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Abstract. Magnetospheric cusps are high-latitude regionsof mass, energy and momentum through the magnetosphere.
characterized by a highly turbulent plasma, playing a spe-Cusp location, shape and properties are mainly controlled by
cial role in the solar wind-magnetosphere interaction. Herethe direction of the Interplanetary Magnetic Field (IMF), the
using POLAR satellite magnetic field vector measurementdilt of the Earth’s magnetic dipole axis, and the solar wind
we investigate the anisotropic scaling features of the magplasma parameters (dynamic pressure, et®ppielawska
netic field fluctuations in the northern cusp region. Our re-and Gustafssqr2003 Russel] 2000 Zhou et al, 2000).

sults seem to support the hypothesis of a 2D-MHD turbulent 1o boundary between the magnetopause and the cusp

scenario which is consequence of a strong background mags characterized by strong electric and magnetic field tur-
netic field. The observed turbulent fluctuations reveal a h'ghbulence Gurnett et al. 1979. After Hawkeye 1 obsert-

degree of compl_exity, which might be_due to the_ int_erpla_y vations Gurnett and Frank1978, many other space mis-
of many competing scales. A discussion of our findings ingjons have done wide range frequency measurements of the
connectlor_l with the complex scenario proposed by Chang eblasmawaves in this regioRirfield and Hone<978 Pick-
al. (2004) is provided. ett et al, 1999 2002 Blecki et al, 1999 2003. Recently,
CLUSTER (the first multisatellite mission) provided high-
resolution magnetic field measurements of waves at the high-
1 Introduction altitude cusp in the ion cyclotron rangsykyri et al., 2004,

that clearly show a correlation between waves and plasma
The interaction between the supersonic solar wind and thgiow. In detail, waves with characteristic amplitudes®nT
Earth’'s magnetosphere is one of the central topics of theand frequencies near the local ion-cyclotron frequency were
space plasma physics studies. After more than 30 yeargpserved in cusp regions with strong plasma flow. In cusp
studies the overall nature of the solar wind-magnetosphergegions with stagnant plasma flow, the observed waves have
coupling is quite well understood with respect to large scalea small amplitude €1 nT). However, no clear generation
processes. However, the knowledge of small scale phenommechanism of these waves was recognized.

ena and processes requires still further studies, especially A recent study Sundkvist et al.2005, based on CLUS-
related with plasma transport across turbulent boundary re-

gions. In this framework, the characterization of the turbu-TER measurements, investigates waves near the proton cy-

lence in these boundary regions plays a central role. clotron frequency in the high-latitude cusp for northward

Among the various magnetospheric boundary StructuresIMF conditions. Using all four spacecraft simultaneously,

the two singularities, called “polar cusps”, and located in Cor_amsotropy in the characteristic length scales was found along

respondence with the North and the South magnetic polesand across the magnetic field. The estimated wavelength per-

are of significant importance for the solar wind-terrestrial Eeevcd'::;l(i: to ﬁg?a?j?g'relztsgna.lg]:eet\;\(l:af\lglceirlls t?\f tg?a?lrefjlet:)?:\:
coupling. As a matter of fact, the topology of the background P 9y : gin p

SR . L magnetic field is at least a few times larger or more. Their
magnetic field in such regions is important for the transfer :
observations suggest that waves below the proton cyclotron

Correspondence tas. Consolini frequency are kinetic Alfgn waves, while waves above this
(consolini@ifsi.rm.cnr.it) frequency are mainly ion cyclotron waves. The existence of
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XGSM[RE] under northward IMF another scenario, involving reconnec-
tion outflow of a different character, might be also possible.

