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Determination of 7-30MeV electron intensities: ULYSSES
COSPIN/KET RESULTS

B. Heber
�
, A. Raviart

�
, P. Ferrando

�
, H. Sierks

�
, C. Paizis

�
, H. Kunow

�
, R. Müller-Mellin

�
,

V. Bothmer
�
, and A. Posner

�
�

Max-Planck-Institut für Aeronomie, Lindau,Germany,
�

DAPNIA/Serviced’Astrophysique, CEA/Saclay,
France,

�
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Abstract

TheCOsmicandSolarParticleINvestigationKiel ElectronTelescopewasdesignedto measureelectronsfrom
afew MeV upto afew GeVusingparticleenergy lossandparticlevelocitymeasurementtechniques.Unfortu-
natelytheKET channelmeasuringelectronsin theenergy rangefrom 7-170MeV is contaminatedby a � -ray
background(Ferrandoet al., 1996). Besidesa possibleslight contribution from theRTG radiation,we have
shown thatthisbackgroundis mainlygeneratedby highenergy protonsinteractingwith thespacecraftmatter.
Such � -rayscanenter”unseen”the instrumentandarepartially convertedinto electronsin the calorimeter
consistingof a high Z leadfluorideCherenkov detector. Suchelectronscouldbecountedin the7-170MeV
electronchannels.In this paperwe presenta methodto quantify this backgroundandthusdeterminelower
andupperlimits for theintensitiesof electronswith energiesfrom 7 to 30MeV. Ouranalysisshows thatabove
30 MeV thebackgroundin thisspecificchannelis sodominant,thatno correctionis possible.

1 Intr oduction
TheKET on-boardUlyssesmeasuresproton,and� -particlesin theenergy rangefrom � 4 to � 2000MeV/n

andelectronsin therangefrom � 2 to � 300MeV in differentenergy channels.Fig. 1 shows a sketchof the
KET sensor. The telescopeis describedin Simpsonet al. (1992)andconsistsin principalof two parts: (1)

Figure1: Sketchof theKET sensor
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Figure2: Left: Energy lossmatrixof D1 andD2. The
upperareamarkstheexpectedrangefor two electrons
simultaneouslycrossingD1 andD2.

theentrancetelescopewith thesemiconductordetectorsD1 andD2, theCherenkov detectorC1,andtheanti-
coincidenceA, and(2) thecalorimeter, a leadfluorideCherenkov detectorC2, in which anelectromagnetic
shower candevelop, anda scintillation detectorS2, which countsthe numberof charged particlesleaving
C2. Up to 2 GeV/n for protonsandup to 300 MeV for electronsprotonsareseparatedfrom electronsby
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Figure 3: 4 day averagedraw count rate of 7-
170MeV electrons(e) and � 2000MeV protons(up-
per curves) and 7-170 MeV electrons,identified as
background(bg) as well as � 2000 MeV protons
(lowercurves).
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Figure4: Oneto two electrondistribution asa func-
tion of the C2 signal for different time periods(see
text).

the fact, thatelectronsdo trigger theAerogelCherenkov detectorC1 andprotonsdo not. � 2 GeV/nprotons
and � 300MeV electronsareseparatedfrom eachotherby simultaneouslyanalysingtheC2 andS2 signals
(Rastoinetal., 1995andFerrandoet al., 1996).

2 Observations
TheKET electronchannelE12is definedby thecoincidenceconditions:D1, C1,D2,C2,S2,S1,A, where

D (D) meansthatDetectorD has(not) givena signal(comparewith Fig. 1). As suggestedby Ferrandoet al.
(1996)a large contribution to thecount-ratein E12aredueto � -rays,generatedlocally in thespacecraftby
hadronicinteractionof galacticcosmicrayswith thespacecraftmaterial.These� -raysmayenterthetelescope
from behindandareconvertedin C2 into electronsand/orpositronsandleaving theinstrumentin directionof
theaperturewithoutasignalin theanti coincidenceA. Sinceno informationon thedirectionalityof aparticle
is available,suchparticleswouldgive avalid coincidenceandbecountedin E12.

