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Abstract. Using multiscale spatiotemporal analysis of 1 Introduction
bursty precipitation events in the nighttime aurora as seen by
the POLAR UVl instrument, we report a set of new statistical Soon after the development of basic substorm phenomenol-
signatures of high- and low-latitude auroral activity, signal- ogy it was realized that the nighttime auroral oval is not a
ing a strongly non-uniform distribution of dissipation mech- simple latitudinally bound distribution of emission bright-
anism in the plasma sheet. We show that small-scale elediess and electric currents. In fact, the activity of this part
tron emission events that initiate in the equatorward portionof the ionosphere is extremely complicated, and it incorpo-
of the nighttime auroral oval (scaling modg) have sys- rates a variety of effects reflecting different conditions in the
tematically steeper power-law slopes of energy, power, areagoupled solar wind - magnetosphere - ionosphere system.
and lifetime probability distributions compared to the events Examples of these are substorm expansion onsets, pseudo-
that initiate at higher latitudes (mod®). The low-latitude  breakups, steady magnetospheric convection events, bursty
group of events also contain a small but energetically im-bulk flows, sawtooth events, and other processes Zesia
portant subpopulation of substorm-scale disturbances (modet al, 200Q Lui, 200% Frey et al, 2004 Henderson et al.
Ay) described by anomalously low distribution exponents 2006.
characteristic of barely stable thermodynamic systems that It has also been found that despite the diversity of phys-
are prone to large-scale sporadic reorganization. The higlical phenomena involved in the magnetospheric response to
latitude events (mod®) can be accurately described by a the changing solar wind driver, the output energy dissipation
single set of distributions exponents over the entire range oflux as estimated from particle precipitation in the nighttime
studied scales, with the exponent values consistent with globaurora tends to cluster in intermittent spatiotemporal bursts
ally stable self-organized critical (SOC) behavior. The low- described by robust scale-free statisticsi et al., 200Q Lui,
and high latitude events have distinct inter-trigger time statis-2002 Uritsky et al, 2003 2002 20086.
tics, and are characterized by significantly different MLT dis- The term “scale-free” was coined in the statistical me-
tributions. Based on these results we conjecture that the inehanics of turbulent and/or critical phenomena to describe
ner and outer portions of the plasma sheet are associated wittorrelated perturbations with no characteristic scales other
two (or more) mechanisms of collective dynamics that maythan the scales dictated by the finite size of the system, as
represent an interplay between current disruption and magepposed to scale-dependent perturbations reflecting physi-
netic reconnection scenarios of bursty energy conversion irtal conditions that vary across different scalbsdr, 2006
the magnetotail. Sreenivasan et al2004 Lubeck 2004. The observational
signatures of the scale-free behavior include the power-law
shape of probability distributions, Fourier spectra, autocor-
MRJation functions, and other statistics, with the power-law
exponents being constant over wide ranges of scales. Some
well-known manifestations of such behavior in the geo- and
space sciences are fully developed turbulence in hydrody-
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statistical and topological scale-invariance of flaring activity tation dynamics. Based on this picture, we propose a pre-

in the solar coronaGharbonneau et akR001). liminary physical interpretation for the observed latitudinal
Nighttime auroral activity provides an impressive example dependence of the collective properties of nighttime precip-

of scale-free behavior. The energy probability distribution of itation events in terms of the current disruption and midtail

electron precipitation regions as seen by the POLAR satelfreconnection scenarios of the CPS reconfiguration.

lite exhibits power-law shape over about 6 orders of mag-

nitude Uritsky et al, 2003. By combining POLAR data

with ground-based TV observationsdzelov et al, 20049, 2 Dataand methods

the power-law scaling range of energy distributions has been . .

extended up to 11 orders of magnitude. However, thesg'1 Detection of spatiotemporal events

scale-free statistics represent long-term averaged propertlegur analysis is based on a collection of digital images of

of nighttime magnetospheric disturbance, and they can mas ighttime northern aurora (55-80 MLAT, 20:00—04:00 MLT)

more complicated .dynamics at the Ieyel of spgcific plasma btained from the Ultraviolet Imager (UVI) onboard the PO-
structures responsible for the generation of various forms o AR spacecraft, in the 165.5 to 174.5nm portion of the

