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Nature of the density—magnetic-field-intensity correlation observed in the solar wind
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A numerical model is set up to explain the observed behavior of the compressive fluctuations close to the
heliospheric current sheet. The model assumes that large-amplituden Alfsrees from the Sun enter the
current sheet region producing a nonequilibrium state that evolves, giving rise to compressive fluctuations. The
characteristics of the compressive fluctuations observed in our simulations reproduce in a detailed way how the
correlation between the density and magnetic-field intensity depends on the fluctuation frequency, position
with respect to the current sheet, and logavalue in solar wind datd.51063-651X97)08908-3

PACS numbes): 52.30—q, 52.65.Kj, 96.60.Vg, 96.50.Ci

[. INTRODUCTION tial scale,(ii) location with respect to the current sheet, and
(iii ) value of the plasmg.

When going from fast to slow speed streams in the solar A compressible numerical MHD model of the plasma
wind, i.e., when approaching the heliospheric current sheegiround the heliospheric current sheet and of the fluctuations
the low-frequency fluctuationd min<T<1 day) display a that are present in this region has been develd9édThis
completely different behavior. Alfirécity, defined by the model is based on the following arguments. In the solar
degree of correlation between velocity and magnetic-fieldvind, among Alfvanic fluctuations of solar origin, only those
fluctuations, decreasdd], while the level of density and Propagating away from the Sun should be found just beyond
magnetic-field-intensity fluctuations, which is very low in the critical point. Following those magnetic-field lines that
fast streams, considerably increases. Space data analyg@fiverge on the two sides of the heliospheric current sheet,
have been performed to characterize these compressive fluglfvenic fluctuations enter the current sheet region. Then
tuations, mainly through the study of the correlation betweerthey are subject to a dynamical evolution, during which their
proton density §n) and magnetic-field intensitydB) fluc-  characteristics drastically change; in particular, compressible
tuations. For instance, this correlation is positinegative  fluctuations are produced. The main mechanisms driving the
in fast(slow) magnetosonic wavdg]. In particular, Vellante time evolution are related both to the inhomoge}neity associ-
and Lazarug3] have shown that for fluctuations at time ated with the current sheet and to the opposite Alfeeor-
scales largetsmallej thant.~ 10 h, positive(negative cor-  relation of the fluctuations on the two sides of the current
relations prevail. More detailed ana|ysé$], which have sheet. The results of the moc[é[l indicate that these mecha-
been carried out in selected slow speed streams in the inn8iSms could be responsible for both the lack of Atfie
heliosphere, have shown that in some cases the correlatigi®rrelation and the increased level of compressive fluctua-
remains negative also at large scales. tions of slow speed streams.

Theoretical studies to explain the occurrence of a negative In the present work we assume the model by Maéral.
sn-8B correlation have been presented in the framework of9l, focusing on the correlation between density and
“nearly incompressible magnetohydrodynami¢siHD)” magnetic-field intensity fluctuations. The results of the nu-
[5—8]. Using this approach, the authors showed that for lownerical simulations will be compared with the proton
and moderate Mach numbers, numerical simulations of turdensity—magnetic-field-intensity correlation calculated using
bulent flows, where the initial state consists of random equithe data set of some selected slow speed streams in the inner
partitioned solenoidal velocity and magnetic fluctuations,heliosphere.
display a strong tendency to produce “nearly incompress- 1he plan of the paper is as follows. In Sec. Il the numeri-
ible” solutions dominated by a negativén-SB correlation. @l model is described. In Sec. Ill the results of the model are
On the contrary, when starting with a random admixture ofPfesented and compared with solar wind data. In Sec. IV
transverse and longitudinal velocity components, the densitphysical mechanisms that can determine the observed fea-
and magnetic amplitude are uncorrelated. tures are discussed.

