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Abstract

From beginning of 1995to the end of 1997 the Ulyssesspacecrafscanned heliographiclatitude rangeof
80 degreesin the northernhemisphereln this paperwe will discussUlyssesEnegetic Particle Compaosition
Experiment(EPAC) and UlyssesCOsmicand Solar Particle INvestigationKiel ElectronTelescopgKET)
obserationsof differentanomalousosmicray speciesand compareour resultswith the variationof galac-
tic cosmicrays at approximatelythe samerigidities. The latitudinal gradientsdeterminedin the northern
hemispherarein agreementvith Ulyssesmeasurementduringtherapidpoleto pole passagén 1994/1995.

1 Intr oduction
Theintensityof galacticandanomalousosmicrays(GCRs, ACRs)enegetlc chaged partlclesare mod-

ulatedasthey traversetheturbulentmagneticfield embed- 90 ¢ Ul T

F ysses
dedin thesolarwind. The obseration of the spatialmod- 80 F E
ulation of GCRsandACRsis oneof the majorscientific _ 49 i ]
goalsof thejoint ESA/NASA Ulyssesmission.Launched g 0 L E
on 6 October1990in the declining phaseof solarcycle =
22 the spacecrafencounteredhe planetJupiterin Febru- o 50 E
ary 1992, andusinga gravity assistbeganits journey out § 40 E
of the ecliptic plane. On 13 Septemberl994, Ulysses 2 30 b ]
reachedhe highestsoutherratitudeof 80.2 S. Thenthe £ 20 L E
spacecraftnoved rapidly to the heliographicequatorand g
climbedto the highestnorthernlatitude, 80.2 N, on 31 10 ¢ E
July 1995. At presentMarch1999,duringtherising phase 0 1 "6

of solarcycle 23, Ulyssesis at ~20° Southand heading . . .

. . . . . Heliocentric radiugAU]
againto high southernlatitudes. Fig. 1 displaysUlysses Figure 1: Ulyssesheliographidatituded asfunctionof ra-
heliographidatitudeasa functionof radialdistancewhen gia| distancer. Thick lines mark the time periods,when
Ulysseswasin the northernhemisphere.The histogram Ulyssesis embeddedh the streamebelt dominatedarea,as
shaws the evolution of maximumlatitudinal extendof the indicatedby thehistogram(seetext).
heliosphericcurrentsheet,as calculatedby Hoeksema(http://quale.stanfod.edu/~wsdad'Tilts.html). Thick
lines indicatetime periodswhen Ulysseswas embeddedn the streametbelt dominatedregion. At higher
latitudesUlyssesobseredthefastsolarwind streamoriginatingfrom the northerncoronalhole.

2 Observations
In this paperwe determindatitudinal gradientsfor ACR heliumandoxygenand GCR protonsusingdif-

ferentenegy channeldrom the UlyssesEPAC (Keppleretal., 1992)andKET instrumentgSimpsonet al.,
1992).In detailthesearethe KET 38-125MeV, 125-250MeV, 250-2000MeV and>2 GeV protonaswell as
the KET 250-2000MeV/n and >2 GeV/n a-particlechanneldor determiningtemporalandspatialvariation
of GCRs.TheKET 6-25MeV/n and38-70MeV/n a-particlechannelsandthe EPAC 2.2-6.8MeV/n oxygen
channelaredominatedby ACRsandcanbe usedasa measurdor spatialgradientsandtemporalvariationof
ACRs.
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Figure2: Overview plot of selectecenegetic particledatafrom the beginningof 1995to fall 1997 (seetext).

