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[1] We present a statistical analysis of the time evolution of ground magnetic fluctuations
in three (1248 s, 2496 s and 48192 s) period bands during nightside auroral activations.
We use an independently derived auroral activation list composed of both substorms
and pseuddoreakups to provide an estimate of the activation times of nightside aurora
during periods with comprehensive ground magnetometer coverage. One hundred eighty
one events in total are studied to demonstrate the statistical nature of the time evolution of
magnetic wave power during thé80 min surrounding auroral activations. We find

that the magnetic wave power is approximately constant before an auroral activation,
starts to grow up to 90 s prior to the optical onset time, maximizes a few minutes after
the auroral activation, then decays slightly to a new, and higher, constant level.
Importantly, magnetic ULF wave power always remains elevated after an auroral
activation, whether it is a substorm or a psebdeakup. We subsequently divide the
auroral activation list into events that formed part of ongoing auroral activity and events
that had little preceding geomagnetic activity. We find that the evolution of wave
power in the 10-200 s period band essentially behaves in the same manner through
auroral onset, regardless of event type. The absolute power across ULF wave bands,
however, displays a power lalike dependency throughout a 30 min period centered on
auroral onset time. We also find evidence of a secondary maximum in wave power at
high latitudes 10 min following isolated substorm activations. Most significantly, we
demonstrate that magnetic wave power levels persist after auroral activatioh3 foin,

which is consistent with recent findings of wadkven auroral precipitation during
substorms. This suggests that magnetic wave power and auroral particle precipitation are
intimately linked and key components of the substorm onset process.

Citation: Rae, I. J., K. R. Murphy, C. E. J. Watt, and I. R. Mann (2011), On the nature of ULF wave power during nightside
auroral activations and substorms: 2. Temporal evolulioGeophys. Resl16, A00I22, doi:10.1029/2010JA015762.

1. Introduction to as NENL [e.g.Hones 1976]) or via explosive growth of a

asma instability in the nearer magnetotail [&Rguix et al.

. L e I
[2] The link between the optical |ntenS|f|cat|on_ of the moé‘l}991;Lui et al, 1991 Voronkov et al.1997:Horton et al,
equatorward auroral arc and a sharp magnetic bay dur. 1:Cheng 2004]. However, a number of other phenom-

substorm expansion phase has been studied for well over A logical models have also been proposed to explain the

a century [e.g.Heppner 1958; Akasofu 1964]. HOWeVer, ; iaiion of energy release during expansion phase onset (e.g.,
determining the physics of the energy release during 19 4oy | ayer Dynamics moddéstoker and Eastman
initiation of the substorm expansion phase has remalrﬁgﬂ Near Geophysical Onset [eMaynard et al. 1996a
gg‘osé‘_’eAto tk;e curlrent (:ayl[ez'gb‘g' 202()éd§}?-%el-0p§g(l)%s- 1996b], and Global Alfvénic InteractioSdng and Lysak
, Angelopoulos et gl 2vioa, 2UVVSh,Lul, 2UNS: 50011y RecentlyNishimura et al[2010] proposed a modi-

Angelopoulos et al2009]. The primary difficulty arises duego g\ \hotorm onset scenario whereby substorm onset was
to the ambiguity in the temporal sequence of events durifg..eqeq by enhanced earthward plasma transport from
ﬁu?nst(r)]rrPs,ibolthmlndSRaceran? Iri] th”e '?:\?Slfhfr?' TV)\:Olpi -NL reconnection sufficient to destabilize the inner mag-

omenological Models are typically oked fo € p""It?etosphere and cause the onset of the expansion phase. In

substorm initiation and energy release: via magneic eCkir scenario, these authors proposed a repeatable sequence

nection at the Neaarth Neutral Line (commonly referredof events simply from ionospheric measurements that occurs

_— _ o in the following way: (1) a poleward boundary intensification
!Department of Physics, University of Alberta, Edmonton, Albert?PBl) [Elphinstone et a).1995] occurs at, or close to, the

Canada. . .

poleward boundary of the auroral ovahinutes prior to
Copyright 2011 by the American Geophysical Union. auroral onset; this is interpreted as clear evidence of recon-
0148 0227/11/2010JA015762 nection close to the NENL; (2) an equatorwardving
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north south (and/or eastest) aligned arc moving toward[2009a] demonstrated that this epicenter of wave onset
the subsequent onset region; this is interpreted as evidemas a repeatable phenomena that occurred prior to large
of enhanced earthward plasma flow and flux transport [e.gcale auroral intensification of auroral breakup as identified
Walsh et al. 2009]; and (3) onset occurs on the modily a global imagerLiou and Zhang[2009] noted that
equatorward auroral arc at t Murphy et al[2009a] did not consider the 2 min cadence of

