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Abstract

TheCOsmicandSolarParticleINvestigatiorKiel ElectronTelescopavasdesignedo measurelectrongrom

afew MeV upto afew GeV usingparticleenegy lossandpatrticlevelocity measuremenechniquesnfortu-

natelythe KET channemeasuringelectrondn the enegy rangefrom 7-170MeV is contaminatedby ay-ray

backgroundFerrandcet al., 1996). Besidesa possibleslight contrikution from the RTG radiation,we have

shawvn thatthis backgrounds mainly generatedby high enegy protonsinteractingwith the spacecraftnatter

Such+y-rays canenter’unseen”the instrumentand are partially corvertedinto electronsin the calorimeter
consistingof a high Z leadfluoride Cherenkv detector Suchelectronscould be countedin the 7-170MeV

electronchannels.In this paperwe presenta methodto quantify this backgroundandthusdeterminelower

andupperlimits for theintensitiesof electronsvith enegiesfrom 7 to 30 MeV. Our analysisshavs thatabove

30MeV thebackgroundn this specificchanneis sodominant thatno correctionis possible.

1 Intr oduction

TheKET on-boardJlysseaneasureproton,anda-particlesin theenegy rangefrom ~4 to >2000MeV/n
andelectrondn therangefrom ~2 to >300 MeV in differentenegy channels.Fig. 1 shavs a sketchof the
KET sensar The telescopés describedn Simpsonetal. (1992)andconsistsn principal of two parts: (1)
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Figurel: Sketchof theKET sensor Figure2: Left: Enegylossmatrixof D1andD2. The

upperareamarksthe expectedrangefor two electrons
simultaneouslygrossingD1 andD2.

the entrancdelescopeavith the semiconductodetectordD1 andD2, the Cherenkv detectorC1, andthe anti-
coincidenceA, and(2) the calorimeter a leadfluoride Cherenkv detectorC2, in which an electromagnetic
shawver can develop, and a scintillation detectorS2, which countsthe numberof chaged particlesleaving
C2. Upto 2 GeV/nfor protonsand up to 300 MeV for electronsprotonsare separatedrom electronsby
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Figure 3: 4 day averagedraw count rate of 7- Figure4: Oneto two electrondistribution asa func-
170MeV electronge) and >2000MeV protons(up- tion of the C2 signal for differenttime periods(see

per curves) and 7-170 MeV electrons,identified as text).
background(bg) as well as >2000 MeV protons
(lower curves).

the fact, thatelectronsdo triggerthe AerogelCherenkv detectorC1 andprotonsdo not. >2 GeV/nprotons
and>300MeV electronsare separatedrom eachotherby simultaneoushanalysingthe C2 and S2 signals
(Rastoinetal., 1995andFerrandcetal., 1996).

2 Obsewations

TheKET electronchanneE12is definedby the coincidenceconditions:D1,C1,D2,C2,S2,S1,A, where
D (D) meanghatDetectorD has(not) given a signal(comparewith Fig. 1). As suggestedby Ferrandoet al.
(1996)a large contritution to the count-ratein E12 aredueto «y-rays,generatedocally in the spacecrafby
hadronidnteractionof galacticcosmicrayswith thespacecrafinaterial. Thesey-raysmayenterthetelescope
from behindandareconvertedin C2into electronsand/orpositronsandleaving theinstrumentn directionof
theaperturewithoutasignalin theanti coincidenceA. Sinceno informationonthedirectionalityof aparticle
is available,suchparticleswould give avalid coincidenceandbe countedn E12.

Fig. 2 displaysthe in-flight enegy lossdistribution in D1 vs D2 for the E12-channel.As discussedy
Ferrandcetal. (1996)the entriesin the upperright cornercanbe unambiguoushattributedto a simultaneous
crossingof two electronsin D1, C1 andD2 (~1 us). We interprettheseentriesas backgroundelectrons
moving from the backto thefront of theinstrument.Notethatthereis a smallnumberof electronswhich are
enteringthe KET-Apertureandbackscatteredndthereforecouldalsogive riseto atwo electronpassage.

Fig. 3 displaysthe 4 day averagedcountrateof 7-170 MeV electronsand >2000MeV protons(upper
cunes). Both cunesarenormalisedo eachotherduring Ulyssess rapid pole-to-polepassageAs discussed
in Ferrandecetal. (1993)andSimpsonetal. (1993)the sharpincreasesn 1992/1993of the electronintensity
aredueto specialpropagatiorconditionsof electronsfrom Jupiterto Ulysses. The increasan the electron
flux startingin 1996will bediscussedy Ferrandcetal. (SH.3.2.14).From mid 1993to beginning of 1996
both cunestrack eachotherwell. Sincetheintensityof >2000MeV protonsexceedghe oneof 7-170MeV
electrons,we concludethat this channelis dominatedby GCR-protoninducedbackground. This effect is
even more obvious, whenwe concentrateon the time profile of particlescountedin E12 andgiving rise to



anentryin the D1-D2-Matrix area,which canbeinterpretedasa simultaneousrossingof two electrons.In

whatfollows we will referto thesetime profilesasthe 2-electrontime profiles. Correspondinglyhe electron
E12-timeprofile, which is determinedoy neglectingentrieswithin the marked areain Fig. 2 aredenotedas
the 1-electrontime profile. Whenwe comparethe 26-dayaveraged2-electrontime profilesof 7-170 MeV

electrons(E12) with the one of >2000MeV protonsasshavn in Fig. 3 by the lower curves, we find that
both curvestrack eachothervery well for thewholetime period. As discussedy Ferrandoetal. (1996)we
canreducethe backgroundcountratein E12by usingonly the 1-electrontime profiles. However, we cannot
exclude, that the y-ray generatedackgrounds also contrituting to the 1-electroncountrates. Onewould
expect, thatthe numberof 1-electronbackgroundentriesshouldbe dependenbn the enegy-lossin C2. In

whatfollows we will analysethe E12time history by usingthe informationin the D1-D2-Matrix aswell as
thesignalin C2to calculateupperandlower electronintensities.

