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Abstract

We studiedthreesudderimpulse(Sl) eventsthattook placein September
1999during the InternationalSpaceWeatherCampaign. The threeSls oc-
curredon 15, 12h and22"d at2019,0400and1220UT, respectiely. Clear
shockswereobsenedin the solarwind by ACE, WIND, IMP-8 and GEO-
TAIL. SuperDARN, Scandingian Twin Auroral RadarExperimen{STARE)
and several magnetometechainsin different magneticlocal time sectors
wereusedto monitorionospherigrocessesDuring thefirst two eventsthe
IMF B, waspositive or weakly negative andonly minorionosphericeffects
wererecorded During thelasteventwhenthe IMF B, turnedfrom positive
to negative at the shockfront, our instrumentatiorobsered a cleariono-
sphericresponsePropagatiorandintensificationof the pulsewasrecorded
by the daysidemagnetometersBoth SuperDARN and STARE lost the sig-
nal,whichwasdueto a decreasé the E-field below thethresholdvalueasa
consequencef enhancegbrecipitation.MagnetometermeasuredPc5 type
pulsationsafterthe Sl, andvariationswith the sameperiodwerepresentlso
in the STARE signal-to-noiseatio (SNR).

1 Introduction and data description

Threesuddenimpulse(Sl) eventswere obsered in Septembed 999 during the
InternationalSpaceWeatherCampaign.Sistook placeon 15, 128 and220d at
2019,0400and1220UT accordingo theground-basedhagnetometers.

Solarwind parametersveremeasuredy ACE, WIND, IMP-8 andGECOTAIL.
For all three Sls the satellitesrecordeda shock: a suddenincreasein pressure,
protonnumberdensity protontemperaturebulk velocity andthe total magnitude
of IMF.

In this studywe usedfour magnetometerhainsoperatingn thenortherrhemi-
sphere: IMAGE (Scandingia), CANOPUS (Canada),GIMA (Alaska) and the



Greenlandthain. The samplingratesof the chainsarethe following: 10sfor IM-
AGE, 5sfor CANOPUS,2sfor GIMA and20sfor Greenland.We alsousedthe
provisional Dst-index to monitorthe actiity beforeandafterthe Sl.

CANOPUSphotometedatawereavailablefor oneevent (Sep12), while the
othertwo eventsoccurredduring daylightin Canada. The operatingseasorof
the Scandingian all-sky cameragSyrjasuoet al. [1998]) had not startedyet in
Septembel999. Thewhole SuperDARN network wasnaturallyoperatingduring
thecampaigrandrunningthe commonmodeprogram(time resolution2 minutes).

The Scandingian Twin Auroral RadarExperiment(STARE) consistsof two
coherentradarstationslocatedin Midtsandan(10.7E, 63.4N) in Norway, and
in Hankasalm{26.9E, 62.3 N) in Finland. The commonfield-of-view (FOV) of
the radarsextendsroughlyfrom 68°N to 72°N in latitudeandfrom 15°E to 25°E
in longitudeand covers a geographicareaof about200000km? in the E-region.
Theradarsoperateat frequencied 40 MHz and143.8MHz, respectiely, andare
sensitve to E-regionirregularitiesof the scalesizeof aboutonemeter The spatial
andthetemporalresolutionsof STARE areabout20 kmx 20 km and20 seconds,
respectiely (Greenwaldet al. [1978]). STARE datawere available for the last
event(Sep22).

In the following sectionswe describeeachSl event separatelystartingfrom
thesolarwind conditionsfollowed by the mostimportantfeaturesobsered by the
ground-basedhagnetometerandcoherentadars.

2 Observations

21 Sep15

In Sepl5theshockin thesolarwind wasrecordedy ACE (GSEX~239Rg, Y ~-
32Rg, Z~19Rg), WIND (GSEX~70Rg, Y~-35Rg, Z~-3 Rg) andGEOTAIL
(GSEX~0Rg, Y~12Rg, Z~2 Rg). GEOTAIL wasinsidethemagnetopausand
it obseredthe shocksimultaneouslyvith thefirst magnetometersn the ground,
at2019UT. Accordingto ACE andWIND the IMF B, andB,, werebothpositve
onbothsidesof theshockfront but therewasa clearincreaseén theIMF magnitude
of about5 nT.

The Dst-index wasincreasedrom -13 nT at 2000UT to -3 nT at 2100UT.
At the S| time IMA GE waslocatednearmagneticmidnight, the Greenlancthain
around18 MLT, CANOPUScloseto middayandGIMA atabout9 MLT. Boththe
firstandthelastSI obserationweremeasuredby the Greenlandeastchainwith a
time differenceof 1 min 47 secs.The STARE and SuperARN radarsmeasured
initially very little backscatterwhich did not allow usto drav ary conclusions
aboutthe scatteringconditions.