Fig. 1. The POLAR trajectory on 11 April 1997 in the XZ plane of For southward IMF conditions, a more proper turbulence sce-

GSM reference system. The solid black segment refers to the tim&ai0 Seem to be that represented by a non-fully developed
interval from 12:00 UT to 13:00 UT here considered. Kolmogorov-like fluid turbulence model, suggesting that the

observed turbulence is dominated by flow eddiBs €t al,
1996.
plasma density inhomogeneities in the range of scales simi- [N this paper we present a case study of the anisotropy fea-
lar to the wave lengths together with a finite amplitude wavetures of the magnetic field fluctuations in the magnetospheric

field seem to point toward a crucial role of nonlinearities gov- high-altitude polar cusp, as revealed by the spectral and scal-
erning low frequency waves in the cusp. ing properties of the magnetic field fluctuations measured by

As already mentioned, the magnetic field in the magne—the POLAR satellite. We investigate the turbulent features in

tosheath and in the cusp has a very complex topology, re%he pfo Iartgusp by n|1ee_1ns o;novetlhapptrogchefstrt])ased [(3) nbslt_;uc—
sulting in a “Turbulent Boundary Layer” (TBLSavin et al. ure functions analysis and on the study of In€ probabriity

1998. TBL is found to be a permanent featui€linov et Slstrlbuttqurf\f functtltqns (PDIFS) _?; the m?[gneftlc field flluc.tua—
al,, 1997 Savin et al. 20023, and is characterized by tran- lons at drtierent imescales. The resufts of our analysis are

sient, highly variable, flows of heated magnetosheath plasmgISCussed in the framework of a 2D'MHD scenario, regently
(Savin et al.2002hc), an irregular magnetic field, and strong proppsed k_))Chang et a|(2004?, _and involving com_pIeX|ty
plasma waveshotyaintsev et al2004). The irregular mag- and |nterm|ttent turbulence arising from the evolution of co-
netic field can tentatively be associated with strong (Weak)herent magnetic and plasma structures.

magnetic field structures where magnetic force (plasma pres-

sure) is predominant. Furthermore, evidences of a transition, pata description

from a turbulent regime to a more laminar one in the deeper

cusp Pedersen et al2000 have been found. Data used in this work refer to 3D magnetic field measure-
In a recent paperyordanova et al(2009 investigated ments from the POLAR satellitd®Rssell et a].1995 on 11
the intermittency features of the magnetic field turbulenceApril 1997, 12:00-12:40 UT, during which the POLAR satel-
in the magnetospheric cusp region, as far as the total magite crosses the northern cusp. We concentrate our attention
netic intensity “scalar” turbulence is concerned. Their re-to the cusp region in the magnetic latitude range frof1°
sults suggest that the turbulence properties strongly depentb ~67° (13:40+-14:13 MLT). The satellite passage through
on the IMF conditions. The observed cusp turbulence haghe cusp proper was followed by the crossing of the turbu-
been compared with models, originally introduced to de-lent boundary layer with magnetic bubbles, which has been
scribe fluid turbulence. It has been shown that during north-analysed byStasiewicz et al(2001). Assuming a one hour
ward IMF conditions the turbulence intermittency is consis- transit time, the IMF conditions as observed by the WIND
tent with thep-model scenario for fully developed turbulence satellite at a distance 6f230R g for the period here inves-
(Meneveau and Sreenivasd®87). For such a case of north- tigated, were the following (data comes from NSSDC/CDA
ward IMF, Taylor and Cargil{2002 discussed the formation website): IMF direction is northward3; ,; components in
of a highly turbulent, albeit thin, boundary layer as a result GSM reference system is-p, —7, 20]nT, solar wind veloc-
of interaction of the fast magnetosonic magnetosheath flowity is |v|~480km/s, proton density,~10 cn3, and pro-
with the magnetopause indentation at the cusp. Howeverton temperaturd),~2--3 eV. In Fig. 1 the trajectory of the
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Fig. 3. The magnetic field components in the FAC system. Vertical 10-2
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_POLAR Sat(_ellite for the selected time periqd v_vithin the cusp Fig. 4. The Power Spectral Density of the magnetic field compo-
is shown. Figure 2 shows the total magnetic field sampled ahents in the new reference frame. In detail, upper panel refers to
the rate of 8.33. PSD of the mainBy component, while the lower panel reports the