?uLor_?cljprempltatlolnd Explorltr_lg tlr;_eskebpklenometzﬁa C?utl.dt.heIlq_yman—Birge—Hopfield spectral band, using an integration
0 bulld a more Solld theoretical fink between the stalistica'y; o ¢ 36 5 s, and a time resolution of 184s. The studied

and dynamical plasma descriptions, to evaluate predmtab"’database includes 16 000 images taken during two observa-

ity of (_j|ffe.rent magne_tosphenc states, and.to.obtam statlst|—t.On periods (1 January 1997—28 February 1997 and 1 Jan-
cal guidelines for designing future space missions targeted

. ; ary 1998-28 February 1998), both close to a solar mini-
multiscale plasma disturbances.

In & companion papelitsky et al. 2008. we demon mum. The images were rebinned down to a uniform spatial
pa papeiUfitsky o 9, .resolution of 76«70 km which was kept constant irrespective
strated that inner and outer portions of the magnetotail

) . : Pf the spacecratft altitude.
plasmg sheetare charactenzeq b_y su.bstantlallyd.|ffergnt S 1 contrast to statistical approaches dealing with individ-
ing regimes of bursty energy dissipation suggesting d|fferentua| auroral imagesLi et al, 2009 Kozelov and Rypdal
kinds of plasma turbulence in these regions. This analysi ?

2007, our study involved spatiotemporal tracking of emis-
was based on a simple subdivision of onset locations intg U y b P ¢

groups of “high” and “low” latitude events relative to the line sion _events as_briefly_ explai_ned pelow. n qut cases, this

66° MLAT, which is given by the maximum in the distribu- tracking made it pOSS|bIe to |dent|fy thg precipitation evgnts

tion in Iatit,ude of these events that co-evolved simultaneously in mglnple auroral locations
. . . : and could not be resolved otherwiddrigsky et al, 2002.

Here we investigate in depth the scale-free and scale- The UV luminosity w(z, r) was analyzed as a function

dependent modes of auroral precipitation dynamics using & time ¢ and positionr or’] the image plane. First, active

more accurate classification method based on an empirica? ) '

. . . dauroral regions were identified by applying the lower
aurorgl oval model capturing "!°”"”ear mapping effects, an activity thresholdw, representing a background UV flux.
applying a more cqmprehenglve set of statistical tools. WeAdjacent spatial regions withu(r,)>w, were treated
compute an extensive collection of scaling exponents suppleés parts of evolving events. By checking for overlap of
mented by quantitative measures of both random and sys'temc—Ommon pixels between eéch pair of consecutive UVI
atic spalmg errors as exp|a|r!ed In Sect. 22 Our main new reframes, we identified a set of 3-dimensional spatiotemporal
sults include (1) demonstration of a qualitative agreement be-

. L : i insA; (i=1, .. i h
tween the locations of the precipitation events detected usm%}tfr?éa]scm d(ij\(/)i?uilllnz\r;?ssio’n é\ll\]e)n'fs O;Lii%ogsl?kﬂst?ngﬁlco d
our spatiotemporal algorithm and the substorm onset posi:l.hus the events were defined as connected regions.in
tions in the database IByrey et al(2004); (2) statistical proof '

. . space-time. These domains of contiguous activity were
of a separate group of strong low-latitude events described bYJsed to compute the lifetimd; = maxteA;)— min(zeA,;)
i— i) i)s

a d|st|_nct s_et (_)f s<_:aI|ng Iaws_; (3) power-law exponents of CU-a energy, Ei=k [, w(r.1)drdr, the peak power,
mulative distributions of emission event parameters found to i
W=k max(fAl_(t) w(r, ) dr), and the peak area,

