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Abstract. The Cluster STAFF Spectral Analyser measuresregions where the angl@gy is ~90°. The e.m. fluctua-

the magnetic and electric power spectral densities (3%B)  tions are more intense in these magnetosheath regions, in the
and$ E2 in the magnetosheath between 8 Hz and 4 kHz, i.e spacecraft frame where they are observed in the “whistler”
between about the lower hybrid frequency and 10 times theange; and the e.s. fluctuations are less intense in these same
proton plasma frequency. We study about 23 h of data orregions, in the spacecraft frame where they are observed in
four different days. We do not consider the whistler wavesthe “ion acoustic” range. We conclude that the intensity of
and the electrostatic pulses (which are not always observedhe permanent fluctuations in the e.m. range only depends on
but the underlying permanent fluctuations. Paper 1 (Man-the Doppler shift, so that from day to day and from place
geney et al., 2006) shows why the permanent PSD at a giveto place in the magnetosheath, thepectrum in the plasma
frequencyf depends strongly on the andgbg;y betweenthe  frame has an invariant shape and a constant intensity. This
magnetic fieldB and the flow velocity: this is observed for  is observed on scales ranging fram/w,.~0.3 (50 km) to

the electromagnetic (e.m.) fluctuatiors3? and(SEeZm, be-  kc/wp.~30 (500 m), i.e. at electron scales smaller than the
low the electron cyclotron frequendgy., and for the electro-  Cluster separation.
static (e.s.) fluctuation8E2, at and abovef,.. This depen-
dence is due to the Doppler shift of fluctuations which have
a highly anisotropic distribution of the intensity of the wave
vectork spectrum, and have a power law intensiy/~" with
v>~3to 4. In the present paper, we look for parameters, other
than® gy, which control the intensity of the fluctuations. At
f=~10Hz, §B? and§ E2,, increase when the solar wind dy- 1 Introduction

namic pressuré; ), increases. Whew;),, increases, the

magnetosheat® X5, ocN V2 also increases, so that the lo- The STAFF Spectral Analyser on Cluster operates between
cal Doppler shift k.V) increases for a givek. If V in- 8Hz and 4kHz, i.e. between about the lower hybrid fre-
creases, a given frequengywill be reached by fluctuations quency and 10 times the proton plasma frequerfigyin