22 Sep12

ACE (GSE X~242 Rg, Y~-32 Rg, Z~17 Rg), WIND (GSE X~33 Rg, Y~-
38 Rg, Z~-4 Rg) , IMP-8 (GSEX~30 Rg, Y~-16 Rg, Z~-25 Rg) and GEO-
TAIL (GSEX~13Rg, Y~-20Rg, Z~-3 Rg) measurec shockshortlyafterUT—
midnighton Septembel 2!, All the satelliteswverelocatedin thesolarwind. The
positionof WIND andGEQOTAIL wasvery closeto themagnetopausandthey ob-
senedtheshockfront only a coupleof minutesbeforethefirst ground-basechag-
netometerseactedbefore0400UT). In thiscasehelMF B, wasweaklynegative
but pealed to more negative valuesat the shockfront. The IMF B, decreasedb
more negative values,too, after the passagef the shock,andthe increasen the
total IMF wasabout6 nT.

Theionospheridst-inde increasedy 22 nT duringan hour from theinitial
value of -4 nT at 0400 UT. At the Sl time IMAGE wasaround6 MLT, Green-
landin the post-midnighsectoy CANOPUSIn the pre-midnightsectorandGIMA
aroundl7 MLT. Poler stationin GIMA recordedhe Sl signaturefirst, 1 min and
23 secsheforethelastobseration by Rankininletin CANOPUS Again, thetime
differencewassosmallthatno systematigropagatioreffect wasdetectable.

The magnetogranirom Gillam stationin CANOPUSshaved a negative bay
of aboutl30nT in thegroundB,, startingat0400UT, i.e. atabout2130MLT. The
magnetometerat the stationanext to Gillam hardlyreacted However, theprelim-
inary datafrom the MPA scanningphotometent Gillam recordedstructurecemis-
sionin bothgreen(557.7nm) andred (630.0nm) lines startingfrom the impulse
at0400UT. Also thehydrogenine (486.1nm) emissionstrengthenedemarkably

Again, STARE andSuperARN radarsmeasurednitially solittle backscatter
thatno Sl effect couldbe seenn thosedata.

23 Sep22

All thefour satellitesmeasurec shockon Septembe2*d (ACE at GSEX~235
Rg, Y~-37 Rg, Z~12 Rg andWIND at GSEX~83 Rg, Y~-8 Rg, Z~1 Rg).
Thistime GEOTAIL (GSEX~9 Rg, Y~-22Rg, Z~-3 Rg) andIMP-8 (GSEX ~-
8 Rg, Y~-34Rg, Z~-23 Rg) werecloseto themagnetopausebservingheshock
one minute before and one minute after the first magnetometersn the ground
(1220UT). At theshockirontthelMF B, droppedrom about+10nTto-15nT and
stayedhegative for almosts minutes. TheIMF B, wasnegative aswell decreasing
somavhatafterthe shockandtheincreasen theIMF magnitudevasabout10nT.
The Dst changedrom about-5 nT at 1200UT to about18 nT at 1300 UT.
During this SI, IMA GE waslocatednear15 MLT, Greenlancaroundmiddayand
CANOPUSandGIMA in the post-midnightsector The magnetometethat mea-



suredthis Sl first wasBrorfelde,the Greenlancchain stationin Denmark. Bror-
felde locatesat lower latitudesthanary otherstationwe used,andat the Sl time,
1220UT, it wasonthedaysideataboutl3 MLT. Thelatestpulseobserationwas
recordedby Galova stationin GIMA (~ 0130MLT), 4 minutesand22 seconds
later Thistime delayis almosttwice aslongasin thetwo previouscases.

A moredetailedstudyrevealedtwo correlationsincludingonly the (36) mag-
netometer®n the daysidewe found a correlationbetweerthe correctedgyeomag-
neticlatitude(CGMLAT) of themagnetometestationandthe Sl obserationtime
at the samestation,with a correlationcoeficient of 0.71 (Figure1). In addition,
therewasa correlationbetweenthe Sl relatedpulsepeak-to-pealamplitude(nT)
andthe obsenration time, with the correlationcoeficient of 0.72 (Figure 2). In
thelatteranalysiswe took into accountonly the clearespulseson the dayside(30
altogether).
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Figurel: Sl obsenrationtime versuscorrectedgeomagnetidatitude (CGMLAT)
of themagnetometestation.Lengthof theerrorbrasis twice thesamplingintenal
of thedata.Correlationcoeficient betweertheseparameter§.71.

NorthernhemispheriGSuperARN radargdetectedistrongdecreasa backscat-
teredpower4 minutesafterthe Sl (seeFigure3). After anothed minutesthesignal
strengthenedgainalmostto its initial level. Thesameeffectwasfoundalsoin the
signal-to-noiseatio (SNR)of the STARE radar especiallyin therecordingsf the
Norwegian radarwhich looks more parallelto the ionosphericcornvection. Three
minutesafterthe Sl theradarbeganto losetheecho(seeFigure4), first from lower
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Figure2: Sl obserationtime asafunctionof the pulseamplitude(nT). Correlation
coeficient of the datais 0.72andthelengthof theerrorbarsis twice the sampling
intenal.

latituderangeg68-70), andoneminutelateralsofrom thenorthernedge(~ 72°)
of the FOV.

