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The solar wind plasma is a natural laboratory for studies of plasma turbulence. Long, evenly
sampled satellite data sets are natural candidates for statistical studies and these are often performed
in the context of magnetohydrodynamic~MHD! turbulence. In this paper, scaling properties of solar
wind bulk plasma parameters are discussed. Low order probability density function~PDF!
asymmetry analysis is applied to data that combines slow and fast solar wind. Results are compared
to those obtained using a PDF rescaling technique. A break in scaling, identified by the rescaling
method, is confirmed to occur at a temporal scale of;26 hours. Low asymmetry levels of the
fluctuations PDF are identified for the quantities that also exhibit self-similar statistics. A
generalized structure function analysis is then applied to the kinetic energy density obtained from
slow and fast solar wind streams. The applicability of a Fokker–Planck model for slow and fast
wind rv2 fluctuations is investigated. ©2004 American Institute of Physics.
@DOI: 10.1063/1.1667500#

I. INTRODUCTION

Astrophysical plasmas, dominated by high Reynolds
number flows can provide insights into the nonlinear dynam-
ics of magnetized fluids. Conditions found in those systems
can be difficult to recreate in the laboratory experiments or
by direct numerical simulation where the range of system
sizes and observed Reynolds number are limited.1,2 In this
context,in situ solar wind measurements are particularly rel-
evant as they provide long, evenly sampled data sets with
reasonable temporal resolution. Such data sets are conducive
to statistical studies and these have recently revealed scaling
as a unifying feature found in fluctuations of plasma param-
eters.

Due to the large Reynolds number and thef 25/3 power
laws observed for the solar wind, scaling is often discussed
in the context of the Kolmogorov’s 1941~hereinafter K41!
hypothesis3 that energy is transferred from one spatial scale
to the next at a constant ratee through local interaction
within the inertial range. The lack of any characteristic spa-
tial scale within the inertial range itself leads to self-similar
scaling for the moments of velocity structure functions:4 S,

n

5^uv(r 1,)2v(r )un&}(e,)n/3, wheren is thenth moment,
, is a spatial scale, ande represents the energy transfer rate.
This self-similar scaling is obtained for nonmagnetized and
incompressible fluids. Experimental results from hydrody-
namical studies do not confirm such scaling in real flows,
however. It has been suggested that intermittency, induced by
random variations in the energy transfer ratee, produces the
observed deviation from self-similar scaling.5,6 Intermittency
requires a multi-fractal phenomenology to be invoked so that
the self-similarity of the cascade can be broken. Multi-
fractal, or intermittent behavior has also been found in solar

wind plasma flows.7 In this sense, statistical features of fluc-
tuations found in hydrodynamic flows and those observed in
the solar wind plasma appear to be very similar.8,9 In recent
years, models developed for hydrodynamic turbulence, such
as the Castaing model,10 has been successfully applied to
magnetized plasmas.11,12

An obvious disadvantage of using spacecraft data in
studies of turbulent plasmas comes, in general, from the lack
of multi-point measurements. Available data sets are gener-
ated in the form of time series collected from a single-point
location. The typical solar wind speed of about 500 km/s
largely exceeds the speed of the spacecraft as well as the
local Alfvén speed and the Taylor’s hypothesis13 is often
used to relate scaling in the temporal and spatial domain.
One assumes that the frequency of the fluctuationsf is di-
rectly related to a spatial scale, or wave numberk, through
the formulak52p f /vsw . However, the solar wind velocity
vsw fluctuates between 200 and 900 km/s in time and exhib-
its complex multi-fractal scaling.7

Most statistical studies of the turbulent solar wind focus
on the properties of the velocity field or on quantities such as
magnetic field magnitude. Such an approach is often chosen
because some statistical properties can be inferred from ex-
isting theoretical results5,14 for these parameters. A number
of models have also been proposed to incorporate the ob-
served intermittency in these quantities.10,15,16These models
predict a functional form of the fluctuation probability den-
sity function ~PDF! or an exact formula for the dependence
of the structure function on its ordern. Here, we refer to a
few selected studies that exemplify this approach.8,11,17,18

These models, however, are based on a number of assump-
tions about the energy transfer rate that cannot be easily veri-
fied experimentally. An alternative way of modeling turbu-
lence is to look for the set of variables that are mono-scaling
and as such can offer a simplified description of the plasmaa!Electronic mail: hnat@astro.warwick.ac.uk
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flows. In this context it is important to identify these quanti-
ties and verify that their behavior is distinct from that of
multi-fractal parameters.