However, the above results apply to statistically homoge-
neous situations. In this paper we try to understand how
compressive fluctuations are generated near the heliospheric
current sheet, i.e., when fluctuations dynamically evolve in The numerical model has been described already in a pre-
the presence of an inhomogeneous structure, such asvious papef9]; however, we report here its main character-
sheared magnetic field. Moreover, we will try to explain theistics. Our initial condition should represent a background
occurrence of both the kind of observéd-6B correlation  magnetic field with a current sheet and large-amplitude fluc-
and how this occurrence is related to tlefluctuation spa- tuations superposed: We assume {laathe fluctuations are

Il. NUMERICAL MODEL
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Alfvénically correlated and propagate away from the Sun orThe functionF(x) is defined by
both sides of the current sheéb) the total magnetic-field

intensity (background plus perturbatipiis uniform, and(c) X

the density and temperature are also uniform. Condiipn tantx— oS/

ensures that dynamical effects induced by the ponderomotive F(xX)=——— (6)
force associated wit(B| spatial variations are suppressed at tanty — ———

the initial time. This kind of perturbation propagates without cosit/

distortion in a uniform background magnetic field, but is
subject to dynamical evolution when propagating in a currentt monotonically increases with increasirgnd is consistent
sheet. with the free-slip boundary conditions &t + /.

To study the evolution of these initial conditions, we have  The equilibrium magnetic fielth.(x) is obtained setting
solved the compressible MHD equations in the dimensione =0 in expressiorn5); it models the current sheet associated

less form with a sector boundary of the solar wind. The magnetic field
rotates by an angle® (we useda = /4 andA=/2) and its
ap _ y component changes sign across the current sheet. The as-
—+V-(pv)=0, (1) X LT ) . :
a7 sociated currenftq is in theyz plane and its maximum is on

the line x=0, wherej is in the z direction. The current

4 1 1 1, sheet width is~1; we will refer to the remaining part of the
(9_7+(V'V)V: N ;V<pT)+ ;J Xb+ pSVV Vi 2 spatial domain as the “homogeneous region.”
The perturbation amplitude has been chosen to be
b 1, ¢=0.5 and its spectrum is determined by the choice of
EZVX(VXbHS_nV b, (3 #(y). We used a power-law spectrum function
(9T mmax 75/3
StV IT+H(y=)T(V V) $(y)=2 2, (mko)~**(cosmky). v

S, S,

(9Xj 07X]

+ —

:’)/_1 1 2 1 t?Ui (9vi) 1 o
s/

(4) whereky=2m/\ ,ax and we have chosem,,,,= 32.
The fluctuating partsf of any quantityf is defined as

7

wherej=VXb and y=5/3 is the adiabatic index. Lengths 1 (R

are normalized to the shear lengih the magnetic field, 5f(x,y,q-)=f(x,y,7-)_T/J f(x,y,7dy, (8)
and the mass densipyto the respective characteristic values ™ Jo

B, andp,, the velocities to the Alfue velocity correspond- _ _ o o _ _
ing to these values. The time the pressur@, and the tem-  the solutions being periodic along tiedirection. Using this
peratureT are normalized consistently. The quantit&sand definition to calculate the fluctuating part of the initial mag-
S, represent, respectively, the viscous and magnetic Reyretic field(S), the initial velocity field is given by

nolds numbers, whil&, is a dimensionless number associ-

ated with the heat conductivity coefficient. Since dissipative (.0 = o )5b(x,y,0) ©
coefficients are very low in solar wind we have used for the V(X,y,U)=o(X)——,
4 Vp(X,y,0)

above quantities the largest values allowed by computer
limitations: S,=S, =S, /(y—1)=1400.

The considered geometry is: 2limensional: All quanti- With o(x)=tanh{/é) and 6=0.05. Expression(9) satisfy

condition (a) everywhere, except in a thin layer around

ties depend on two space variables gnd y), but vector - i , X
guantities have three nonvanishing components. Equationxs_o’ whereo(X) phanges sign. This Ch0|ce_ of(x) corre-
ponds to a continuous change of the Affieecorrelation

