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Summary. The absolute flux of cosmic ray positrons has been
measured using a balloon-borne magnet-spectrometer. Based on
193 positrons observed from 3.57 GV/c to 50 GV/c rigidity at the
payload, the integral flux about 5GeV kinetic energy at the top
of the atmosphere is found to be (0.33 + .07)e* /m?-str-s. At the
top of the atmosphere the effective energy interval for the obser-
vation is 4.5 to 64 GeV. In this interval the best-fit differential
flux is 16E ~(3-0£0-3¢* /(m2_str-sec-GeV). The quoted errors do
not include a possible 109/ systematic uncertainty in the exposure
factor. The ratio e*/(e* + e¢~) was found to be 0.069 + 0.014
above 5GeV. We compare these results with other observations
and theoretical predictions.

Key words: Cosmic rays — general — positrons, electrons.

1. Introduction

Positrons (e*) with energies above a few hundred MeV are ex-
pected in the cosmic rays due to decay of mesons produced by
collisions of cosmic rays with the interstellar medium. Particles
resulting from such collisions are generally referred to as secon-
daries. The parents of secondary positrons of energy E are prin-
cipally protons with an energy of about 10E. Once produced,
the e* undergo radiative energy losses as they propagate through
the electromagnetic fields of the interstellar medium. Secondary
nuclei such as Li, Be and B are produced at the same energy/
nucleon as their parents and do not undergo significant radiative
energy losses. Consequently, positron observations are capable
of giving new insights about cosmic ray phenomena. It should
be noted that antiprotons (p) are also expected to be produced
as secondaries of protons of ~10x higher energies but are not
subject to radiative energy losses. Thus comparison of e* and p
fluxes should yield interesting constraints for the various models
of cosmic ray production and propagation (e.g. Badhwar and
Golden, 1974).

The data presented here were gathered during a balloon flight
from Palestine, Texas on May 20, 1976. The apparatus floated
beneath an average of 5.8 gcm ™2 of atmosphere for a period of
6.4 10*s. There was a total of 0.16 radiation lengths of material
in the atmosphere above the payload and 0.08 radiation lengths
of material above the spectrometer in the payload. Electrons (e )
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gathered during the same flight have been reported in Golden
et al. (1984a), hereafter referred to as “the e paper.” The e~
paper contains extensive details on the calibration of the instru-
ment, detection efficiencies, and validation of absolute fluxes mea-
sured with the instrument.

This same instrument was used in a later flight to measure
the p/p ratio (Golden et al., 1979). It is the opinion of the investi-
gators that the e* observation is a substantially more difficult
task than the p observation. The most powerful asset of a magnet-
spectrometer is its ability to directly distinguish charge. For neg-
atively charged particles, one has to distinguish p from a 20 times
higher flux of e™ and from atmospheric mesons. In the case of
e*, however, one must separate the desired particles from protons,
which have the same charge and a flux nearly 1000 times as great.
The approach taken here was to first apply the selection criteria
of the e™ paper to the positively charged events. This yielded a
sample which was roughly 259 positrons and 75% protons.
Additional criteria were then applied to the Cherenkov-detector
and shower-counter responses to further reduce the proton
content. The efficiency of these selection criteria was measured
by their effect on the e~ events. The remaining proton background
was determined by further shower-counter analysis. The net
result, presented here, is an observation of e™ with well known
background content and well known selection efficiencies. The
e*/(e* + e”) ratio has also been determined but the emphasis
in the analysis was to determine the absolute e* flux.

In this paper the units of magnetic rigidity (momentum/
charge) or its inverse (called magnetic deflection) are used when
referring to particles at the payload, and units of energy are used
when referring to particles at the top of the atmosphere. Energies
and fluxes are corrected to the top of the atmosphere, taking
bremsstrahlung energy losses into account.

2. The apparatus

The magnet spectrometer has been described previously (Golden
et al., 1978). The detector elements were: (1) a gas Cherenkov de-
tector (called G) with a threshold Lorentz factor of 40, (2) scintil-
lators S1 and S2 for charge measurement; (3) eight multiwire
proportional counters (MWPC); and (4) a shower counter com-
prised of seven scintillators (P1-P7), each separated by 1.2 radia-
tion lengths of lead. Signals from all scintillators and G were
pulsed-height analyzed. The MWPC utilized the distributed
delay-line technique described in Lacy and Lindsey (1974). Each

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987A%26A...188..145G

G

45

T

FTOB7AGA & ~188:

146

MWPC readout consists of two time values, one from each end
of the line. The difference of the values gives the position of a
particle, and the sum should be equal to the total delay in the
delay line. The time-sum acts as a reliable check on data validity.
In this paper, a “good” MWPC measurement is defined as one
which has an acceptable time-sum.