be consistent with probability density exponents; (4) analy-
sis of power-law distributions of the inter-trigger time of the Ai=max(f, ., dr) of every event. The factor
events revealing distinct scaling exponents for the high- andk=2.74x10-8 Jphotort® is an empirical constant for
low-latitude auroral regions; (5) comparison of the obtainedconverting photon fluxes to energy fluxe8riftnacher
distribution exponents with structure function exponents ofet al, 1997. In addition, we have computed the delay
the electric field fluctuations reported earlier. (inter-trigger) timeD, defined as the time interval between
These new results confirm the causal relationship betweethe beginning of a given event and the beginning of the most
the auroral precipitation statistics and the underlying non-recent preceding event.
uniform morphology of the central plasma sheet (CPS). They The robustness of the obtained statistics was verified by
show that the inner and the outer CPS regions are responsiepeatedly running the algorithm with substantially differ-
ble for three distinct scaling modes of the auroral precipi-ent w,. Below we show the results for the threshold
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w,=10 photons cm?s~1 for consistency with our previous @
publications Uritsky et al, 2002 2006.

iralii

2.2 Statistical tools
[

The initial position of each auroral event was estimated with é *
a typical error of about 300 km in either spatial directions. e
This error is due to the fact that the starting area of the active
auroral regions tracked by our algorithm was usually above
the image resolution. The latitudinal positiofyswere stud- 5 - - -
ied relative to the line given by an empirical model for the MLT
equatorward boundary of the auroral oval duGtmzdevsky

and Sergeey1995:

TTT T T3 LT

o b bl aert

Fig. 1. Onset positions of the auroral emission events obtained us-
¢i = MLAT; — [67.9 — 4.3cos(z (MLT; — 231)/12)] (1) ing the spatiotemporal detection method described in the text (grey
color, symbol size proportional to event enetgysuperposed with

Here, MLT; and MLAT; are the geomagnetic coordinates of the auroral substorm onsets (red) from the databaderéy et al.
the i-th event in our database, and the numerical constant§2004.
represent average solar wind — magnetosphere coupling con-
ditions (seeGvozdevsky and SergeelQ95 for details). The
model was originally designed as a proxy for the isotropiclarge events. The accuracy of this approach is comparable
boundary separating the inner magnetospheric region of adiwith the methods based on maximum likelihood estimators,
abatic particle motion from the outer region of stochastic par-and is the best among graphical methods of power-law expo-
ticle motion in the CPS. nent evaluationgauke 2007).

In a strongly perturbed magnetotail state such as the one
observed during to the expansion phase onset, the equator-
ward boundary model used in EQ) fails to predict the cor- 3 Results
rect isotropic boundary, which can move a considerable dis- .
tance due to the tail stretching and dipolarizatibogovan 3.1 Data overview
et al, 2003 Meurant et al.2007). However, this model re- ) N
mains a valuable tool for separating the inner (near-Earthf/9ure 1 shows the onset positions of all the events detected
and the tail CPS regions in a typical magnetotail configura-PY Our spatiotemporal methoa£7481). These positions
tion. are combined with the database of substorm onset positions

The statistics of the emission events that initiated on theconstructed byFrey et al.(2004 using IMAGE FUV data.
poleward ¢>0) and equatorward#<0) side of the au- It shoul_d be_understqod that our databas_e includes any au-
roral oval were characterized by sets of probability den-"oral brightnings, which are not necessarily related to sub-
sity distributionsp(x) and cumulative probability distribu- storm activity. Neyertheless, thg stguspcal overlap between
tionsP(x)zfx‘” p(x')dx’, wherexe(E, W, A, T, D}. The the two data sets is rgasonable, indicating thgt the auro_ral re-
absolute values of the power-law exponents of the two9/On prone to producing substorm breakups is also active in
groups of statistics are denoted correspondingly,aand & broader sense.
6., with the subscript indicating the variable under study. ~The scatterplot in Fig. 2 represents the statistical depen-
In every case, the validity of power-law approximations dence petween the energyand the relative latitude of the
(p(x) xx~%, P(x) «cx~%) has been verified based on the events in our database. The shape of the scatterplot to the left
standard regression errors as well as systematic scaling efnd to the right of the=0 line is notably different. The sub-
rors Ay=t,—6;—1. The latter approach O in the scale-free set of high-latitude events (positiyg forms a uniform cloud

case since of data points, with maximum energies observed at typical
~ latitudinal positions of substorm breakups (Fig. 1). This en-
p(xX) o x ™ = P(x) / (') dx’ ergy peak extends towards negatwevents. However, the
x latter exhibit a wide gap of missing intermediate-energy ac-
o x— T+l def o, = A, =0. ) tivity, which suggests two distinct subpopulations in this
range.
We used logarithmic binning for computing bopix) and We have found that the asymmetry seen in Fig. 2 has im-