From the data presented in Fig. 2 it is possible to argueaverage PSD for the two perpendicular componéis Solid and
that the magnetic field in such a region is characterized by amlashed lines are power law best fits. The two vertical lines refers
intense average magnetic field. The average magnetic field &9 low-frequency spectral breakf) and the estimated cusp ion-
B~90nT and the fluctuating partds8~10nT § B/B~0.1). ~ cyclotron frequency (¢, ,)-
Due to the large scale magnetic field topology in such a re-
gion, this simple observation suggests that the nature of the
turbulent fluctuations could be better described in the framedirection without a preferential direction. The new reference
work of reduced 2D-MHD turbulencé&pebalin et a).1983 system has been chosen to be right-handed. Furthermore,
Cho et al, 2002. Furthermore, the features of the observed perpendicular magnetic field componerdig(with i=1 and
turbulent fluctuations are expected to be anisotropic in the?) have been detrended for long timescale trend. Figure 3
parallel and perpendicular orientations with respect to the avshows the three components in the new reference system.
erage, background, magnetic field direction. In the new reference system we geo)=[91+9]nT, and

To investigate the anisotropy features of the magnetic(dB1,2)=[0+6]nT.
field fluctuations we have first projected the magnetic field
components into a Field Aligned Coordinate (FAC) system,
where the third-axis of the new reference system is chose
parallel to the mean magnetic field direction, i.e.:

I;% Data analysis and results

In order to investigate the features of the magnetic field fluc-
(Byy. B.. Bss) —> (8B1. 8 B2, Bo) 1) tuations in the parallel and perpendicular directions to the
' mean magnetic field orientation, we start our analysis by dis-
Here,(B,,, B;, Bse) are the magnetic field components mea- cussing the power spectral features in the two directions.
sure in the satellite spin plane reference syst8m (ies in Figure 4 shows the Power Spectral Density (PSD) of the
the spin plane and is parallel to antisunward directiBpn,  magnetic field in the parallel direction (upper panel) and in
lies in the spin plane and points northwaRBig is along the  the perpendicular direction (lower panel) as evaluated using
spin axis and is duskward), ariélB1, § B2, Bo) are the new the periodogram technique (window lengt20s). The
reference frame components. In detdi is chosen paral- first notable fact is that both PSDs shows different power-law
lel to the average, background, magnetic field direction andegimes PSD(f)~ f~%) separated by well defined breaks,
pointing toward the geomagnetic pole, at#} (i=1,2)ina  and characterized by different scaling exponents. In detall,
plane orthogonal to the average, background, magnetic fielthe PSD of the main magnetic field compondit (upper
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Fig. 5. The Power Spectrum of the SW magnetic field compo- Fig. 6. The 2nd and 3rd order structure functions of the parallel
nents (here reported as the trace of the PSD matrix) and observeggo) and perpendiculas®;) magnetic field components in the cusp
by WIND nearly 1 hrin advance to the selected POLAR period). region as measured by POLAR satellite. Error bars are inside sym-
The solid line is a nonlinear power-law best fit characterized by anpg|s. The two solid lines refers to a linear dependersge)~7).
exponen(1.59+0.03]. The two vertical dashed lines are respectively related to the two
characteristic frequencies reported in Fig.~4_‘(/fgusp and~1/fq,

] ] ] ] respectively).
panel, Fig. 4) displays two different power-law regimes (Re-

gion I, f<jo; Region Il, f> fo) characterized by scaling
exponentsx=[1.62+0.02] anda=[2.41+0.02] in Region | The “brac-kets’...), denote averaging over time, ag is
and Il, respectively. Let us note that the Kolmogorov-like the;-th component of the magnetic field vector. Now, in the

(f~3) at frequencieg < fo resembles the solar wind spec- case of scaling invariance, theth order generalized struc-
tral features as observed by WIND for the same period (segure function is expected to scale as:

