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Abstract

On the 28th of May 1998the balloon-bornexperimentCAPRICE98flew from Fort Sumney New Mexico,

USA. A completelynew instrumenfor particleidentificationwasaddedo theNMSU-WIZARD/CAPRICE98
balloon-bornemagnetspectrometera gasring imagingCherenkv (RICH). This detectomwasthefirst RICH

ever flown ableto identify chage oneparticlesatenegiesabore 5 GeV. The RICH wascomplementedvith a
silicon-tungstenmagingcalorimeter Togetherthey provided a powerful electronand positronidentification
achieing a protonrejectionfactorof 10°> andbetter We reportherenew resultson the positronto electron
fractionin theenegy range4 to 30 GeV.

1 Intr oduction

It is generallybelieved thatthe bulk of cosmicray positronsabore 100MeV areproducecdby interactions
of cosmicrayswith the interstellarmatter By this processalsoelectronsare producedn approximatelythe
sameamountas positrons. However, mostof the cosmicray electronscomefrom primary productionsites.
Hence the positronfractione™ / (e + e~ ) is asensitve quantityfor studyingproductionandpropagatiorof
electronsandpositrons.

Previousobserations(see e.g.,Goldenetal. 1987 ,Miller & Tang1987)indicatethatthe positronfraction
increaseaboe 5 GeV. Thiscannotbeexplainedby known propagatiortheoriegProtheroel 982,Moskalenlo
& Strong1998)andrequiressourcesof primary positrons(see,e.g.,Miller & Tang1990, Stephend 990).
Instead morerecentmeasurement@arwick etal. 1995,Goldenetal. 1996,Barbiellini etal. 1996)indicate
thatthe positronfractiondoesnotincreaseat high enegy.

In this paperwe reporton a nev measuremerf the positronfraction performedwith the CAPRICE98
balloon-bornexperiment.

2 Detectorsystem
TheNMSU-WiZard/CAPRICE98nagnesspectrometewasflown by balloonfrom Ft. SumnerNew Mex-
ico, USA (34.3N, 104.13W) on 28-29May 1998at anatmospherioverkurdenof about5.5g/cn?, for about



21 hours.Fromtopto bottomtheinstrumenincludedagasradiatorRing ImagingCherenkv (RICH) detector
(Bemgstibmetal. 1999),atime-of-flight(ToF) systematrackingmagneticspectrometeandasilicon-tungsten
calorimeter(Ricci etal. 1999). Detaileddescriptionsandperformancesf the spectrometeduringtheflight
arepresente@lsavhere(Cafagnaetal. 1999).

3 Dataanalysis

We selecteddowvnward moving particlesandrequireda well definedsingletrackin the spectrometewith
a good momentumresolution,characterizedy acceptablechi-squaresand small uncertaintyin deflection.
Albedoparticleswererejectedusingboththe ToF andthe RICH. Thenwe identifiedsingly chagedparticles
with a signalcorrespondingo lessthan2 mips (minimumionizing particles)in thetop ToF scintillator Out
of this sampleelectronsandpositronswereselectedisingthe RICH andthe calorimetetin therigidity range
0.6t0 25GV.

The unambiguousletectionof positronsis difficult becausef the vastbackgroundf protons. The se-
lection criteriamustprovide
a proton rejection factor of
at least105. The 1 m tall : :
RICH detectorused C4Fyg
as radiator giving a proton
thresholdnomentunof 17.7
GeV/c. The excellentimag-
ing capabilitiesof the RICH
(onaveragel2photoelectron
were detectedper ring) per
mittedto selecipositronswith
a proton rejection factor of 10
about10* upto 18 GeV, de-
creasingto about10? at 30
GeV. Thecalorimetewasal-
ready usedin two previous 0
balloon-borneexperiments
whereit provedto beapow-
erful device to identify elec- _3 -~ calculated u~ spectrum
tromagnetichaversprovid- & - calculated e” spectrum
ing a proton rejection fac- — calculated e* spectrum
tor of about10* (Barbiellini (Stephens 1981)
etal. 1996, Boezio 1998). 4 o o
Becauseof the high identi- 1 10
fication capabilityof the gas Energy (GeV)

RICH, the calorimetercrite-
ria were chosento give an Figurel: Themeasured ,et andy~ spectraatthetopof thepayloadogether

efficieng higher than 90% With thecorrespondingalculatecatmospherisecondarparticlespectra.

while keepinga protonrejectionfactorof ~ 103.
Muonswereefficiently rejectedby the calorimeter(Boezio 1998), furthermorethe RICH wasableto reject
muonsandpionsupto about6 GV.