with a smallerk, which are more intense: the variations of the magnetosheath plasma. As discussed in the compan-
8 B2(10 Hz) with P53}, are only due to the Doppler shiftin ion paper (Mangeney et al., 2006, Paper 1), two types of
the spacecraft frame. We show that the e.m. spectrum in thevaves have to be distinguished in this frequency range:
plasma frame has an invariant shafg <A, (kc/wpe) ™" waves in the range 8 Hz f <300 Hz, the “whistler” range,
related to the electron inertial lengthw,.: the intensity ~ which are basically electromagnetic (e.m.), and waves in the
A.,, does not depend oRpyy, Nor on the electron to pro- range 300 Hz< f <4 kHz, the “ion acoustic” range, which
ton temperature ratid, / T,,, nor on the upstream bow shock are basically electrostatic (e.s.). In Paper 1, we have shown
anglefgy. Then, we show results of 3-D MHD numerical that, for both types of waves, most of the variations of
simulations of the magnetosheath plasma, which map théhe power spectral density (PSD) observed at a given fre-
guencyf can be explained by the variations of the Doppler
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shift (k.V), wherek is the wave vector. In the “whistler”
range, we have neglected the coherent whistler waves (which
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have a right-handed magnetic polarisation and are not alMHD fluctuations have been shown to dominate), the inten-
ways observed) and we have only considered the underlysity of the 200 Hz whistler mode waves (broadband whistlers
ing permanent fluctuations. In this range, the magnetic andgind narrowband lion roars) peaks near the magnetopause.
electric PSD increase strongly when the ar@lg, between  For the e.s. waves around 1 kHz, Rodriguez (1979) finds that
the local magnetic field3 and the plasma flow velocity the wave intensity tends to maximize at the bow shock and
increases from Oto 9C¢°. This can be modelled with statis- to decrease towards the magnetopause and towards the dawn
tically permanent e.m. fluctuations which have a negligibleand dusk regions. In the “ion acoustic” range (0.2 to 4 kHz),
frequency in the plasma frame and are Doppler shifted up tahe intensity of the waves observed in the dayside magne-
£ the intensity of these fluctuations varies like a power lawtosheath, just downstream of the bow shock ramp, does not
of the wave number1pock™" with v>~3; the wave vectors appear to be correlated to the shock &lfvMach number, to
of the fluctuations are mostly perpendicularBo i.e. with the angledpy between the upstrea field and the bow
an intensity/zp | sindxg|* k2 for u~100, in the wave  shock normal, or to the electron ratf (Onsager et al.,
number range 03kc/w,.<30. Ok p is the angle betweek 1989). In the distant magnetosheath, on ISEE-3, Coroniti
and B. Meanwhile, in the “ion acoustic” range, the e.s. PSD et al. (1994) observed that the e.s. waves, between about
around 1 kHz decreases when the artgjlg, increasesupto 200Hz and 3kHz (“ion acoustic” range), are less intense
90°: this can be modelled with statistically permanent e.s.where the angl® gy between the local magnetic fieRland
fluctuations which have wave vectors mainly parallelBp  the plasma flow velocity reaches 90 Between 8 Hz and
i.e. with a 3-D intensityzp | costy g |* k"2, with ©~100 4kHz, the wave intensity in the magnetosheath seems thus
andv>~4, in the wave number range &tip.< 1. These to be only controlled by the position in the magnetosheath
e.s. fluctuations may be ion acoustic modes Doppler shiftecand/or by the angle betwedhandV'.
up to about 1kHz. In this e.s. range (see Paper 1) we have We have seen in Paper 1 that the permanent PSD above
not considered the electrostatic pulses: according to Pickett0 Hz in the magnetosheath was mainly controlledsgy,,
et al. (2005) the time duration and the amplitude of thesei.e. by the Doppler shift. In the present paper, we show that
pulses, observed in the time domain, do not depen@pn.  the e.m. and the e.s. PSDs observed by STAFF-SA depend on
Note that the above exponentrefers to the power law the solar wind dynamic pressufg,}’, , but only at a given

index of the 1-D spectruny p (k) defined by frequency in the spacecraft frame. At a given séal& nor-
malised to the electron inertial lengthw,., the intensity of
§B% = fdk I1p (k) the e.m.k spectra in the plasma frame does not depend on
PV, (nor ondgy or B, see Sect. 3). As for the e.s. spec-
with tra, their intensity does not depend &pyy (nor ondpy,
. By or 1./ T,, Sect. 4), if the frequency is normalised to
_ 2 ; the plasma frequency,;. The e.m. and e.s. turbulence in-
hip(k) = 2w Ak / SiNGzdbea lsp (k. 6cp) - tensities thus stronglypdepend on the Doppler shift through

) ) ) the angle®py. Numerical 3-D MHD simulations (Sect. 5)

For an isotropic Kolmogorov spectruipock™" with v=5/3,  gliow us to map®gy in the magnetosheath, as a function
the 3-D spectrum iggpock ™2, of the angle between the solar wind magnetic fiBlg, and

Are there solar wind or magnetosheath parameters, OtheXGSEupstream of the bow shock. These map®gf, in the
than®py i.e. the Doppler shift, which contribute to the con- magnetosheath allow us to predict where the most intense
trol of the intensity of the fluctuations in the STAFF-SA fre- «yhistler” waves and the least intense “ion acoustic” waves
quency range? Indeed, at frequencfes10Hz, below the ;|| pe found in the spacecraft frame.
STAFF-SA range, several parameters have been found to
have an effect upon the e.m. PSD in the magnetosheath: the
solar wind Alfven Mach number (Fairfield and Ness, 1970), > Data
the connection to quasi-parallel bow shocks (Luhmann et al.,