In Figure5 we comparghesumof SNRatlatitudes69, 70° and71° totheB,
from the Sgrgya magnetometestation(locatedin the centralregion of the STARE
FOV). Thesumwascalculatedverall longitudeqfrom 15° to 25°) andoneminute
in time. The Sl relatedpulseaswell asthepulsationsafterit wererecordedothby
the magnetometefupperpanel)andthe radar(lower panel). Somelongerperiod
(~10 minutes)fluctuationswerealsomeasuredy the CUTLASS Icelandradarin
thebeamaorthof the STARE FOV (betweer73® and75°).

The decreasén the backscatteredignalpower is seerd minutesafterthe Sl
in CUTLASS Icelands beam8 (Figure 6). But this effect is even clearerin the
SuperARN parameteplot, in Figure3, whereall thenortherrradarsareincluded.

3 Summary and conclusions

We studiedthreeS| events,on 15 (IMF B, > 0), 12! (IMF B, weakly< 0) and
2224 (IMF B, strongly< 0) in Septembet 999,which occurredat 2019,0400and
1220UT respectrely. We usedACE, WIND, IMP-8 andGEOTAIL to identify the
shockin the solarwind, andground-basedhagnetometerand coherentradarsto
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Figure 3: Pawer from the northernhemisphericSuperlBARN radars. Plotsfrom
two minutesbefore(top left), atthe Sl time (top right), two minutesafter (bottom

left) andfour minutesafter (bottomright).
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Figure 4. Signal-to-noiseatio from the STARE Norway radaras a function of
geographidatitudeandtime in minutesafter12 UT.
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Figure 5: B, variation at Sgrgya station (purple) and summedSNR from the

STARE Norway radar(black) aroundSI| obseration time, 1220UT (greenver-
tical line).
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Figure6: Periodicfluctuationsn powverfrom thebeam3 of the CUTLASSIceland
radar

investigateheionospheriaesponse.

The ionosphericeffects, dependingon the IMF B, (andIMF B,) condition,
were different: the strongemegative B, the more pronounceckeffectsin ground-
baseddata. During the first two eventsminor responsesvere obsered while in
the lastcasethe radarslost the signalfor about5 minutesandthe strongpulsein
B, wasclearly delayedandstrengthenefrom lower to higherlatitudes.IMA GE
recordedsomemagneticpulsationsaftereachof thethreeSls.

The pressurepulseat the magnetopausehangeghe location of the magne-
topausecurrents,which immediately(with the speedof light) contritutesto the
variationof thegroundmagnetidield. FurthermoretheIMF B, positive casg(Sep
15) givesa purecompressiomf the magnetospher@hich propagatesapidly asa
magnetosonigvave throughthewholeionosphere Thus,thereareno remarkable
delaysin the response.The IMF B, slightly negative (Sep12) causesa pseudo-
breakupor a small substorm(seenat Gillam) whena smallamountof solarwind
enegy entersthe magnetosphererinally, whenthe IMF B, is strongly negative
(Sep22) the solarwind enegy hasa free accesgo the magnetosphereThus,
in additionto the compressiorwhich takesimmediateeffect, thereis an Alfvén
wave travelling to the ionospherealongthe field lines. Differenttravel timesof
the Alfv én wavesalongthefield lineswith differentlengthscausethetime delay
towardshigherlatitudes. A significantdelayfrom daysideto nightsidewasalso
measured.In additionto thesetwo delayswe obsered the growth of the pulse
with anincreasingime delay Thus,the obsered pulsegrows towardsthe higher
latitudes whichindicateshatthe outermosfield linesfeel the strongestmpulse.

As the lossin backscatteregignal was detectedboth by SuperBARN and
STARE we believe that it was causedoy a changein precipitation. Whencom-



pressinghe magnetospherthe pressurgulsealsoforcesthe magnetopauseur
rentsto increaseandthusfeedsstrongeffield-alignedcurrentsto theionosphere.
The precipitatingelectronsenhancehe ionosphericconductvity and hence,de-
creasehe E-field, which thendropsbelow the radarthresholdvalue (for STARE
~ 17mV/m).

Theperiodof pulsationsn themagnetograrandSTARE SNRwas3-7 minutes
whichis in the periodrangeof Pc5. Thesepulsationsareoftenrelatedto field line
resonancef~LR). This finding may suggesthatthe obsered shockgeneratesn
FLR but this needgo be confirmedoy a moredetaileddataanalysis.

For the future projectsthe magnetogramshouldbe investigatedurtherin or-
derto seeif therearephaseshiftsof the pulseevidentfor travelling corvectionvor-
tices. Equivalentconvectionpatternscould be calculatedrom the magnetograms
in orderto studythe small scalechange®f the corvectiondueto Sis[Engebret-
sonetal. 1999]. Somewintertime eventswill be neededo studythe optical Si
signaturegproperlyusingboth photometersandall-sky cameras.Also, theseob-
senationsshouldbe comparedo a S| modelby Araki etal. [1994].
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