Fig. 5), suggesting that the long timescale axial magnetic

field fluctuations are mainly driven by solar wind. Con- §,(z) ~ r¢@ (4)

versely, the PSD scaling features at frequencies higher than

the spectral break seem to be of a different origielényl where the scaling exponetig) is generally a convex func-

and Milovanoy 2004, as they showx~2.4. From the av- tion of the moment ordeg. We remark that in absence of

erage spectral properties of the perpendicul@: compo-  intermittency, the scaling exponent depends linearly on the

nents (lower panel, Fig. 4) we see how this PSD shows thregnoment ordeg: in particulars (¢)=¢q /m with m=3 or 4 for

different regions: (i) Region If < fo, «=[1.21+0.02]; (ii) fluid or MHD turbulence, respectively.

Region 11, fo<f<féusp, a=[1.93+0.02]; (iii) Region I, From the above considerations it follows that using the

f>fémp, a~b. ESS, we can investigate the scaling range by plotting ttte
The analysis of the spectral features of the magnetic fieldorder structure functiofi, (r) versus thep-th order structure

components in the parallel and perpendicular directions tdunction, being the ordep chosen so thaf,(z)~z. In this

the average, strong, background magnetic field clearly evicase we obtain,(¢)=¢(q).

denced how the fluctuations of the magnetic field are mainly Since, empirically, the second-order scaling exponent of

anisotropic. In order to better characterize the observedhe parallel structure function and the third-order scaling ex-

anisotropy we have investigated the scaling features of strucponent of the perpendicular structure function are very close

ture functionsS, (r) of the magnetic field fluctuations using to unity (see Fig. 6), we can apply the ESS analysis as fol-

the “Extended Self-Similarity” (ESS) analysiBgnzi et al, lows:

1993 Bershadskii and Sreenivas@004). This is essentially

based on the investigation of the scaling features ofjtiie

order structure functions, () by studying the relative scal-

ing of S, () with respect of a fixegh-th order structure func-

tion, i.e.:

Sq(r) ~ [S2(0)F D «—  Bo 5)
Sq(r) ~ [S3(F D «— 8B;

and limit our investigation to temporal scales shorter than
1/fo.
- 1p(@) Figure 7 shows the scaling exponegtg) evaluated us-

Sq(T) ~ [Sp(7)] @ ; : .
ing the ESS analysis respectively for parallel and perpendic-

where the structure function of order(or p) is defined ac-  ular directions. The most striking feature of thescaling

cording to: exponents is that while for th8g components these scal-
ing indices follows a nearly linear trend (apart from a slight

Sq(t) = (| Bi(t + ) — Bi (1) |9). 3) deviation forg>3 where the statistics is strongly reduced),
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in the case of the perpendicular direction we recover a con- >
vex dependence on the moment order. This fact is con- AdB*(1)/og

firmed by comparing the observedq) shape with a 2nd-

order polynomium in the rangge[0, 3], for which we get  Fig. 8. The PDFs of the parallgl) and perpendiculatb) mag-
32z (q)/3q2=[0+0.004] andd?z(q)/dg2=[—0.042+0.008] netic energy fluctuations at different timescales=6, 12, 24, 48,
for Bo and§B; components, respectively. This result sug- 96, 192Ar with At data sampling time lag). PDFs have been scaled
gests a quasi-monofractal behavior in the parallel directionf®’ convenience using the varianag of the magnetic energy fluc-
and a multifractal (intermittent) behavior of the perpendic- lUations at the timescate=6A:.

