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FM-CW / MAGDAS OBSERVATIONS DURING SC
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BHes3anHoe yBenuueHuWe IMHAMUYECKOro maaBieHus (PSW) coiHEYHOro BeTpa NPHBOIUT K
BHE3aITHOMY YBEJIMYEHHIO TE€OMAarHWTHOTO TIOJIsI, OCOOEHHO Ha HHU3KWUX INUpOTax. Takoe SsBJICHUE
Ha3bIBaeTCs BHe3amHoe reoMarauTHoe Hauvano (BH). MaruutHOe Bo3MymieHHOe moie BH m3yuanoch
MHOTHMH HCCIieIoBaTemsiMU. TeM He MeHee, dJeKTpUUecKHue moiisl, cBszaHHble ¢ BH, B moHocdepe Ha
HU3KHX HIUPOTax elle He JOCTATOYHO U3yYEHBI.

Jlnst Toro, 4roObl H3MepATh dekTpuueckue mois, B Cacarypu, ®Dykyoka (MarHuTHas
mmpora=23.2 rpajaycoB, MarauTHas jaoiarora=199.6 rpamycoB), Hamu paspaboran pagap FM-CW (BC
panap). Habmogenus pagapa FM-CW Obutn Hayatel B HOsOpe 2002 r. C mMOMOIIBIO JOMIIEPOBCKOTO
pexuMa HaONIOACHHUS MOXKHO OINPEACNATh CKOPOCTh BEepTHKaJIbHOrO cMerieHus (V) moHochepsl u ee
BeicoTy ¢ 10-cex BBIOOpKOM. MoHOC(epHOe anekTpuyeckoe moyie E  pacuuThIBaeTcs C IMOMOIIBIO
BhIpakeHust oTHomieHnss E = -v X B. Jlns pacuera marautHoro monst (B) B Cacarypu HCIoab3yeTcs
monenb IGRF. C moMOIIBIO BBINICYITOMSIHYTOI'O OTHOIICHUS MBI MOXEM HM3MEPUTh HOHOC(HEpHOE
JNIEKTPUYECKOEe I0Jie B  BOCTOYHO-3aMaJHOM  HANpaBICHHHM, a TakkKe MOXeM HaOIoaaTh
KOPOTKOIIEPHOIHBIC SBJICHUS AJIEKTPHUYSCKUX TOJICH, MPOHUKAIOIMMX (MM PACIPOCTPAHSIONIMXCS) U3
MarHuTONAay3bl B HU3KOLMIMPOTHYIO HOHOC(]EDY.

Hamu BoiOpanbr 40 coOwitnii ¢ BH, koropele Obumn ompenenensl Marnutomerpom B KUJ
(mmpota =23.6rpamycos, gonrora =203.2 rpagycos) u FM-CW panmapom 3a nepuoa ¢ 2002 mo 2005 rr.
MarnuTHas ctaHuus sBisieTcs: yacteio Tuxookeanckoi enu CPMN [Omoro u rpynna CPMN, 2001].
CHavasa Mbl aHAJIM3UPOBAIN U3MEHEHHS CTYIIEHYaTO-110J00HOH (PYHKIIMH HOHOC(HEPHBIX DIEKTPUIECKUX
nosiel Bo BpeMsi BH u oOHapyxuim, uTto noHOC(EpHBIE JIEKTPUUYECKUE TOJIsl HalpaBlieHbl HA BOCTOK B
nueBHoe Bpemsi (06-20 LT) u Ha 3anmax B HouHoe Bpemsi (17-07 LT). Cpennuil quamna3oH aMILUTHTYIbI
anekrpudeckux noneid cocrasiser 0,5 mMB/m B mHeBHoe Bpemss u 1,0 MB/M B HOuHOe Bpems. Mol
CPaBHWJIM HW3MEHEHUSl CTYNEHYaTO-MONO00OHONH (YHKIMHM DIEKTPHUECKHX TMOJieH C W3MEHEHUSIMH
CTYNEHYaTO-TI0JJ00HOW (DYHKIMHM MarHUTHBIX mojeld BO BpeMs BH u oOHapyXuiu MOMOXKHUTEIBLHYIO
koppemsnuio (kosdhurment xoppemaiun =0.70) MeKTy M3MEHEHHMSIMU DJIEKTPUUYESCKUX W MATHHUTHBIX
nojeld. Mbl Takke CpaBHWIM HOHOC(HEpHBIC 3JEKTPUYECKHE MOJIs ¢ M3MEHEHHsIMH B PSW Bo Bpems
MEXIIJIAHETHOTO YAapHOro COObITH. Mexay HUMHU Habmtomaercs ciabas xoppensius (KodpuuueHt
koppemsiiun =0.65), B TO BpeMs KaKk MEKIY dJIEKTPUYECKUMH TOJIsIMH conHeuHoro Berpa (EsSw) wu
HOHOC(EPHBIMHU DIIEKTPUYECKUMH TOJISIMU He OBbIJIO HaiifieHo HUKakod koppemsiuud. OKa3blBaeTcs, 4To
HOHOC( EpHBIC AIIEKTPHUUECKHE OIS 3aBUCAT B OCHOBHOM OT PSw.

