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Abstract. Since the early 90s it was shown that Probabil- where the term "fluctuation” generally refers to temporal
ity Distribution Functions (PDFs) of small scale differences and/or spatial differences of the observed quantities. For ex-
(fluctuations) of several quantities in space plasmas displaymple, since the first half of 90s (Marsch and Tu, 1994) it
significant departures from Gaussianity. The non-Gaussiafis well-known that magnetic field and velocity fluctuations
shape of PDFs was ascribed to intermittency and discusseith the solar-wind are characterized by non-Gaussian PDFs at
in the framework of intermittent MHD turbulence. Here, we small-scales, approaching to Gaussian distributions at larger
put the attention to the PDF of magnetic field intensity in- scales. Similar non-Gaussian distibutions have been detected
stead of its differences showing how the PDF of such quanin the magnetospheric regions (see for example Angelopou-
tity in a quiet solar wind can be related with the occurrencelos et al., 1999; Weygand et al., 2005ps et al., 2005).

of heterogeneity. In detail, we derive the shape of the PDFsThis feature is generally ascribed to the occurrencénof

by simple statistical considerations based on the concept dfermittencyin a turbulent medium (Frisch, 1995) and dis-
subordinationin probability theory. An interpretation and a cussed in the framework of MHD turbulence (see Bruno and
discussion in terms of existing coherent magnetic structure€arbone, 2005). As a matter of fact, intermittency phe-
in a mechanical near-equilibrium state are also presented. nomenon, which, nowadays, is a central issue in hydrody-
namic and magnetohydrodynamic turbulence studies, man-
ifests in a statistics dominated by very large fluctuations,
sparsely distributed in space. From a physical point of view,
intermittency refers to the existence of anomalous dimen-

In the last 20 years we experienced changes in the approaéﬂons in the sense of critical phenomena and/or quantpm figld
to the study of solar-system space plasmas. Several novd{!€0"Y that emerges from the growing of the fluctuations in
concepts dealing with the evolution of nonlinear, '[urbulentthe course ofthe cas_cadm_g process. A_S a r_es‘_“t |r_|term|tt§ncy
and complex systems have been introduced to explain thgjanlfests manonu_nlformlty ofthe spatlal_d|str|but|on of dis-
dynamics of space plasmas on both global and small scale§iPative structures in turbulent systems, in a departure from
The principal merit of such novel approaches has been toGaus&an sta‘qstlcs in the course of'the cascadlng'process and
underline the relevance of stochastic fluctuations and coher2Y P€ described in terms of a multifractal cascading process
ent structures in the dynamics of solar-system plasmas (se§©€ Parisi and Frisch, 1985; Frisch, 1995; Biskamp, 1993;
Tetrault, 1992a, 1992b; Chang, 1992, 1999; Klimas et al.,>0"iS0-Valvo etal., 2001).

1996; Chang et al., 2004; Zelenyi and Milovanov, 2004; Due to the ubiquitousness of non-Gaussian distributions
Bruno and Carbone, 2005). in many physical scenarios several models have been pro-
One of the most peculiar features of magnetospherid®osed. This is particularly true in the framework of hydro-

and interplanetary space plasmas is the non-Gaussian arfynamic and magnetohydrodynamic turbulence, where dif-
leptokurtic shape of the Probability Distribution Functions ferent approaches have been proposed to understand the lep-

(PDFs) of the small scale fluctuations of several quantitiesfokurtic nature of small-scale PDFs (Castaing et al., 1990;
Frisch and Sornette, 1997; Beck and Cohen, 2003; Leub-

o ner and \bros, 2005a, b). These different approaches move
Correspondence td5. Consolini from different physical and statistical assumptions: the com-
BY (giuseppe.consolini@ifsi-roma.inaf.it)  position law (Castaing et al., 1990; Beck and Cohen, 2003;
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Jung and Swinney, 2005), the Tsallis’ statistics (Leubner andstructures. In detail, we will show how the statistics of mag-
Voros, 2005a, b) and the Extreme Deviation Theory (Frischnetic field intensity is in agreement with a simple probabilis-
and Sornette, 1997). For example, the widely used modetic model based on subordination method (Feller, 1971) and
(Castaing et al., 1990) is derived from the assumption that thénvolving rare event statistics.