[3] These authors compiled a list of 251 auroral intenghe instrument when concluding that ULF wave onset pre-
fication events, the majority of which are found to satisfy aeded the global intensification recorded by the global
least points 1 and 3. In this paper, we use this list of indadroral imager. Howevelurphy et al.[2009b] countered
pendently determined auroral intensification events to stuthat even when including this 2 min uncertainty, ULF wave
the evolution of Ultra Low Frequency (ULF) wave power ainset preceded any global auroral intensification as recorded
the location of auroral onset and at locations at both highmsra global auroral imager, and indeed prior to a more local
and lower latitudes. By using this independent list, we aiestimate of auroral onset using a meridian scanning pho-
to minimize any subjective event selection, and prevent aoyneter.Murphy et al.[2009b] demonstrated that the con-
bias from influencing the results of this study. Note that tldusions ofMurphy et al.[2009a] were valid for all but one
only source of timing uncertainty implied in the Nishimuravent, and this event included a global auroral imaging data
list is the 3 s cadence of the THEMIS ASI. gap.Murphy et al.[2009b] then conclude thait is likely

[4 ULF waves have been shown to play a pivotal role ithat global satellite imagers do not have the sensitivity or
determining the onset time and location of substorm expaesolution to record the initial dynamics or formation of an
sion phase onset. Previous studies often concentratedinatividual quiet discrete aiéln complementary workRae
distinct ULF wave bands as identified bgcobs et al[1964], et al.[2009a, 2009b] studied the onset of RAIULF waves
such as the Pi2 (4450 s period [e.gQlson and Rostoker relative to the THEMIS AllISky Image (ASI) local auroral
1975; Southwood and Hughge4985; Samson 1985] and measurements, instruments which could provide sufficient
see reviews bBaumjohann and Glassmeigr984], Olson temporal and spatial resolution to probe the precise optical
[1999] andKeiling [2009]) and Pil (340 s period [e.g., and magnetic onset in two dimensions but in white light
Bosinger and Yahnjril987;Arnoldy et al, 1987;Bo6singer only. InterestinglyRae et al[2009a, 2009b] show that the
1989; Arnoldy et al, 1998; Lessard et al.2006; Posch onset epicenter of Ri2 ULF waves could identify both the
et al, 2007]). Both ULF wave bands have been shown tocation and time of the first signature of expansion phase
provide important information on the specifics duringnset observed in the ionosphere to within an errod6fs;
expansion phase onset. For example, Pi2s can be usethi® Pil-2 magnetic epicenter being observed at the same
define the substorm current wedge location [8gRherron time and in the same location as the first optical fluctuations
et al, 1973;Lester et al. 1983], the location of the auroralalong the onset arcminutes prior to auroral breakup. Pre-
surge [e.g.Gelpi et al, 1987] and lowlatitude Pi2s can be sumably auroral breakup therefore corresponds closer to the
used to determine the meridian of auroral onset [e.gyroral onset time as observed by global imaging. The over-
Takahashi and Liou2004] while auroral zone PilB wavesvhelming conclusions of these papers are thatZ2PULF
[e.g., Bosinger and Yahnijn1987; Arnoldy et al, 1987; waves can be used to define the location and time of the first
Bdsinger 1989] have been used to accurately locate thmnospheric signatures of substorm expansion phase onset,
specific region of auroral substorm onset. However, it @d that the signature of global auroral intensification using
only through the analysis of the entire ULF wave spectruanglobal imager typically occuraminutes later.
that the most important physics are now being extracteds] However, these results are all isolated case studies of
Specifically, through probing the entire ULF wave spesubstorms and pseudweakups and may not represent a
trum, recent work has discovered that a ULF wave band tedtistically significant portion of all substorm onsets or
overlaps both thdacobs et al[1964] defined Pil and Pi2 nightside auroral activations. In a companion pagderphy
ULF wave bands (hereafter referred to as-Pilvaves) is et al. [2011] (hereafter referred to as Paper 1) present a
often the critical frequency band for observing the firstatistical study of the properties of the ULF wave spectrum
moments of substorm expansion phase onset in the iomothree bands (3810 s period Pil*, denoted as such since
sphere [e.gMilling et al., 2008;Mann et al, 2008;Murphy the entire Pil spectrum of40 s is not considered in Paper 1
etal, 2009a, 2009Rae et al.2009a, 2009b, 2010]. Indeed,or within this manuscript, 2496 s period PiZ2 and 46150 s
Jacobs et al[1964] noted thatUsually the period of Pil is period Pi2) in order to determine whether there is a statistical
quite small, seldom exceeding 20 fetn any decisions on difference between the spatial properties of each ULF wave
classification, some compromise is inevitable. Since thand. The results in Paper 1 are obtained using 40 min time
physical processes involved are not well understood, itifmgervals centered on the global auroral intensification times
pointless to introduce a highly sophisticated schéimence determined byFrey et al.[2004] andFrey and Mende
Pil-2 ULF waves of 2496 s period represent sharériod [2007], and Fourier analysis of the ULF wave character-
Pi2 waves in their general classification scheme. This sustics in these three bands. The results in Paper 1 show that
tlety has been often overlooked in the somewhat rigiere are some statistical differences in the spatial distribu-
classification scheme currently adopted by the substotions of Pil* and Pi42 and Pi2 waves. For Pil* wave
community from the conclusions of tacobs et al[1964] power to be observed at the same distances from the location
study, and suggests that the full range of ULF wave periogfsauroral intensification, a large AE is required in excess of
should be included in any study of substorm dynamics. 600nT. While Pi32 and Pi2 waves demonstrate the same