P (x) distributions. The data points were merged into groupsportant implications for the scaling properties of the activity
with logarithmically scaled boundaries providing a fixed in low- and high-latitude auroral regions. In our further anal-
number of bins per decade, which reduced the noise in thgsis, we denote the small-scale and the large-scale emission
tails of the distributions resulting from limited number of events initiated atp<0 as modeA; and modeA, events,
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15 + a8 © A Mode A1 Table 1. Comparative parameters of the three scaling modes of the
: R S P 4 Mode A2 emission dynamics.
L A [}
147§¢<0,E>E* Aﬂ @Q}j O@ o o Mode B
i A (o Parameter A1 Ao B
12, A BP @, B9 o 0 E
1BE _Er=5x1074 4|3 08 ¢ >0 any Defining characteristics
w 2 0.3 g °
e N 4 o 0 .
12+ ¢9<0,E<E 84 5@0 ° o Onset latitude ¢$<0 $<0 ¢>0
-— [©]
s §oo ° E,J <5x1012  >5x10'2  10°-10°
1 £ N gZAA AAA@S .
N QA&Q 6 © Relative contribution
10 £ P
: : gFoo % of events 18% ~0.3% 804%
8760 3 5 5
o A Es,J 3.06x 10" 6.89x 10" 4.97x 10"
45 0 5 0 5 10 15 20 FE x100% ~0.3% 57.9% 418%
@, degrees 0
Scaling exponent& standard errors
Fig. 2. Scatterplot of emission energies versus relative magnetic 1.93+0.04 097+0.14 16340.02
latitudes of onset locations for the three modes of emission dy- 0.92+0.02 054-+-0.07 062+0.01
namics described in the text. The dashed horizontal line marks the A . 0.01+£0.04 —057+0.14 001+0.02
crossover energy separating motieand modeA, events.
w 2.454+0.20 091+0.37 188+0.02
Ow 1.114-0.05 064+0.23 093+0.01
respectively. The unifornp>0 population will be referred Aw 0.34+0.20 —-0.73+£0.37 —0.05+0.02
to as modeB events.
17a 3.23+£0.08 -2 2.47+0.08
3.2 Event classification or 2.22+0.12 - 151+0.05
AT 0.01+0.12 - —0.0440.08
Figures 3h_'6hShOW prqpablgtyt<)j|str|btét|onsdfgr Ithe em|oss,|on - 2 4940.10 0881026 1974002
events which were mmatg above£0) and be ow $<0) o, 1314004 076+0.18 10240.02
the auroral boundary defined by Ed).(The numerical val- Ay 0.18+010 —0.88+026 —0.05+0.02
ues of the scaling exponents describing the shape of these
distributions are summarized in Table 1. D 1.724+0.05 _b 2.05+0.11
The results obtained indicate that, A, and B events 6p 0.864-0.03 - 1.10+£0.03
have significantly different statistical features as discussed Ap —0.14+0.05 - —0.05+0.08
below.