(1)—(4) have been numerically solved in a rectangular spatia?. > - .
domainD=[—/,/]x[0,#R/], with free-slip and periodic S'9" from—1 to + 1._Th|§ IS nécessary in ord_er to have the
boundary conditions, alorngandy, respectively. The axis same propaggﬂon direction of the initial Alfuie perturba-
represents the cross-current sheet direction, while/thris tt|)on ?\n bqth S|.des of the Eurrent she(;t, me_?r?]p(?nent of f
represents the propagation direction of the initial perturbas eq Changing sign across the current sheet. The divergence o
tion. The domain width (Z=8) has been chosen suffi- the initial vglomty field is nonva}nlshlng in the region where
ciently larger than the shear length-{), while the domain theTc}f]orre!?tlingav—é? chadngt;es S'gni

length is equal to the largest wavelength. of the pertur- € Initial density and temperature are

bation in the periodicity ¥) direction. The aspect ratio has

been chosen to beR=0.15, corresponding to\p,,/a p(xy.00=1, T(xy,00=To (10
=3m/5. The numerical technique is described elsewhere ) ) )
[10,9]. whereT, is a free parameter of the model, which determines

The total magnetic field at the initial time is given by ~ the sougd ;’eloc'tws:(?’To)llz and the plasmg, defined
by B=cglcp= yTo/AZ. The plasmaB represents a critical
b(x,y,00=A{ecog ¢(y)]e+ Sin(a)F(X)éy parameter with respect to the compressi_ble quctua’Fion be-
havior. Then we have performed runs with three different
+\1—sir?(a)F3(x)+e3sir[ ¢(y)]e). (5)  values ofg (8=0.2, run 1;8=1, run 2; and3=1.5, run 3.
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IIl. RESULTS
0.08
Run 1

Starting from the above initial condition, we have fol- 004 |

lowed the time evolution of the system. In a short time
(7<1) density §p and magnetic-field-intensityb fluctua-
tions are generated, which spread in the transverdigec-
tion, gradually filling the whole integration domain. The ori- -0.044 a
gin of such compressive fluctuations, which were not present
in the initial condition, is due both to the interaction between
the oppositely correlated Alfwvec perturbations on the two
sides of the current she@epresented by the initial nonvan-
ishing divergence of the velocity fieldand to the propaga-
tion of such Alfvanic perturbations in the inhomogeneity as-
sociated with the large-scale current sheet.

A detailed description of the time evolution of these com-
pressive fluctuations has been presented elseviigra the
following we summarize the main features found in such
fluctuations. The level obp and éb is higher in the current
sheet region, where the sources of compressive fluctuations g, 1. profiles of(a) sp (thick line), sb (thin line), and (b)
are located, than in the homogeneous region. Moreovey,  for Ax=0.5 thin dashed ling Ax=1 (thin line), Ax=2 (thick
small-scale structures are generated, which are mostly locadashed ling andAx=4 (thick line) are shown as functions affor
ized within the current sheet. Actually, as a consequence gf=1.6 andr=4.8, relative to run 1. All the quantities shown are
the above interaction mechanisms, in such a region the fluidimensionless.
is far from being in an equilibrium state. Compressive fluc-
tuations withsp and sb both correlated and anticorrelated
have been detected. Among the latter, there are magnetic fl
tubes(i.e., structures where the magnetic field is higher an
the density lower than in the surrounding medjuand tan-
gential discontinuities, both pressure balanced and quas
static in the plasma reference frame, mostly concentrated i X

mal) spatial scaleax.

the current sheet region, wh is quasiperpendicular to (s o )
g egq IS perp A closer examination reveals that, when going from the

the propagation direction. Positively correlatég-b fluc- . 4
tuations, which belong to the fast magnetosonic mode, hav(éurrent sheet region to the homogeneous region, the correla-

been found propagating in oblique directions in xyeplane. t|on'opb sh'ows a different behavior at different scalgs. In

The most intense among them form fast magnetosoniParticular, in the region close to the current shegt is

shocks, which gradually dissipate. slightly positive at scaleAx=1, while it is clearly negative
In the present work we focus on the correlation betweerf®" AX=1. In the homogeneous regian,;, is positive at

the density and the magnetic-field-intensity fluctuationd@r9€ scales, while it does not show a definite sign at small
found in the simulation results, studying in particular thescales. This behavior indicates that anticorrelated density—

distribution of this correlation at different spatial scales.Magnetic-field fluctuations, such as pressure balanced flux

