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ABSTRACT

A measurement of the negative muon flux in the atmosphere has been carried
out using the data collected by the Matler-Antimatter Superconducting Spactrometer
(MASS) apparatus during the ascent of the 1989 flight. This experiment was flovn
on September 5, 1989 frcm Prince Albert, Saskatchewan (Canada). The muon
spectrum has been determined In the momentum interval 0.3-100 GeV/c and its
dependence cn altitude studied between 0.6 and 38 km a.s.l. We discuss here some
preliminary resuits and their importance. A positive mucn analysis is In progress
and the results will hopefully be availlable at the Conference.

1. INTRODUCTION

In the past, the muon flux has been studied in order to examine cosmic ray
Interactions in the atmosphere. The main source of muons in the momentum range
-investigated In this work is the decay of plons produced in hadronic Interacticne o1
cosmic rays. The contribution from kaon decay Increases above a tew hundred
GeV/ec. While sea-level maasurements are widely reported In the (iterature, there are
only a few measurements of the muon flux as a tunction of aititude (Conversi, 1650,
Blokh ot ai., 1977). This measurement can serve two purposes. a check for cosmic
ray cascade caiculations and for almospheric neutrino calculations (Galsser of
al.,1988, Liparl, 19683). The main difftcuity in performing a muon measurement at or
above stratospheric altitudes s to properly compensate for the confamination of the
muon sample by other particles. This problem becomes even more complax for
positive muon measurements, since the proton flux strongly Increases with altitude.

2, EXPERIMENTAL SETUP

The MASS apparatus consiste of [1] a superconducting magnet speclrometer
with 8 multiwire proportional chambers (MWPC), (2] a time of flight (TOF) system
with 2 planes of 2 scintillator layers each, (3] a hlgh resolution scintiliator-the TOF
system and the scintillator providing 5 Independent dE/dx maastirements-, (4] a gas
Cherenkov detector and [5] a sireamer tube imaging calorimeter. A coincidence
betwean the TOF scintiltators gives the trigger for data acquisition. Before
transmitting the data to the ground an on.board computer checks that the pulse
height In the high resolution scintillator Is greater than 0.25 times that comresponding
to a minimum lonizing particle. The Cherenkoy detector s filled with a 50-50 mixture
of Freon 12 and Freon 22 with a Lorentz threshoid factor of 23. The calorimeter
consists of 40 layers of 64 sireamer tubes sach and it I8 7.3 radiation Jengths and
0.7 nuclear Interaction jengths long. More detalls on the apparatus characteristics
and performance are given eisewhers (Golden e! af., 1991, Goiden of al, 1091D,
De Pascaie ef al, |1893),
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3. DATA ANALYSIS

The dE/dx measurements from the scintillators and the hit pattern In the
calorimeter were used to identity muons. The Cherenkov signal was used to
estimate the fraction of contaminating electrons in the muon candidate sample. The
TOF measurement was used o reject upward moving particles. Muons were
required 10 have a signal between 0.5 and 2.0 4 in the high resolution scintillator

. and In the two uppermost scintiliator layers of the TOF system, | being the pulse

height tor a minimum lonizing singly charged particle. Muon candidates were also
required not to have a shower In the calorimeter. The latter condition was imposed
by considering the caicrimeter divided Into two parts and by selecting events with a
number of hits n, 25 ns9 for the upper part along the x- and y-views and 3sn<12 for
the lower parl ajong the x-view (the lower part y-view was no! operated during the
flight). For a rellable determination of the pariicte curvature the muon events were
also requested {o satisfy MWPC data cuts as discusséd In De Pascale et al., 1993.

4. RESULTS AND DISCUSSION

The negative muon momentum spectrum has been measured at several:
altitudes, and the resuits are shown in Figure 1 through Figure 7. The exposure fime
as weil as the aititude-dependent deadtime fraction were considered In evaluating
the absolute fluxes. The tracking efliciency of the spectrometer and the geometric
factor of the apparatus are energy dependent and are discussed in De Pascale af
al., 1991. The average values of the geometric factor and the spectrometer
efficlency for negatively charged particles are reporied in Table 1 for different
momentum Iintervals. The calorimeter efficiency for muon tracks satisfying the above
criteria was found 1o be 0.82 and a scintiflator efticiency of 0.82 was assumed. An
additional correction ot 0.77 was considered In order 1o take into account the
inefticiency due to the trigger system, the TOF measurement and the ground
computer data transfer. At this point of the analysis, there couid be an overall
uncertainty of about 20% in the estimate of the total efficiency.

Momentum 0.3 0.48 083 089 118 158 222 3.55 8,
Interval (GeV/c} 0.48 Q.83 069 118 158 222 8. 100,

S AL LA L T T o =

Geom. Factor 816  107.4 1224 1250 128.5
(cm2 st)

12785

Etficiency

Spectrometer 0.52 0.58 083 087 069 089 0489 088 068

TABLE 1: Momentum-dependent spectrometer afficiency and geometric !actor. ot the
apparatus for negative particles.
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Fig. 1. Negative muon spectrum at
815 g/cm? average payload ceptn.

Fig 2. Negative muon spectrum At
283 glcm2 avarage payload depth.
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Fig. 3. Negative muon spactrum at
183 gk:m2 average payload depth.
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Fig. 5: Negative muon spsctrum at
72 gln:zrﬂ2 average payload depth.
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Fig. 7. Negative muon spectrum at
11 gim? average paytoad depth.
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Fig. 4. Negative muon spectrum at
112 gfem? average payload depth.
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Fig. 8. Negative muon spectrum at
37 g/em? average payload depth.
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Fig. 8: Total negative muon flux in the
0.3-100 GeV/ie momentum interval. Data
are piotted at the average payload
working depths,



At momenta less than 2 GeV/c, where the elaeciron showers in the calorimeter
become difficult to detect, the Cherenkov delector was used to get an estimate of
the fractlon of glectrons In the muon sample and the flux values were corrected
accordingly. The fraction of contaminating electrons at low energy Is a function of
energy and aititude. We are rather confident that no electren contamination should
aftect the measured tlux al momenta above a few GeV/c. In arder to account for the
poorer resoiution of the spectrometer at high energies, the number of splll-over
particles, estimated by convolving the spectrum of the positlve panicles that survive
the negative muon selection criteria with the resolution function of the spectrometer,
was subtracted from muons in the highest energy bin. The possible contamination
by pions and kaons was also studied, by comparing the present resuits with
theoretical calculations at several alttudes in the atmosphere (Badhwar et a/.,
1977). There could be an altitude-dependent pton contamination of the order of a
iew percent in the muon sample. The kaon contamination should be much smalier.

The negative muon flux has also been measured at the float altitude of 5 glem?2.
The float altitude observations are reported in a separate paper at this Conference
(Grimanl ef al., 1893).

5. CONCLUSION

Data In Figure 8 can be used in order to evaluate the vertical profile of the
negative muon flux in the atmosphere. This curve will serve both as a check on
cosmic ray flux calculations in the aimosphere and as a boundary condition for
atmospheric neutrino calculation, This is the first measurement ol the muon flux as a
function of altitude made over such a large altitude range with a single Instrument.
Tha room here is not encugh to show alt our resuits, They will be available at the
Conference. The current evidence is that the tlux profile |s momentum dependent,

the low energy muon flux peaking around 120 g/cm2 and the higher snergy muons
penetrating lo larger depths In the atmosphere. The spectral distribution ot muons ls
affected accorgdingly.
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