High-latitude events:¢>0. The events whose onsets
are described by positivg are characterized by broad-band P Exponents omitted due to insufficient accuracy.
power-law statistics with no distinct characteristic scales
(scaling modeB according to our classification). The scale-
free nature of these events is confirmed by small systematigyhich includes small scale portions withandd, exponents
errorsA, (see Table 1) indicating a consistencyrefandt,  considerably greater than the corresponding exponents of the
exponents with the scaling relatior® predicted for power-  high-latitude events, as well as large-scale portions exhibit-
law distributions with single log-log slopes. ing the opposite tendency. To quantify these crossovers, we
We note that the range of scales of this power-law behavivided the whole set of events wih<0 into two subgroups
ior involves both small auroral activations and rather largebased on the criteris> E* andE < E*, whereE*=5x 102 J
events whose energy and power outputs lie in the range ofs the approximate energy level marking the transition be-
fully developed substorm<arbary et al.2000. The expo-  tween the steep and shallow log-log slopes in k&) dis-
nentstg, tw, 74 andrr are close to the corresponding values tribution. The exponents below and aboké have differ-
reported earlier for the same observation period without fil-ent values. Also, for small-scale events (scaling madg
tering the activity by the onset locatiobitsky et al, 2002 the relationr, —6, —1=0 approximately holdsA, errors are
2003 2009. relatively small), while for large-scale events (scaling mode
Low-latitude events: $<0. The events described by A»), this relation is effectively invalid. These observations
negative ¢ have a more complicated statistical pattern. strongly suggest that the studied activity is, in fact, a scale-
Their probability functions demonstrate a crossover behaviodependent process whose dynamical features at small and

Ann. Geophys., 27, 74553 2009 www.ann-geophys.net/27/745/2009/
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1279 5450 | o¢>0 > ¢>0 | ©¢>0
1 ~¢<0 +=6<0 +$<0 =<0
-14 wq) T T T -12 ¢ T T T -10 < T T -12 ¢ T T T T
9 11 13 15 7 8 9 10 11 2 3 4 5 3 5 )
logy E [Joule] log,o W[Watt] logqo T [s] loggA [km?]
0 0 0
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Fig. 3. Probability density (top row) and cumulative (bottom row) distributions of emission ererggak emission powedl, emission
lifetime T, and peak emission areg constructed for precipitation events which initiated above and below#teboundary. Low-latitude

distributions are shifted downward for easier comparison. The plots reveal three distinct modes of ionospheric unloading described by

significantly different distribution slopes: small-scalé;(mode) and large-scale (mode) events started at <0, as well as the events
which started a$>0 irrespective of their sizeB mode). The dotted lines show linear regression sloped fand B emission modes. Note
the absence of distribution crossovers for the high-latitude events.

large emission scales are governed by substantially differengs. y to have a slope of 1 for y< log;o(E*)~12.7 and to be

physical mechanisms.
The existence of two separate subgroupgef0 events

horizontal otherwise. For the positive population (mode
B events), a single log[p(y)] slope of about-0.6 is ex-

is more evident in terms of the dependent variablepected. Figure 4 shows the actual data that confirm the pre-

y=f(E)=l00,9(E). Sincep(E) is a monotonic function,
the p(y) distribution is given by the probabilistic transform

oy = PEIOD
FFom)
in which f~1=10" is the inverse function and

f’=logig(e)/E is the derivative of f(E). Denote the
power-law slopes op (E) below and above the threshaltt

©)

aSrél), andréz), respectively. Then Eq3] yields
1
10 07%) ) < logg(e*)
p(y) x y(l—r‘f)) i (4)
10 , ¥ = 10g50(E™)
For the negativep populationr,gl)%z and rfgz)%l (see Ta-

ble 1), and so we expect the semilogarithmic plot kg (y)]

www.ann-geophys.net/27/745/2009/

dicted scaling behaviors. The distinction between the statis-
tics of A1 and Ay is very clear, despite the small size of the
A population. It can also be seen that the boundary between
the two scaling modes is fairly close to the selected energy
threshold.

The inter-trigger time distributions (Fig. 5) of both high-
and low-latitude events have power-law form. The difference
between thep exponents of the low- and high-latitude pop-
ulations is statistically significanp(<0.05).