1986; Czaykowska et al., 2001), and the magnetosheath proE—Very second, the STAFF-SA experiment (Cornilleau-
ton, (Anderson etal., 1994; Czaykowska etal., 2001). Ac- Wehrlin et al., 1997) measures the diagonal terms of thg 5

cording to Rezeau et al. (1992) the level of the Alfic mag- ectral matrix, computed with the three components of the
netic fluctuations close to the magnetopause is higher wheiP . » comp P
magnetic fluctuation8 B, and two components of the elec-

the magnetopause moves earthward (compression) and IOW?rric fluctuationss E (at 27 logarithmically spaced frequen-

when it moves outwards (expansion). . .
As for the e.m. waves above 10Hz, Rodriguez (1985)C|es, between 8Hz and 4kHz). The variance of the fluc-

shows that their occurrence and their intensity mainly depencsuaztlonS 'i nearly isotropic, so thaB;, ~3By,~5B;, and .
on the position in the magnetosheath: while this “whistler” ‘SExx—‘szEyy' \éVe shaI2I use 42'5 averzages of the total magnetic
turbulence is observed more frequently in the inner region ofPSD3B“=8 By, + § By, +é BZ, in nT/Hz, and of the electric

the sunward magnetosheath (a region where compressionEZISDSEzerEfx + 6E)2,y in (MV/m)?/Hz.

Ann. Geophys., 24, 3523531, 2006 www.ann-geophys.net/24/3523/2006/
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Fig. 1. For the four considered time intervals, projection of the
Cluster orbit in the Xgsg, Ygsp) and Zgsk, Ygse) planes.
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The data of Cluster 1 (Rumba), in the magnetosheath, are
analysed during four intervals. Figure 1 displays the posi-F_ > on 12 Feb 2001 (00:15 to 07:30 UT ints)
ion of Cl rinth E planes (X, Y) and (Y, Z) for h 9. & ©OnN cbruary -9 10 D7 » green points),
itnc;er?/alc lfltseo sht)vsneasre g?)afzb(olbid)a?bgv(v ,ShZJC?( Sigelle December 2001 (03:15 to 09:00 UT, red points), 19 Decem-
. ’ . . ber 2001 (00:00 to 06:00 UT, bl ints), 17 May 2002 (08:00
without aberration, X=14.6[1—(Y?+Z?)/25.6%] (Filbert e ( ° ue points) &y (

.10 12:15 UT, yellow points), some magnetosheath properties every
ar‘d Kellogg, 1979), agld azmagnetOpauseszdel (dashed IIn9:3: (a) the proton temperature anisotropy as a functiog gf, (b)
Sibeck et al., 1991)Y<+Z-=1392-0.18X<—-14.2X. The B, as a function OPIDWYSN:mPNpVZ © Pg[YSN as a function of
considered intervals are generally far from the bow shockgne angles 3, betweenB and v, (d) the electron to proton tem-
except the longest interval, on 12 February 2001, which corperature ratio as a function S

responds to a complete crossing of the magnetosheath. Clus- DYN
ter is in the dawn side on 17 May 2002. The plasma prop-

erties, proton density, temperature and velocitgr{fe et al., 3
1997) and the electron temperature (Johnstone et al., 1997)
are sampled with a time resolution of 4s. We use 4-s avers
ages of the magnetic field (Balogh et al., 1997).