3 Data Analysisand Discussion

As shawvn in Fig. 2 the obsered 1- to 2-electronratio dependn the enegy of the particle,asmeasured
by the Pulse-Height-Signaih the calorimeterC2. This ratio is not only enegy but alsotime dependenin
the C2<120range,asindicatedby the threecurves evaluatedat threedifferenttime periods. Theseperiods
wereselectedo illustratethe maximalobsered variationin this ratio. Thefirst periodin 1992whenUlysses
wascloseto Jupiteris dominatedoy Jovian jets (seefor exampleFerrandoet al., 1993,and Simpsonet al.,
1993). During the secondperiod,whenUlyssesis at high southerrheliographidatitudesthis ratiosdropsto
its minimal value,andincreasedo intermediatevaluesagainin 1997. Sincefor C2>120the countrateratio
is independenbf time we conclude that our measurementare dominatedby the backgroundcontritution.
From the KET-calibrationmeasurementsye determineda meanC2-value of ~110 and~125 for 30 MeV
and50 MeV electronsJeadingto the conclusion,that we are not ableto determineelectronspectraabove
~ 30 MeV. However, becausef modulationof galacticcosmicray electronsandprotons,this might change
duringminimumperiodin the next A<0-solarcycle.

In whatfollows we assumehatour measurementsith separatiorin 1- (ce;) and2- (ces) electronchannels
is amixture of two component$or eachC2-bin. Thefirst componenaretherealelectronge; andes) we are
interestedn andthe secondcomponentier, ande; is the y-ray background.From Fig. 3 it is reasonabl¢o
assumehatthe backgrounds proportionalto the >2 GeV protoncountrate(c,):

cep=e1+e,ceg=ex+e and e = fi-¢p,e2=fo¢ QD

We assumédurtherthat A = e;/es-ratiois constantThisratio couldbein principledeterminedy usingKET

calibrationmeasurementsUnfortunatelythe statisticfor es is very low andthereforeonly lower andupper
limits of ~10to ~100werefound. We alsoassumehatA = (fi - ¢,)/(f2 - ¢p) is constanwith time. Since
no calibrationusinga y-ray sourcewere madeno estimateon this ratio canbe given. In Fig. 5 the 52-day
runningmeanaveragedcountratesof theE12 1-electrona) andthe 2-electron(b) subchannelith C2<80are
displayed.The countof the >2 GeV protonchannel(c) is normalisedo the "2-electron”-subbamd during

therapid pole-to-polepassageln contrastto Fig. 3 ceo with C2<80 is trackingthe >2 GeV protonchannel
notfor thewholetime period. Dueto our selectionof C2<80 only ~10%of all entriesaretakeninto account,
andthe 2-electronE12-channelasdisplayedn Fig. 3, is dominatedoy the C2>120contrikution, whichis not

changingwith time. Thereforewe concludethattheamountof "2-electrons”producedy realelectronds not

negligible in the C2<80"2-electron”-subchmd. To derive acorrectedE12-1-electrof{C2<80) time history
asdisplayedby the curves(d) and(e) in Fig. 6 we make thefollowing assumptions(1) By comparingcurve

(b) and(c) it is reasonabléo assumethatat polarregionsin 1994the "2-electron”-subchanel is dominated
by the~-ray backgroundleadingto f; = 0.0045 4 0.0003.

Minimum: To estimatethelower valuesfor theelectronintensitywe assumehatthe”1-electron”subchannel
is alsofully contaminatedwhenUlysseswasat southerrpolarregionsin 1994. In this casef; = cei /¢, =
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Figure5: 52-dayrunningmeanaveragedcountrates Figure 6: 52-day running mean averaged E12
for theE12 1-electron(a) and2-electron(b) subchan- (C2<80) 1-electrontime history correctfor different
nel (C2<80),andfor normalised>2 GeV protons. amountof y-ray backgroundasexplainedin thetext.

0.0085 + 0.0008 could be determinedduring this selectedtime period. e; is thengiven for all othertime
periodsby e; = ce; — fi - ¢, andis displayedby curve (e)in Fig. 6.

Upper values(d): In contrastto our first approachwe don't assumehatce; is dominatedby the back-
groundatary time, but we assumehatce; is dominatedy realelectrongluringJovian eventtime periodsand
thatat thesetime periodsthe ces hasa contrilution of realelectronsplus a knowvn backgroundf, is known
from the 1994time period). Theratio A = e; /e ~ 10 wascalculatedby makinguseof Jovian jets. Then f;
canbedeterminedy usingthecorrelation.
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A leastsquareroot fit to the data(not shovn here)leadsto f; = 0.008 + 0.001. The lower limit is in good
agreementvith the resultof the previous section. The upperlimit is givenwhenusing f; = 0.007 andis

displayedascurwe (d) in Fig. 6. Notethatthe correctionpresentedherearea selectionof <~1% of all entries
measuredn the E12-channehndthereforewe only getasmallaccurag for thetime periodfrom 1993to mid

of 1996.
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