Here we first consider the following bulk plasma param-
eters: Magnetic field magnitudeB, velocity magnitudev, ion
densityr, kinetic and magnetic energy density (rv2 andB2)
and Poynting flux approximated byvB2 ~such an approxima-
tion of the Poynting flux assumes ideal MHD whereE5v
3B). It has been reported that PDFs of fluctuations inr, B2,
rv2, and vB2 exhibit mono-scaling for up to 10 standard
deviations,20 while B andv are multi-fractal.11,21 In this pa-
per we will use two independent techniques to further inves-
tigate statistical and scaling features of these mono-scaling
quantities. First, a low order analysis22 will be used to com-
pare the asymmetry in statistics of positive and negative fluc-
tuations. We will examine if such a low order method can
detect statistical differences between quantities that are self-
similar and those that are multi-fractal. Low order measures
are preferred in statistical studies due to their better conver-
gence and accuracy. They produce very stable results as the
contributions from large but very infrequent events are small.
Results of this asymmetry analysis indicate that the mono-
scaling character of the fluctuations coincides with low
asymmetry levels, while the multi-fractal fluctuations, like
those of the velocity, show elevated levels of asymmetry. We
will also use the asymmetry analysis to verify the relevance
of the ;26 hours time scale, above which the PDFs no
longer show scaling.

While the fundamental differences between the slow and
the fast solar wind are well documented, earlier results dis-
cussed here were obtained for the data set that combined
both slow and fast streams.20 We now explore the differences
in scaling of the kinetic energy densityrv2 derived from
both slow and fast solar wind. The non-Gaussian character of
the fluctuations, whilst also present in low moments of the
PDF, is most visible in the higher moments. For this reason
structure function analysis is often performed in studies of
nonlinear systems. Here we will use generalized structure
functions~GSF! to verify that the mono-scaling of the fluc-
tuations persists for higher moments of the PDFs. These
GSFs will also be conditioned at 10 standard deviations.8,23

Such conditioning not only eliminates statistical noise in
large but infrequent events and removes coherent structures
~shocks, Coronal Mass Ejection events! that are not part of
the turbulent cascade but also effectively quantifies the im-
pact of intermittency on fluctuations of different sizes. The
GSF analysis has the advantage of being easily incorporated
into K41 theory.4 We will later show that the scaling index
for these functions can also be related to that found via the
PDF rescaling technique. We note that the similar scaling
properties of mono-scaling quantities and, in particular, the
nearly identical functional form of their fluctuation PDFs20

suggest that the differences between slow and fast wind
found ind(rv2) could be representative for all mono-scaling
parameters considered here.

Results presented here have implications for modeling
solar wind fluctuations and our understanding of turbulence
in magnetized plasmas. We confirm that the mono-scaling
approximation of the PDFs for the investigated quantities

holds up to a temporal scale of;26 hours. Low levels of
asymmetry found for these PDFs clearly distinguish them
from the velocity fluctuations that are well known to be
multi-fractal. We also demonstrate that the fluctuations used
in the PDF rescaling analysis are statistically independent.
The mono-scaling of a fluctuation PDF combined with the
statistical independence of the increments allows a
Fokker–Planck24 model to be introduced not only to identify
the functional form of the space dependent diffusion coeffi-
cient but also to develop a diffusion model for the shape of
their PDFs.20 We discuss the applicability of this model to
slow and fast solar wind fluctuations in kinetic energy den-
sity.

II. THE DATASET

The single point time series investigated in this study
was collected at the Earth–Sun L1 point using the MFI25 and
the SWE26 instruments of the WIND spacecraft. This data set
is identical to that used in our previous work.20 It contains
both slow and fast velocity streams; previously we did not
differentiate between these. We will examine the differences
in scaling properties of the kinetic energy density obtained
from slow and fast solar wind streams. The slow streams are
defined as these for which the speed on time scalet is lower
than 500 km/s. We will examine fluctuations in the investi-
gated quantitiesdx(t,t)5x(t1t)2x(t). For the slow~fast!
solar wind stream we require bothx(t1t) andx(t) to have
speeds below~above! the threshold.