ular fluctuations. Furthermore, the fact that for the parallel

component the 2nd structure function scales amdicates  ggtimation of PDFs has been limited to those intervals of
that fluctuations in the parallel component resemble the scalg, o variableA$? that are statistically meaningful (i.e. we re-
ing features of the fluctuations of a random process. Thesgireq that the occurrence frequengyin each bin satisfies
dlfference_s be’Fween parallel an_d perpendicular scaling feag,o conditionf,>10/N,, whereN,, is the total number of
tures again point towards an anisotropy of the observed Wrhoints). We may note that the PDFs are non-Gaussian and
bulence. . . ) that the deviation from Gaussianity becomes more and more
_ Letus now investigate the PDF scaling features of fluctua- ongunced at shorter and shorter timescales showing a lep-
tions of the squared magnetic field magnitude in the par""”efokurtic shape with enhanced tails. Furthermore the devi-
and perpendicular directionslat et al, 2002 Chang etal.  aion from Gaussianity is more evident in the case of per-
2004. In other words, we investigate the PDF of the fluctu- pengicular fluctuations. This result is in agreement with the

ations of the magnetic field energy, defined as follows: previous findings of the ESS analysis.
ASB2 = 8B2(t + 1) — 8B2(1) To evaluate the scaling exponenbf the PDFs we can
AB2 = B3(1 + 1) — B3(1) investigate the scaling properties of the probability of return

P (0, 7) as afunction of timescalg that should follow a sim-
wheres B?=(§ B2+5B5). We may note that in the case of ple power law (0, 7)~7~*) (Mantegna and Stanleg997
mono-fractal scaling features for the PDFs it is possible toHnat et al, 2002 in the case of scaling invariant PDFs. We
recover an approximate data collapsing according to the folremark that the study a? (0, ) is equivalent to the study of
lowing functional relationship: the dependency of the variance on the timescale. In Fig. 9

2\, s 2_—s graphs of theP (0, t) versuse, for both parallel and perpen-
P(Ag9%, 1) ~ T P(Ad7T 1) (7) dicular directions, are shown. We found th&¢0, ) fol-
where¢p=Bg or § B, ands is an appropriate scaling exponent. lows an approximate single power-law scaling in a range

Figure 8 shows the evolution for the PDFs relative to thefrom ~1/fgm to ~1/fo, with scaling exponents~0.56
parallel (Fig. 8a) and perpendicular (Fig. 8b) directions. Theands~0.4 for parallel and perpendicular PDFs, respectively.



822 E. Yordanova et al.: Anysotropy and complexity in magnetospheric cusp

P(O,1)

1 9 1 2
T°AB“(1)/0,

Fig. 9. The probability of returnP (0, 7) for the parallel Bg —
white circles) and perpendicula¥®; — black dots) PDFs. The solid
and dashed lines are power law best fits limited to the interval of
timescales identified by the two vertical dotted Iinesaﬂ/fgwp
andt~1/fq, respectively. Error bars are inside the symbols.

In Fig. 10 we show the data collapsing relative to the PDFs
of the parallel and perpendicular fluctuations using Eq. (7). 2. 001 -
Data collapsing is not good for large fluctuatiomsg>s>0)
at long timescales in the case of perpendicular PDFs (see T
Fig. 10b). In other words, it actually results that the scaling -2 -1 0 1 2
relation (Eq. 7) is valid only in first approximation because T_SAéBZ(T)/O'O
the tails of the scaled PDFs do not perfectly overlap. Thus,
we carmot defme a unlversal magter cu_rve forthe ﬂucwatlo??—ig. 10. The collapsing of the PDFs relative to paralla) and per-
quIOWIng the Slmple scaling relatlonsh!p (,qu 7) for.perp(.en pendicular(b) fluctuations of the PDFs reported in Fig. 8 using the
dicular PDFs. This result reflects the intrinsic multi-scaling expression (Eq. 7). PDFs have been scaled for convenience using

property (intermittency) of the short timescale fluctuations, the variancerg of the magnetic energy fluctuations at the timescale
as already demonstrated by the ESS analysis. Conversely—e6A;.

in the case of the parallel PDFs the data collapsing is quite

good (i.e. PDFs are coherent inside error bars), suggesting

and supporting the quasi-monofractal character of the paral4 Discussion and conclusions

lel Bg fluctuations. The different behavior observed in col-

lapsing parallel and perpendicular PDFs is confirmed by thel_et us start our discussion of the analysis by summarizing

following PDF distance measure, the results. The different techniques (spectral, ESS, and PDF
shape and scaling) applied to the analysis of the fluctuations
of the magnetic field in the polar cusp have clearly identified

i ( Jilxk) — fj (k) >2 ®) the following points:
= \8fi(xx) + 8 (xx)