Fig. 2 displaysthe in-flight energy lossdistribution in D1 vs D2 for the E12-channel.As discussedby
Ferrandoetal. (1996)theentriesin theupperright cornercanbeunambiguouslyattributedto asimultaneous
crossingof two electronsin D1, C1 and D2 ( � 1 � s). We interprettheseentriesas backgroundelectrons
moving from thebackto thefront of theinstrument.Notethatthereis asmallnumberof electrons,whichare
enteringtheKET-Apertureandbackscatteredandthereforecouldalsogive riseto a two electronpassage.

Fig. 3 displaysthe 4 day averagedcountrateof 7-170MeV electronsand � 2000 MeV protons(upper
curves). Both curvesarenormalisedto eachotherduringUlysses’s rapidpole-to-polepassage.As discussed
in Ferrandoetal. (1993)andSimpsonet al. (1993)thesharpincreasesin 1992/1993of theelectronintensity
aredueto specialpropagationconditionsof electronsfrom Jupiterto Ulysses.The increasein the electron
flux startingin 1996will bediscussedby Ferrandoet al. (SH.3.2.14).Frommid 1993to beginningof 1996
bothcurvestrackeachotherwell. Sincetheintensityof � 2000MeV protonsexceedstheoneof 7-170MeV
electrons,we concludethat this channelis dominatedby GCR-protoninducedbackground.This effect is
even moreobvious, whenwe concentrateon the time profile of particlescountedin E12 andgiving rise to



anentry in theD1-D2-Matrix area,which canbe interpretedasa simultaneouscrossingof two electrons.In
whatfollows we will referto thesetime profilesasthe2-electrontime profiles.Correspondinglytheelectron
E12-timeprofile, which is determinedby neglectingentrieswithin themarked areain Fig. 2 aredenotedas
the 1-electrontime profile. Whenwe comparethe 26-dayaveraged2-electrontime profilesof 7-170MeV
electrons(E12) with the oneof � 2000MeV protonsasshown in Fig. 3 by the lower curves,we find that
bothcurvestrackeachothervery well for thewholetime period.As discussedby Ferrandoet al. (1996)we
canreducethebackgroundcountratein E12by usingonly the1-electrontime profiles.However, we cannot
exclude,that the � -ray generatedbackgroundis alsocontributing to the 1-electroncountrates. Onewould
expect,that the numberof 1-electronbackgroundentriesshouldbe dependenton the energy-lossin C2. In
what follows we will analysetheE12 time historyby usingthe informationin theD1-D2-Matrix aswell as
thesignalin C2 to calculateupperandlowerelectronintensities.

3 Data Analysis and Discussion
As shown in Fig. 2 theobserved 1- to 2-electronratio dependson theenergy of theparticle,asmeasured

by the Pulse-Height-Signalin the calorimeterC2. This ratio is not only energy but alsotime dependentin
theC2� 120 range,asindicatedby the threecurvesevaluatedat threedifferenttime periods.Theseperiods
wereselectedto illustratethemaximalobservedvariationin this ratio. Thefirst periodin 1992whenUlysses
wascloseto Jupiteris dominatedby Jovian jets (seefor exampleFerrandoet al., 1993,andSimpsonet al.,
1993).During thesecondperiod,whenUlyssesis at high southernheliographiclatitudes,this ratiosdropsto
its minimal value,andincreasedto intermediatevaluesagainin 1997.Sincefor C2� 120thecountrateratio
is independentof time we conclude,that our measurementsaredominatedby the backgroundcontribution.
From the KET-calibrationmeasurements,we determineda meanC2-valueof � 110 and � 125 for 30 MeV
and50 MeV electrons,leadingto the conclusion,that we arenot able to determineelectronspectraabove
����� MeV. However, becauseof modulationof galacticcosmicray electronsandprotons,this might change
duringminimumperiodin thenext A � 0-solarcycle.