III. RESULTS AND DISCUSSION

A. Asymmetry measure

Asymmetry of the fluctuation PDF is one of the charac-
teristic, but not unique, features of a turbulent fluid. If con-
sidered in the context of K41, it is an immediate conse-
quence of the directional cascade which imposes a nonzero
third moment on spatially averaged fluctuations of velocity,
^(dv,)3&},. However, the PDF asymmetry is not uniquely
associated with turbulent systems and could be explained by
models other than an energy cascade. Using low order asym-
metry measures as an indicator of the turbulent flow was first
proposed by Vainshtein.22 The analysis is performed sepa-
rately for the positive and negative fluctuations,dx1 and
dx2. Vainshtein computed these differences for the smallest
temporal scalet0 but, in principle, the asymmetry level
should be the same over the entire inertial range.22 A zeroth
order correlation function for these difference is defined as
follows:22

C6~t!5^$@dx6~ t1t1!2m#@dx6~ t !2m#%0&, ~1!

wherem is an average of thedx time series and̂ & denotes
averaging over time. It is often assumed that the mean value
of fluctuationsm is 0 for all temporal scales. Such an as-
sumption can be made when the higher moments are consid-
ered. For the real data a slight departures from this assumed
zero mean do occur. The low order asymmetry measure has
functional dependence on the position of this mean and thus
we subtract it in~1!. We computeC6(t) for different values
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of t to determine if the change in the asymmetry level found
in the fluctuations PDF is consistent with the PDF rescaling
results. Namely, the time scale where the PDF’s self-
similarity is no longer present should coincide with the time
scale where a sharp drop in a measured asymmetry occurs. In
order to visualize changing asymmetry levels on different
temporal scalest, we consider the ratioK5u12C1/C2u
which is close to 1 for a completely asymmetric PDF and
tends to 0 as the asymmetry level decreases.

Figure 1 shows the PDF asymmetryK as measured by
the zeroth order correlation function~1!. There is a common
behavior for all curves in this figure; all quantities exhibit
increasing asymmetry levels with increasing temporal scale
t. The temporal scale where the maximum asymmetry is
reached clearly coincides with that found in the PDF rescal-
ing method.20 There are, however, important differences in
the level of asymmetry between mono-scaling and the veloc-
ity PDFs. We see that the fluctuation PDFs for all mono-
scaling quantities investigated here are nearly symmetric. A
low level of the measured asymmetry, on average smaller
than 10%, persists through the region between;2 minutes
and;10 hours. The asymmetry rises to about 15% when we
approach the temporal scale of;26 hours for which the
scale break occurs.20 This is in sharp contrast with the strong
asymmetry of the PDF of velocity fluctuations. A monotonic
increase of the asymmetry is observed, and, interestingly, the
maximum of this curve also coincides exactly with the tem-
poral scale where the self-similarity of the PDF is no longer
valid. Such strong asymmetry of the velocity fluctuations has
been also found in hydrodynamic turbulence.10,22,27This sug-
gests that the high asymmetry of the statistics for the velocity
increments is a good indicator of the highly intermittent
character of the flow and multi-fractal scaling of these fluc-
tuations. We also find a very different behavior of the the
asymmetry curve of the magnetic field magnitude fluctua-
tions. Statistically these fluctuations are known to be multi-
fractal when treated on longer timescales21 but here their
PDF asymmetry level is quite low except for the first two

temporal scales. In fact, the curve nearly coincides with that
of the magnetic energy densityB2, for which a mono-scaling
PDF appears to be a good approximation.20 Such behavior
suggests that the mechanisms leading to a lack of mono-
scaling in the fluctuations of velocity and magnetic field
magnitudes could be different.

Figure 1 indicates that fluctuations in the kinetic energy
densityrv2 exhibit the lowest level of asymmetry between
positive and negative branches of the PDF. The nature and
statistical properties of fluctuations in density, velocity and
magnetic field are different for slow and fast solar wind
streams. Recently Pagel and Balogh19 quantified these differ-
ences by applying P-model16 to the magnetic field magnitude
fluctuations derived from Ulysses data sets collected during
the solar minimum and maximum. They found an appre-
ciable difference in the intermittency levels between slow
and fast solar wind with the fast wind showing higher inter-
mittency levels. These differences could affect scaling prop-
erties of bulk plasma parameters fluctuations examined here
and in the next section we investigate if this difference can
be detected ford(rv2) when slow and fast streams are
treated separately.

