“Physics of Auroral Phenomena”, Proc. XXXVIII Annual Seminar, Apatity, pp. 56-59, 2015 Polar )
© Kola Science Centre, Russian Academy of Science, 2015 Geophysical

Institute
LATITUDE BEHAVIOR OF Pc1 GEOMAGNETIC PULSATIONS IN THE
DECLINING AND MINIMUM OF THE 24-th SOLAR ACTIVITY CYCLE

F.Z. Feygin, N.G. Kleimenova, Yu.G. Khabazin, L.M. Malysheva

Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia
e-mail: feygin@ifz.ru, kleimen@ifz.ru

Abstract. The Pcl geomagnetic pulsations known as ‘“pearls’’ have been the subject of intensive study since many
years ago. It is well established that the Pcl waves are generated via the cyclotron instability of radiation belt
protons and propagate toward the Earth surface along the magnetic field lines. The plasmapause region could be the
plausible area of Pcl Alfven wave generation. These oscillations are left-hand polarized waves. So, the ground
stations, located in vicinity of the footprint of the plasmapause, should record mostly the left-handed polarized Pcl
waves. The Pcl pulsations, long travelling in the ionospheric waveguide, change the sign of polarization and
become right-hand polarized ones. Thus, the analysis of Pcl polarization, obtained from multi-station observations,
can provide some experimental information for a Pcl source location.

The latitude features of structured Pcl geomagnetic pulsations have been studied on the base of the Scandinavian
induction magnetometer chain data in 2003 and 2008-2009. These intervals correspond to the declining (Wp ~70)
and minimum (Wp ~3) phases the 24-th solar activity cycle. We compared the total, right-handed and left-handed
polarized Pcl intensity obtained first at all from two latitude considered spaced stations: Sodankyld (SOD, ®=63.8°,
L~5.3) and Nurmijarvi(NUR, ®=56.6°, L~3.5). We found that in 2003, the great number of the Pcl pulsations was
stronger at NUR and showed there generally left-hand polarization. However, in 2008-2009, the strong Pcl events
were more often recorded at SOD with left-hand polarization as well. There were a lot of magnetic disturbances in
2003, and the Pcl events were observed mostly at the end of magnetic disturbances and the previous Kp value was
~3-4. In 2008-2009, the Pcl pulsations were observed usually after long lasting magnetically quiet time intervals
with Kp ~0-1, beyond slight increasing magnetic activity. The roughly estimated plasmapause location (Lpp=5.5-
4.6Kp max) showed that in the first situation, the plasmapause was located closer to NUR, and during the second
one it was located closer to SOD. That supports the idea that the area of Pcl wave generation could be related to the
vicinity of the plasmapause.

Beenenue

l'eomarautHbie mynscannu Pcl mpencraBisiror coboit Hambosiee SIPKUN  THIT  AJIEKTPOMATHUTHBIX HOHHO-
nukIoTpoHHBIX (OMUIL) BomH B momnoce dactot 0.5-2.0 I'm. DkcreprMeHTaabHbIe MCCIEA0OBAHNS MOKA3alu, 9TO
mynscanuu Pc 1 (">xemuyxunsl") HaOmMromaroTcss Ha 3emiie B BUAE MEPHOAMUYECKH CICAYIONUX APYT 32 APYTOM
MAaKETOB aJIbBEHOBCKUX BOJIH C IPEUMYILECTBEHHO JIEBOW moisipu3auueii. DT KosiebaHus ObUIM IMPEIMETOM
WHTEHCUBHBIX HCCIIEJIOBaHUN B TE€YEHHE MHOTMX JIeT [Hampumep, Mameeesa u Tpouykas, 1965; Tpouyxas u
Iynvenomu, 1969; @etieun u Axumenro, 1969; Gendrin at al., 1971; Tpouyxas u dp., 1975; Detieun u op., 2003;
Kangas et al., 1998; Mursula, 2007; Demekhov, 2007). JInurenpHOCTh cepuii Pcl coctaBmser or momydaca 1o
HecKoJIbKuX 4YacoB. Hambonee wacto Pcl mynmscamum HaOnromaroTcss Ha crage M B MHUHMMYME COJIHEUHOH
aKkTHBHOCTH [Hanpumep, Mameeesa u Tpouyxas, 1965; Mursula, 2007]. Bo30yxaeHne reOMarHUTHBIX ITyJIbCalni
tuna Pcl cBsA3aHO ¢ pe30HAHCHBIM IIMKIOTPOHHBIM B3aMMOJEHCTBHEM BOJIH M YacTHI] B MarHurocgepe 3emiu [cm.,
0030ps1 Tpouykas u I'yrvenvmu, 1969, Kangas et al., 1998; Demekhov, 2007].