Fig. 2 displaysfrom top to bottomthe daily averageds.4-25MeV protonsand 9 day runningmeanav-
eraged0.43-0.81MeV/n a-particles;6-25 MeV/n, 34-70MeV/n helium and 9-day running meanaveraged
2.2-6.8MeV/n oxygen;anddaily averagedL25-250MeV and250-2000MeV COSPIN/KETprotons.Marked
by shadingare the time periodswhen Ulyssesis abose 70° N and when the spacecraftrossedhe helio-
sphericequatorin 1995. The first panelshavs the daily averagedcountratesof 5.4-24 MeV protonsand
0.43-0.81MeV/n a-particles. The proton channelhasbeenusedto determinetime periods,whenthe GCR
and ACR flux may be influencedby major solar or interplanetaryparticle events. The helium channelis
mainly dominatedoy locally accelerategarticles.We concludethereforethatthefull datasetfrom fall 1995
to Novemberl997couldbe usedto determinehe spatialandtemporalvariationof ACRsandGCRs.

3 Data Analysisand Discussion

In orderto separatespatialfrom temporalvariationsin the GCR nuclei flux, a baselinemeasuremeret
1 AU is necessaryin whatfollows we assumehatthe countratesata givenrigidity P measuredy KET and
EPAC Cp(r, 6,t) canbedeterminedy the countratemeasuredt Earth fp(¢) by:

Cp(r,0,t) = fp(t) - gp(r) - hp(0) (1)

hereinare

theradialdependencgp(r) = exp (G,(P) - Ar) with theradialgradientG, (P)
thelatitudedependencép(f) = exp (Gy(P) - Af) with thelatitudegradientGy (P)

Unfortunatelyl AU dataarenotavailablefor all KET/EPAC particlechannelsThereforereasonablassump-
tionshave to bemade:Heberet al. (1998)foundthatsignificantlatitudinalgradientsareonly obseredwhen



Ulysseswasin thefastsolarwind dominatedegime. During thesetime periodsthe countratesaredominated
by thetemporalvariationandchangesn Ulyssess radial distance.

3.1 Temporal recovery from 1995to 1998
Fig. 3 shavs 9-dayrunningmeanaveragesf 250-2200MeV protons(P~2.5GV) measuredy the KET

“f‘[A‘Ul‘ ?‘ 2“-5‘ é‘ 3‘-5" : 4‘-5‘ 5‘ | onboardJlyssesand>100MeV protons(P~2 GV) mea-
8[° 7080706050 40 30 20 10 o suredby the University of Chicagolnstrumenton board

o5 [ T T 1 IMP8. Theline fitted to the IMP datashaws the approxi-
250-2200 MeV protons mationof the countratesby anexponentiallaw in time:
04 | IMP > 100 MeV protons | fp(t) = fp(to) -exp (v - (t — to))

W usingthemearvaluesduringthetwo markedtime periods.

As pointedoutby Heberetal. (1998)latitudinalvariations

03 | 1 aresmall,whenthe spacecrafits embeddedh the streamer
WMMV beltdominatedarea.FromFig. 3 it is evident, thatthe ap-

proximationfits thetemporalrecovery at Earthreasonably
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Vear solarminimum modulationconditions,asexpressedy -,
Figure 3: 9-dayrunningmeanaveragesof 250-2200Mev 1S decreasingvith increasingrigidity. ACRsseemnot to
protonsmeasuredy the KET and>100MeV protonsmea- recover at the samerate as GCRs. However, aswe will
suredby the University of Chicagolnstrumentat Earth. discussbelaw, this obsenration is influencedby different
radial gradientdor ACRsandGCRsandthe changeof radial distanceof Ulyssesfrom the Sun. Within these
constraintsve concludethat+y is the samefor GCRsandACRs.