Moreover, since the correlation appears to change goinBJbes and tangential discontinuities, prevail in the current

from the current sheet to the homogeneous region, we stugheet region. On the contrary, correlation corresponding to
ied its dependence on the transvexsdirection. We define fast magnetosonic fluctuations dominate far from the current
the density—magnetic-field-intensity correlation as sheet at scales of the order of or larger than the current sheet

width (which has been used as the normalization length in

0.0

8p, 6b

-0.08 -1~ a \ ‘ T T

time 7=4.8, i.e., several Alfve times after the initial time.
gﬁﬂs guantity is represented as a function of xheoordinate,
transverse to the current sheet, for a given valueyof
{y=1.6). From Fig. 1 we can see that, on average, positive
(pegative correlations prevail in the whole domain at large

(ApAb) the present simulation
T b= > > (17 A configuration withB=1 has been considered in run 2.
V((Ap)?) ax((AD)?) ax Also in that case the interaction among the initial oppositely

oo , correlated Alfvaic fluctuations and the large-scale current
where angular brackets indicate a running average taken ovVgheet produces compressive perturbations with both positive
a lengthAx, and negative density—magnetic-field-intensity correlation.

1 [ax2 The former propagate transverse to the current shee_t, filling
<f>Ax:_f f(x+ &y, 7)dé. (12) the_homogeneo_us region, while gntlcorre!ated fluctuatlon§ re-
AXJ —axi2 main dominant in the central region. In Fig. 2 the correlation
o ,p IS plotted, relative to run 2, for the same time as in Fig.
Af=f—(f),4 represents the contribution of scales smallerl. Around the current sheet region the behaviorogf is
thanAx (f being eitherp or b). Due to the symmetry of the similar to that of the lowg run in that the correlation be-
problem, quantities have been periodically extended foromes increasingly negative with decreasing the sdade
|x|>7"in order to calculate the running avera@e®) also at  Far from the current sheet,,, is mainly positive. Comparing
points closer to the boundarigs= =/ thanAx/2. Figs. 1 and 2, it can be seen that the central region where a
Let us consider first the results of the Igiv-run  negative correlation is found is somewhat wider amg
(8=0.2, run 1. In Fig. 1 the correlatiomr ,;, is plotted at the more negative fog=1 than forg<1.
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0.08 .- TABLE I. Quantities relative to the data in Figs. 4-7.

a
004 Parameters Period 1  Period 2  Period 3 Period 4
0.0- k
‘i"m“" | tstar teng (d) 72-74 45-47 54-56 101-103
© 008 | R (AU) 0.69 0.905 0.85 0.32
012+ Run2 I (ny (ecm™ ~15 ~8 ~15 ~140
ol6 1 | | ‘ | ‘ 1 (Te) (K) ~15X10° ~15x10° ~1.5x10° ~3x10°
T (T (K ~1x10  ~7x10' ~4x10' ~2x10°
(B) (nT) ~10 ~7 ~4 ~28
(B) ~11 ~1 ~5.1 ~2.6
0 (deg) 18 43 34 29
interesting to see how these results compare with measures
in slow speed streams of the solar wind, studying in particu-

lar the dependence of the proton density—magnetic-field-
intensity correlation on the locatigielose to or far from the
FIG. 2. Same as in Fig. 1, but for=1.0, relative to run 2. interplanetary current shgebn the fluctuation scale, and on
the value of the plasm@. For this comparison we used data
taken by the Helios spacecraft in the inner heliosphere. We
selected four periods, each one within a slow speed stream
. . and containing crossings of the interplanetary current sheet.
related fluctuations rapidly expand out of the current sheefyo \ill refer to these periods as periods 1—4. In Table |

region, filling the whole spatial domain. After 4-5 Alfve o ;anities relative to such data are collected: the initial and
times a negativer,,, correlation dominates the whole struc- o time of the periods, the heliocentric distanBe the
ture. This situation is illustrated in Fig. 3, where the Correla'average proton densityn), the proton(T,) and electron