Ilenepanus Pcl mymecanmii xapakTepHa Iisi BOCCTAHOBHTEIBHOH (a3bl MArHUTHOH OypH, KOTAA MPOUCXOIUT
pacmaj KOJbLEBOTO TOKA M 3aIIOJIHEHUE 1a3MOC(ephl XOJIOAHON IIa3MOH, YTO YJIydIaeT YCIOBHUS Ul Pa3BUTUSA
IUKJIOTPOHHOTO PE30HAHCA, IPUBOAAIIETO K BO30yskaeHIo Pcl mynbcaruid.

Lenpto naHHOW pPabOTHI SBISIETCST aHANM3 LIMPOTHOTO NMPOCTPAHCTBEHHOI'O DACIPENENICHUS] TeOMarHUTHBIX
nynbcauuii Pcl 1o naHHBIM Ha3zeMHBIX HAOJIOJEHWH Ha CKaHAMHABCKOM Ipoduie W3 5 HWHIYKIHOHHBIX
marautomeTpoB (http://sgo.fi/Data/Pulsation/pulArchive.php). Tlockoiabky Hu3BecTHO, 4T0 Pcl mynbcanmu Ha
3eMHOH TOBEpXHOCTH Halle HAOJIIONAIOTCS Ha CIiajieé ¥ B MUHUMYME COJHEYHOW aKTHMBHOCTH, UISl aHaiIM3a ObUTH
BeIOpanbl 2 wuHTepBana: 2003 rox (cman comueuHod aktuBHOcTH) M 2008-2009 romsl (MuHUMYM 24 1MKIa
COJIHEYHOU aKTMBHOCTH). Haubonee moapo6HO aHaIU3UPOBAINCH NaHHbIE, B o6cepBaTopusx SOD (©=63.8°, L~5.3)
and NUR (D=56.6°, L~3.6), npeacraBicHHblC Ha CaliTe B BUJIE CIIEKTPOrpaMM OOIIei HHTEHCUBHOCTH CHUTHAIIOB U
JIEBO- U TIPABO-TIOJISIPU30BAHHBIX BOJIH.
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Pe3yabTaThl anaaunza

AHanu3 JaHHBIX HAOJIIOJCHUN B TOIbl MUHMMYyMa cojiHeuHOW akTuBHOCTH (2008, 2009) mokasan, uro Pcl
MyJbCcallid, B OCHOBHOM, HaONIOJaiKcCh B Hayaje pPOCTa MAarHUTHOM aKTUBHOCTH, IIOCIE€ MarHUTOCIIOKOHHBIX
nHTepBaioB ¢ Kp~0-1. B aTux ycioBusx, Kak npaBwio, Imynscanuu Obumn cuibHee B SOD (L~5.3), yem B NUR
(L~3.6). B SOD BomHbl ObUIM mHpeuMyIIeCTBEHHO JieBo-nossipuzoBaHHbME (L), a B NUR- mnpaBo-
nonsipu3oBaHHEIME (R). Ha puc. 1 moka3an mpuMep Takoro COOBITHS.
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Pucynok 1. MarautorpamMmsl 06c. SOD u NUR B MHHUMyME COJIHEYHOH aKTHBHOCTH, CBEpXY BHHU3: 0O0Ias
HMHTEHCUBHOCTh CUTHAJIOB M HHTEHCUBHOCTB JIEBO- U ITPaBO-TOJISIPU30BAHHBIX BOJH
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Kak moka3zanu omeHKy MoJI0KeHus miasMomnayssl o Gopmyie (Lpp=5.5-0.46 Kpmax), r€ Kpmax - MAKCHMaIbHOE