[5] In these more recent papekdilling et al. [2008] pre- polarization profiles as noted bgelpi et al.[1987] and
sented clear evidence of a ULF wave epicenter in the onlsester et al.[1983], Pil* waves appear to be more fea-
of Pil-2 ULF waves during substorm onsBturphy et al. tureless, potentially due to their broadband nature as noted
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Figure 1. A superposed epoch analysis of the Pil* ULF wave activity during the auroral activations in
the Nishimura list Nishimura et al. 2010]. Figure la shows the normalized ULF wave activity in the
Pil* (1248 s) period band as a function of time for each individual event. Figure 1b shows the Pil* wave
power for all events as a function of time together with the median, upper and lower quatrtiles. Figure 1c
shows all substorm events from the Nishimura list in the same format as Figure 1a, and Figure 1d shows
the Pil* power during substorms in the same format as Figure 1d. Figures 1e and 1f show the equivalent
Pil* normalized and median wave power for psebdeakups, respectively.

by Posch et al[2007] or being temporally localized in thetimes and locations of the onset of auroral activity as defined
window studied. More importantly, it is shown that the ULk the Nishimura listilishimura et al.2010] to statistically
wave power spectra for a 40 min interval surrounding subvestigate the magnetic activity associated with sudden
storm onset is characteristic of a power law, which suggeatsoral activation. We calculate the wavelet power in the
that statistically no particular wave band dominates tRé&L* (12-48 s period), PE2 (24-96 s period) and Pi2 (48
spectrum during substorm expansion phase onset. 192 s period) ULF wave bands using the Automated
[7] In this companion paper, we focus on the tempor#avelet Estimation of Substorm Onset and Magnetic
evolution of ULF wave power during the period before arfvents (AWESOME) NMurphy et al, 2009a] algorithm for
after sudden auroral intensification. The list of 251 aurotiile magnetometer that is colocated with the camera that
intensification events identified byishimura et al[2010] recorded the auroral activation. Any magnetometer time
is used to independently determine the time and locatieeries that encompassed a data gap or spike during the
of auroral activity. Since the Nishimura list contains botheriod of interest was discarded from the statistics. Thus 167
substorms and pseudweakups, we determine the temporadvents out of a possible 251 had usable data at the onset
characteristics of ULF waves during both types of aurofatitude. Where we extend the analysis to ULF wave power
events. We also split the event list into events that weathigher and lower latitudes, we were able to increase the
preceded by significant geomagnetic activity and those thaimber of usable events to 181. Each analyzed time series is
were not (defined as compound and isolated ever?s!seconds in length, corresponding to +16 mitf (®ints)
respectively, though note that using the definitions isolated either side of the onset timig¢as defined in the Nishi-
and compound does not refer to any activity followiglg t mura list. As previously mentioneNjshimura et al[2010]
Section 2 gives details of the data set used to obtain thal® further determine which of their 251 events demon-
results, and our analysis techniques. In section 3, we discstsate poleward expansion of the aurora in order to distin-
the evolution of ULF wave power in the immediate vicinitguish between substorms and psebdeakups, and so we
of the auroral intensification site, whereas the results psebcategorize this event list into substorms and pseudo
sented in section 4 extend this analysis to stations botleakups according to this classification. First, we focus on
poleward and equatorward of the initial auroral activatiothe evolution of ULF wave power at the identified onset
We present discussion of the results in section 5 and ¢aration and subsequently, we investigate the temporal

conclusions in section 6. variation of magnetic activity at varying distances from the
defined Nishimura onset location. A total of 944 magne-
2. Methodology tometer intervals are analyzed in this study.