Intensity of the electromagnetic waves (10 to 100 Hz)
.1 Atagiven frequency10Hz

The date and the duration of the four intervals, lasting fromAt the frequencyf=11Hz (which is near the lower hybrid
4hto 7h, are given in the caption of Fig. 2, which displays frequency), we look for a dependencesdf? on two solar
relations between several plasma parameters. The differentind parameters, the dynamic pressig},, and the bow
colours correspond to the four different days. Figure 2ashock angl@gy. The solar wind data are those of ACE, near
shows the anticorrelations betwegp=2uoN k5 Ty /B> the Lagrange point L1. For each interval of magnetosheath
andT,, /T, —1, which are generally observed in the magne- data, we calculate the average time delay between ACE and
tosheath and which lead to the “bounded anisotropy model’Cluster which gives the best correlation between the mag-
(Denton et al., 1994, and references thereify)y and 7, | netic field components on ACE and on Cluster. These delays
are the proton temperatures, respectively, parallel and penary between 57 and 74 mn, i.e. about 1 h for the four consid-
pendicular to theB field. ngszprvz is the local dy-  ered days. We thus know what are the upstream solar #ind
namic pressure in the magnetosheath. Figure 2b shows théield and P}, at the time of the PSD measurements in the
it is correlated tog, for a given day. Figure 2c shows magnetosheath. The shock an@lg, between the upstream
that when the angl® gy increases towards gpp[l‘){;?N gen- magnetic field and the shock normal is estimated with the
erally increases for a given day. We shall see in Sect. ;assumption that the bow shock has the quoted paraboloidal
that this occurs in the magnetosheath flow when the solaghape and is located just upstream of the Cluster 1 position.
wind (upstream) magnetic field and thigsg axis are quasi-  We see in Fig. 3a thatB? increases whew;V,, increases
perpendicular. Figure 2d displays an anticorrelation betweerirom day to day. There is no regular increases 8f from
T./T, and P{‘fySN, in the magnetosheath, which will be dis- day to day when the solar wind Mach numbéy increases

cussed in Sect. 6. (not shown): § B2 is related toP}),,, not to M, which is

www.ann-geophys.net/24/3523/2006/ Ann. Geophys., 24, 33282006
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Fig. 3. The power spectral density (PSD) of the magnetic fluctu- Fig. 4. The PSDs B2( f) interpolated at the time varying frequency
ations at 11 Hz, on the four considered days, as a functioff@df.  f,.V/c on the four considered days, as a function(af:the solar

the solar windngN observed every 16 s on ACE, about 1 h ear- wind st)‘;]/v' (b) the upstream bow shock andlgy, (c) the mag-

lier, (b) the upstream bow shock anglg, every 16 s(c) the local netosheatPMS.  (d) the angle® 3y, (€) the magnetosheay, ,
magnetosheat®™5  every 4s(d) the local angle® gy, between . DTN
DYN ! v (f) the ratioT, /T).

B andV, (e)the localg, (f) the local ratioTl, / Tp.

3.2 For agiven scalec/w,.=1
proportional to(P5Y,,)Y/2/B. Figure 3b shows that the four
intervals were mainly downstream of the quasi-perpendiculame have shown in Paper 1 that the observed frequerfcids
shocks; it seems that the waves are more intense for a fewhe e.m. waves only result from the Doppler shift of a spatial
(red) points corresponding tiyy smaller than 45 (quasi-  turbulence frozen in the plasma rest frame, witmainly
parallel shocks), but this is not confirmed on 19 Decemberperpendicular taB in the rangekc/w,.~0.3 to 30. Let us
2001 (blue points). We note in Fig. 3c tha#?(11Hz) isas  consider what happens to the scale=c/w,, if k is par-
well correlated toPgYSN in the magnetosheath as it is corre- allel to V: its Doppler shiftkV /27 will be fpop=1rpeV/c.
lated toPgﬁ’N (Fig. 3a). Indeed, there is a strong correlation As f,, and V vary on each day and from day to day, the
betweenP;V, and PM5, . We recall that the strong varia- frequency fp,, at which the considered scale is observed
tions of§ B2 on a given day are due to the variation of the an- will vary like VN,}/Z, which itself varies like the square root
gle ®py in the magnetosheath (see Fig. 3d, and Paper 1). Asf the local Ppyn. In Fig. 4, we displays B2(f) interpo-
the intensity of the waves observed below 10 Hz in the magated at the time dependent frequenty V/c. Figures 4a,
netosheath is generally correlated to the loggl (see the  4c and 4f show tha&Bz(fpeV/c) does not depend anymore
Introduction), we look for this correlation at 11 Hz. We see on P35V, on PM5, and onT,/T,. There is strictly no de-
in Fig. 3e that there is a slight relation betwesB?(11 Hz) pendence of the PSD on the shock angje (Fig. 4b) and
and g, on a given day, mainly on 16 December 2001 (redon 8, (Fig. 4e), even on 16 December 2001 (red points).
points). Finally, Fig. 3f shows howB?(11 Hz) decreases The only variation is with® gy (Fig. 4d). This regular vari-