B. Generalized structure functions

Generalized structure functions~GSF! Sm are widely
used to characterize non-Gaussian processes where departure
of a PDF from the normal distribution is the most pro-
nounced in the higher moments.4 These functions can be
defined for fluctuationsdx(t,t)5x(t1t)2x(t) as Sm(t)
[^udxum&, wherem can be any real number, not necessarily
positive. If these moments of the differenced data exhibit
scaling with respect to the time lagt we haveSm}tz(m). A
log–log plot ofSm versust should then reveal a straight line
for eachm and the gradientsz(m). If z(m)5am ~a con-
stant! then the time series is self-similar with single scaling
exponenta. Recently, conditioned GSFs have been used to
quantify the impact of intermittency on fluctuations of differ-
ent sizes.8,23 Practically, the method relies on eliminating the
largest fluctuations, where the statistical errors are the great-
est. In our case, this threshold will be based on the standard
deviation of the fluctuation time series for a givent, A(t)
510s(t). We will use symbolSm

c to indicate that the struc-
ture function has been conditioned.

Generalized structure functions can be easily related to
the generic and model independent PDF rescaling technique
described previously in Refs. 20 and 28. Here we only recall
that this method is based on the rescaling of the PDFs, ob-
tained for fluctuationsdx, on different time scalest. If the
process under investigation exhibits statistical self-similarity,
a single argument representation of the PDF can be found
such that:

P~dx,t!5t2aPs~dxt2a!. ~2!

We can also expressSm using the fluctuations’ PDF,P(dx,t)
as follows:

Sm~t!5E
2`

`

udxumP~dx,t!d~dx!, ~3!

FIG. 1. Levels of the PDF asymmetryK for all quantities under investiga-
tion: s corresponds todB2, h ion densitydr, L kinetic energy density
d(rv2) andn Poynting flux componentd(vB2), , velocity magnitudedv
and1 magnetic field magnitudedB.
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In terms of rescaled variables,Ps given by ~2! and dxs

5dxt2a, the integral in~3! can be expressed as:

Sm~t!5tmaE
2`

`

udxsumPs~dxs!d~dxs!, ~4!

which allows us to identify scaling exponentz(m) in ~4! to
be z(m)5ma for a statistically self-similar process.

Structure functions for high values ofm are difficult to
obtain due to the large statistical errors and a slow conver-
gence of the method. We first examine the second moment
structure function by investigating scaling of the standard
deviation,s(t)5@S2

c(t)#1/2, with t. In this case, the scaling
exponentz~2!/2 provides an estimate of the Hurst exponent.
Figure 2 shows the standard deviations~t! plotted versust
on log–log axes fordx5d(r), d(rv2), d(B2), d(vB2) and
dB. The region of scaling, within which all lines were fitted
in Fig. 2, was established by theR2 goodness of fit analysis.
The optimal interval was found to extend between 1.5 min-
utes and 26 hours and the power laws suggest self-similarity
persists up to this temporal scale. The slopes of these lines
yield the rescaling exponentsa5H and these are summa-
rized in Table I. We then compute the Hurst exponent for the
fluctuations of the kinetic energy densityrv2 in the slow and
fast solar wind. Figure 3 shows the scaling of their standard
deviations and we see that the slow solar wind fluctuations

exhibit scaling up to;20 hours while the fast stream data do
not show a clear region of scaling. The Hurst exponent of the
slow wind fluctuations deduced from this plot isH50.37
60.02.

We now extend the analysis to higher orders of structure
functions. Figure 4 shows exponentsz(m) derived from the
conditioned GSFs of orders from 0 to 8 for quantityrv2

obtained from the slow (rvs
2) solar wind. We see that, when

conditioned to 10s~t!, structure functions of the slow stream
kinetic energy density are scaling and the exponent can be
estimated to bearv250.3160.02. Although one could, in
principle, fit a very weak multi-fractal model to those points,
the straight line fit is within the errors and thus captures the
essential behavior of the data. The fast solar wind kinetic
energy density does not scale and we conclude that the sta-
tistical features of the slow and fast solar wind kinetic energy
density are different, however, the deviation of fluctuations
from self-similarity is not strong since the combined data set

FIG. 2. Scaling of the standard deviations~t! of the PDFs for all quantities
under investigation:s corresponds todB2, h ion densitydr, L kinetic
energy densityd(rv2), n Poynting flux componentd(vB2) and1dB. The
plots have been offset vertically for clarity. The error bars on each bin within
the PDF are estimated assuming Gaussian statistics for the data within each
bin.