. . . 1 p

tion o, is represented for the same valuerads for Figs. 1 %Te> temperatures, the magnetic-field intengiB), and the

and 2. It can be seen that the correlation is strongly negativ: orresponding average plasma bég}. The latter quantity
at any position and for all the considered spatial scalrs has been calculated using the expreésion

except for the smallest scale where localized spikes of a posi-
tive correlation are present. (MTe)+(Tp))

We verified that the above-described features ogf, <,3)=47TVKBT- 13
shown in Figs. 1-3 remain essentially unchanged by chang-

ing the value of they coordinate; then these figures are rep-it js worth noting that, during the considered periods, the
resentative of what happens in the whole spatial domair’quantitiesn, Te, Tp, andB, as well as3, undergo fluctua-
Moreover, the distribution obr, is calculated after several tjons around the values listed in Table I. Howeveénanges
Alfven times, when the above featuresagf, no longer dis-  around 1 during periods 1 and 2, whi is significantly
play significant changes after the initial transient. larger than 1 during periods 3 and 4.

From Figs. 1-3 it is clear that the dependence of the \ye have calculated the proton density—magnetic-field-
correlation oy, on bothx and Ax, as it results from our jntensity correlations,g during the above periods, at four
model, is strongly influenced by the value gf It is then gifferent values of the time scalést=3, 7, 13, and 25 h.

Assuming a shear crossing timhe~6 h, the above values of

At roughly correspond to the scale lengthis used in Figs.
Run 3 a ] 1-3. The correlatiorr, g is plotted as a function of time in
Figs. 4—7 for periods 1-dower panels In the upper panels
the radial componenty of the plasma velocity and the par-

allel magnetic-field componerBH(t)=B(t)~é‘ are plotted,

é| being the unit vector in the direction parallel to the current
sheet. Such a direction has been calculated by the following
procedure: In each of the four periods we have first deter-

mined the unit vectof—:l, which is parallel to the ecliptic
plane and minimizes the function

Finally, in run 3 we have considered a case wgtarger
than 1 (3=1.5). At variance with the previous runs, anticor-

0.06

F(éu=2 (Bi-e,)>. (14)

The sum in Eq(14) is extended over data contained into the
given period, sufficiently far from the current sheet. The vec-
tor éL roughly gives the direction normal to the current sheet
FIG. 3. Same as in Fig. 1, relative to run 3. projected onto the ecliptic plane. Note that the same proce-
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FIG. 4. Profiles of(a) the magnetic-field parallel component FIG. 6. Same as Fig. 4, relative to period 3.

(full line), the velocity radial componeritashed ling and(b) the

correlationoyg for At=3 h (thin dashed ling At=7 h(thinline),  and 2: The above-described dependence of the proton

At=13 h (thick dashed ling and At=25 h (thick line), as func-  density—magnetic-field-intensity correlation on both location

tions of time, relative to period IDOY stands for day of year.  (close to or far from the current she¢end time scale At)
during period 1 displays the same behavior as that found in

dure applied to the equilibrium structure of the simulationthe results of runs 1 and 2.
gives & =&, the unit vector normal to the current sheet. During period 2 the value o6 ranges also around 1, but
Then the vectod is calculated as perpendicular & and the_ data set contains several crossings of the current sheet,
8IS Perp which are quite close to one another. As a consequence, the
paralleil to the ecliptic plane. The values of the anglbe- pattern of the correlation,g (Fig. 5 is more complex than
tweene) and the radial direction, relative to the four periods, for period 1. However, also in period 2, close to the current
are given in Table I. The plots of the parallel componBpt  sheet crossings the correlation becomes more negative with
of Figs. 4-7 are useful in determining the location of thedecreasing time scalkt. Getting far from the current sheet,
current sheet crossings during the four periods. the correlation tends to become larger, at least for interme-
Let us consider first the plots of Fig. 4, which correspondgiate time scales. Then, also in that case the results of the
to a ~1 period(period 1 during which only one current |ow-g run reproduce the correlatiom,, though the com-
sheet crossing took place. Close to the current sheet the cQfarison is somewhat less clear because of the presence of a
relation 0,5 becomes more negative with decreasing timemytiple current sheet crossing.
scaleAt. Outside that regiowr,g is definitely positive at all The value ofg is larger than 1 during periods 3 and 4. In
the time scales, except for the smallest one=3 h), for  gych cases the correlation,z appears to be definitely nega-
which o, has a less defined sign. The plots of Fig. 4 com-jve at all the considered time scaléigs. 6 and Y and is
pare well with the results of th8<1 runs shown in Figs. 1 more negative than in periods 1 and 2. At the smallest time