[g] In this paper, we use 1 s cadence ground magnetog- . L
eter data from the North American sector, which includ&s .UL.F Wave_s in the Vicinity of the Auroral
the CARISMA Mann et al, 2008] and THEMIS GBO #ctivation Region
[Russell et a).2008] and EPO Heticolas et al. 2008],  [¢] Figure 1 shows a superposed epoch analysis of the
GIMA and CANMOS magnetometer chains. We use tiRi1* ULF wave activity during the auroral activations in the
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Figure 2. A superposed epoch analysis of the-Ri124-96 s period) ULF wave activity during the
auroral activations in the Nishimura lifighimura et al. 2010] in the same format as Figure 1.

Nishimura list from the magnetometer station closest to egwer during pseudbreakups increases for a shorter time
identified onset location. The top panels show the normékom to — 1 min toty + 3 min) and the level of Pil* power
ized ULF wave activity as a function of epoch time for eacifter auroral activation is smaller for pseunsteakups than
individual event. Figure 1a shows all 167 events used in tlitiss for substorms.
study, whereas Figures 1c and le show the subset of sups] Figure 2 shows the results for the P2IULF wave
storms and pseudoreakups, respectively, as identified bypand (2496 s period) in the same format as Figure 1.
Nishimura et al.[2010]. In Figures 1a, 1c, and 1e, blacligures 2a, 2c, and 2e show the same trends as their
represents minimum ULF wave power, while white represeeiguivalent panels in Figure 1, namely that the difference
maximum ULF wave power. In general, the maximum ibetween Pid2 wave power before and after auroral activation
Pi1* ULF wave power occurs aftey tnterestingly, Figure 1a is more pronounced for substorms than it is for pseudo
shows that there are some events (primarily contained witbieakups. Figures 2b, 2d, and 2f also demonstrate similar
the middle of Figure 1a) that have a maximum in Pil* poweharacteristics as their equivalent panels in Figure 1. Th2 Pil
between 16 and 2 min prior tg though the majority of Pil* wave power starts at a roughly constant level, starts growing
maxima occur aftety. By comparing Figure 1c to le, it is 1 min before the auroral activation time and peaksnin
clear that almost all substorm events clearly show more Péfter the activation time, before returning to another roughly
wave power after the auroral activation (mainly dark colocenstant level which is higher than that at the beginning
for t <tg). On the other hand, there are more pseudobrealafpthe interval. The growth time of Ri2 waves during
events than substorm events which show significant Pifi$eudobreakups is shorter than it is during substorms, and
wave power prior to the auroral activation (i.e., there is mdtee resulting wave power is typically smaller.
of the light colors in the timé < ty in Figure 1e than in [12] Figure 3 shows the results for the Pi2 ULF wave band
Figure 1c). (48-192 s period) in the same format as Figure 1. Again, the
[10] The bottom panels in Figure 1 show the actual Pilthange in ULF wave power during auroral activation is
wave power as a function of time, together with the mediampre pronounced for substorms than for psebid@akups
upper and lower quartiles. The lower panels are not nass there are more of the lighter colors priotptim Figure 3e
malized. Figure 1b shows all 167 events, and Figures 1d dhdn in Figure 3c. Interestingly the increase in Pi2 power
1f show the subsets of substorms and psewdakups, during substorms seems to start earlier than the increases in
respectively. It is clear from Figure 1b that statistically, tH&il* and Pit2 power seen in Figure 1d and Figure 2d,
Pi1* wave power at the auroral activation location undepessibly up to four minutes beforg The pseuddoreakup
goes essentially the same evolution during each typeRi2 power (Figure 3f) increases later than the substorm Pi2
event. Pil* wave power starts at a relatively constant levegwer (Figure 3d).
then starts to increasd min beforety. The power continues [13] We summarize the information in Figures 1, 2 and 3
to increase through the beginning of the auroral activation, Figure 4 in order to quantify the levels of ULF wave
and reaches a maximum roughly four minutes aftekfter power and times of maximum amplitude during auroral
this, there is a slight decrease in power, butfer8 min to activations. Figure 4 shows the time variation of the median
the end of the interval, the power remains roughly constgred), and upper and lower quatrtile (blue) power in each ULF
at a level which is higher than the power level observedive band for (a) all events, (b) substorms, and (c) pseudo
before the auroral activation. The subset of substorm evamisakups. The absolute values of wave power increase with
(Figure 1d) displays similar Pil* power characteristics t@ave period, as demonstrated in Paper 1. However, there are
those displayed for all events. On the other hand, the Piid obvious differences in the evolution of ULF wave power
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Figure 3. A superposed epoch analysis of the Pi2-(4® s period) ULF wave activity during the auro-
ral activations in the Nishimura ligNfshimura et al. 2010] in the same format as Figure 1.