DT HaOMIOAEHUS MPEINoNaraoT, YTo HOHOC(EpHBIE AIIEKTPHUUECKUE MOJSl Ha HU3KUX IIMPOTax
Bo BpeMsi BH cocTosT u3 snektpudeckux molnei yTpo-Beuep co cpeaneit ammumtymoi 0,75 m/Bw,
KOTOpBIC MPOHHUKAIOT M3 TOJSPHOM HOHOC(EPH B SKBAaTOpHUANbHYIO HOHOChEpYy M HamlpaBIeHHBIX Ha
3amajl JJEeKTPUUYSCKUX TIONIel BOMH C©kaThsg co cpenaneit ammurynoit 0,25 wmB/M, kotopbie
pacmpocTpaHsIoTCs TONEPeK MarHUTOC(HEPHI.

The ionospheric electric field at low latitude during the main impulse (MI) phase of
geomagnetic sudden commencement (SC) was investigated by Doppler observation of an FM-
CW ionospheric radar with 10 seconds sampling. From the statistical analysis of the ionospheric
electric field intensity for 40 SC events, we found that there is a positive correlation between the
ionospheric electric field and the change in the geomagnetic H-component at the time of SC in
low latitude. Therefore it seems that the source of the low-latitude ionospheric electric field at
the time of M1 is the dynamic pressure of the solar wind.
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1. Introduction

The sudden increase of the dynamic pressure of the solar wind causes a sudden increase
of the geomagnetic field especially in low-latitude region. This phenomenon is called
geomagnetic sudden commencement (SC). The disturbance field of SC is divided into two
components [e.g. Araki, 1977].

Dsc=DL + DP

where DL represents a step-function like increase of the H-component dominant at low
latitudes. It is caused by the current circuit flowing on the magnetopause and the propagating
compressional hydromagnetic (HM) wave [Araki, 1994]. DP shows the two pulse structure
dominant at high latitudes due to the polar ionospheric electric field.

DP = DPp + DPy,

Pl (preliminary impulse) and following MI (main impulse) are caused by the dusk-to-
dawn and dawn-to-dusk electric fields respectively. These electric fields are believed to penetrate
into the polar ionosphere from the magnetosphere [Tamao, 1964; Araki, 1994], and transmit
instantaneously to the low-latitude ionosphere by a TM mode [e.g. Kikuchi and Araki, 1979].

Kikuchi et al. [1985, 1986] analyzed low-latitude ionospheric electric field at the time of
SC by a High Frequency (HF) Doppler measurement. Then they found that the preliminary
frequency deviation (PFD) caused by the dusk-to-dawn electric field occurs simultaneously with
high-latitude PRI. Moreover he showed the subsequent main frequency deviation (MFD) caused
by the dawn-to-dusk electric field occurs smultaneously with MI.

However, the intensity of the SC-associated electric fields in the low-latitude ionosphere
is not yet clarified sufficiently.

In order to measure ionospheric electric fields that penetrate the low-latitude ionosphere,
we have constructed an FM-CW radar (HF radar) a a low-latitude station Sasaguri, Fukuoka,
Japan [Yumoto et a., 2006]. An FM-CW (Frequency Modulated Continuous Wave) radar is one
kind of HF (High Frequency) radar and using it for Doppler observation was first put to practical
use by Poole [1985] and Poole and Evans [1985]. Nozaki and Kikuchi [1987, 1988] made
improvementsto the design.

Our Doppler observation started in November, 2002. By using the Doppler mode of the
FM-CW radar, we can measure vertical drift velocity and virtual height of ionospheric plasmas
with high time resolution. Therefore, we can estimate the intensity of the ionospheric electric
fields by the method explained in section 2 of this paper. Furthermore, altitude information
enables usto confirm whether or not the observed ionosphere is F-region.

2. Data Set

This present study is based on the data from our FM-CW radar located at Sasaguri,
Fukuoka, Japan (Magnetic Latitude 23.2°, Magnetic Longitude 199.6°). The FM-CW radar is a
type of HF radar and can measure the range of target as well as its Doppler related information.
This application of the FM-CW radar is a variation of a technique developed by Barrick [1973]
to measure sea scatter. With our radar system, we are able to measure the vertical drift velocity
of the F-region of the ionosphere and its virtual height. Generally sampling time of our radar is
10 seconds.

When the eastward electric field penetrates into the low-latitude ionosphere, it drifts
upward owing to the frozen-in effects (E x B effects) of the F-region. On the other hand, the
ionosphere drifts downward when the westward electric field penetrates.

