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Ballooning for muons

e The balloon approach
— Advantages & Drawbacks
e The available measurements
— Early(non-balloon)neasurements
— TheWizard Collaboration
contribution
— Other experiments
« Can we draw any conclusions fron
such data?
— Maybe somemplications at
least...
 What can a balloon do at its best?
— Difficult to say, but we will try...

—
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The WiZard contribution...

TheWiZard Collaboratiorhas reported muon
results from the balloon measurements of the
MatterAntimatterSpectrometeystem(MASS,
1989and1991) and of theCosmicAntiParticle
Ring ImagingCherenkovExperiment
(CAPRICE 19949).

These experiments were performed veitimilar
(but not identicaletectordn different
experimental conditions

Results from the late§StAPRICEflight (199§
are forthcoming.

The firstMASS results were reported at the
Calgary ICRC 1993

Non-WiZard balloon measuremerase now
available from thedEAT, IMAX andBESS
experiments.
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The Balloon approach

 Balloon detectorallow a large range
of atmospheric depth (fromround 1000 ===
level down to a few g/cito be QOO; ]
explored. E PO ]
« The ascent typically lasts f@r3 8004 19 ; ]
hours the payload altitude changing %7@@? el ]
continuously with time. 3 time ts) :
 Main advantagesarge depth and ﬁfoo P
energy rangeean be explored in ong  ©500f ® ot nash ]
experimentmuonscan be measured  5,,- ]
with the same apparatus @
simultaneously tgrimaries £500 ]
* Main drawbackslow exposure time 200§ ]
and related difficulties (low (ool ]
statistics!) little or no controlover ; .
the flight profile, difficulties in the O =00 5000 " 10000 12000 Td000
interpretation of the results time [s]
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The Magnetic Spectrometer MASS

It consisted of @uperconducting magnet
spectrometewith 8 MWPC’s Oy, vpc 250
um, 12 readouts, MDR ~ 120 GV){iane of
flight scintillator devicglo ~ 300 ps), a
threshold gas Cherenkov deteotgy ~ 23)
and anmaging brass streamer tube
calorimeter(30 sens. planes, 6.3 0.75A).

It was launched from Prince Albert,
Saskatchewan (Canada) on Sept. 5, 1989
conditions of (particularly)high solar
modulationandlow geomagnetic cutoffR.~
0.5 GV).

It collectedu™ betweerD.3-40 GeV¢ in the
depth rang&-960g/cn?.

N
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The Magnetic Spectrometer MASS2

T.OF.

e It consisted of @uperconducting magnet 7
spectrometewith 8 MWPC’s and 2 drift
chambersd,,pc ~ 250pm, o ~ 100
um, 32 readouts, MDR ~ 210 GV){iae
of flight scintillator devicglo ~ 300 ps), a
threshold gas Cherenkov deteogy ~
25) and anmaging brass streamer tube
calorimeten(7.3 X;, 0.75A).

* |t was launched from Ft. Sumner, NM on
Sept. 23, 1991 in conditions bigh solar
modulationandhigh geomagnetic cutoff
(R.~ 4.5 GV).

e It collectedu™ betweerD.3-40 GeV¢ and
Ut betweerD.3-1.5 GeV¢ in the depth
range5-886 g/cm.

\J fe———— GAS CHERENKDOV

=5

TRACKING SYSTEM

T.OF.
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The Magnetic Spectrometer CAPRICE

* It consists of @uperconducting magnet
spectrometewith 8 MWPC'’s and 2 drift
chambersd,,pc 1250um, o, 0100
um, 32 readouts, MDR ~ 210 GV),tiene
of flight scintillator devicgdo ~ 230 ps), a . N RICH
solid radiatolRICH Cherenkov detector J
(Vi ~ 1.5) and ammaging Si-W == == | ToF
calorimeter(16 sens. planes, 7,)0.25). | : _

« It was launched from Lynn Lake, J } 1 JE | Tracking
Manitoba (Canada) on August 8, 1994 ir I
conditions oflow solar modulatiorand
low geomagnetic cutoffR.~ 0.5 GV).