The magnet was operated at a current of 120 amps, producing
a magnetic field of 10-40 KG-in the MWPC region. The instru-
ment had a maximum detectable rigidity of 80 GV/c. All events
satisfying the trigger criteria S1 - P1 - P7 were accepted for trans-
mission to the ground where they were recorded. The geometry
factor of the instrument was 324 + Scm?-str, and the life time
fraction was 0.80.

3. Data analysis

The initial data selection criteria are almost identical to that used
in the e~ experiment. The reader is referred to the e™ paper for
a detailed discussion. The criteria were:

a. At least 5 x-axis (axis of curvature) and 3 y-axis MWPC
readouts have good time-sums. In addition, at least one MWPC
in each of the top, middle, and bottom MWPC pairs have good
time-sums. And, the MWPC data must fit to a valid trajectory
with y2 < 50 and x? < 30.

b. The pulse heights in S1 and S2 must correspond to a
charge of Z < 1.81,, where I, is the pulse height of a singly
charged relativistic particle.

c. The sum of the pulse heights in P1-P7 must correspond
to at least 50I,. This criterion corresponds to one fourth the
shower size typically associated with a 5 GeV electron.

d. The G counter must be triggered (the minimum signal
amplitude correspond to 0.25 photoelectrons).

The first criterion differs slightly from the criterion used in
the e™ paper. The e~ criterion required that both bottom MWPC
have good time sums, rather than having one good MWPC from
each of the three pairs. The revised criterion was developed during
the analysis of the p flight. It gives a 139, higher MWPC selection
efficiency and an improved discrimination against spurious
events.

For an ideal experiment, positive curvature events passing
criteria (a)—(d) would all be positrons. Protons would all be
rejected by criterion (d). Unfortunately the G counter had a very
high noise rate. In addition, Cherenkov light generated in the
lucite mirror backing could sometimes leak through the mirror
coating. The net result was that ~0.5% of protons below the
Cherenkov threshold were accompanied by a G pulse. Such
protons are referred to as having an accidental G-pulse.

Figure la shows the deflection distribution with the above
criteria. The peak near zero-deflection is due to protons above the
Cherenkov threshold. The gradual rise with increasing positive
deflection is due to the combination of protons below Cherenkov
threshold (accompanied by an accidental G-pulse) and positrons.
The decline above 0.2 GV/c is due to the geomagnetic cutoff. The
events to the left of zero deflection are the e”. They also show
the geomagnetic cutoff (at around —0.24 GV/c). Because of cri-
terion (c), the protons in this sample must have undergone at
least a small interaction in the shower counter. The data at this
point have been selected with the same exposure factors as in
the e™ paper except for a factor 1.13 due to the change in cri-
terion (a).
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Fig. 1. Effects of selection criteria. Figure 1A shows the deflection spectra
of events selected by applying the criteria basically used for recognizing
e~. The criteria included tests for quality of the trajectory information, a
charge of 1, at least a small cascade in the shower counter, and at least
a small signal from the Cherenkov detector. Figure 1B shows the effect of
raising the minimum Cherenkov pulse-height requirement to the equiva-
lent of 1.3 photoelectrons. Figure 1C shows the effect of further requiring
that the cascade fit the form of an electromagnetic cascade with a x2 of
less than 10.0

In order to further reduce the proton background, additional
criteria have been imposed. Separate samples of protons and
electrons can be derived from the data to develop new criteria
and evaluate their efficiencies. For example, selection efficiencies
for positrons can often be measured using the e~ sample selected
with criteria (a)—(d). Similarly, one can obtain a sample of protons
by imposing only criteria (a)—(c), and using positive curvature
events (such a sample will contain more than 99.7% protons).
Electrons (e”) and protons were selected using these techniques
and were then used to evaluate additional G-counter selection
criteria.

G-counter accidental pulses are usually due to single photo-
electrons. Furthermore, the noise pulses are emitted from the
photocathode at random times relative to the event trigger. Thus
the below-threshold protons should be greatly suppressed by
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requiring a larger G pulse height. An appropriate pulse height
test was devised by comparing the G pulse-height distribution
of protons below Cherenkov threshold with the pulse-height dis-
tribution for the e~. The G pulse-height selection criterion was
chosen to be:

e. The G pulse-height must correspond to at least 1.3 photo-
electrons.

Studies of the appropriate proton and electron distributions
show that this criterion removed about 70%; of the proton back-
ground. The criterion rejected about 219, of the e~ sample and
can be assumed to reject the same fraction of e *. Figure 1b shows
the deflection distribution of events passing criteria (a)—(e¢). One
can notice a sharp decrease of the proton peak in the positron
deflection region, with a less noticeable change in the corre-
sponding e” distribution.

