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Introduction Dependence on Solar Cycle Dependence on Season Dependence on Local Time Compa rison to Halley (L = 4.62)
An increased occurrence of electromagnetic ion cyclotron (EMIC) waves . : : : : No sianificant | The local time dependence for all 8 years is shown on the left.
- ) . A minimum in occurrence is evident during 2000- O signiricant seasona SF= . o . .
in Earth’s magnetosphere has long been noted during the aftermath of 2002, corresponding to solar maximum gThe variation is evident in this data The pattern for individual years shows little deviation from the J oo 1 Engebretson et al. [2008a] found a
magnetIC storms. T ) ) t but th b n f dat aggregate pattern (Local noon IS near 1500 UT) § o2f |—| _ - | — I_: much more ISOtI’OlE)IC distribution of Pc 1
anticorrelation between Pc 1 occurrence and sunspot >€t, but the absence of data e o o L o 1 events as a function of MLT at Halley,
Such waves, classified as Pc 1-2 waves (0.1-5.0 Hz), have been activity is well known [e.qg., the review by Kangas et during one year fr_om Jan., Jul,, _ o i :133? %Zj::: , m;ﬂﬂ Antarctica. Left: post-storm. Below:
suggested in many theoretical and some observational studies as a al., 1998], and is often attributed to an increase in and Nov., and during two years 2o : : g S 5 ' all days in 2005. Local noon at Halley
significant loss mechanism for both ring current ions and, via parasitic O* levels in the magnetosphere during solar from Oct. and Dec. suggests e L 0l T o0 ! is at 1440 UT.
interactions, radiation belt electrons. maximum conditions. ©° — 1w that the true seasonal variation § 400- - £ P 2005 Stong P oty Event Ocurences of ally:Year 2005
500 - may have a modest winter = J_‘_ Y | o : E
Such waves are observed routinely in space, and also by ground-based S 100 ] -_mE minimum, consistent with ~ 100~ - | & o i - .
search coil magnetometers. 2 3 reduced horizontal propagation . R ] :
Fourier Spectrograms of Pc 1 Activity & %7 - 5 (by means of ducting) during . : o ]
o 0 £ Antarctic winter, and roughly T s e s e e e o B P S S e B e :
o00 100- % symmetric occurrence patterns Month UT (hours) TR Gens oo : _ E .
i 0 ol T during fall and spring. g :
200 Year I N TSI IR T R R D

800 {HAITRAEIS Gl

. In this section we present superposed epoch plots of Pc 1 event occurrence for several categories of geomagnetic storms, for high speed streams, and for storm sudden
commencements (SSCs). Each plot shows a color-coded grid of fractional occurrence (0.5 = 50%) as a function of Universal Time (in 2-hour bms) during a 16-day interval, from 1. Pcl WEMES Elns ob_served on the gr_ound at auroral latitudes at Ie_as_t as
6 days before to 10 days after the designated date. As above, local noon is near 1500 UT. often prior to magnetic storms as during storm recovery. They exhibit a

clear minimum during the early recovery phase.
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For most of the following plots, the zero epoch is the day of minimum D, or of SSC occurrence. For high speed streams it is the onset of convection. The McPherron storm list
includes both the start and end of main phase.
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2. Pc 1 waves observed at ground stations at auroral zone latitudes occur