To complete the statistical picture, Fig. 6 shows the occur-
rence probability of precipitation events as a function of mag-
netic latitude and MLT. The energy threshold used for con-
structing these distributions is an order of magnitude lower
that the one used in Figs. 3 and 4, which allowed us to in-
clude both large- and medium- size events associated with

Ann. Geophys., 27, 7852009
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Fig. 4. Distributions of low-latitude (diamonds) and high- 50 40 30 20 40 00 1‘0 20 30 40 50
latitude (stars) emission events over the quantiyiog,qg E. The ' ' ' MLT’ relative to mi'dnigh't ’ ' ’
pronounced break in the low-latitude distribution occurring at

E*=5x1012)] (shown with dashed vertical line) confirms the ex-

istence of two distinct subpopulations { and A) in this auroral g g Normalized occurrence frequency of magnetic latitudes
region. The slopes to the left and to the right of this break are con<;,,) 404 magnetic local times (bottom) of medium- and large-scale
sistent with the shape of the energy distributje() as discussed g, /onts withz ~5x 1011, Note that the MLT distribution of the low-

in the text. latitude events peaks in the morning auroral sector.

4 Discussion
Our main findings can be briefly summarized as follows:

1. The emission events whose onsets are located poleward
of the average isotropic boundary are characterized by
broad-band power-law statistics with no distinct charac-
teristic scales;

logqo p

2. The events that initiate equatorward of this boundary
constitute a non-uniform statistical population with an
9 ‘ ‘ energy crossover separating large and small auroral ac-

2 3 4 5 tivati .
logso D [s] ivations;

3. The scaling behavior of the low- and high-latitude activ-

Fig. 5. Inter-trigger time distributions of low- and high-latitude ity is different within the entire range of scales studied.

events exhibiting distinct power-law slopes. Statistically, modeA; events have a relatively high occur-
rence frequency but a vanishing precipitation energy (see Ta-
ble 1). The strong low-latitude events ascribed to the scaling
substorms and pseudobreakup activities. The MLAT distri-mode A, are quite infrequent. However, due to their large
bution (built without pre-filtering by) displays a single peak  sjze, they carry almost 60% of the precipitated energy and
consistent with the average location of the electron aurorgnys represent a very important aspect of the auroral dissipa-
(Hartz and Brice 1967 Frey et al, 2004. The MLT dis-  tjon.
tributions for the negative and positigepopulations differ Mode B appears to be the most common scaling mode re-
in their shape. The high-latitude events peak approximatelysponsime for as much as 4/5 of the total number of the ob-
an hour before magnetic midnight while the lower latitude seryed emission events. This explains why the scale-free be-
events peak on the dawn side approximately 2 h after locahayior of high-latitude events is close to the overall auroral
mi_dnight. This ob.servati_on is consisten'F with our event clas-giatistics reported in our previous publicatidistsky et al.
sification as we discuss in the next section. (2002 2003 2006. The energy output of the modzevents
is also very significant (more than 40% of the entire auroral
emission energy deposition), which implies that the scale-
free magnetotail activity responsible for this emission mode
plays a considerable, if not dominating, part in the intermit-
tent bursty activity of the nightside magnetosphere.

Ann. Geophys., 27, 74553 2009 www.ann-geophys.net/27/745/2009/
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The power-law shape of the(D) distributions (Fig. 5)  trons are naturally driven to the dawnside magnetosphere due
may indicate that the triggering mechanism that starts theo gradient curvature drifts, with the radial location of the
emission events involves a highly correlated driver, such agopulation controlled, in large part, by the competing cross-
e.g. the reconnection rate at the dayside magnetopause, thail and co-rotation electric fields. For any given energy and
global cross-tail current, or the magnetic pressure in the taispecies of inner CPS particle the path that it takes through the
lobes, which introduces a long-range coherence of the dissystem is completely controlled by these factors (Etgpdel
sipation bursts beyond the one reflected by their lifetimeet al, 2001). On average, the transport of electrons through
distributions. If this interpretation is correct, our results the system will bring them closer to Earth on the dawn-side
imply that this driver has a more organized dynamics inthan in the evening sector, in agreement with our observa-
the case of small-scale low-latitude events-{rp=1.51, tions.
mode A1) than it does in the case of high-latitude events Our results characterize the collective behavior of the
(rr—tp=0.42). However, it should be noted that our defi- emission events in the nightside sector of the auroral oval.
nition of D is different from the definitions of “waiting” or ~ Several recent publications focused on the electric field fluc-
“quiet” times in avalanching systems that have been studieduations in the same regioAljel et al, 2006 2007, Parkin-
in this context earlier§anches et gl2002 Paczuski et al.  son 2006 2008. Although the scaling exponents reported
2005. This difference leaves a possibility that the observedin these papers describe a different aspect of auroral com-
long-range correlations of the onset timing originate from anplexity, they can be reconciled with our analysis assuming
intrinsic CPS dynamics rather than from an external drivingthat the electric field and the emission intensity fluctuations
process. are generated by the same physical phenomenon. If the au-