FIG. 3. Standard deviation scaling of therv2 for slow ~h! and fast~j!
solar wind.

FIG. 4. Conditioned structure functions of therv2 for the slow solar wind.

TABLE I. Scaling indices derived froms~t! versust power law fit.

Quantity H froms~t! tmax PDF scales

dB 0.3360.02 ;26 hrs No
dv No scaling No
d(B2) 0.3860.03 ;26 hrs Yes
d~r! 0.3860.02 ;20 hrs Yes
d(rv2) 0.3460.02 ;20 hrs Yes
d(vB2) 0.3860.03 ;26 hrs Yes
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still shows mono-scaling of the PDF.20 The mono-scaling of
the slow solar wind fluctuation inrv2 was then verified by
applying the PDF rescaling, with the rescaling exponenta
50.37 ~the Hurst exponent shown in Fig. 2!, to the fluctua-
tions d(rv2)s . Figure 5 shows the result of this one param-
eter rescaling. Thex2 test was applied to these collapsed
PDFs by comparing the PDF fort52 minutes with all other
curves. All collapsed curves lie within 3%–5% error band
for the slow solar windrvs

2 fluctuations.
It is informative to discuss these results in the context of

the work by Pagel and Balogh.19 In both cases a clear differ-
ence between statistics of the slow and fast solar wind is
apparent. Similarly to their work we also find that, at least in
the slow wind, the third order structure function’s scaling
exponent,z(3)'1, which seems to excludes predictions of
Kraichnan’s turbulence model.14 Intriguingly, Pagel and
Balogh found multi-fractal scaling fordB ~in the sense of a
P-model! in both slow and fast solar wind, whereas we find
no evidence of scaling ford(rv2) in the fast solar wind at
all. This may suggest that one characteristic of the fast wind
is the presence of coherent structures, to which the scaling in
fluctuations ofrv2 are sensitive, thus breaking the scaling,
whereas the corresponding signature in magnetic field fluc-
tuations is a change in scaling.

IV. THE FOKKER–PLANCK MODEL

The mono-scaling of the fluctuation PDF allows for the
direct comparison of the functional form of the PDF as well
as the development of a Fokker–Planck model for the PDF
dynamics.20 This approach is correct only in the case when
the fluctuations can be treated as statistically independent.24

The degree of correlation in a data set can be implied by
obtaining a scaling exponent of the power spectrum. In terms
of the integrated data set exponentb522 indicates a lack of
any correlation. A random Brownian walk is an example of
such system. In the case of the solar wind a weak correlation
is present in the integrated time series. The power spectra for
the solar wind velocity and magnetic field magnitude are
known to exhibit scaling7,9 close to Kolmogorov’s25/3.
This is also true for the for all quantities discussed here. The

PDF rescaling method and the asymmetry analysis~but not
structure functions! were performed with nonoverlapping in-
tervals oft in order not to introduce correlation in the dif-
ferenced time series. Figure 6 shows the autocorrelation
function for the quantityd(rv2) andt'50 minutes. We see
that the assumption of the independent increments is a cor-
rect one for the differenced time series.

The Fokker–Planck diffusion model predicts the follow-
ing functional form of the PDF for mono-scaling
quantities:20

Ps~dxs!5
a0

b0

C

udxsua0 /b0
expS 2

a2

b0
~dxs!

1/aD

3E
0

dxs
expS a2

b0
~dxs8!1/aD

~dxs8!12a0 /b0
d~dxs8!

1k0H~dxs!, ~5!

wherek0 is a constant andH(dxs) is the homogeneous so-
lution:

H~dxs!5
1

~dxs!
a0 /b0

expS 2
a2

b0
~dxs!

1/aD . ~6!