1000 T T e

5% We begin with the lists of moderate and intense storms identified by Bortnik et al. [2008]. These were selected to be “clean,” isolated storms without multiple onsets. Bortnik et predominantly on the day side, peaking shortly after local noon. This
5 i al. [2008] identified 12 storms in each category between 1999 and 2005. Our data base included 9 storms in each category, between 1999 and 2003. diurnal pattern is fully consistent with the AMPTE CCE observations of
200 Anderson et al. [1992] in the equatorial outer magnetosphere (L > 6). In
i P . ‘ . \, ISOIatEd Storms ngh Speed Streams addition, there is only a small difference in MLT patterns pre-storm and
00:00 02:00 04:00 '06:00 08:00 103(':16:;2001,;::0Ac:;;3 18:00 20:00'22:00 24:00 (BOI"tnlk et aI. [2008]) (Denton and BOI"OVSky [2008]) post_storm_
& o 1 ‘ ' , Moderate Storms (9) Intense Storms (9) Noisy before Convection Onset (20) Calm before Convection Onset (5) _ _ o _
5 mmwu WMMWWN}WMWW M’l WWWWWMWNMAW m WWNWWWMWM -100 < min Dy < -50 nT -450 < min Dy < -100 nT (note the 0-1 color scale) (note the 0-1 color scale) This Jocal time pattern is in contrast to that at subauroral latitudes (e.g.,
s 5 5 \ Halley) where the distribution is more isotropic and shows an afternoon
» AL, 8, Eo 22 opmy 2 - - - peak in the first two days of the recovery period, and especially differs
Although there have been many |nd|V|duaI reports of EMIC wave activity, there - - 7 _ o ZiZ;F _ e oo O th‘?‘t at low latitudes (e.g. Parkside), w_here Pc 1 waves occurred
are few comprehensive studies of their occurrence as a function of latitude, Ly w o b g 1o ors| B s predominantly between dusk and dawn during all storm phases. The
solar cycle, and/or storm phase. FRE oorl |2 2 12 o o PR o P Anderson et al. [1992] diurnal patterns for L < 6 are consistent with these
Lo oo [llE T 10 o5 I & = 10 oes |2 © 10 ons 2 round-based results.
Two recent exceptions are the studies of Bortnik et al. [JGR 2008], which 5 ° coplE s ° . [ Z s o @BE T o.30 [l € J
surveyed EMIC waves during magnetic storm intervals from 1999 through 2006 . S - | 6 =d E 6 027 B 2 _ _ o _ o
at Parkﬂeld CA (L = 1.77), and Engebretson et al. [JGR 2008], which surveyed > 2 ; . . - 3. Our observations of increased wave activity during the initial stages of
waves during 13 storm intervals in 2005 at Halley, Antarctica (L = 4.62). Saassanssnanesasanasanenananannn S A s A A 0 S convection during high speed streams are consistent with the observations
Time[days] Time[days] —6 4 -2 OTimeszys s 6 8 10 —6 4 -2 OTimeszys s 6 8 10 . . .
n bl study we hove applled the automated wave analylstechnique deserved - - e e e e macerl
y Bortnik et al. [JGR /] to a large multi-year suite of data from search coi The salient features of both distributions include near-noon or shortl - - '
magnetometers deployed in automated geophysical observatories (AGOs) by - : g duri d shortly after th dy p These e_vents, during 1996 and 2003 onIy,_do not necessarlly lead to roughly double the density during high speed streams which followed very
the British Antarctic Survey at auroral latitudes in Antarctica. These pOS noon occurrence maXIma{ a drop auring and s Or. y arter the day o magnetic storms. Both sets are characterized by hlgh wave occurrence calm periods as Compared to streams fo”owing periods when h|gher levels
instruments recorded 2 samples/s, so wave measurements are limited to a minimum Dy, and roughly similar occurrence frequencies before storm probabilities, again mostly near noon, but with greatly increased oF @arEETer sEreieedl. frdl we elhecraad 2 EEEt & S0 e i e 1
maximum of 1 Hz. onset and during the late recovery phase. occurrence during the first 2-3 days of magnetospheric activit 2 . °
: ring ay gne P Yi occurrence during the former, compared to the latter.
Data Set especially during intervals following calm periods.
The table below shows the geographic coordinates of the BAS AGOs (left) and Because these storms were selected o be lisolated, the pre-stoim period InterPrEtatlon

their magnetic coordinates (right) for epochs 1996 and 2003, calculated using does not include recovery phase intervals of prior storms. Events in later