in the different wave bands, or in fact between wave powefis] Figure 5 shows a summary of the normalized wave
evolution during the different types of event, whether thggower as a function of epoch timg for all substorms and
are substorms or pseudloeakups. The characteristic powepseudobreakups and for isolated and compound events for
levels and growth times are summarized in Table 1. Ttiee three ULF wave bands discussed previously as a func-
growth phase power is calculated from the average medi@m of latitude away from auroral onset. Each set of three
power in the periody — 16 min toty S 8 min. The recovery vertical panels shows ULF wave power for stations above
phase power is calculated from the average median powethie onset latitude (upper panel), at the onset latitude (middle
the periodt, + 8 min toty + 16 min. These intervals arepanel), and below the onset latitude (lower panel). The
chosen in order to avoid periods that are closg, astthese «Above onséf panels andBelow onsef panels are ordered
contain changes in ULF wave power associated with onsgith increasing distance away from the onset location, but
as shown in Figure 4. For each wave band, the recovéigve not been binned by latitude. There are a number of
phase power is slightly higher in substorms as comparedrtteresting trends shown in Figure 5.
pseudobreakups. [16] In general, for all Events (Figures 5a, 5d, and 5g):
(1) An increase in Pil* wave power is not generally
4. ULF Waves at a Distance From the Auroral observed at lowest latitudes at any time during the period
Activation Region surrounding auroral activation (Figure 5a). An increase in

. . . . . i1-2 ULF wave power is not generally observed at low
[14] In this section, we investigate the evolution of UL% b g y

wave activity at higher and lower latitudes prior to the UL,

wave growth seen in the auroral activation region. We sel er than substorms (Figures5. This is observed at all
magnetometers that lie within 12_0° Iong_ltude Qf the staliggyitydes. (3) The largest amplitude ULF waves occur after
that observed onset, and determine their relative location Inc; |solated EventsAL < 100 nT). (4) The majority of

: _ jative location |
latitude to the onset station for the events identified in tRGants show a lack of ULF wave power prior tipfor
bstorms other than at very high latitudes, in contrast to

Nishimura list. The £20° longitudinal bin is a compromisg
in order to obtain sufficient magnetometer coverage at hi E'eudobreakups where significant power can exist prior to

latitudes while retaining a narrow enough region such t grat all latitudes.
only latitudinal variations are primarily visible in our anal-
ysis. We further categorize events in the Nishimura list in

those that were preceded by significant geomagnetic acti

and those that were not, based upon THEMIS AE m

titudes for pseudbreakups (Figure 5d). (2) More ULF
ave activity is observed prior to onset in psetdeakups

17] Ingeneral, the differences between Isolated (Figures 5b,
, and 5h) and Compound (Figures 5c, 5f, and 5i) events are
Y4t the compound events have more relative ULF wave
&bwer prior to ¢, and that pseudbreakups have more rela-
surements. Events that were precededAly values that e yLF wave power prior taytas compared to substorms.
were in excess of 100 nT during the 30 min prior to thearefore, the class of events that show the largest relative
defined auroral onset are classified as compound events, gpg \,ave power relative to onset (or equivalently the
events that were not are classified as isolated events. ?ﬁ\eallest change in ULF wave power aftdrare compound
calculation of a quiet time curve from the THEMIS GMAG,ge,qohreakups. On the other hand, isolated substorms
data can leave a residual level déns nT in the auroral gp,ow the largest change in ULF wave power throggh t
indices calculation and so our choice of 100 nT as 31g There appears to be some evidence of a hgtude
demarcation betweemuieZ and+activeZevents should not p;, signature in both isolated and compound substorms

be affected by these residual values. prior to t, (Figures 5h and 5i), which may also be apparent
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in the Pi-2 ULF wave band in the isolated case (Figure Sapajority satisfy thecompound evedicriteria we have used
This behavior will be more fully investigated in futuren this study. Isolated substorms do not appear to be the
studies. Finally, it is interesting to note that out of the subseirm within this nightside auroral activation list.