when the electron to proton temperature rafip/ 7, in- ation, also observed at a given frequency (Fig. 3d), is due to
creases; this fact is related to the anticorrelation betweenhe fact that the intense fluctuations are those with a sinall
PgYSN and7,/T, seen in Fig. 2d. and withk mostly perpendicular t@® (see Paper 1). Indeed,

Ann. Geophys., 24, 3523531, 2006 www.ann-geophys.net/24/3523/2006/
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a given Doppler shiftfp,,=kV cosby /27 will be reached
by a smallk (with a large intensity), if;y=0°: this happens
for ®py=90°; and fp,, will be reached by a largk (small
intensity) for®zy =0°.

Besidesc/w,., We consider another electron scale, the
electron gyroradiug,.: we then havefp,,=fceV /vspe for
the scalek‘lzrge, if k is parallel toV. The scatter plots
of 8 B2(feV/vine) as a function ofP}t5, or of ®py (not
shown) are more dispersed than the scatter plots of Figs. 4
and 4d. The scale of the turbulence in the e.m. range is thu

¢/Wpe, NOLrge.

We conclude that the variations of the e.m. PSB?
at a given frequency are mainly due to the variations of
the local Doppler shift><VN,}/2 for wavelengths normalised
to the scalec/w,.. This implies that the 3-D spectrum
8 B2(k)X A e (ke /wpe) ™" 2| sinbp|* in the plasma frame is
broadly invariant on a given day, and from day to day, i.e.

i SW MS i
with a value ofA,,,, constant wherP;jy/, and Py, varies.

4 Intensity of the electrostatic waves {1 kHz)

We have shown in Paper 1 that the magnetic fluctuatidrts
for kc/wp.~0.3 to 30 have wave vectors mainly perpendic-
ular to B; the e.m. electric fluctuationsE?2, , at the same
frequencies, have similar properties. For smaller scales
ke/wpe~15 to 150 krp.~0.1 to 1), the electrostatic fluc-
tuationss E2, havek mainly parallel toB. To account for
the variations of E2 with f and®py, we have been led to

assume that, dtc/w,,~30,8 E2~3005E2, (Paper 1).

es em
We look for a dependence 62 on the magnetosheath
dynamic pressuré ), , itself correlated to the solar wind
P5Yy. We only consider the data whé¥y is large (70 to

11C), because the dispersion MES at a givenf is weaker

when®py is large (see Fig. 5e of Paper 1). Figures 5a and

5b displays E2 at a given frequency 1414 Hz as a function
of PM5, and ofT,/T,. The broken black line gives the me-
dian values in bins of, /7, with a width equal to 0.0 E2
tends to increase wheRy5, increases from day to day. As
PM5, is anticorrelated witlT, / T,, (Fig. 2d),8 E2(1414 Hz)
decreases whef,/ T, increases (Fig. 5b). There is no corre-
lation betweer E2(1414 Hz) and the bow shock andlgy

or the magnetosheaf),; (not shown).

Then, we interpolate E2(f) at a time-dependent fre-
quency, 1.5 times the proton plasma frequengy. In
Figs. 5¢c and 5d we note thaE2(1.5f,,i) does not depend
anymore oM, andT, /T, It does not depend gy, nor
on the shock anglés y (not shown). The spectrum of the e.s.