3HaueHue Kp 3a npenmectByronue 24 yaca, B 3TUX yCIOBHAX IIa3Momay3a pacnonaranack Ha L~5.0-5.5. Takoii xe
pe3ysbTar norydaercs (puc. 2) Ipy UCTIOIb30BAaHUN MOJIEII Www.spaceweather.eu.
Ha cmage conneunoii aktuBHOcTH (2003 r.) reomarHuTHBIE myjibcanmu Pcl, B OCHOBHOM, HaOIONAMCH Ha
BOCCTAaHOBHTENBHOW (pa3ze MAarHUTHOW OypH, IOCIIE MarHUTHBIX BO3MYIIEHHH. B 3THX yCIOBHSX, Kak IMpPaBUIIO,
mynbscarmu 0butn critbHee B NUR (L~3.6), wem B SOD (L~5.3). B NUR BosHBI ObIIIM MPENMYIIECTBEHHO JIEBO-
nossipu3oBaHHbIME (L), a B SOD — npaBo-nonsipnzoBanHsivu (R). IIpumep takoro coObitus mokasas Ha puc.3. Kak
MOKa3aJi OLEHKH ITOJIOKEHHS IJIa3MOIIay3bl, B 3TUX YCIOBHAX IIa3Moraysa pacronaranack Ha [L~3.5-4.0. Takoii
JKe pe3yabTaT Hoxyvaercs (puc.6) mpu UCIOIB30BAaHUN MOJICTH Www.spaceweather.eu.
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Pucynok 3. Marnurorpammel 06c. SOD m NUR Ha crnage cosHEUHOH aKTHBHOCTH, CBEpXy BHH3: o0OImas
HWHTEHCHBHOCTH CUTHAJIOB U HHTEHCHBHOCTB JICBO- M IIPABO-TIOJISIPH30BAHHbIX BOJIH.

Oo6cyxaenue

leomarnutHele mynbcanuu Pcl  mpeacraBnsitoT  co0oif  J1€BO-HONSIPU30BaHHbIE  (AJIbBEHOBCKUE) — BOJIHBL,
CJI/IOBATENILHO, BOJHBI C JIEBOW MOJISIPU3ALNEH JOJDKHBI PETHCTPUPOBATHCS BOJIM3M NMPOEKIMK WX MCTOYHUKA. B
9TOH e 00JIaCTH MHTEHCHBHOCTh I€OMArHUTHBIX ITyJIbcaliuii Oy1eT HanOoJIbIIei.

[NosiBneHMe MpaBoO-TIOJIIPU30BAHHBIX BOJIH MOXET OBITH CBSI3aHO C 3aXBAaTOM aJbBEHOBCKUX BOJH B MOHOC(EPHBIH
BOJIHOBOJ [cM, Hampumep, Greifinger and Greifinger, 1968], B KOTOpOM MHHUMAJIbHOE 3HAYCHHE AIbBEHOBCKOM
CKOPOCTH NPUXOJUTCS Ha MakcuMmyM ciost F2. Tlpu sToM jeBas mossipu3anys BOJH (aJbBEHOBCKHE) MEHSAETCS Ha
mpaByro (ObIcTpasi MarHMTO3BYKOBAas BOJHA). OTH BOJIHBI MEPEHOCAT JHEPTHIO IIONEPEK CHJIOBBIX JIMHHUH
TE€OMAarHUTHOTO IIOJIsI, T.€. BAOJb HOHOC(EpHOro BOIHOBOAA. BomHoBomHoe 3aryxaHue Pcl yBenmumBaercs ¢
YMEHBIIICHHEM YacTOThl, U Ha yacToTax Hmke ~0.5 ' (yacToTa oTCeKaHus) 0 HOHOCHEPHOMY BOJTHOBOLY BOJIHBI
HE MOTYT PacHpOCTPaHITHCS. DKCIEPUMEHTAIbHO 3TO OBIJIO YCTAaHOBICHO €IIE B PaHHUX paboTax, HampHuMep,
[Tpouykas u op., 1975].