of Nishimura list events studied in this paper reveal, the vagto] Figure 6 shows the median ULF wave power in each

*e=
T

Wavelet Power, nT2
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10.0 I suBsTORM 1
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Pi2

Wavelet Power, nT2
Pi1-2

Pi2
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Minutes Past Auroral Onset

PSEUDO 1

ULF wave band for substorms (red lines) and pseudo
breakups (blue lines) for all events (left) and for isolated
(middle) and compound (right) events. Figure 6 confirms
the results shown in Figure 5, that the increase in ULF wave
power during substorms (red trace) is larger than the
increase in ULF wave power during pseuateakups (blue
trace). The initial median wave power for all wave bands
and for all events appears to be smaller at theladitude
stations than it is at the onset latitude and at higher latitudes.
The median ULF power increases in all events and at all
latitudes except for Pil* power at low latitudes during
pseudobreakups, as expected from the lower panels of
Figures 5a, 5b and 5c. At high latitudes, the ULF wave
power in all three wave bands for isolated substorms does
not settle to a roughly constant level afigrbut fluctuates
significantly, with a secondary peak occurring &+ 12 min.

This may be due to subsequent intensifications of the auroral
surge at high latitudes and/or PBI activity that are known to
occur minutes after onset [e.d.yons et al. 1999]. Note

that this subset of events is the smallest in the entire analysis,
with only 13 magnetometer intervals occurring at high
latitudes during isolated substorms. Further analysis is
required in order to discover whether this trend is statisti-
cally significant.

[20] Interestingly, the level of ULF wave power prior to
onset in compound substorms and psehdEakups is as
large as the level of ULF wave power following onset in
isolated substorms and pseugi@akups. This is observed
across all ULF wave bands and at all latitudes. This is
perhaps a not entirely unexpected result since during iso-
lated events, there is little magnetic fluctuation prior to
onset, while in compound evensL is larger than 100 nT
and there is by definition magnetic activity priotgavhich
would mean that the background ULF wave levels (the
recovery phase power identified in Table 1) may not have
subsided from previous activations.

5. Discussion

[21] Ultra Low Frequency magnetic waves have been
closely associated with both the initiation and the subse-
guent consequences of substorm expansion phase onset.
Historically however, thetwo minute problerd [Ohtani
2004] has posed a significant quandary for observational
studies since it is difficult to resolve the onset of a nonlinear
process via visual inspection of a ground magnetometer time
series. The onset of an increase in auroral intensity is also
fraught with the same problem; namely, where does growth
in optical intensities start?

-12 -8 -4 0 4 8 12

Minutes Past Auroral Onset

Figure 4. Median, upper, and lower quartile time variation
of (top) Pil*, (middle) Pi+2, and (bottom) Pi2 ULF wave
power for (a) all events, (b) substorms, and (c) pseudo
breakups. Overplotted are the lines of best fit to the growth
and recovery phases and a line of nest fit between the loca-
tion where the ULF wave power rises above the growth
phase value and the maximum amplitudes (see Table 1 for
details).
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Table 1. The Characteristic Preacsitton and Postactivation et al.[2010] present clear evidence that the class of auroral

Power Levels and Growth Tinfes precipitation which is associated with Alfven waves is sig-

ULF Wave Growth PhaseRecovery PhaseMax Power  Time of nificantly enha_nced at (or '!’deed S.“ghtly prior to) auroral
Band  Power (n)  Power (nF) (nT)  Max Power (s) Onsetand persists for306 min following onset. The results

in this paper demonstrate that ULF wave power can be

. All Events enhanced for at least 15 min following auroral onset. Using a
Pi1* 0.13 0.44 1.02 216.00 , . , )
Pil2 0.41 133 236 27200  Self consistent simulatiovyatt and Rankif2010] show that
Pi2 1.02 3.26 5.34 288.00 both the amount and energy of waaecelerated auroral

_ Substorms electrons is increased as the shear Alfvén wave amplitude
g!i*z 8-}12 25&% égz g%gg increases, and that this acceleration could easily occur in the
Pzz_ 110 375 688 sss00  Warm plasma of the plasma sheet as opposed to the traditional

PseudoBreakups acceleration region directl