The shower counter data must be examined to further discri-
minate between protons and e*. Once again, a valuable aid is
to study protons and e~ gathered from the flight. At rigidities
below 40 GV/c, a sample of protons for use in shower counter
studies can be obtained by selecting positive particles that satisfy
criteria (a)—(c) and have G off. The expected e* shower responses
can be obtained from a sample of electrons gathered by using
events with negative curvature satisfying criteria (a)—(e). The
P1-P7 pulse heights from both the proton sample and the e~
sample were fitted to the hypothesis that the shower was an
electromagnetic cascade. The starting point and total energy of
the cascade were free parameters in the fit. These two parameters
plus the y? for the shower fit constitute the remaining informa-
tion to be used in distinguishing the positrons from the protons.

One would expect that the proton shower fits would have a
higher average x? than the electron fits. This indeed was observed
to be the case. Criterion (f) was chosen to be:

f. The shower profile of an e* candidate must fit with a y?
of less than 10.0.

This criterion rejected about 80% of the remaining protons
and about 5% of the electrons. Figure 1c shows the deflection
distribution of events passing criteria (a)—(f). It can be seen that
there is a considerable reduction of the protons in the selected
sample.

A total of 409 events with positive charge and rigidities less
than 50 GV/c passed the selection criteria. These events are called
e* candidates. As in past presentations of this data, we investi-
gated the amount of proton background remaining in the e*
candidates by examining the distribution of cascade starting
points in the shower counter, and by analyzing the total shower
amplitude. The next section describes the determination of the
proton background in the e® candidates by analyzing the
starting-point distributions.

3.1. Starting point method

In order to get an idea of the starting point distribution expected
for e*, one can examine the starting point distribution of .
The e~ starting-point distributions are energy independent.
Figure 2 shows the e~ starting point distribution for e~ that
pass criteria (a)—(f). Proton starting point distributions are slightly
energy dependent. Figure 2 contains a typical proton starting-
point distribution for comparison. The e~ distribution is roughly
Gaussian with a width of about 1 radiation length (i.e. 1X,) and
a peak at +1X,. The +1X, offset is an artifact of the shower
fitting program. Starting points greater than +1X, correspond
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Fig. 2. Starting-point distributions for e~ and protons. Each cascade is
fitted to the form of an electromagnetic cascade. Energy and starting point
are used as free variables in the fit. This figure shows the starting-point
distributions for e~ and protons. Note that the proton starting-point dis-
tribution is considerably broader than that observed for e™. The peak
at the right side of the proton distribution is due to the fact that often
the only way to fit a proton cascade as an electromagnetic cascade is to
assume that the measurements are actually the tail of an electromagnetic
cascade occurring well above the shower counter. The fitting program
tried only starting points between —7 and +6X,

to showers initiating above the shower counter, and those be-
tween +1X, and —7X, start within the shower counter. It can
be noticed that there are no e~ events beyond the interval —1.5X,
to 3X,, and only 0.5% of the events fall outside the interval
—1.0X, to 2.5X,.

The proton distribution is clearly broader than the e~ dis-
tribution. The broad peak in the proton distribution is due to a
bias introduced by the requirement for a minimum shower size.
The peak at +6X, is because the shower fitting program tries
to fit proton interactions in the top layer as the tail end of a
shower occurring well above the shower counter. The +6X,
point is the most positive point analyzed by the fitting program.
We exploit the general differences in proton and electron starting-
point distributions to determine the amount of remaining proton
contamination in the positron sample.

Figure 3 shows the starting-point distribution for protons
and e’ candidates at two different rigidity intervals. It can also
be noticed that the number of e* candidates which fall outside
the region between —1.5X, and 3.0X, is smaller for the low-
rigidity interval (5.0—-6.25 GV/c) than for the high-rigidity inter-
val (6.25-12.5 GV/c) indicating the presence of more protons in
the high-rigidity sample. The events which are outside the inter-
val —1.5X, to 3.0X, were used to determine the proton back-
ground in the e* sample by calculating a multiplying factor M =
(total protons)/(protons outside the starting point limits). The
total background in the e sample was estimated as the number
of early and late showers multiplied by M. Table 1 shows the
determination of M for a number of rigidity intervals.

In order to evaluate the effects of the background subtrac-
tion, one can examine the starting-point distribution of the e
events after the background subtraction. Figure 4 shows data
for the same rigidity intervals as Fig. 3. The solid histograms in
Fig. 4 are for e~ events and the dashed histogram is for e*.
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Fig. 3. Starting-point distributions of e* candidates. Starting-point dis-
tributions for the e* candidates and protons are shown for two rigidity
intervals. In the low-rigidity interval the starting-point distribution of the
e* candidates appears to be dominated by a narrow peak near zero radia-
tion lengths typical of electrons (see Fig. 2). The high-rigidity interval
clearly has a significant proton-like component

Notice the similarity of the e~ and e* histograms, which gives
the confidence that the remaining sample is really positrons. In
the past analyses of this data (Golden et al., 1985), we did not
examine the starting-point distribution after background sub-
traction. Such an examination would have revealed that our past
use of a very wide range of starting points (—2.5 to +3.5X)
was leading to over-subtraction of the background which was
manifested by large regions of negative count-rate in the equiva-
lent of Fig. 4. The choice of large starting-point interval for
separating protons from positrons was made simply to assure
that no positrons were lost. Figure 2 shows that the starting-
point interval used in the earlier analyses was unnecessarily large.