PDF of the velocity flucluationgv, at the separation scate The paper is organized as follows: Sect. 2 introduces a
can be written as a convolution of a Gaussian distributionprobabilistic model for heterogeneous systems and some ba-
PG (8v, | o) with a weight functionG; (o) representing the  sic concepts dealing with statistical subordination; Sect. 3
statistical weight of the Gaussian PDF characterized by th&hows a comparison between the proposed model and obser-

standard deviation, i.e. vations of interplanetary magnetic field intensity in a long-
standing slow solar-wind period; in Sect. 4 we trace out our
P (8vy) = fGA(U)P(Bvr | o)do (1)  conclusions.

where is a parameter related to the width 6f (o). A
similar approach is used in the casesoperstatisticiBeck 2 Heterogeneity and rare event statistics
and Cohen, 2003).

Although the departure from Gaussian distributions in a5 well documented by the existing literature (see previous
space plasmas is generally interpreted as the signature of ifsection) one of the most interesting features of the space
termittent MHD turbulence, since the mid-90s it was pro- pjasma media is the small scale heterogeneity of several
posed that the existence of coherent magnetic and/or plasmg,antities. A possible way to approach the observed hetero-
structures might play a relevant role. For example, Tu andyeneity is to model the statistical features of some quanti-
Marsch (1993, 1995) proposed that the understanding ofies py randomizing the associated control parameters. Then
some observed features of solar wind required a scenarigy|iowing the subordination/directing proceg&eller, 1971;
involving a mixture of stochastic fluctuations and coherent| avenda 1995a), a novel distribution function for the ob-
advected structures. More recently, Chang et al. (2004%eryaples and its small scale increments can be introduced.
have shown that large-amplitude fluctuations, responsibléoying from a n-dimensional Maxwell distribution the sub-
for non-Gaussian statistics, are related to the existencggination/directing method has been already applied by one
of coarse-grained multiscale coherent structurshang,  f ys (Consolini, 2007) to attempt a description of the non-
1999), emerging from the cross-scale coupling of stochastiGz assian statistics of the small-scale temporal differences of
fluctuations, as it has also been validated by numerical 2Dy agnetic field fluctuations as observed in the magnetotail re-
MHD simulations (Wu and Chang, 2000; Chang etal., ,2004)-gions. In what follows, we apply the above technique to rare
In several space-plasma scenarios (solar-wind, Earth’s magsyent distribution functions, getting different shapes of the
netotail plasma sheet, etc.) such coherent structures can tak@nordinate distributions. Anyway, we start by introducing
the shape of flux tubes, recalling the interpretation of the in-ine method (see Feller, 1971; Lavenda, 1995a).
terplanetary observations given by several _aut_hors (Ness et | ot s start by considering a random variableelative to
al., 1966; McCracken and Ness, 1966; Mariani et al., 1973;3 q5chastic Markov process (the reader may think about a

Tu and Marsch, 1990, 1993_; Bruno et al., 2001, BorOVSky:Brownian diffusing particle), and distributed according to a
2008). Furthermore, the existence of coarse-grained multl-Gaussian distribution:

scale coherent structures necessarily involves the emergence
of long-range correlations. Indeed, the appearance of coher- _ —x2/25
ent structures in a physical system is equivalent to the appeaf (X $0) = me ’ @)
ance of a certain degree ofdering and thus according to
Nicolis and Prigogine (1977) we can say that we are in preswheresg is a parameter. The probability distribution (2) can
ence of a phenomenon obrdering through correlatiors be thought as a conditional probability(x; so)=¢(x | so),
Recently Milovanov and Zelenyi (2000), discussing the rela-where the parameteg plays the role of a condition. Starting
tionship between “coarse-grained” systems and “kappa” disfrom the above distribution for the variate we look for the
tribution functions, have argued that tedering through  distribution of the parameterat which the stochastic process
correlationscan involve a “coarse-grained” topology of the attains a valueg of the variate. That can be obtained by
system, and that this may be related with the emergence ddipplying the following transform introduced byély, (see
a non-Gaussian statistics. From the aforementioned points i&.g. Lavenda, 1995a)
turns out that “coarse-grained” stochasticity may play a rele-
vant role in space plasmas. 50

This paper is intended to focus the attention on the statis* = *0y/ = ©)
tics of the magnetic field intensity at short time-scale and to
discuss the observed departure from Gaussian/Maxwelliamvheresg andxg are two characteristic values. Applying the
distribution function in terms of “coarse-grained” magnetic Lévy transforn(3), the Gaussian distribution (2) is converted
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tems. For such classes of physical systems the distribu-