Such a one parameter~a! description of the fluctuation PDF
captures both the mono-scaling character of fluctuations and
statistical intermittency revealed through the ‘‘heavy tails’’ of
the distribution. Recently, a similar approach, based on the
Lévy distribution,29 has been proposed to model statistical
properties of financial data.28

Figure 7 shows a fit of the Fokker–Planck model, with
its solution given by~5!, to fluctuation PDFs of slow and fast
wind rv2. This fit is obtained with the following parameters
a0 /b052.0, b0510, C50.00152, k050.0625, and a
50.37 as derived from the rescaling procedure. We empha-
size that the divergence of the formula for the near-zero fluc-
tuations is not surprising considering the form of the diffu-
sion coefficient we have found, namelyD(dx)}(dx)221/a

FIG. 5. One parameter rescaling of the fluctuation PDFs for the slow solar
wind rv2. Scaling exponent is equal to the Hurst exponent. Curves corre-
spond to temporal scales between;2 minutes and;26 hours.

FIG. 6. Autocorrelation function for the time series of therv2 differenced
with t54 ~solid line!, t564 ~dashed line!, t5256 ~dash–dot line! and t
51024 ~dotted line!.
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with a,0.5. This behavior can be tamed by assuming that
the smallest fluctuations are Gaussian and they experience a
constant diffusion. We note, however, that the Fokker–
Planck equation can not be solved analytically for the diffu-
sion coefficient given byD01D(dx) whereD0 is a constant.
We see that the functional form~5! fits slow wind fluctua-
tions quite well while for the fast wind thed(rv2) f PDF
diverges appreciably from this predicted form for fluctuation
sizes between;2 and;6 standard deviation. The Fokker–
Planck approach appears to provide a good approximation of
both PDFs in the limit of large fluctuations.

V. SUMMARY

In this paper we have discussed scaling properties of the
bulk plasma parameters observed in the solar wind by the
WIND spacecraft. We used the low order based PDF asym-
metry analysis to gain additional information about the sta-
tistics of the processes. This analysis confirmed that the time
scale of;26 hours is a relevant scale for all quantities. We
observe a maximum in the asymmetry levels around this
time and then a significant drop in the asymmetry as the PDF
of fluctuations converge toward a normal distribution. We
find that all quantities that exhibit mono-scaling PDFs also
show relatively low levels of asymmetry, on average about
7%. However, the velocity fluctuations PDF is clearly very
asymmetric with asymmetry varying between 5% and about
35%, depending on the temporal scale. Interestingly, the
asymmetry level for the PDF ofdB are low despite the fact
that the fluctuations are known to be multi-fractal on certain
temporal scales. We have also obtained the Hurst exponents
for all quantities. We find that the scale break occurs at
;26 hours.

We have examined differences in scaling properties of
the fluctuations in kinetic energy densityrv2 for slow and
fast solar wind. The threshold for the solar wind velocity was
set at 500 km/s. We found scaling in the standard deviation
of the slow solar wind that extended to about 20 hours. Fast
stream fluctuations do not exhibit such scaling. We have used

the Hurst exponent, derived from the scaling of the standard
deviations of the slow solar wind, to perform PDF rescaling
analysis.20 Consequently a PDF rescaling procedure applied
to the fluctuation PDFs of the slow solar windrvs

2 gives a
good collapse of the curves within the temporal scales of
;20 hours, while the fast streams PDFs cannot be rescaled.
The generalized structure functions, conditioned at 10s,
were also applied to examine the higher moments of the
fluctuations inrv2 in slow and fast solar wind. Again, the
slow wind fluctuations show self-similar scaling up to the 6th
moment, while these of the fast wind show a lack of scaling.

We also considered a possible model for the self-similar
slow solar wind fluctuations based on the Fokker–Planck
equation. We have fitted functional forms for the PDF, pre-
dicted by this model, to an experimental PDF of the kinetic
energy density fluctuation. It appears that the Fokker–Planck
gives a good approximation of the slow solar wind fluctua-
tions in rvs

2 while the fast wind fluctuations can not be
treated with this approach. This approach does not depend on
any particular model for turbulence but it is interesting and
informative to compare our results with these based on tur-
bulence models. We have used recent work of Pagel and
Balogh to discuss differences emerging from these two ap-
proaches. These authors find evidence of a multi-fractal scal-
ing in both fast and slow solar wind, but the character of the
intermittency differs between the two. We find that the
mono-scaling of kinetic energy density fluctuations only
holds in the slow solar wind. This issue clearly requires fur-
ther investigation, but does suggest both a fundamental dif-
ference, and a connection, between the physics of magnetic
quantities and kinetic energy density. One possibility is that
structures that are not part of the turbulent cascade can be
seen in the fast wind in the kinetic energy density fluctua-
tions, but not in fluctuations of the magnetic filed magnitude.
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