Table 1. Computation of the background multiplier M

This table illustrates the determination of the background multi-
plier for the assumption that events with starting points outside
the interval —1.5X, to 3.0X,, are all protons. If N, is the total
number of proton events in a particular rigidity interval, and
Npou is the number of these events which are outside the above
mentioned starting point interval, then the background multi-
plier is M = N,,,/N,on. Computation of the uncertainty in M
must incorporate the fact that N, abd N, are not statisti-
cally independent. The error in M is given by AM = [M(M — 1)/
NO\II]I/Z'

Rigidity Noptot Noout M
3.57-4.17 138 52 2.65 +£0.29
4.17-5.00 535 209 2.56 +0.14
5.00-6.25 1393 562 248 + 0.08
6.25-8.33 1775 733 242 +0.07
8.33-12.50 1636 620 2.64 + 0.08

12.50-25.00 1252 489 2.56 + 0.09

25.00-50.00 372 152 245+ 0.15
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Fig. 4. Starting-point distributions for e* and e~ after background sub-
traction. The e* and e~ distributions are very much alike. Note that
neither distribution has counts beyond the interval +3X, and —2X,

The use of a large selection interval resulted in small numbers
of events outside the criterion in the positron sample. This greatly
increased the sensitivity of the results to fluctuations in the proton
statistics.

In light of our past errors in selecting the correct range of
starting points, it is useful to examine whether the background
removal process used here is sensitive to reaonable changes in
the choice of starting-point cuts. For this purpose we determined
the value of M using proton events outside the interval —1.0X,,
to 2.5X,. Using the e~ sample, it was found that only 0.5% of
the electrons (or positrons) would be lost even with this very
narrow cut (Fig. 2). The —1.0X, to 2.5X, selection criteria gave
191e* after background subtraction while using the —1.5X, +
3.0X, criterion gave 193e™. Table 2 gives the details of the
—1.5X, to 3.0X, starting point analyses. Table 3 contains the
results of both analyses. The consistency of the two analyses
demonstrates that the results are not sensitive to the selection
criteria. Note that Table 2 indicates that for the three highest ri-
gidity intervals, the majority of the observed events are proton
background.

The next section describes an alternative approach to
background subtraction based on the size of the cascade in the
shower counter.

3.2. Shower sum method

Alternative approaches to subtracting the background could be
based on using the total shower amplitude. One such approach
was used by Golden et al., 1984a, who used the sum of the shower
counter pulse-heights which they called PSUM. We have per-
formed a similar analysis to that of Golden et al. but found that
it resulted in erroneous results when applied to the e* candi-
dates. In this section we present this analysis together with a re-
vised analysis which is consistent with the shower starting-point
method. The approach used in Golden et al. (1984a), was based
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Table 2. Computation of e* counts
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This table contains the details of the subtraction of the proton background
from the e* candidate sample using the starting point method described in the
text. The number of e* candidates in a particular rigidity interval is N,+ cunq-
Events with shower starting points outside the interval —1.5 and +3.0X, are
regarded as being proton events. These events are shown in the column labled
N To correct for background inside the interval —1.5 to +3.0X,, N,y is
multiplied by a background multiplier, M determined in Table 1. The computed
number of e* after proton background subtraction is N+ = N,+ cana — M Ny,

The error in N, . is given by

ANe* = I:Ive+ cand Nout + (1 - M)ZNout + ‘Z\IozutAMz]l/2

Rigidity Number e* Number e* Background Number e*

(GV/c) candidates outside multiplier Remaining

p Ne+c,nd Nout M Ne"
3.57-4.17 28 1 2.65 + 0.29 254+ 5.5
4.17-5.00 54 3 2.56 £ 0.14 463 + 7.6
5.00-6.25 55 6 2.48 +0.08 40.1+79
6.25-8.33 60 8 2.42 +0.07 40.6 + 8.3
8.33-12.50 51 14 2.64 + 0.08 14.0 + 8.7

