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Observation of CosmicRay Positronswith the CAPRICE98
Balloon-borneExperiment
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Abstract

On the28thof May 1998theballoon-borneexperimentCAPRICE98flew from Fort Sumner, New Mexico,
USA.A completelynew instrumentfor particleidentificationwasaddedto theNMSU-WIZARD/CAPRICE98
balloon-bornemagnetspectrometer:a gasring imagingCherenkov (RICH). Thisdetectorwasthefirst RICH
everflown ableto identify chargeoneparticlesatenergiesabove5 GeV. TheRICH wascomplementedwith a
silicon-tungstenimagingcalorimeter. Togetherthey provideda powerful electronandpositronidentification
achieving a protonrejectionfactorof

��
 �
andbetter. We reportherenew resultson thepositronto electron

fractionin theenergy range4 to 30GeV.

1 Intr oduction
It is generallybelievedthatthebulk of cosmicray positronsabove 100MeV areproducedby interactions

of cosmicrayswith the interstellarmatter. By this processalsoelectronsareproducedin approximatelythe
sameamountaspositrons.However, mostof thecosmicray electronscomefrom primaryproductionsites.
Hence,thepositronfraction ��� / ( ��� + ��� ) is asensitive quantityfor studyingproductionandpropagationof
electronsandpositrons.

Previousobservations(see,e.g.,Goldenetal. 1987,Müller & Tang1987)indicatethatthepositronfraction
increasesabove5 GeV. Thiscannotbeexplainedby known propagationtheories(Protheroe1982,Moskalenko
& Strong1998)andrequiressourcesof primarypositrons(see,e.g.,Müller & Tang1990,Stephens1990).
Instead,morerecentmeasurements(Barwicket al. 1995,Goldenet al. 1996,Barbiellini et al. 1996)indicate
thatthepositronfractiondoesnot increaseathighenergy.

In this paperwe reporton a new measurementof the positronfraction performedwith the CAPRICE98
balloon-borneexperiment.

2 Detectorsystem
TheNMSU-WiZard/CAPRICE98magnetspectrometerwasflown by balloonfrom Ft. Sumner, New Mex-

ico, USA (34.3N, 104.13W) on28-29May 1998atanatmosphericoverburdenof about5.5g/cm
	
, for about



21hours.Fromtopto bottomtheinstrumentincludedagasradiatorRingImagingCherenkov (RICH) detector
(Bergstr̈ometal. 1999),atime-of-flight(ToF)system,atrackingmagneticspectrometerandasilicon-tungsten
calorimeter(Ricci et al. 1999). Detaileddescriptionsandperformancesof thespectrometerduringtheflight
arepresentedelsewhere(Cafagnaetal. 1999).

3 Data analysis
We selecteddownwardmoving particlesandrequireda well definedsingletrackin thespectrometerwith

a goodmomentumresolution,characterizedby acceptablechi-squaresandsmall uncertaintyin deflection.
AlbedoparticleswererejectedusingboththeToF andtheRICH. Thenwe identifiedsingly chargedparticles
with a signalcorrespondingto lessthan2 mips(minimumionizing particles)in thetop ToF scintillator. Out
of this sampleelectronsandpositronswereselectedusingtheRICH andthecalorimeterin therigidity range
0.6to 25GV.

The unambiguousdetectionof positronsis difficult becauseof the vastbackgroundof protons. The se-
lectioncriteriamustprovide
a proton rejection factor of
at least

��
 �
. The 1 m tall

RICH detectorused C� F ��

as radiator giving a proton
thresholdmomentumof 17.7
GeV/c. Theexcellentimag-
ing capabilitiesof theRICH
(onaverage12photoelectrons
weredetectedper ring) per-
mittedtoselectpositronswith
a proton rejection factor of
about

��
 �
up to 18 GeV, de-

creasingto about
��
 	

at 30
GeV. Thecalorimeterwasal-
ready usedin two previous
balloon-borneexperiments
whereit provedto beapow-
erful device to identify elec-
tromagneticshowersprovid-
ing a proton rejection fac-
tor of about

��
 �
(Barbiellini

et al. 1996, Boezio 1998).
Becauseof the high identi-
ficationcapabilityof thegas
RICH, thecalorimetercrite-
ria were chosento give an
efficiency higher than 90%

Figure1: Themeasured� � , � � and� � spectraatthetopof thepayloadtogether
with thecorrespondingcalculatedatmosphericsecondaryparticlespectra.

while keepingaprotonrejectionfactorof � ��
 �
.