600 -
6 a >0
3 450
- 5004 o
= o
2 é 400 é
-3 400 5= =
. -350
-6 Period 2
‘ 300
05
2
[~
1.0 B T T 1.0~ T R T *
45.0 455 46.0 46.5 47.0 101.0 1015 102.0 102.5 103.0

time (DoY 1976) time (DoY 1976)

FIG. 5. Same as Fig. 4, relative to period 2. FIG. 7. Same as Fig. 4, relative to period 4.
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scale the correlation sporadically rises to large positive valfluctuations, both positive and negative correlated, are pro-
ues. The location of current sheet crossings seems not wuced around the current sheet by the above-described
affect the correlatior,g . Comparing with the results of run mechanisms, but in order to escape from that region they
3, it can be seen that both the dominant negative correlatiomust propagate at large angles with respect to the back-
and the spikes of the positive correlation at the smallest scalground magnetic field. Actually, close to the current sheet
are reproduced by the numerical model. the background magnetic field is mainly perpendicular to the
cross-current sheet direction. This fact represents a limitation
for the propagation of negatively-correlated fluctuations; in-
deed, slow magnetosonic perturbatigndich are character-
We have developed a model for the generation of comized by anticorrelateg and|B| fluctuation$ have a vanish-
pressive MHD fluctuations in solar wind slow speed streamsing phase velocity when the wave vector is perpendicular to
In our model we assume that two streams of Affieefluc-  the background magnetic field, so they tend to remain con-
tuations, both propagating away from the Sun, converge ofined close to the current sheet. On the contrary, this limita-
the two sides of the heliospheric current sheet following thelion does not affect positively-correlated fluctuations, which
magnetic lines. Two mechanisms are responsible for the forare free to propagate away from the current sheet. As a con-
mation of compressive fluctuations. sequence, the region around the current sheet will be domi-
(a) The equilibrium magnetic field has opposite directionsnated by negative-correlated compressive structures with
on the two sides of the current sheet, thus the two streams efave vectors nearly perpendicular to the large-scale mag-
Alfvénic perturbations have an opposi#e-5B correlation.  netic field (flux tubes and tangential discontinuities
Since diB=0, then diw cannot be vanishing in the location =~ Since the above mechanisms produce compressive fluc-
where the Alfvaic correlation changes sign; this represents duations inside the current sheet, in such a region the level of
source of compressions in the region where the two oppositeompressive fluctuations is higher and nonlinear effects are
correlated fluctuations come into contact. more intense than outside. Then a nonlinear cascade is pro-
(b) The inhomogeneity associated with the large-scalgluced[9] that transfers negatively correlated fluctuations to-
current sheet couples Alfmc perturbations with compres- ward small scales. This could explain whw,z becomes
sive modeg11]; thus the energy of the initial Alfwdc per- more negative with decreasing scalé in the current sheet
turbation is partially transferred to density and magnetic+egion. Outside such a region, positively correlated compres-
field-intensity fluctuations. sive fluctuationgfast modé propagating away from the cur-
Both mechanisms are at work in the current sheet regioment sheet are essentially present. For this reason, moving
and destroy the noncompressive Alfie character of the away from the current sheet,z becomes positive, at least at
initial perturbation. In particular, the latter is active during large scales and in situations wig=1.
the whole time evolution. We studied the density—magnetic- WhenB> 1, both in solar wind data and in our simulation
field-intensity correlationr, as it is produced in our model negatively correlated fluctuations are observed also outside
by the above mechanisms. We found thgg depends on the the current sheet; moreover, negative correlation prevails at
locationx, on the spatial scaldx, and on the value of the all time scales. This could be related to the tendency of a
plasmagB. We have tried to compare the results of the modeimagnetofluid with3>1 to develop compressive structures in
with the proton density—magnetic-field-intensity correlationwhich magnetic and gas pressure fluctuations are anticorre-
ong in solar wind slow speed streams considering fourlated. Actually, in the current sheet region the interaction
samples of the Helios spacecraft data set. between the initial Alfvaic perturbation and the large-scale
We have found that the dependenceogf; on location inhomogeneity generates both magnetic pressure and density
(close to or far from the current shgebn the fluctuation fluctuations. If the sound velocity is larger than the Alive
scale, and on the value ¢ are qualitatively reproduced by Vvelocity, such density perturbations can propagate suffi-
the numerical model. It is worth noting that in the data setsiently fast to balance the magnetic pressure fluctuations by
considered3 shows important fluctuations around the aver-opposite gas pressure fluctuations. This argument, which has
age value, while it is assumed to be uniform in the numericabeen invoked by Roberts and Wiltberger in a different con-
model. Moreover, at variance with the model that includegext [12] and is at the basis of the occurrence of negative
only one current sheet, multiple current sheet crossings areorrelation in the nearly incompressible solution at hggh
present in three of the four samples. In fact, the correlatioh5—8]|, could explain why anticorrelatentB fluctuations are
found in theB=<1 runs compares better with the,g found more frequent than positively correlated fluctuations, Sor
in period 1(single current sheet crossinthan in period 2  sufficiently larger than 1.
(multiple current sheet crossingFor the above reasons, a  In conclusion, the present model indicates that kB
more detailed comparison between the results of the modelorrelation in the solar wind slow speed streams is deter-
and the Helios data set would be beyond the aim of thanined by both the presence of the heliospheric current sheet
present work. and the value of the average Concerning the latter point,
The similarity between simulation results and solar windlet us note that Marsch and Td] calculated the spectrum of
data shows that the main physical mechanisms that detethe proton density-magnetic pressumep,, correlation for
mine the density—magnetic-field-intensity correlation ob-three slow speed streams, at distances from the Sun
served in slow speed streams have been included in our niR=0.31, 0.69, and 0.89 AU. Such streams contain period 4,
merical model. This allows us to try to give a physical period 1, and period 2, respectively. Each spectrum of
interpretation for then-B correlation observed in the vicinity Marsch and Tu is calculated on the whole stream, so there is
of the heliospheric current sheet. Density and magnetic-fieleho information about the dependence of the, correlation