2
(65) =
— the PSD shows different scaling features (spectral expo-

nents) in the parallel and perpendicular direction;
where f; (x;) is the value of the-th PDF at the pointyy

and §f;(xx) is the associated error estimation. In detail, — the ESS analysis evidenced that parallel (axial) fluctua-
we found that in the case of parallel PDFs the distance of  tions are characterized by a nearly stochastic monofrac-
the small scale PDFg£6A¢) from the others in the range tal nature (quasi-linear dependence of the relative scal-
from ~1/f¢,, t0 ~1/fo, is nearly constant with an average ing exponents), while the perpendicular fluctuations are
vaIue(an)~0.8, while for the perpendicular PDFs the same characterized by a strong intermittent (multi-fractal)
guantity increases from a valuel to a value>10 in the character;

same timescales interval. Furthermore, let us also underline

that the scaled perpendicular PDF (Fig. 10b) shows a more — the scaling features of the PDFs of the magnetic field
evident non-Gaussian character with respect to the parallel  energy fluctuations in the parallel and perpendicular di-
scaled PDF (Fig. 10a), confirming the strong anisotropy in rection confirm the more intermittent character of the
the fluctuations. perpendicular fluctuations.
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All the aforementioned points indicate a strong anisotropy of

the magnetic field fluctuations. Furthermore, the presence of

a strong average background magnetic field suggests that the /

observed turbulent fluctuations could be better described in

a 2D-MHD scenarioBiskamp 2002. In this case a strong

average background magnetic field would damp field-aligned

fluctuations with respect to perpendicular fluctuations. The

observed results seem to point toward this direction.
RecentlyChang et al(2004 proposed an alternative phys-

ical scenario for the space plasma intermittent turbulence

based on a complex topology of magnetic and plasma dy-

namic coherent stochastic structures arising from plasma res-

onances and consisting of bundles of nonpropagating fluctu- B

ations. This coherent structures would appear as stochastic

field-aligned flux tubes arising from the background turbu-

lent fields, and the resulting scenario is a complex medium

consisting of a hierarchy of multiscale coherent structures

(see Fig. 11). This has been validated by recent 2D-MHD

simulations {Wu and Chang200Q 2001) where the magnetic

field is assumed to be represented by a scalar flux fungtion

B=e, x V{¥ + Boe, (9)

with Bg=constant andiV |2« Bo.

Dynamic Renormalization Group (DRG) analysis, per-
formed for simple 2D-MHD models (with or without cross-
field diffusion Chang et al. 2004 has clearly shown that
the Fourier transform of the correlation function of per-
pendicular fluctuations scales gs* at high frequencies,
with ¢~1.66+1.88 anda~2 for the model with or with-
out cross-field diffusion, respectively. Furthermore, for both the linear scaling of the 2nd order generalized structure func-
models, DRG analysis yields £~ spectra at low frequen-  tion (S2(x)~7), and by the more Gaussian shape of the PDFs
cies. The—1 low-frequency spectral exponent is mean- Of the magnetic energy fluctuations.
field-like and has probably a universal character in space- The scaling features of the perpendicular magnetic field
plasmas Chang et al.2004. Our results of the PSD of and energy fluctuations exhibit intermittency, indicating a
the perpendicular componeni®; seems to be very well large deviation from uniformity in the distribution of scalar
in agreement with these predictions. As predicted by DRGand/or tensor quantities. The multifractal character of per-
analysis we, indeed, get a low-frequency region (Region l)pendicular fluctuations is the signature of this dynamical in-
with a nearly mean-field-like exponent{1.2) and a mid-  termittency. Furthermore, the scaling exponent of the prob-
frequency (MHD) region (Region 1) with an exponent very ability of return P(0, ) and the data collapsing of the per-
near to the DRG prediction for the diffusive modeh{1.9). pendicular PDFs resemble the results of a similar analysis
Furthermore, according thlatthaeus and Goldstei{1996 performed byChang et al(2004 on simulated 2D patterns.
the low-frequency spectral exponent might be due to theHowever, whileChang et al(2004 get a P(0, t) scaling
superposition of uncorrelated samples of discrete coherergxponents~0.34, we found a different value~0.4. The
structures, that in the cusp assume the shape of field-alignedgifference observed between the scaling exponents of sim-
flux tubes. ulated and actual data might be due to the fact that while