Muonswereefficiently rejectedby thecalorimeter(Boezio1998),furthermoretheRICH wasableto reject
muonsandpionsup to about6 GV.

4 Results
The observed numberof � � and � � werecorrectedfor the selectionefficienciesandgeometricalfactors.

Theresultingdifferentialspectrawereextrapolatedto thetopof thepayloadusingbremsstrahlungcorrections.



Figure1 shows thesefluxesasa functionof energy. Theeffect of thegeomagneticcutoff canbeclearlyseen
in the ��� spectrumaswell asthesecondarycomponentsbelow 3 GeV. Thesolid anddashedcurvesshown in
figure1 arerespectively thesecondary� � and � � spectraproducedby theinteractionsof cosmicraynucleiin
theoverlyingatmosphere(Stephens1981).Thiscalculatedsecondarypositronspectrumwasnormalizedto the

Figure2: The positronfractionasa functionof energy measuredby CAPRICE98andseveral otherexperi-
ments.Thedottedline is thesecondarypositronfractioncalculatedby Protheroe1982,thedashedandsolid
linesarethesecondarypositronfractioncalculatedby Moskalenko & Strong1998with andwithout reaccel-
erationof cosmicrays,respectively.

observed � � spectrumbelow 2 GeV. Thisprocedurewascrosscheckedusingtheenergy spectrumof negative
muons.A cleansampleof muonswasselectedbetween3 and30GV usingtheRICH andthecalorimeter. The
calorimeterefficiently rejectselectronsandinteractingpionsandtheRICH rejectspionsupto 6 GV. Thesolid
circlesin figure1 arethe � � flux valuesaftercorrectionfor selectionefficienciesandgeometricalfactors.The
dottedline is the calculated� � spectrumat 5.5 g/cm

	
of residualatmosphere(Stephens1981)normalized

with the normalizationcoefficient determinedpreviously with the � � spectrum.The normalizedtheoretical
��� spectrumagreesverywell with themeasuredonegiving confidenceon thedeterminationof thesecondary
component.

The ��� and ��� spectra,after subtractionof the secondaryspectra,were extrapolatedto the top of the
atmosphere(ToA) by solvingsimultaneouslythecascadeequationsdescribingthepropagationof electrons,
positronsandgammaraysthatresultfrombremsstrahlungof theelectroncomponent.To takecareof theeffect



of geomagneticcutoff andpenumbralbandswedeterminedthespectralshapeof the � � and � � spectrabelow
6 GeVusingtherigidity spectrumof heliumnucleimeasuredin thisexperiment.Fromtheextrapolatedspectra
we obtainedthepositronto electronratiosat thetop of theatmospherethatareshown in table1 andplotted
in figure2 togetherwith previousmeasurementsandtheoreticalcalculations(Protheroe1982,Moskalenko &
Strong1998).Ourdataagreewith otherrecentmeasurements(Barwicketal. 1996,Goldenetal. 1996,Boezio
et al. 1999)anddo not show an increaseof the positronfractionwith energy. The resultsarein agreement
with apuresecondaryorigin of thepositroncomponent.

Table1: Summaryof electron- positronresults.

Energy bin Observed Median

at numberof energy � �
� � � � �

spectrometer events atToA at ToA
GeV � � � � GeV

2.5-3.0 67 14 4.09 0.072�

�� 
����

� 
�� 
 � �
3.0-4.0 169 16 5.19 0.033�


�� 
�	��
� 
�� 
����

4.0-5.5 223 12 6.96 0.029�

�� 
����

� 
�� 
�� �
5.5-8.0 155 12 9.77 0.051�


�� 
�	��
� 
�� 
�	�


8.0-12.0 70 5 14.43 0.041�

�� 
 � �

� 
�� 
�	��
12.0-25.0 52 3 25.04 0.034�


�� 
 � �
� 
�� 
�	 �
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