Jlpyroii mpu4MHOM NpHX0Ja B TOYKY HAOJIOJEHMS BOJIH C NPaBOil MOJspU3alUeldl MOXKET ObITh Haludue B
marHutocepHoil mia3me noHoB He+. ['enepanms Pcl npoucxoaur B akBaTopHanbHON IIIOCKOCTH MarHUToc(epsl ¢
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neBoi monsipuzanueil. OMHAKO P HATMYUH OMPEICICHHOTO KOJMYECTBA HOHOB I'eJIis Ha yYacTKE CHIOBOW JIMHUN
B obmactu mupoT ~10-30° MOXET MPOMCXOANTH PEeBEPC TONAPHU3AIMK 338 CYET BO3HUKHOBEHHS «TYHHEIBHOTO
addexray [Perraut et al., 1984], T.e. kananu3anuu Pcl BIoab CHIOBOI JUHUK B BHJE MAarHUTO3BYKOBBIX BOJIH C
npaBoil mosspu3anmel. MaTemMaTH4yeckoe MOATBEPXKIACHHE J(PQPeKTa TYHHEIMPOBAHUS BOJH uepe3 00JacTh
HENPO3PaYHOCTH M IPOHWKHOBCHHWE BOJIH B NPUUOHOC(EpHBIC O0JIACTH MPOBOIMMOCTH PACCMOTPEHO B padoTe
Muxaiinosou [2011].

[IpencraBnennsiit ananu3 gaHHbix B SOD u NUR mnoka3piBaeT 10BOJIBHO YETKYIO CBSI3b UCTOYHHUKA T'€HEpaLUU
Pcl mynmbcammii ¢ TONOKEHHEM IDIa3MOMay3bl. DTa o0NacTh MarHWTOC(epsl BakHA IS MPOIOIBHOTO (BIOJIH
CHJIOBOW JIMHUM) pAacCHpOCTPAHEHHUs BOJH. YCJIOBHE IPOIOIBHOTO PACIPOCTPAHCHHUS COXpPaHSAETCS Ha BCEH
TPAaeKTOpUHU CHUTHAllA B TOM cirydae, Koraa 3()(eKkTsl KPUBHU3HBI CHJIOBBIX JMHHA W HEOTHOPOJHOCTH (OHOBOI
IUTa3MBI TIOTIEPEK MAarHUTHBIX 000JI0YEK KOMIEHCHUPYIOT IpyT apyra [[yaversmu, 1979]. Ilnasmonaysa siBisercs
Haubosiee OIaronpusATHON 00IACTHIO AJIS BBIIOJHEHHS 3TOT0 yciuoBus. Kpome Toro, Hamu4re mia3Monay3bl BakKHO
HE TOJIBKO JUIS TPOJOJBHOTO PACIpPOCTPAHEHHS ATbBEHOBCKMX BOJH, HO WM IS HMX TeHepauuu. VHKpeMeHT
HeyCTOﬁ‘{I/IBOCTH AJIbBCHOBCKHUX BOJIH CYHICCTBCHHO 3aBUCUT KaK OT KOHLCHTpaluu TOPAYMX aHU3O0TPOIIHBIX
NPOTOHOB, TaK M OT IUIOTHOCTH (DOHOBOW IUIa3Mbl. VIMEHHO Ha IUIa3Moray3e B OOJIACTH PaIUAIlMOHHOTO IMosica
3emnu (PI13) Bo3moxen nepexon PII3 B HeycToitunBoe coctosinue u reHepanus Pcl mynbcauuii [ Teepcroii, 1968].
He wckmoyeHo, OMHAKO, YTO CIOPagMYecKH B MarHUTOC(epe BO3HUKAIOT YCIOBHS I  MPOJOIBHOTO
pactpoctpaHeHus ¥ rerepanuu Pcl u B Jpyrux o0acTsX MarHUTOCQEpHI.

BpiBoabI

HpOBe[leHHble nucciieAoBaHus MO3BOJIAIOT CACIATH 3aKJIOYCHHUE, YTO I'CHEpalusa I€OMarHUTHBIX nynbcauuﬁ PCl
NPOUCXOUT NPEUMYIIECTBEHHO B palioHe ruia3mornay3sl. B pabore momuepkHyTa BaykHas poJib IJIa3MOIay3bl Kak
JUJIA HpOﬂOﬂbHOFO paCHpOCTpaHeHI/IH aJIbBCHOBCKHUX BOJIH, TaK M JJIA UX reHepauHM.
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