VoLUME 18, NUMBER 4

PHYSICAL REVIEW LETTERS

23 JANUARY 1967

ed by the inherent design features of the tar-
get chamber. This chamber, specifically de-
signed for producing a very thin gas target for
use in high-resolution, high-yield experiments,
prevented us from acquiring better statistics.
However, a new target chamber is near com-
pletion that is intended to overcome many of
the present disadvantages. Its 5-liter liquid-
helium reservoir should nearly triple our pres-
ent 90-min running time, and changes in de-
sign have been incorporated which should per-
mit production of a thicker target. Using the
new apparatus, a more detailed experiment
is scheduled for the future.

The fact that the present experiment alrea-
dy shows not only the predicted anomaly, but

also a more complex behavior than that evidenced
in Moore’s experiment, is, we feel, especial-

ly significant in view of the great current in-
terest in analog states. We would like to ex-
press thanks to Dr. L. C. Biedenharn and Dr.

W. P. Beres for helpful discussion.

*This work was supported in part by the U. S. Atomic
Energy Commission.
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Recently Duthie, Cobb, and Stewart! have
presented evidence for a source of cosmic gam-
ma rays at 304° right ascension and +35° de-
clination with an intensity of (1.5+0.8)x107*
v’s em™2 sec™!. In this Letter we wish to re-
port the results of three high-altitude balloon
flights with a y-ray spark chamber which ob-
served this same region of the sky. Two of
these exposures were made prior to the Roch-
ester flight while the third was nine months
later. On none of the three flights did we ob-
serve any increase over the atmospheric back-
ground in the designated direction. Our con-
clusion is that either the Rochester result was
due to a statistical fluctuation or an undeter-
mined instrumental effect, or the source has
increased in intensity by at least a factor 2 in
nine months and then decreased again by at
least a factor 10 in the following nine months.

Some results from our first flight have al-
ready been published® and the equipment is de-
scribed in detail elsewhere.®* The same system
was used for the second flight except that the
bottom counter in the coincidence telescope
was changed to a Cherenkov counter. The sen-
sitivity of this system was approximately the
same as of that of the Rochester group. How-
ever, the uniform design, in contrast to their
having a thick target followed by thin spark-
chamber plates, provided better angular re-
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solution, a lower energy threshold, and a rough
energy determination. The third flight was
made with an enlarged spark chamber whose
sensitivity was greater by an order of magni-
tude.* The side anticoincidence panels (Fig.

1) are outside the acceptance cone of the coin-
cidence counters. They greatly reduce spuri-
ous triggerings of the chamber by wide-angle
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FIG. 1. The arrangement of the spark chamber and
triggering counters is shown. There are 30 gaps of
0.5-cm spacing and the plates are 0.050-cm stainless
steel.
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Table I. The flight characteristic and spark-chamber parameters for the three Case flights and, for compari-

son, the Rochester flight.

Conversion
Area-solid angle efficiency
Time at factor of spark for Energy
Launch Reached ceiling  ceiling Altitude chamber Ey=100 MeV  threshold
Flight site altitude at (min) (mbar) (cm? sr) (%) (MeV)
Case No.1 Palestine, 1500 U.T.,
Texas 6 February 1964 74 3.5 53 12.4 ~30
Case No. 2 Page, 1550 U.T.,
Arizona 27 January 1965 400 3.2 48 12.4 ~50
Rochester Palestine, 1944 U.T.
Texas 23 October 1965 >570 4 25.8 15 ~60
Case No. 3 Palestine, 0500 U. T.
Texas 19 July 1966 225 2.3 175 32.4 ~50

charged particles which scatter or interact in
one of the counters in such a way that the tele-
scope is triggered. The relevant parameters
of each spark chamber and the flight data are
summarized in Table I.

For each flight the effective area presented
to the source direction is calculated as a func-
tion of time, as described previously.? Then
the number of pairs, Np, predicted by the flux
of 1.5X10~*9’s cm™2 sec—?! is calculated. It
should be noted that N, is independent of the
assumed energy of the y rays when we use the
pair conversion efficiency at 75 MeV as Duth-
ie et al. did. The predicted numbers are 2.9,
14.0, and 96 pairs for our three flights (Tab-
le II).

The solid angle over which these pairs would
be distributed is, of course, determined by
the angular resolution of the apparatus. Pre-
viously the resolution in the chamber was cal-
culated to be +2.5° at 100 MeV.® Similarly at
290 MeV it becomes +1.3°. We have recently

checked this latter point with the tagged-pho-
ton beam at the Cornell synchrotron and find
it to be +1.1°, Therefore when the chamber
resolution is combined with that of the direc-
tion monitor (see below) the over-all resolu-
tion becomes +3° at 100 MeV and +4° at 75 MeV.

One of the puzzling features of the Roches-
ter result is that their excess counts occur
over a large area, an 18°x18° square. There-
fore we have chosen to look at the results for
three different areas: (1) a 3° cone which is
the area over which a point source with a mean
energy of 100 MeV would be distributed in our
chambers, (2) a 4° cone which is the predict-
ed angular resolution for 75 MeV, which the
Rochester group took as the mean energy for
their anomalous events, and (3) an 18°X18°
square to compare directly with the Roches-
ter angular interval.