12.50-25.00 74 19 2.56 + 0.09 254 +10.2

25.00-50.00 87 36 245 £ 0.15 —12 4125

on the fact that proton initiated showers have a substantially
smaller PSUM than electron initiated showers at the same ri-
gidity. Examination of proton and e~ events reveals that proton
initiated showers usually have a PSUM of less than 1001, (I, is
the pulse-height corresponding to 1 minimum ionizing particle
in one layer) for rigidities less than 6.25GV/c and PSUM less
than 1501, for rigidities between 6.25 and 50 GV/c. In contrast,
e~ events are always above these PSUM limits. Using these
PSUM limits we performed a background subtraction in a man-
ner similar to that used in the starting-point method. Events in
the e* candidate sample that have PSUM below the limit are
regarded as proton events. The background in the e* sample
was then determined as the number of events below the PSUM
limit multiplied by a factor N, where N is the ratio of total pro-
tons to protons below the PSUM limit for the corresponding
proton sample. Figure 5 shows the PSUM distribution of proton
events and e candidates for two rigidity intervals. The e* PSUM
distribution for the low rigidity sample shows a peak at low
PSUM indicating the presence of protons and shows a peak at
high PSUM values indicating the presence of e*. At high rigid-
ities, the PSUM distributions of protons and e* are less distinct
but the e* distribution still shows an excess at large PSUM
values. We have then evaluated the proton background in the
et sample as described in the starting-point method by making
use of the events below the PSUM cut and replacing M by N.
After performing the background subtraction, it is useful to com-
pare the resulting e* distribution with the corresponding e~
distribution.

Figure 6 shows these distributions for the same rigidity in-
tervals as Fig. 5. It is clear for this figure that in the low rigidity
interval the e~ and e* distributions are similar. The number
of e* events (after background subtraction) in this interval is
39.4 + 7.7 events for the starting-point method and 34.5 + 6.8
events for the shower-sum method. However, in the higher rigid-
ity interval, one can notice that the PSUM distributions for the
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Fig. 5. Shower-sum distributions for e* candidates and protons. The
low-rigidity samples indicate a substantial difference between the e*
candidates and the corresponding protons. The e* candidates appear
dominated by larger amplitude cascades as expected if e* are present
in the sample. The high-rigidity distributions are very similar though
the e* candidates have greater proportion of large-amplitude events indi-
cating a presence of e*. The high-rigidity e* sample seems, however, to
resemble the corresponding proton sample more closely than at lower
rigidities

e~ and e are different, the e* distribution having a greater pro-
portion of lower PSUM values. This indicates the presence of
protons in the e* sample even after background subtraction. In
this rigidity interval, the e* count is 45.6 4 7.6 events while the
starting-point method gives 28.7 + 9.6 events. Failure of the
background subtraction process could be understood if there
were a small correlation between shower-counter pulse-height
and G pulse-height. Such a correlation could result from either
electrical or physical cross-talk between the detector systems.
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Fig. 6. Shower-sum distributions for e~ and e* after background subtrac-
tion. The similarity of the low-rigidity e* and e~ distributions is indica-
tive that the background subtraction process is reliable. At high rigidities,
however, the technique apparently does not work. Note the excess of
events with low shower-sum in the e* distribution. This indicates the
presence of protons even after the background subtraction process has
been carried out. Failure of this technique at high rigidities may be due to
a small correlation between the shower-sum amplitude and the Cheren-
kov amplitude causing protons with larger cascades to preferentially be
accompanied by a Cherenkov pulse

The effect of the cross-talk would be to allow protons with large
showers to meet the minimum G-pulse-height criteria and thus
appear in the e* candidate sample. Such an effect may not have
been apparent in the e~ analysis of Golden et al. (1984a), because
the proton background for the e~ experiment is orders of mag-
nitude smaller than for the e* experiment.

Another approach to using PSUM information for back-
ground subtraction would be to use only showers of large pulse-
height and normalize to the e~ distribution. It is apparent from
Fig. 6 that beyond the peak in the PSUM distributions the shapes
of the e™ and e~ PSUM distributions are similar. For any par-
ticular rigidity interval, we define the most probable value of
PSUM for the e~ as P,. If we ignore the contribution of protons
with PSUM > P, we can estimate the total number of e, as
the number of e with PSUM > P, multiplied by a normalizing
constant N which is the ratio of the total number of e” to that
with PSUM > P,. This value was found to be in agreement with
the number deduced by starting-point method. We used this
“large PSUM?” correction method for rigidity intervals above
8.33 GV/c where plots of the type used in Fig. 6 revealed evidence
of proton contamination after background subtraction. The lower
deflection intervals were analyzed using the original PSUM
method. The resulting e* fluxes are shown as the column labeled
“Shower Sum” in Table 3.

It is very encouraging to note from Table 3 that the e fluxes
estimated by the two methods give consistent values. Since the
starting-point method is more direct and does not incorporate
energy dependent criteria, we have chosen it for the final analysis.