1 tion functions of the fluctuations of observables are gener-
ally characterized by an asymmetric shape, with an expo-
01 nential/power law tail on one side and a rapid fall-off on the
X other side (Chapman et al., 2002; Sornette, 2003; Bertin and
E Clusel, 2006). One way to model the observed distributions
a 001 is to considered the class of distributions for extreme values
a (Sornette, 2003; Gumbel, 2004), such as the so-caled
treme value generalized distributionistroduced by Bertin
0.001 and Clusel (2006) to model the sum of correlated variables.
| | In particular, we start from the case géneralized Weibull
o1 ° 01 ° 1 " distribution (Bertin and Clusel, 2006), which is valid in the
X case of sum of correlated variables characterized by an upper
bound:
Fig. 1. The generalized Weibull distribution fée=1, =2 and dif- Q¥ xob-1 X\ B
ferent values of:. px|6,a,p) = ﬂm gap p(—a (‘) ) (7)

wherex€[0, 00), « and BeR*, and6 is a scale parame-
ter. The parameter quantifies the degree of correlation
(i.e. the deviation from Central Limit Theorem) in the sum
xo [ 1 ) of the random variables generating the limiting distribu-
@(s | x0) = —,/ —e¥0/%, (4)  tion ¢(x | 6,a,B), anda—1 for highly correlated sys-

s ¥ 2ns tems/signals (Bertin and Clusel, 2006). Figure 1 shows an
Consequently, the application of théty transform is equiv-  example of this distribution fof=1, =2 and differentx
alent to arandomizatiorprocedure of the parameter values.

Moving from the distribution for the parameteit is pos- Considering the generalized Weibull distribution
sible to construct a novel Markov process by applying the(see Eq. 7) and applying the above described subordi-
directing procesgFeller, 1971), characterized by the density nation/directing process we can construct a novel Markov
distribution (4). Thus, for the novel Markov process we canprocess characterized by a probability density function

into the strictly stable evy distribution with characteristic
exponeni=1/2, i.e.

write the following expression (PDF) which assumes the following functional form:
o0 af_af—-1
¢(x | x0) = /O 9(x | $)p(s | x0)ds (5)  N(x|xo.ep) = p2) Yo X ®)

. | | I'2(c) (Xg +x,3>2a

where it has been assumeetsg. For x variate, described

above, one obtains This new probability density function is characterized by an
asymmetric shape with power-law tails decayingr&é-1

(6)  (x~*f~1) on left- (right-) hand tail. Figure 2 shows a com-
parison between the generalized Weibull distributjaiv |

which is the well knowrCauchydistribution, and where the > @ £) and the ondl(x | xo, o, p) obtained by randomiz-

xo parameter plays the role of a characteristic value forthe N9 the¢ parameter fota, g)=(1, 2). _ _
variate. The novel PDF, which we call thandomized Weibufor

As a result of this procedure, it follows that the Cauchy convenience, is characterized by the following first two mo-

(x | x0) = 220
X|x0)=———
¢ 7w x2 4 x2

density distribution is subordinated to the Gaussian one byments:
randomizing the parametey. This is exactly the meaning of r (a _ ;) r (a + ;)
. . . oy /B ﬁ
subordinationin probability theory. Furthermore, as clearly (x) = xo ’ )
shown in Lavenda’s book (1995a) thabordinationmethod I'2(a)
can be successfully applied to derive the probability distri- r (a _ g) r (a + g)
bution of one component of a composite system (see alsgy?) — xg ﬂz P , (10)
Lavenda, 1995b). ()

Actually, in many physical systems the distribution func- whereqg>2. In general, the existence/convergence of the
tions of several physical quantities do not follow a simple ,;;-moment requires thatg>n and, thus, for the PDFs of

Gaussian (Maxwellian) distribution, showing for instance actual physical quantities we should expect the existence of
power-law tails. This is particularly true in the case of com- 3 (exponential) cut-off on the right-hand tail.

plex systems and for global observables in correlated sys-
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Fig. 2. A comparison of the generalized Weibull distributipax | Fi9- 3. The PDFy(6x) of the differencesix as evaluated by nu-
0,1,2) (with 6=1) and the ond1(x | xq, 1, 2) (with xg=1) ob- merical integration using Eq. (11) for the three cases reported in
tained randomizing the parameter Fig. 2.

