatter counting rate approaches background
during the latter half of the burst as measured by the S1 counting rate.
This could mean that the burst emergy distribution softened with time as has
al o been observed by Wheatou et al. (1973) for each of the main pulses in the
‘ay 14, 1972 burst and by Imhof et al. (1975) for the December 14, 1972 burst.
‘u the Compton double scatter mode, the average burst counting rate
during the 0.11 s is 280 + 100 counts/s, 12 + 4 times the background rate
of 22.5 counts/s. Recause of the limitation in the telemetry frame event
rate of 1 even*/5 ms, during th« burst of 0.11 s, a maximum of 22 gamma-
rays could be recorded if every frame contained a good gamma-ray burst event.
Actually 8 gamma-rays were recorded that satisfied our gamma-ray event cri-
teria. No neutrons were observed during the 0.11 s burst time.
The energy of the in-~ident gamma-ray is taken to be

e o1 + £(RB) !‘2

vhere E el is the recoil electron energy in S1 and l‘2 is the recoil electron
energy in S2. The f(E) values were estimated from Monte Carlo calculations
and a'‘ong with our best estimates of the energias of the double scattered
gasma-rays are given in Table 1. L -kewise the gamms-ray scattering angles

are estimated from
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Table 1. Double Scattered Gamma-Rays.

el
(MeV)

1.3
0.88
3.22
1.37
1.07
0.91
0.91
1.09

(MeV)

0.60
2.34
0.99
0.60
1.39
0.78
16.2
2.11

1.55
1.23
1.38
1.55
1.28
1.47
1.18
1.23

(MeV)

2.3
3.8
4.6
2.3
2.9
2.1
20.
3.8

(deg)

16
45

27
37

22



cosd = 1 - m e (Tﬂ%‘;'whﬁ:z)

duto-.umommmtm‘dehthnhﬁuyof light. The
values of the calculated scattering angles are aleo givea in Table 1.

An estimate of the direction fia the sky of the source of the burst is
ohtained frem the overlay of the scattering come circles tvansformed to
right ascemsion amd declination. In urder to sharpen the source directior
capgbility and enhance the rejection of the atwmospheric Dackground chat 1is
maximum in the horizontal plane, only those gamms-rays with scattering angles
<30° are used. This reduces the number of gamme-rays from 8 tc 4. The
direction of the source, with 90X confide ce, is them limited to a circle of
radius of 25° and center at a R.A. of 248° and a declination of +22°. For
stronger bursts, the circle radius can be reduced significantly, to a few degrees.

With the poicts from single scatters at 0.5 ¥eV and the 8 double
scatter events it is possible to give the estimate of the imtegral emsxgy
disgribution of the burst gamme-rays shown in Figure 2. When the data are
fitted by least squares to an integral power law distributiom N(>E) = A i
we find A =~ 0.24 + 0.04 and a = 1.3 + 0.2 vhere E is in MeV. This is in
agreement with an a of 1.5 proposed by Cline and Desai (1975e).

A search was made of 24 hours of single scatter date with 0.1 s resolu-
tion print-outs for smaller bursts that were at least 5 o sbuwe backgro-wmd.
The only two candidates foumd are 6.4 and 6.5 0 above backgrousd and are
given in Figure 3 with 20 me resolution, along with the 246 ¢ Luyst. The

smaller candidate events show similar rise times, variations snd durations
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as the larger burst but have much poorer statistics. The candidate at
47779.2 8 UTC was observel while the double scatter telescope was in a
WMM_Naldw-ﬁmh;wuy--inﬂttm. As
a consequence, most of the telemstry was filled with upward moviug gamma-
rays and the downward moving double scattered gamma-rays were not above
background. The candidate at 25057.1 s UTC, however, was observed when
the telescope wan telemetering downward moving gasmma-rays and neutrons,
cn'y, and the double scatters! gamma-ray count rate increased by a factor
of 3 + 1 during the burst. The five gasma-raye, 3 with scattering angles
<35 ® 1imit the direction of the source, with 90% confidence, to a circle with
s radius of 35° and center at a R.A. of 200° snd a declination of +10°.

In order to evaluate the total emergy in the burst consisteant with
carlier papers (Strong et sl. 1974; Cline and Desai 1975b), we use our in-
tegral energy distribution N(>E) = 0.24 l-1'3 photm/cnz from 0.50 MeV to
infisity, WOE) = 16 e /915 from 0.15 to 0.50 MeV and add 25% for the
fraction of the total energy that lies below the Vela threshold of 0.15 MeV.

fle 40476, 1 and 1 x 20°° 2

erg/ce” for the burst and 2 candidate bursts,
respectively.

In the single scatter mode, almoet 2y solid angle of the celestial
sphere was under observatiom at all times. Our two points for the number
of bursts N(>S) per umit time with total energy im the burst greater than
5 are plotted in Figure 4 along with data from Cline and Dessi (1975b) which
include resulte from the Vela satellites (Strong et al. 1974), the SAS-B
satellite, the IMP-7 satellite and their balloon flight of 5 May 1974 (Clime

and Decai 1975b). Beth the poiant for our burst and for our burst plus
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Figure 1. Count rates versus time during the burst at 29309.11 UZC, May
14, 1975. The count rates were telemetered every 5 ms. The
top graph is the single scat:er neutral count rate (AIS1). The
error bars are standard deviations of the counting statistics.
The middle graph gives the double-scattered neutral count rate
(AIS1A2S2). The bo:tom graph gives the chance coincidence
backgronnd count rate obtained from delayed coincidences of S2
with S1. Each dot on the middle graph representc a telemetered
double-scattered gamma-ray event for which pulse heijht, time
of flight and cell identification were telemetered at a maximum
rate of 1 event every 5 ms.

Figure 2. Integral gasma-ray emergy distribution for the burst. The
point at 0.5 MeV is obtained from the single scatters and the
points at higher energies from double scatters. The straight
line is a least squares fit to the data.

Figure 3. Neutral count rates in S1 (A1S1) for the two candidate bursts
starting at 25057.1 and 47779.4 UTC, respe-tively, and for the
burst starting at 29309.1 UTC. The data are combived in 20 ms
intervals.

Figure 4. The number of bursts per unit time with total emergy greater
thaa § versus S. The data are taken from Cline and Desai (1$75b)
vhich include results from the Vela satellites (Stromg et al. 1974),
the SAS-B satellite, the IMP-7 satellite and their balloom flight

of 5 May 1974 (Cline and Degai 1975b).
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