Table 3. Results of e* background subtractions

This table summarizes the results of the various methods for sub-
tracting the remaining proton background. The column labled
“Strt Pt 1” contains the number of e* derived using starting
point limits of —1.5X; and 3.0X ,, see Table 2. The column labled
“Strt Pt 2” was derived in the same manner except using starting
point limits of —1.0X, and 2.5X,. The column labled “Shower
Sum” was derived using the total shower-counter amplitude as
described in the text. The number of e* in the 25-50 GV/c inter-
val should perhaps have a higher uncertainty than that shown.

Number of e*

Rigidity

p (GV/c) Strt Pt 1 Strt Pt 2 Shower sum
3.57-4.17 254+ 55 258 +53 226 +59
4.17-5.00 463 + 7.6 475+ 74 40.8 + 8.6
5.00-6.25 40.1 +79 388+ 175 345493
6.25-8.33 40.6 + 8.3 393+79 409 4+ 8.7
8.33-12.50 14.5 + 8.7 14.6 + 7.6 141 £ 115

12.50-25.00 25.4 4+ 10.2 31.2+90 282 + 14.7

25.00-50.00 —-124+125 1.7+ 105 62+ 4.1

The computation of fluxes from the observed counts was done
in the same manner as in Golden et al. (1984a) except that the
changes in selection criteria were taken into account. The effects
of the selection criteria changes were incorporated by reducing
the geometry factor in proportion to the number of additional
e~ that were lost during the analysis presented here. The errors
quoted for the reduced geometrical factor were derived from the
square root of number of e~ that were lost in the new selection.

4. Results

As maintained earlier, the e~ paper contains well established e~
absolute fluxes and the related exposure factors (solid angle x
exposure time x observation efficiency). The exposure factors for
the e* observation were obtained by reanalyzing the e~ data
using criteria (a)—(f). The ratio of e~ surviving (a)—(f) to the num-
ber of e reported in the e™ paper gives a correction factor for
the exposure factors reported in the e paper. Table 4 shows the
data from the e™ paper and the e~ data passing criteria (a)—(f).
The changes in number of e~ result from a 139 increase in e~
due to the change in criterion 1, 26% decrease due to criteria
(e)—(f) and 5% loss due to the background subtraction. On the
average the e’ exposure factors are about 0.8 times the exposure
factors of the e™ paper.

The effects of the propagation of e* in the atmosphere have
been taken into account in order to establish the flux at the top
of the atmosphere. First, the expected number of atmospheric
secondaries was subtracted using the calculations of Stephens
(1981a). Table 5 summarizes the atmospheric background sub-
traction. Next, the effects of bremsstrahlung in the material above
the spectrometer were taken into account. To study the brems-
strahlung losses we assumed a power law spectrum of e* at the
top of the atmosphere modified by the geomagnetic cutoff. The
geomagnetic transmission efficiency was derived from proton and
alpha spectra gathered during the same flight. The assumed
spectrum was used in a Monte Carlo calculation (Mauger, 1981)
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Table 4. Calculation of exposure factors

The exposure factors for the e observation are computed by adjusting the ex-
posure factors reported in the e~ observation (Golden et al., 1984a) in proportion
to the number of e~ surviving the e* selection criteria. The column labled “e”
1984” are the number of e~ in Golden et al. (1984a). The column labled “e~ with
e* cuts” contains the number of e~ surviving the e* criteria in this paper. Atmo-
spheric backgrounds were not subtracted from the e~ counts because we wish only
to determine the efficiency of the revised selection criteria. The column labled “€”
is the resulting efficiency for passing the additional criteria. The columns labled
“AQt 1984 and “AQ¢ this work” are the prior and resulting geometry factors. The
error in € is 4€ = [e1o54 — €inis work | */€1084- The error in AQt; v is just the

propagation of the error in €.

AQt AQt
Rigidity e” e 1984 this work
p (GV/c) 1984  withe™ cuts € (m?-sr-s)  (m>2-sr-s)
3.57-4.17 168 148 0.88 + 0.03 619 545 + 17
4.17-5.00 323 276 0.85 + 0.02 619 529 + 13
5.00-6.25 529 418 0.79 + 0.02 619 489 + 12
6.26—8.33 497 372 0.75 + 0.02 608 455 + 14
8.33-12.50 401 309 0.77 + 0.02 597 460 + 14
12.50-25.00 198 145 0.73 £ 0.04 575 421 £ 21
25.00-50.00 50 17 0.34 + 0.11 553 188 + 64

Table 5. Subtraction of atmospheric background

The number of e* produced by collisions of cosmic rays in the
atmosphere above the payload was calculated using the work
of Stephens (1981a). The results of the calculation are shown in
the column labled “atmos. bg”. The number of ¢* remaining after
the background subtraction is given in the far right hand column.
The uncetainty in this quantity was determined by combining,
in quadrature, the uncertainty in the total observed e* and
(atmos. bg)'/2.