3.2 Radial gradients Duringthetime periodof interestUlyssesmovedfrom ~2.5to ~4.2 AU outward.
Sinceradial gradientsare expectedto be positive, the intensitiesin eachenegy channelincreasewith radial
distancedependingon theindividual radial gradientsMcDonald(1998)andreferenceshereinfoundthatthe
radialgradientis largerfor ACRsthanfor GCRs.They determineda meanradialgradientof 3—5%/AU and
~1%/AU for 10-22MeV/n heliumand130-240MeV protons.In the previous sectionwe did not correctthe
measuredtountratesfor theincreasingdistanceof Ulysses.Sincebothtime periodsare~2 yearsapart,and
the spacecraftmoved in thattime from ~1.3 AU to ~5.3 AU a radial gradientG,. would be misinterpreted
in our approachasatemporalrecovery rateof v = G, - Ar/At. Thevaluesy for >2 GeV/n protonsand
a-particlesmight be dominatedby this effect. Belov etal. (1998)find a radial gradientof 0.5-1%/AJ for
>2 GeV protons.Suchagradientwouldleadto arecovery ratery, whichis of thesameorderaswe have found
by our procedure However, the radial gradientof low enepgy protonsis of the orderof <3%/AU (McDonald,
1998),leadingto the conclusionthattheirtime profile is dominatedoy thetemporalrecorery. To estimatehe
differencesn ~ foundfor low rigidity GCRsandACRsin the previous section we calculatethe differencein
~ assuminga radial gradientdifferenceof 3%/AU . Sucha differencewould leadto v ~ 6%/year which is
comparableo our analysis.Thuswe concludethatdifferentradialgradientsof ACRsandGCRsarethemain
causeof our obsenation of differenty’s for ACRsandGCRs.

3.3 Latitudinal gradientsin the northern hemisphere: A meanlatitudinal gradientGy canbe
calculatedby subtractinghelong termtrend,asdeterminedrom the data:

Go(0) = (log Cp —log fp(t)) /0 . (2)

Analyzedareonly time periodswhenUlyssesis embeddedn the fastsolarwind regime (70° N-25 N). By
analyzingthe IMP8 datawe are ableto estimatethe systematiauncertaintyof our method. TheresidualGy
is consistentvith 0%/deayree. The uncertaintyof Gy hasbeencalculatedoy dividing the latitude rangefrom
70¢° N to 3C° N into threeintenvals (not shavn here). The minimumandmaximumof Gy hasbeenusedasthe
uncertaintyof eachchannel.

daily averaged count rafi/g
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Figure4: Rigidity dependencef therateof increasey andthelatitudinalgradientGy.

Theresultof thisanalysids shavn in Fig. 4 (right) andin Fig. 3. In Fig. 3 thefittedline shavsthevariation
calculatedby usingeq. 2 takinginto accounthetemporalrecorery of 250-2000MeV protons.Olviously the
line is notaperfectfit to the data.However, it representshe measurementgery well, if onebaresn mindall
assumptionsnade.

Fig. 4 displaystherigidity dependencef Gy. Marked by shadingarelatitudinal gradientsdeterminecby
Trattneretal. (1996)andHeberetal. (1996)usingthedatasetfrom therapidpoleto polepassageThevalues
obtainedby our analysisarewithin the uncertaintieconsistenwith the 1994/1995values,indicatingstable
modulationconditionsin the inner heliosphericregions dominatedby the fast solarwind from the coronal
holes. Consequencefer therigidity dependencef the diffusion coeficientsfor GCR protonsarediscussed
in Burgeretal. (SH.3.3.02).As for v Gy is muchlarger for ACRsthanfor GCRsat the samerigidity. In
contrastt is alsodependingon the particlespeciesasdiscussedlsoby Paizisetal. (1997).

4 Summary and Conclusion

In this paperwe shavedthata simpleapproximatiorof UlyssesGCRandACR countratesby anexponen-
tial law in time andlatituderepresentsur datareasonablyood. By usingthis approximatiorwe wereableto
determinegherigidity dependencef GCRsandACRsover avastrange.Our resultsarewithin the errorbars
consistentwvith resultsobtainedduring the Ulyssesrapid pole-to-polepassageindicating stablemodulation
conditionsin theinnerheliospheriaegionsdominatedy thefastsolarwind from the coronalholes.
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