In Table II, N,, the number of pairs actual-
ly observed in a given solid angle, is to be
compared to the sum of Np, the number pre-

Table II. N, is the number of pairs which would be produced by a flux of 1.5 x10~?y’s ecm—? sec—! with E., =75
MeV. Np is the number of background pairs expected in the given solid angle from the atmospheric background.
N, is the number of pairs actually observed in the given solid angle. Fgs is the upper limit to the y-ray flux at the

—2

95% confidence level, in units of 10— y’s cm—2 sec

._1.

Flight 3° cone 4° cone 18° x18° square
. N N F N F N F
No Ny B 0 95 5 N 95 B N, 95
1 2.9 1.1 1 <18 1.9 2 21 10 11 <33
2 14.0 2.5 4 <6.7 4.5 5 <6.0 23.8 27 <15
3 96 15.1 14 <0.9 26.7 25 <1.2 141 142 <3.9
32 <96 10.5 10 <0.9 55.5 51 <1.7

4E(,<100 MeV.
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dicted from the flux of 1.5X10™%*y’s cm™2 sec™!
and Np, the number expected from the observed
atmospheric background. In no case is there any
significant departure from the atmospheric back-
ground. Flight No. 1 was at altitude for too
short a time to show a statistically significant
difference from the Rochester flux. However,
the data from the second and third flights do
allow the setting of upper limits at the 95%
confidence level which are well below 1.5x10~*
y’s em™2 sec™!. Flight No. 2 yields an upper
limit for a 3° cone of 6.7X107% 9’s cm™2 sec™!.
Similarly, for flight No. 3 the limit is 0.9

X105 y’s cm™2 sec™!. These limits do not
depend on the exact position assumed for the
source but are substantially the same anywhere
in the 18°X18° square.

Duthie, Cobb, and Stewart also noticed a
different energy spectrum for their anomalous
events.! Although an energy determination is
not possible with their thick target, they saw
an opening-angle distribution which was flat-
ter for the Cygnus-associated events than for
the usual atmospheric background, which in-
dicated a softer spectrum. Since an electron
or positron below 500 MeV will show an appre-
ciable scattering in our 30-gap chamber, we
can readily compute an energy, E,, for the
pair from the observed separation of the pair
prongs, if it is assumed that the electron and
positron share the photon energy equally. This
is essentially the method of track-to-track
scattering® and E, is the minimum energy the
photon can have, i.e., E,},BEO. Therefore if
we restrict ourselves to events where E; <100
MeV, none of the events with E,, <100 MeV
will be eliminated, although, of course, the
sample will still contain some events where
E,> 100 MeV. The same directional analysis
was done for this restricted class of events,
and, as is shown in the last line of Table II,
the number of events observed again does not
differ from the atmospheric background.

The ability to detect an anisotropy in this
experiment depends crucially upon the accura-
cy of the direction monitor. If it malfunctions,
the apparatus becomes merely a wide-angle
counter telescope, and the sensitivity is reduced
by several orders of magnitude, since the re-
cognition of a point source above a two-dimen-
sional uniform background varies inversely
with the square of the angular resolution. There-
fore we checked the operation of the magnetom-
eters® on flight No. 2 by measuring the azimuth-

’
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al angle of the sun directly. The two methods
agreed to 0.6°+1.6° which was the reading ac-
curacy of the sun monitor. The combination
of this result with the synchrotron calibration
makes us confident that the +3° resolution at
100 MeV is realistic.

Another check on the operation of the new
spark chamber during flight No. 3 is furnished
by the measurement of the vertical y-ray flux
in a 30° cone as (3.7+0.4)X1072 v’s cm™?% sec™
sr—! at 2.3 mbar. If it is assumed that the flux
is proportional to residual atmosphere, the
agreement is good with the previous measure-
ment of (5.2+0.5)X107% y’s ecm™2 sec™! sr~!
at 3.5 mbar.?

In conclusion, we have found no evidence for
a y-ray source in Cygnus. The exact value
of the upper limit depends on the angular res-
olution and hence the energy. We believe that
+4° is a conservative value to take even allow-
ing for a soft spectrum and therefore the up-
per limits for a primary y-ray flux from o
=303°, 6=+35° can be set as 6.0X107°% y’s cm™?
sec”! on 27 January 1965 and 1.2X 1075 on 19
July 1966.

The authors are indebted to Dr. L. H. Smith
for his collaboration during the earlier phas-
es of this work; to A. A. Hruschka, J. L. May-
nard, and W. R. Morgan for the construction
of much of the equipment and assistance on
the flight operations; to W. A. Oran and Miss
Gertrude Chi for many of the calculations;
and to the scanning group for their painstak-
ing efforts. We wish to thank F. McCreary
and the staff of the National Center for Atmo-
spheric Research Balloon Base, Palestine,
Texas, for their skilled support and Profes-
sor R. R. Wilson at Cornell University for the
synchrotron exposures.
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