Our analysis suggests a consistent picture in which theoral turbulence is driven by an avalanching process in the
mode B events initiate in the outer CPS regions, with the tail, one can expect that the ratiobetween the spatiatx]
strongest emission bursts occurring in a rather stretched magnd the temporalf) exponents of the second-order structure
netic field configuration. The energy conversion in this re-function of the electric field fluctuations obeys the theoreti-
gion is believed to be dominated by magnetic reconnectioncal scaling relation=a/B=y (2—1) (Paczuski et a|.1996
To the extent the electron emission flux can be used as &egerter et al.2003, wheret=tr andy is the finite-size
proxy for the magnetic energy release in the t8hhe etal.  scaling exponent of the(FE) distribution.

2003, our results show that the midtail reconnection is a Based on our present results, itis clear thsthould exhibit
highly turbulent bursty process with no well-defined dissi- a strong latitudinal dependence. Indeed, substituting the
pation scales. Its scale-free component has been succcesslues from Table 1, and using the previously obtained aver-
fully reproduced in a driven current sheet simulatiéti( age valuer=2.14 characterizing the electron aurotifsky

mas et al.2009. Interestingly, this simulation yielded a set et al, 2006, we find thatz=0.15, 2.35, and 0.79 for the scal-

of critical exponents which are fairly close to the exponentsing modesA;, Ao, andB, respectively. The spatial and tem-
characterizing mod® emission events in our present analy- poral electric field scaling exponents reportedAiyel et al.

sis. Judging by its relative energy contribution (Table 1), the(2006§ andParkinson(2006 for the auroral region equator-
scale-free dynamics in the reconnection regions has a conward of the open-closed boundary relate to each other as
siderable impact on the nightside magnetosphere. 0.39/0.21~1.86. In the monofractal approximatioR&rkin-

The modeA; and A; events defined by negatiyevalues  son 2008, this ratio should be equal tg and the scaling
are mainly produced in the inner CPS. Due to a more stableelation given above should hold. Using the estimates of
magnetic field topology, this region is not a preferred loca-given above, one can conjecture that the correlation structure
tion for the magnetic reconnection. However, it can be proneof the auroral electric field fluctuations is largely controlled
to current disruption, which offers an alternative mechanismby the A, mode of bursty CPS dynamics, which is consistent
for the energy release in the inner tail. The anomalously lowwith the dominating energy contribution of this mode.
distribution exponents observed fap events are character- In order to prove this link in a more rigorous way, a more
istic of barely stable thermodynamic systems that are proneareful analysis will be needed in which all of the exponents
to large-scale sporadic reorganization. This type of statisticsnvolved in the discussed relation will be measured for the
may be a manifestation of an avalanching behavior of local-same set of auroral events organized by latitude according
ized dipolarization regions in the near-Earth CPS rediam,(  to the same procedure. It is worth noting that the relation-
2002 Consolini et al.2005. ship between the structure function and avalanche exponents

The differing MLT peaks seen in Fig. 6 which reflect is at the heart of the ongoing search for a unified complexity
a large-scale inhomogeneity of plasma sheet provide addiscenario reconciling intermittent turbulence and SQIit{
tional evidence for the magnetotail origin of the observed ef-sky et al, 2007 Rypdal et al. 2008. The proposed analy-
fects. The two populations seen in this figure have previouslysis could provide an experimental basis for validating such a
been identified in auroral data (sekartz and Brice 1967, scenario in the magnetosphere.
and references therein) and can be explained by the accesslt should be emphasized that the magnetosphere-
of plasma sheet electrons to the inner magnetosphere. Ele@nosphere interaction may play a noticeable role in the
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