Rigidity Number of e*

p (GV/c) total atmos. bg above bg
3.57-4.17 256+ 54 134 122 + 6.5
4.17-5.00 446 + 7.6 10.7 339 + 83
5.00-6.25 3944177 8.1 313+ 82
6.26-8.33 399 + 7.7 6.8 331+ 8.1
8.33-12.50 143 + 8.1 4.7 9.6 +84

12.50-25.00 2874+ 9.6 3.0 257498

25.00-50.00 0.5+ 115 0.4 0.1 +115

which included energy changes due to the bremsstrahlung pro-
cess and the effects of the finite resolution of the momentum
spectrometer. For each deflection interval at the payload, a cor-
responding energy interval was computed at the top of the atmo-
sphere by taking into account the average bremsstrahlung energy
loss. A propagation efficiency €, was determined for each interval
by computing the ratio of the number of e generated at the top
of the atmosphere to the number of e* found in the corresponding
interval at the payload. The value of €, was then subjected to a
small correction resulting from the effects of e~ propagating in
the atmosphere. The correction was computed by simultaneously
solving the coupled diffusion equations for propagation of e™,

e, and y-rays in the atmosphere. The e™ fluxes were then com-
puted as the number of counts above background divided by the
exposure factor, €,, and the width of the energy interval. The re-
sults are given in Table 6. Note that the geomagnetic effects are
clearly present in the lowest two energy intervals.

The flux values computed in Table 6 can be represented by
a power law. The resulting differential energy spectrum for the
interval 4.5 to 64 GeV is

je+(E) = 16E~(-0£0-3) particles/(m? - st - 8) 1

Equation 1 fits our data with a y? of 4.7 for 7 data points.

Figure 7 shows the differential flux values derived in Table
6 along with results from Buffington et al. (1975) and Faneslow
et al. (1964). The curve shown in this figure is the fitted spectrum
(Eg. 1). Considering the large errors associated with the other
experiments, there appears to be general agreement amongst
the observations. One may notice, however, that the results of
Buffington et al. are somewhat smaller than ours in the region
5-15GeV as was noted previously in the e paper.

The fraction of positrons e*/(e* + ¢~) was estimated for each
energy interval by making use of the observed e and e* using
criteria (a)—(f) given in Tables 4 and 5 and correcting for the e~
atmospheric background. Table 7 and Fig. 8 summarize the ratio
calculations. The factor ¢ in Table 7 is the calculated contribution
of e* from cascading of the e~ in the atmosphere. The calculated
et/(e* + e7) ratio in the region 5-30GeV is 0.069 + 0.014.

The integral flux values above 5 and 10 GeV have been deter-
mined to be (0.33 + 0.07)e*(m? - sr-s) and (0.066 + 0.050)e*/
(m? - sr - s), respectively. The integral flux above 7 GeV was deter-
mined to be (0.17 + 0.05)e* /(m? - sr - s) which can be compared
to the value (0.16 + 0.06)e* /(m? - st - s) reported by Buffington
et al. (1975).

It should be pointed out that the spectral index for e* is
consistent with the value of —3.15 + 0.2 obtained for e™ in the
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Table 6. Flux calculations

This table summarizes the calculations of e* fluxes at the top of the atmosphere.
The column labled “Number of e*” is the weighted average of the two starting
point analyses in Table 2. The errors are the simple averages of the corresponding
errors in Table 2. Computation of the average energy. E and the equivalent energy
interval 4E incorporate the average bremsstrahlung energy losses. The propaga-

FTOB7AGA - "18

tion efficiency, €, incorporates both bremsstrahlung and geomagnetic effects. The

computed flux is given by:

AN N,
AE ~ AQtxe,x AE

where AQt is given by Table 4. The errors in the reported fluxes are derived by

least-squares folding of the errors given for each term.