The PSD features in the axial direction seem to have memin our case we refer to temporal fluctuations, in the case of
ory of the solar-wind spectral features with a nearly Kol- simulated patterns the scaling exponent refers to spatial fluc-
mogorov spectrum in the low-frequency domain (Region | —tuations. As a matter of fact, we remark that the conversion
f < fo) and a steeper power-law region at higher frequenciefrom spatial and temporal features in turbulent media is very
(Region Il — f> fp). A possible explanation for thidark- crucial, being the usually adopted “Taylor’'s hypothesis” not
brown noiseaegion could be the one proposedasienyl and universally applicable. For example, in the case of plasma
Milovanov (2004. In this case the-7/3 PSD region would  sheet turbulence it has clearly been shown that a better way
be due to a rapid advection of stochastic fractal structures irio link spatial and temporal features is the “random sweeping
respect to a rest-frame observer. This alternative interpretamodel” (Chen and Kraichngri989 Borovsky et al, 1997).
tion is substantiated by the nearly mono-fractal character oin this framework, while the scale invariance is, generally,
the axial fluctuations, as evidenced by the ESS analysis, bgonserved, the scaling indices are expected to change.

Fig. 11. A schematic drawing of a complex topology of coherent
field-aligned magnetic structures.
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In summary, in this work we have investigated the Gurnett, D. A. and Frank, L. A.: Plasma waves in the polar cusp:
anisotropy of the turbulence observed in the cusp region observations from Hawkeye 1, J. Geophys. Res., 83, 1447-1462,
by POLAR satellite measurements, showing how some ob- 1978.
served scaling features of the perpendicular fluctuations ifSurmnett, D. A, Anderson, R. R., Tsurutani, B. T., et al.: Plasma
this region are in a good agreement with the scenario pro- Waves turbulence at the magnetopause: observations from ISEE
posed byChang et al(2004 and with the results of DRG L anE? Zcﬁ] GeOphySS' (F;eSF'{' 8‘}’ 7343(_37058' |1_979'. . i
analysis on simple 2D-MHD simulations. Thus, although our nat, B., Chapman, S. C., Rowlands, G., et al.. Finite size scaling

Its deals with dv. th . qe in the solar wind magnetic field energy density as seen by WIND,
results deals with a case study, they seem to point toward "an geqnhys. Res. Lett, 26, doi:10.1029/2001GL014587, 2002.

anisotropic intermittent turbulence” induced by a dynamical khotyaintsev, Y., Vaivads, A., Ogawa, Y., et al.: Cluster observa-

topological complexity that results from the nonlinear evo-  tions of high-frequency waves in the exterior cusp, Ann. Geo-
lution of multiscale coherent structures. Let us remark that phys., 22, 2403-2411, 2004,

this scenario does not exclude the coexistence of propagating SRef-ID: 1432-0576/ag/2004-22-2403

waves, but redefines the conventional scenario of cascadinl§limov, S., Romanov, S., Amata, E., et al.. ASP1 experiment: mea-
in plasma turbulence. Clearly, further work is necessary in surements of fields and waves on board the INTERBALL space-
order to confirm this scenario and to investigate the physical craft, Ann. Geophys., 15, 514-527, 1997,

origin of these coherent structures. SRef-ID: 1432-0576/ag/1997-15-514 o o
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