: : : The outer dayside magnetosphere is known to often be marginally
B categories shown do include such intervals, however. : . L ) . :
the modelweb facility at NASA /GSFC, 9 ' Storm Sudden Commencements unstable to ion cyclotron instabilities, which can be triggered by solar wind
http://modelweb.gsfc.nasa.gov/models/cgm/cgm.html. (186 events on the NOAA list, 1996-2003) compressions [e.g., Anderson and Hamilton, 1993]. It is thus not
GIAT |GLON |MLAT |MLON |Noon MLT - The distributions found by Bortnik et al. [2008] at L = 1.77 are shown below. surprising that there is a diurnal maximum of Pc 1 occurrence at high L
8075  204W 6635  291E 1446 —r Evident is a deep dayside minimum and a maximum from dusk to dawn that 24 values near local noon. The addition of denser plasmaspheric plume
. . . . . . 22 . . .
varies little with storm phase. Occurrence increases at all local times during -0 o0 material to the outer magnetosphere is also expected to increase the
A8l 81.55 30E 6875  360E 1418 7.68 1996 the first few days after onset. e growth rate of Pc 1 waves.
A84 84.45 239W  69.25 25.1E 15:05 8.07 BORTNIK ET AL.: LOW-LATITUDE STORM TIME PC1 PULSATIONS % 1‘2‘ Ug" Futu r e w O I‘k
€ 0.27 z
=~ 10 0.23 ]
M 12 Int 12 :
A80 664S  293E  14:46 6.35 @ 1%??3;3“2% 0T ! Bﬁft?ggsﬂ > There has been some controversy whether Pc 1 events occur often during
a) — — ' € . . . .
A81 638S  362E 1419 776 2003 = 24 10 » : oo i main phase, and whether if they do, they might not appear in ground
A 257 , 5 20 g O o records [see, e.g., Engebretson et al., 2008a, b]. The data presented
54 N I 516 2 16 5 o 4 -2 o 2 4 & 8 10 here suggests that Pc 1 events d during the main phase of
= 6 2 imelsaye] ggests that Pc 1 events do occur during the main phase of some
. . r- . b : : : :
The diagram below shows the availability of search coil magnetometer data E 1§ 4 & R el e il ety e e e e e den of SEE e storms, and storms with different drivers have different o
from the three BAS AGOs from 1996 through 2003. The black boxes indicate T 4 2 E A ainp e do ot necegsar” ead to ma neticystorms SO patterns. However, the time resolution (1 day) used in this presentation is
. . . . o . 1 1 1 1
the stations used during each year for this study. When possible (for example S ot 0 % dgcreesed S onyda - angl s o Ao LB inadequate to fully characterize this. Studies of example events (not
in January 1997), data from another station were used to fill in data missing 2 02 406 8 10-6-4-=20 2 46 e o o e o éssociated T 4 shown) suggest that solar wind pressure increases are responsible for at
from the selected station. 9 ' Ieast some of these evenFs, Wh_ICh again occur predon_wmantly on the day
Available Antarctic Search Coil Magnetometer Data 1996-2004 side. Further analysis using this data set will be required to adequately
| | | | | | | - - - - - T g3 focus on the Pc 1 activity observed during main and early recovery
o P — Varieties of Magnetic Storm Drivers Occurrence During In_|t"|al Phases hases.  This analysis will also include a more detailed look at the
68.9 Yermolaev [2007] (123 storms on the "McPherron list,” 1996-2003) correlation between wave occurrence and dayside plumes.
el H s 8 | CIR Storms (31) Magnetic Cloud Storms (27) Time Relative to Start of Main Phase Time Relative to End of Main Phase
24 24
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Wave events identified by the automated algorithm T A by visual Dayside activity again dominates, § wz ZT: % The low occurrence rates shown here are_ due in part to the inclusion of KSFS%eciso,an., é ES‘S(:uegIiSe(I:|iT1iliea\?d803. IZ%IfSh_(;tlezlozohifllc)l%ahl%lgg}lAer1180p5h0y6s:i))c951<if6220ric-9|39e8riod geomagnetic

inspection of dailv 0-1 Hz spectroarams. This led to removal of 94 “false . : 6 data from 2000-2002. When storms during these years are removed, P y Space. Scl. Rev., 63, , doI: 10 : , -

P Y P g . but with different occurrence 4 . - - Py : McPherron, R. L., and J. Weygand, The solar wind and geomagnetic activity as a function of time relative to
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November 1997 to 1 “event” in April 2000.