Rigidity Number E AE €, AN/AE
p (GV/c) et GeV GeV 4 /(cm? sr-sec-GeV)
3.57-4.17 258 +5.3 4.90 0.76 0.256 0.12 + 0.06
4.17-5.00 475+ 74 579 1.06 0.59 0.10 + 0.03
5.00-6.25 394 + 7.7 7.09. 1.59 0.99 41+ 1.1)10°2
6.26-8.33 399 4+ 7.7 9.14 2.65 1.21 (23+06)10°2
8.33-12.5 143 + 8.1 12.9 5.30 1.18 (33+29)10°3
12.5-25.0 28.7+9.6 220 159 1.30 30+ 111073
25.0-50.0 0.5+ 115 44.1 31.8 1.41 0.0+ 1.4)10°3
10° g : T TR Table 7. Computation of e*/(e* + ™)
- = The e*/(e* + e7) ratio was calculated using the e* values from
C 7 Table 5 and the e” from Table 4. Since the e~ and e* atmo-
L _ spheric background fluxes are nearly identical, the e~ fluxes in
SN Table 4 were reduced by the atmospheric background given in
8 10 E 3 Table 5. The ratio was further reduced by a factor ¢ which cor-
(l) C 3 rects for the small excess of e produced by the electromagnetic
<« 9 C ] cascading of the incident e* and e~. The data shown are cor-
3 | - 4 rected to the top of the atmosphere. The highest energy interval
b Ia —2 is not included due to the very large uncertanty.
é NE 10 E—— —E .
TN — I 3 Ener IR —
8% f * ] Bew e i
© B T 7
T 53— 1 4% 108 0.077 + 0.039
o = E 5.79 1.05 0.108 + 0.024
— % This Exeri ¢ 7 7.09 1.05 0.068 + 0.017
- 18, LXerimen . 9.14 1.04 0080 +0.018
- 5 Buffington e tq%l 984> 1 129 104 0029 + 0025
1074 [ R [ AN AN S 220 1.04 0.146 + 0.049
10° 10 102

Energy (GeV)

Fig. 7. Positron fluxes. Positron flux measurements from this experiment
and others are shown along with the best-fit power-law representation of
the differential flux. The spectral index for the fit is (—3.0 + 0.3)

same balloon flight (Golden et al., 1984a). Buffington et al. (1975)
reported a flatter spectral index of —2.3 + 0.5 in the same energy
interval for e*. The flatter spectrum is the reason our integral
fluxes are consistent with those of Buffington while their differ-
ential flux values seem smaller than ours at lower energies.

5. Discussion

The spectral index of the positrons is steeper than the nucleons,
but is nearly the same as that of the electrons (Golden et al.,
1984a). This is not consistent with the expectation of the energy
dependent matter traversal by cosmic rays, as deduced from the
observations on heavier nuclei. However, the large flux of anti-
protons (p) observed at these energies (Golden et al., 1979; 1984b)
has shown that the observed protons and helium nuclei could
have a different origin (e.g. Stephens and Mauger, 1985). These
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Fig. 8. The ratio e*/(e* + ™). Data are shown from this experiment
and previous observations. Data points with error bars that are off-plot
in both vertical limits have been omitted. It is worth noting that our
21 GeV ratio is high because of the combined fluctuations of the e™ flux
above the value one might expect from a power-law fit, and the e~ flux
below the expected power-law value
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Fig. 9. Positron flux data and several theoretical predictions. The data
from this experiment is shown along with: curve A — energy-dependent
leak-box model (Stephens, 1981b); curves B — modified closed-galaxy
model (Stephens, 1981b); curves C — shrouded supernovae (Stephens,
1981b). The predictions of the dynamical-halo model (Prothero, 1981)
fall well below the data and have not been plotted
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nuclei while interacting to produce p would also produce e®.
Therefore, models which explain the observed p need to be
examined in the light of the observations made on e*.

Our data are shown in Fig. 9 along with the predictions from
various models. Curve A in this figure is the expected e* spec-
trum on the basis of energy-dependent leaky-box model (Step-
hens, 1981b). One notices that the predicted spectral shape is
consistent with observations, but the absolute spectrum is smaller
than the observed flux values. It is difficult at this stage to com-
pletely rule out this model due to the large errors associated with
the observed flux values. However, the predictions of the dy-
namical halo model (Prothero, 1981) and the nested leaky-box
model (Stephens, 1981b) fall well below the curves shown in the
figure and hence can be ruled out. Curves labeled as B in this
figure are the expected e* spectra on the basis of the modified
closed galaxy model (Stephens, 1981b). The upper curve corre-
sponds to ny = 0.2 atom - cm ™3 inside the confinement volume
and the lower curve with ny = 0.05 atom - cm ™3, One notices
that the upper curve is consistent with the data even though the
expected shape appears to be steeper than that observed. Extend-
ing the observed spectrum below and above the present energy
band would be very useful to test this model. Curves labelled as
C are the prediction of supernova explosions in clouds (Stephens,
1985). The upper curve corresponds to a magnetic field strength
in the cloud, which is compressed from a 4 uG ambient field, and
the lower curve is for an ambient field of 8 uG. It is possible to
obtain a better agreement with the data on the basis of this model
if one invokes higher radiative losses for electrons inside the
supernova envelopes.

It appears from the above discussion that the observed e*
spectrum is consistent with the p observations and that these
particles could have a common origin by secondary production
from collisions of cosmic ray nuclei. It is very essential to im-
prove the quality of the data and extend the spectrum to lower
and higher energies in order to distinguish between various
models.
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