4 Results

The obsered numberof e~ ande™ werecorrectedfor the selectionefficienciesandgeometricafactors.
Theresultingdifferentialspectravereextrapolatedo thetop of the payloadusingbremsstrahlungorrections.
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Figurel shaws thesefluxesasa function of enegy. Theeffect of the geomagneticutof canbeclearlyseen
in thee™ spectrumaswell asthe secondargomponentdelov 3 GeV. Thesolid anddashedcurvesshavn in
figure1 arerespectiely thesecondarg™ ande~ spectrgproducedy theinteractionsf cosmicray nucleiin
theoverlyingatmospheréStephen4981). Thiscalculatedsecondarypositronspectrunwasnormalizedo the
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Figure2: The positronfraction asa function of enegy measuredy CAPRICE98andseveral otherexperi-
ments. The dottedline is the secondarypositronfraction calculatedby Protheroel 982,the dashedandsolid
lines arethe secondaryositronfraction calculatedoy Moskalenk & Strong1998with andwithoutreaccel-
erationof cosmicrays,respectiely.

obserede™ spectrumrbelav 2 GeV. This procedurevascrosschecled usingthe enegy spectrunof negative
muons.A cleansampleof muonswasselecteetweer8 and30 GV usingtheRICH andthecalorimeter The
calorimeterefficiently rejectselectronsandinteractingpionsandthe RICH rejectspionsupto 6 GV. Thesolid
circlesin figurel arethe,~ flux valuesaftercorrectionfor selectiorefficienciesandgeometricafactors.The
dottedline is the calculatedu~ spectrumat 5.5 g/cn? of residualatmospheréStephens 981) normalized
with the normalizationcoeficient determinedpreviously with the e™ spectrum. The normalizedtheoretical
u~ spectrumagreesery well with the measureadnegiving confidenceon thedeterminatiorof thesecondary
component.

The e~ andet spectra,after subtractionof the secondaryspectra,were extrapolatedto the top of the
atmospheré¢ToA) by solving simultaneouslyhe cascadequationgdescribingthe propagatiorof electrons,
positronsandgammaraysthatresultfrom bremsstrahlungf theelectroncomponentTo take careof theeffect



of geomagneticutof andpenumbrabandswve determinedhespectrashapeof thee™ ande™ spectrabelon
6 GeVusingtherigidity spectrunof heliumnucleimeasuredh thisexperiment.Fromtheextrapolatedspectra
we obtainedthe positronto electronratiosat the top of the atmospher¢hatareshavn in table1 andplotted
in figure 2 togethemwith previous measurementandtheoreticalcalculationgProtheroel 982,Moskalenk &
Strong1998).Our dataagreewith otherrecentmeasuremen{®arwicketal. 1996,Goldenetal. 1996,Boezio
etal. 1999)anddo not shaw anincreaseof the positronfractionwith enegy. The resultsarein agreement
with a puresecondaryrigin of the positroncomponent.

Tablel: Summaryof electron- positronresults.

Enegy bin | Obsered | Median
et
et +e
spectrometer events atToA atToA

GeV e ‘ et GeV
25-3.0 | 67| 14| 409 |0.0725038
3.040 |[169| 16 | 5.19 | 0.0335:02
4055 |223| 12 | 6.96 | 0.029°3%
55-8.0 |[155| 12 | 9.77 | 0.051")0%
8.0-12.0 | 70 | 5 | 14.43 | 0.04150%

12.0-25.0 | 52 | 3 | 25.04 | 0.034735%%

at numberof | enegy
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