In the case of a simple Markov process (thus with no mem- - simulated

ory effect at all) it is possible to evaluate the distribution
function of the differencesx = x; 11 — x;) between two suc-
cessive realization of the stochastic procigss This can be
done by applying the usual probability composition law:

0.1

WY(0X)

o0
6x) = f Mo (s x0) T s (i | 8% xo)dx. (1)
0 0.01

Figure 3 shows an example of the PB#dx) of the differ-
ences forrp=1, =2 and differentx values, as obtained by I S T R A A i
numerical integration. One very interesting feature of such -4 -2 0 2 4
PDFs is that their shape is leptokurtotic with power-law tails. OX

It is necessary to remark that in the case of Markov process,

whose random variables (variates) are distributed accordingig. 4. A comparison between the PDF of a simulated Markov pro-
to the generalized Weibull, the PDF of the differences is ex-cess with variates distributed according to Eq. (8) wigk=1, «=1
pected to be Gaussian. Furthermore, to verify Eq. (11) in getand=2 (white circles) and the expected PBfsx) of the differ-
ting the right PDF of the variate differencés, we have sim- gncesSx as evaluated by numerical integration using Eq. (11) (solid
ulated a series of; values distributed according to Eq. (8) '"€):

with xo=1, =1 and =2, and successively compared the
PDF of the differencegx between two successive random
variables and the prediction of Eq. (11). In Fig. 4 we report
the comparison. The agreement is excellent.

Before moving to the next Section it is worth noting that in
the case of thermodynamic systemsdirecting procesgsee
Eq. 5) is equivalent to fix an equilibrium condition among the
different components of the system itself (Lavenda, 1995a

as observed bylyssesmission in a period of six months
(from 1 October 1997 to 31 March 1998) when Ulysses,
near the heliospheric equatorial plane and at about 5AU
(d=[5.35+0.06] AU), was sampling a very quiet solar wind.
The very small variation of the satellite distance during the
selected period ensures the radial effecBao be negligible.

' As it will be shown below, this period is also charac-

b). terized by a strongly reduced content of Adhic fluctu-
ations, offering an excellent opportunity to investigate the

3 Model test PDF in a regime of quasi-stationarity with a particular em-
phasis to the role of structures. Moreover, this period is char-

3.1 Data description acterized by a very low and nearly constant radial velocity

(vr=[370+£20] km/s) where the associated gradients are ex-
To test functional expressions derived in the previous Seciremely small, i.e. it is an extremely quiet period. The plasma
tion, we investigate the PDFs of the fluctuations of the mag-g is about 1.
netic field intensity at short time scale in the solar wind
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Fig. 5. The magnetic field intensity (upper panel) and the solar- (e)

wind radial velocity (lower panel), as observed by Ulysses for the
period from 01-03-1997 to 01-09-1998. The two vertical dashed

lines indicate the time interval here considered. Fig. 6. The distribution of the two parametesg: andog at the

2-h scale. Colors range from violet to red for increasing frequency
values. Bins are.08x0.08 in amplitude. The dashed white circle

. . o 2, 2
In detail, we considered 24 s magnetic field measurementd€notes the locusg +oj=1.

(obtained by averaging12 s data) and 48 min plasma ve-
locity measurements. Data come from the NASA-CDAWeb 2-h scale]. From Fig. 6 we can note that the selected pe-

service of the NSSDC Data Center. We show the 1h mag-. = ; . . )
ST ; . . riod is mainly dominated by non-Alenic fluctuations. As
netic field intensity and plasma radial velocity measurements . . :
S a matter of fact, the maximum occurrence is observed in

for the selected period in Fig. 5.

As mentioned before this period is very interesting be—tr;e )ri'lg(f;gjligcSeos‘t%nantigo'?;(;ﬁ ?;gffllggﬁ;;gﬁosggjom-
cause the state of the solar wind is mainly characterized b R -o<), SUgg 9 b

fluctuations with a low correlation of Alenic type (v-b)) nated by magnetic field variations with no-velocity flucta-

! . . . tions. This result supports the existence of magnetic field
and with a predominance of magnetic energy£ E,). This . : .
- X A structures as already discussed in many previous works (see
point is evidenced by the distribution of the two param-

o : e.g. Bavassano et al., 1998, 2000), making the selected pe-
eters characterizing the solar wind MHD turbulence (seeriod a good candidate to test the proposed PDF model.