IV. DISCUSSION AND CONCLUSION
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on the location. However, from Fig. 3 d#] it appears current sheet we findt,<30 h, i.e., most of the time evo-
clearly that then-p,, correlation behaves in a completely dif- lution of the simulation takes place in the inner heliosphere.
ferent way according to the value @; in particular, the
n-p,, correlation is negative in the high-stream(0.31 AU),
while in the twos~1 streams it goes from positive t0 neéga-  The authors are grateful to R. Bruno for valuable discus-
tive values with increasing frequency. These behaviors argjons about the subject of the paper. This work is part of a
consistent with those shown in Figs. 7, 4, and 5, respectiveljtesearch program that is financially supported by the Minis-

We finally note that all of the dynamical evolution in our tero dell'Universitae della Ricerca Scientifica e Tecno-
model takes place in few unit times. Since time is normalizedogica; the Consiglio Nazionale delle Ricerche, Contract No.
to the Alfven timeta=a/cag=(1/2)(2a/vsy) (Vsw/Cao), @S- 94.00802.CT02; the Agenzia Spaziale Italiana, Contract No.
suming Cao~70 kms?, vg,~350 kms?, and  94-RS-164; and the CEE Human Capital and Mobility pro-
2alvs, =12 h(the time that the spacecraft takes to cross thegram, Contract No. ERBCHRXCT930410.
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