Our radar provides us the Doppler frequency Af which is the difference of transmitting
frequency (fo) and receiving frequency (Af + fo) because of the Doppler effect responsible for the
vertical movement of the ionosphere. The relational expression of Af and fy is represented by Af
= fo x2v/c, where v is vertical drift velocity, and c is the velocity of light. Generally we use 8.0
MHz in daytime and 2.5 MHz in nighttime for the transmitting frequency fo, because of the day
and night variations of the ionospheric plasma density. From the above relational expression, the
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vertical drift velocity v of the ionosphere is given. The accuracy of the vertical drift velocity is
1.5 m/sby 8.0 MHz and 4.7 m/s by 2.5 MHz.

In addition, to estimate the intensity of the ionospheric electric fields, we are trying to
calculate E of E = v x B, where E is east-west electric field of the F-region, v is vertical drift
speed, and B is the magnetic H-component at Sasaguri. This B is derived using the IGRF model
provided from World Data Center for Geomagnetism, Kyoto (http://swdcwww.kugi.kyoto-
u.ac.jp/index.html), which requires two inputs: (1) the altitude of the F-region (in this case, given
by our radar), and (2) the geographical coordinates of Sasaguri given by GPS system.

Moreover, in order to detect the onset time of SC, we use 3 seconds averaged data from
magnetometer at Kujyu (KUJ; M. Lat. 23.6°, M. Lon. 203.2°) or Kagoshima (KAG; M. Lat.
21.9°, M. Lon. 202.3°). For the data gaps at KUJ, the data from a similar instrument at KAG
were used. KUJ is about 100 km southeastward from Sasaguri and KAG is about 230 km
southward from Sasaguri. These magnetometer stations are a part of the Circum-pan Pacific
Magnetometer Network [Y umoto and the CPMN Group, 2001].
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Fig.1. SC at daytime on May 9, 2003. The upper pand shows the Doppler frequency Af observed at

Sasaguri and the bottom panel shows the geomagnetic H-component at KAG.

3. Data Analysis
3.1. SC on May 9, 2003

Figure 1 shows a geomagnetic field variation of the H-component at KUJ and Doppler
frequency measured at Sasaguri on May 9, 2003. When the westward electric field penetrates
into the low-latitude ionosphere, the ionospheric plasma drifts downward and the Doppler
frequency deviates positively. While, when the eastward electric field penetrates, the Doppler
frequency deviates negatively. The SC onset at 07:30 UT (16:30 LT) is indicated by the vertical
dashed line in Figure 1 and the amplitude of SC is about 38 nT (initial peak-to-peak change of
H-component at KAG). After the SC onset, an abrupt decrease of the Doppler frequency occurs
with correspondence to an increase of the H-component. Therefore, this negative deviation is an
MFD. The initial peak-to-peak change of the MFD is-0.51 Hz, and from this value we estimate
the electric field intensity (Hereafter, we call this electric field the MI-electric field) as 0.27
mV/m (eastward). During this SC event, the radar transmitting frequency was 8.0 MHz and the
observed ionospheric altitude was about 300 km (virtual height).
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Fig.2. Scatter plot of the MI-dectric field intensity versus the amplitude of the geomagnetic H-
component. We note that the direction of MI-electric field is eastward in daytime and westward in
nighttime, therefore the MI-electric field intensity of Figure 2 is absolute value.

3.2. Relation between ionospheric electric field and geomagnetic field

In order to verify the relation between ionospheric electric field and geomagnetic field,
we analyzed 40 SC eventsthat were recorded by a magnetometer at KUJ or KAG within a period
from 2002 to 2005. The criteria of the analyzed SC events are that a geomagnetic field variation
of the H-component rapidly increases more than 10 nT at KUJ or KAG. In these SC events, the
amplitude of analyzed SC was in arange from 12 nT to 66 nT at KUJ or KAG, and the observed
altitude of the ionosphere was in arange from 210 km to 460 km.

We compared MI-electric field intensity with change in the H-component of the magnetic
fields at the time of SC (MI), and found a positive correlation between the electric and magnetic
field changes (Figure 2). The correlation coefficient is 0.70. We note that the direction of MI-
electric field is eastward in daytime and westward in nighttime, therefore the MI-electric field
intensity of Figure 2 is absolute value.

4. Discussion and Conclusion

There is a positive correlation between the SC amplitude of geomagnetic H-component in
low-latitude region and sudden changes in the dynamic pressure of the solar wind (e.g., Siscoe et
al., 1968). This fact means that the source of the variation of the geomagnetic field at the time of
SC is the dynamic pressure of the solar wind. From our observational fact (see Fig.2), it seems
that the source of the ionospheric electric field at the time of Ml is also the dynamic pressure of
the solar wind.

However, the response of the geomagnetic field to dynamic pressure of the solar wind
shows the dependence on local time [e.g. Russell et al., 1994]. Furthermore it depends on the
direction of the interplanetary magnetic field (IMF). Therefore it seems that the MI-electric field
also depends on local time and the direction of the IMF. We need to analyze the dependence of
MI-electric field on local time and IMF in future study.
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