Bavassano et al., 1998, 2000, 2005):

1) the normalized cross-helicity 32 Results
2(v - b) . C
0C= 5o (12) As said, to evaluate the PDF of the magnetic field inten-
(V)¢ + (b)

sity and of its small-scale differences (usually nanfied-
2) the normalized residual energy tuationg we considered the 24 s magnetic field intensity av-
erages to remove spurious effects due to satellite spin charac-

oo — (V)2 — (b)? (13) teristic time scale. Figure 7 shows the PDF of the magnetic
R= V2t o2 field intensity for the selected period in comparison with a
wherev and b are the fluctuating velocity and magnetic 3-D Maxwell-Boltzmann distribution,
field vectors withb in Alfv én units (i.eb—b//47 o where ar x2
p is the plasma density), an@t) denotes time averaging. £ 150) = I )%x 2 ) (14)
0

These parameters can only vary in the rapgé, 1], where
oc= + 1(—1) when only outward (inward) components are where the varianceg is the same of the considered time-
present, and g0 in absence of equipartition between mag- series. Such a PDF has been chosen as a reference for a
netic and kinetic fluctuations. Figure 6 shows the bidimen-pure 3-D stochastic Gaussian process. The actual PDF of
sional histogram in the planec—oy at 2-h scale [i.e. the magnetic field intensity shows systematic deviations form
averages in expressions (23) and (24) are evaluated on the Maxwell PDF. In particular, the right-hand tail of the
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Table 1. Estimated parameters of randomized Weibull PDF.

1
a B x0 af
—
0 01 1 359 0.647 3.59
& ‘g‘ 2.86 0.643 3.81
O 001 g 2.62 0.642 3.93
a 2 243 0641 405
2 214 0640 4.28
0.001

Fig. 7. The PDFP(B) of the magnetic field intensity (solid cir-
cles) for the selected period. The solid line refers to a 3-D Maxwell
distribution characterized by the same variance of the considered
signal. Dashed lines are power-law fits.

0.1

0.01

PDF P(|BJ)

actual PDF shows a non-exponential decrease with increas- 0.001

ing values ofB. By fitting the tails of the PDF using a

power-law expressionA~B") we getn=[3.01+0.03] and

n=[—4.93+0.07] for the left-hand and right-hand tail, re- 0.01

spectively. This result is very well in agreement with the

predictions of expression (8), and allows us to estimate the

productags, which is [3.97+0.05]. Furthermore, at very Fig. 8. Comparison between the PDF of the actual magnetic field

small values some deviations from the power-law behaviorintensity measurements (solid circles) and the randomized Weibull

are observedK<0.03 nT). These deviations are associated PDF withe=3, f=2.43 andxo=0.641 [nT] (solid line).

to a few tens of measurements out of more thanl@®, per-

haps related with crossings of regions where the mean field

polarity changes. To analyze the statistical properties of the small-scale
Knowing the first and second moment of the actual time- (24 s) magnetic field intensi_ty increments (fluctuations), we

series permits us to estimate thg and g parameters by ~computed the small-scale differences:

exp.ressions (9) and (1.0) simply solving numerically the fol- SB(t) = B(t + 1) — B(1) (16)

lowing expression for fixed,

) 1\ 2 1 where 1=24s. We reported in Fig. 9 the PDH3(5B)
(x)2 r (“ - E) r (0‘ + E) of the small-scale increments. The shape is clearly non-
m = I2(a)T (a B g) . (a i g>’ (15) Gaussian and leptokurtotic, with a very pronounced cen-
B B tral part and enhanced tails. The characteristic scale asso-
and, then, to evaluate, from one of the two expression (9) ciated with the small-scale incrementsvi$ B2~0.014nT, a
and (10). In Table 1 we reported the estimated parametersalue more than one order of magnitude less than the one
for differenta.. While, as expected, the paramegeshows a  predicted on the basis of the PDF of the magnetic field in-
dependence om, the characteristic valug) does not change tensity for a Markov processv(§ B2~xg). However, the
substantially, showing a variability of less than 1% in the ex- tails at |§ B|>0.2nT scale according to a power-law with
plored parameter range. an exponent near the one predicted by Eqgs. (11) and (8):
On the basis of the values reported in Table 1 and of theP (§ B)—§ B~ with u=aB+1~—5. A possible explanation
value of the productyf as estimated by the previous con- of the difference in the second moments between the PDF
sideration on the tail dependencies, we set for the generalef the actual magnetic field differences, and the PDF pre-
ized Weibull parameters the following ones=5/3, 8=2.43 dicted using the model stands in the non-Markovian feature
and xp=0.641[nT]. A comparison between the PDF of the of the magnetic field intensity time-series. This means that,
actual magnetic field intensity and the randomized Weibullalthough the PDF of actual B-values follows expression (8),
PDF with the above set of parameters is shown in Fig. 8. Thean the { B}-time seriesB;1 is expected to be near the previ-
agreement is very good except for very small valuesBof ous B; of the field: this is the signature of a certain degree
(<0.03nT). of persistence in thgB}-time series. So, if we rearrange the
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Fig. 9. The PDFsP (8 B) of the small-scale incrementsat24 s. Fig. 10. The PDFsP (8 B;) of the small-scale increments of per-