——
JIETER

« It collectedy™ betweerD.3-40 GeV¢ and 10 ToF

ut betweerD.3-2 GeV¢ in the depth range

3.9-1000 g/cra

Si-Calorimeter

1 Electronics
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The Magnetic Spectrometer CAPRICE9S8

* It consists of @uperconducting magnet
spectrometewith 3 drift chambers o U
100pum, 30 readouts, MDR > 300 GV), a
time of flight scintillator devicéo ~ 230 —Gas RICH
ps), agas RICH Cherenkov detecty, ~
20) and anmaging Si-W calorimetef16 | gl |
sens. planes, 7,X0.25A). = TOF

e Itwas launched from Ft. Sumner, NM on FH:L |
May 28, 1998 in conditions dfigh solar — TRACKING
modulationandhigh geomagnetic cutoff Lo d | ~SYSTEM
(R,~ 4.5 GV). REEES

o It collectedu™ andp* during the ascent in =
the depth rangB-886 g/crm. i | ﬂﬂ%

e |t can perform a/u* discriminationup to e ———
20 GeVE, and goion rejectiorbelow3 4] H J t H
GeVle.

- TOF
%CALORIMETER

r ]
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Muon Selection in MASS2
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 Muons are selected by looking faingle particles which do not interantthecalorimeter

« The track reconstruction in tectrometeallows thedeflectionn hencemomentum and sign of
chargeof the particles, to be determined.

« Thescintillatorsprovide a measurement of thelse height and time of flight

« TheCherenkowetector allows contaminatingw-energy electrons/positroandhigh-energy

protonsto be removed.
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Muon Salection in CAPRICE

» Muons are selected by looking fangle .
particles which do not interaut the :
calorimeter

» The track reconstruction in the
spectrometeallows thedeflection hence
momentum and sign of charge be
determined.

 Thescintillatorsprovide a measurement of
the pulse height and time of flight

e TheRICH detector allows a cleanuon- 5
protondiscrimination below?2 GeVk.

Ma@%ﬂr’ﬁ’—r&ﬁﬁ

T

|

EV 755341 Def —1.00 Sigdef 0.006 Rig —1.00
Nx 18 Ny 11  Chix 1.6 Chiy 1.6
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Geomagnetic Effects (& the difficult proton rejection...)
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 Low-energy primaries are geomagnetically
rejectedduring the experimemtlASS2 (left).

« This allowspositive muongo be selected
below1.5 GeVLt.

« TheCAPRICE RICH allows agoodpu*/p
discriminationat low-energy despite the less
favorable experimental conditions (above).
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Proton Regection in MASS2
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. Protonsare discriminated frorpositive muondy means of théme of flight measuremerat low
energy (0.3-1.5 GeV/ left) and by a&Cherenkov selectioat higher energy (5-15 Ge¥//right).

« The dependence on atmospheric depth of low-energy protons is a clear signatureset theiary
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The Promises of CAPRICE98
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The deployment of agas RICH in CAPRICE98 allows both to discriminate protons from positive muons,
in alarge range of rigidity (left) and to reject pions from muon measurements at low energy (right).
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Balloon Measurements of Muons in the Atmosphere
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Results |: Muon Spectra in the Atmosphere

A Primary flux by Webber et al.

QgtA A Primary flux by Seo et al.
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The comparison of measurements to cal culations show depth- and energy-dependent discrepancies.
The reason for such discrepancies has yet to be fully understood.
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Results I1: Muon Charge Ratio
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Results I11: primaries with MASS2 and CAPRICE
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for such calculations.

Simultaneous measurements of |I’s andprimariescan provide valuable constraints to the atmospheric
shower calculations. The normalization of the primary flux is still among the main sources of unce
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Geomagnetic effects on low-energy muons
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Comparisons to Theory: Implications of CAPRICE
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Y et to come...

1000¢
900 -
 Measurements from several balloon 1
experiments are now available. B E
g L
« TheCAPRICE98measurements are 5700 *
forthcoming. ~600} ,
 The comparisons to theory have still ~ &__ ]
to be investigated in details. 20
: : 2400f ]
A dedicated balloon flight o]
. . O L
(CAPRICE200@?) is possible. £300¢ .
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Solid line, proposed profile. time [s]
Dashed line, current profile.

Ferrara & Venice, 22-24 February 1999 Balloon M easurements of Cosmic Ray Muons in the Atmosphere