In whatfollowsweassumethatourmeasurementswith separationin 1- ( � � � ) and2- ( � � � ) electronchannels
is amixtureof two componentsfor eachC2-bin.Thefirst componentaretherealelectrons( � � and � � ) weare
interestedin andthesecondcomponent( � � , and � � is the � -ray background.FromFig. 3 it is reasonableto
assumethatthebackgroundis proportionalto the � 2 GeVprotoncountrate( �"! ):

� � �$# � �&% � � , � � �'# � �(% � � and � �$#*)+�-, �.! , � �'#*)��$, �.! (1)

Weassumefurtherthat / # � � / � � -ratio is constant.This ratiocouldbein principledeterminedby usingKET
calibrationmeasurements.Unfortunatelythestatisticfor � � is very low andthereforeonly lower andupper
limits of � 10 to � 100werefound. We alsoassumethat / #102)+�(, �.!4365 02)��', �"!43 is constantwith time. Since
no calibrationusinga � -ray sourceweremadeno estimateon this ratio canbe given. In Fig. 5 the 52-day
runningmeanaveragedcountratesof theE121-electron(a)andthe2-electron(b) subchannelwith C2� 80are
displayed.Thecountof the � 2 GeV protonchannel(c) is normalisedto the”2-electron”-subchannel during
therapidpole-to-polepassage.In contrastto Fig. 3 � � � with C2� 80 is trackingthe � 2 GeV protonchannel
not for thewholetimeperiod.Dueto ourselectionof C2� 80only � 10%of all entriesaretakeninto account,
andthe2-electronE12-channel,asdisplayedin Fig.3, is dominatedby theC2� 120contribution,whichis not
changingwith time. Thereforeweconclude,thattheamountof ”2-electrons”producedby realelectronsis not
negligible in theC2� 80”2-electron”-subchannel. To derive acorrectedE12-1-electron(C2� 80) timehistory
asdisplayedby thecurves(d) and(e) in Fig. 6 we make thefollowing assumptions:(1) By comparingcurve
(b) and(c) it is reasonableto assume,thatat polarregionsin 1994the”2-electron”-subchannel is dominated
by the � -ray background,leadingto )��7# �98:�;��<4=?>@�98:�;�;�A� .

Minimum: To estimatethelowervaluesfor theelectronintensityweassumethatthe”1-electron”subchannel
is alsofully contaminated,whenUlysseswasat southernpolar regionsin 1994. In this case)+�B# � � � 5C�"! #
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Figure5: 52-dayrunningmeanaveragedcountrates
for theE121-electron(a) and2-electron(b) subchan-
nel (C2J 80),andfor normalised� 2 GeV protons.
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Figure 6: 52-day running mean averaged E12
(C2J 80) 1-electrontime history correctfor different
amountof M -raybackgroundasexplainedin thetext.

�98:�;�AN;=O>P�98:�;�;�AN could be determinedduring this selectedtime period. � � is thengiven for all other time
periodsby � �$# � � �RQS)+�-, �"! andis displayedby curve (e) in Fig. 6.

Upper values(d): In contrastto our first approachwe don’t assumethat � � � is dominatedby the back-
groundatany time,but weassumethat � � � is dominatedby realelectronsduringJovianeventtimeperiodsand
thatat thesetime periodsthe � � � hasa contribution of realelectronsplusa known background( ) � is known
from the1994time period).Theratio / # � � 5�� � �UT � wascalculatedby makinguseof Jovian jets.Then )+�
canbedeterminedby usingthecorrelation.

� �$# �V� �RQ / ,
W.XY Z\[ ]0 � � �^QS)��$, �"!43[ ]6Y ZW\_

#*)+�R, �"! (2)

A leastsquareroot fit to thedata(not shown here)leadsto )+�?# �98:�;�AN`>a�98:�;�bT . The lower limit is in good
agreementwith the resultof the previous section. The upperlimit is given whenusing )+�c# �98:�;�4d andis
displayedascurve (d) in Fig. 6. Notethatthecorrectionpresentedhereareaselectionof �B� 1%of all entries
measuredin theE12-channelandthereforeweonly getasmallaccuracy for thetimeperiodfrom 1993to mid
of 1996.
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