mutated time-series. The solid line is the PDF predicted by the

randomized Weibull model.
actual time-series of magnetic field measurements randomly
permuting the time occurrence of the set of obseryB¢l
values we will get a PDF of small scale increments approachcan learn from the exercise we have presented in this work.
ing the one predicted by the randomized Weibull model. ~ To clarify the physical implications it is necessary to come

Figure 10 shows the PDP(§B,) of the small-scale in- Pack to the physical meaning of Eq. (5) and to put our atten-

crements relative to the randomized time-series obtained byion to the discrepancy between the actual PDF of the mag-
permuting the time occurrences figermutations). As ex- netic field intensity differences and the one expected by the
pected, the obtained PDF approaches the one predicted Hndomized Weibull model. The randomization procedure
the randomized Weibull PDF with @8 B2~xo. This result ~ Of the distribution parameters in Eq. (5) can be read as a
suggests the existence of persistence in the actual magneti¥dy to assume the presence of heterogeneity in the system
field intensity time-series, as for instance it occurs ireay.  (time-series) under investigation. On the other hand, the dis-
flight. In other words, this can be considered an alternativecrepancy between the predicted and the observed PDF of the
check for the existence of correlation in respect to the usuapmall-scale differences points toward the presence of corre-
evaluation of the autocorrelation function. We would like to lations in the magnetic field intensity. Combining these two
remark that the observed persistence supports the idea on tfi@sults, we can figure out a scenario consisting of a comprise
existence of magnetic field structures in the solar wind (see®f heterogeneous multi-scale magnetic field structures in a
e.g. Bruno and Carbone, 2005 and references therein). Her&)echanical local quasi-equilibrium condition (see below). In

the word “structure” refers to a certain stafYalue) which ~ other words, the agreement between the predicted random-
perdures in time. ized Weibull and the actual PDF of magnetic field intensity

fluctuations indicates that the observed magnetic field is the
super-position/aggregation of different families of magnetic
4 Conclusions field structures.

) o These conclusions are well in agreement with previous
In this work we have presented a statistical approach, basefegictions and findings on the existence of flux-tubes and

on rare event statistics and subordination method, t0 thecures in solar wind (Ness et al., 1966; McCracken and
statistics of magnetlc_ field intensity. The main results of our Ness, 1966: Mariani et al., 1973: Tu and Marsch, 1990, 1993:
work can be summarized as follows: Bruno et al., 2001; Borovsky, 2008). On the other hand, 2D-
MHD simulations by Wu and Chang (2000) (see also Chang
et al., 2004) evidenced the formation of field-aligned coarse-
grained coherent structures emerging out of a pure stochastic
— the PDF Of the Sma”_sca|e diﬂerences (24 S) of the mag_scenario. In this framework the prinCipal merit of our anal-
netic field intensity shows a clear discrepancy in termsYSis is to have shown the heterogeneity of these structures
of characteristic moments from the one predicted by theffom the side of magnetic field intensity.
randomized Weibull distribution assuming the absence Regarding the existence of a mechanical local quasi-
of any correlation in the signa|_ equilibrium condition in thisflux-tube texturat can be in-
ferred again of the basis of Eq. (5). As a matter of fact, as
In the light of the obtained results it is natural to ask our- said in Sect. 2, thelirecting processs analogous to impose
selves what could be the physical implications and what wethe existence of a sort of equilibrium condition among the

— the observed PDF of the magnetic field intensity is in
agreement with the proposed randomized Weibull,
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