3527

O0E*(1414Hz)

C
S

OE*(1.5fpt)

0.1
Te,/Tp

1 10
P DYNMS (nPa)

Fig. 5. For the time intervals whe® gy in the magnetosheath is
between 70 and 110, (a) and(b) the e.s. PSDE? at 1414 Hz as

a function of PM5, and 7,/ T}, (c) and(d) the e.s. PSBE2(f),
interpolated at the time varying frequency ¥, as a function of
Pg”YSN andT,/T,. The broken black lines give the median values

in bins of T,/ T, with a width 0.02.

5 Wave intensity and position in the magnetosheath

Paper 1, and the Sect. 3 of the present paper led us to con-
clude that the intensities of the e.m. and e.s. fluctuations at
a given frequency in the magnetosheath strongly depend on
the local Doppler shift. They will depend on the position in
the magnetosheath (as observed by Rodriguez, 1979, 1985),
if the Doppler shift itself, i.e. the flow spedd and the angle
®py, depend on the position.

To map the regions of strong Doppler shift, 3-D MHD
simulations of the magnetosheath plasma have been per-
formed (see Samsonov and Hubert, 2004; Samsonov, 2006).
Figure 6 gives the flow and field parameters calculated in the
middle of the magnetosheath (i.e. on a surface at equal dis-
tance from the shock and the magnetopause) and projected
in the (Y, Zp) plane, which is theXgse Zgsg) plane ro-
tated around th& gsg axis, so that the direction dfp is par-
allel to the projection of the upstream solar wind magnetic
field By, in the (Ygsg Zgse) plane. This projection is the
red arrow in Fig. 6¢, withBx;,, <0, By, >0 and Bz,,,=0.

The mapped values, density, speed and magnetic field inten-
sity, are normalised to the solar wind values. Figures 6a—d

fluctuations is thus invariant with respect to an energy inputare drawn for a cone angle of the solar wind magnetic field

like P5Y, . if the frequency is normalised to the local plasma

frequencyf);.

www.ann-geophys.net/24/3523/2006/

(Bsw, Xosp=45°. The density distribution in the mag-
netosheath is nearly axisymmetric (Fig. 6a). The velocity

Ann. Geophys., 24, 33282006
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Fig. 6. Results of 3-D MHD simulations. The flow and field values calculated in the middle of the magnetosheath are projected in the
(Yp, Zp) plane. This plane is th&’Gsg, Zgsp) plane rotated aroun8gsg, So that the directiolirs is parallel to the projection of the solar

wind magnetic fieldB;,, in the (Ygsg Zgse) plane. Ry, is about 11Rg. For a solar wind cone angld(,,, Xgsg) =45°: (a) the plasma

density normalised to the solar wind dens(ty) the velocity normalised t&j,,; the arrows give the direction df, (c) the magnetic field
normalised toBy,,; the arrows give the direction @, (d) the angle® gy, () ® gy for the solar wind cone angléB(,, Xgsg) =20°, (f)

®pgy for (Bsw, Xgsp) =9C°.

directions projected in theYg, Zg) plane (black arrows in  the projection ofB;,,): the clock angle of thé field remains
Fig. 6b) are not exactly radial, and the largest values of thenearly constant through the bow shock. The ar@glg, is
modulus of V are found at high latitudes in th&£, Zg) displayed in Fig. 6d: the red regions are the regions where
plane. The directions of the projectd@field (black arrows  ©®py is large, between ?5and 90. Except in the subso-

in Fig. 6¢) make small angles with tig direction (i.e. with  lar regions (Yz+2%)Y2<0.5R,,,, where Cluster does not
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cruise) the value 0By mainly depends on the latitude in 6B (11Hz)
the plane ¥z, Zp). Figure 6e gives the angiegy when the ‘ ‘
cone angle of the solar winB field is (B;,,, Xgsp)=20": the 151

largest value® gy >75° are now at low latitudes, farp <0, )

downstream of a quasi-parallel bow shock, and the small- & 1o}

est®py are also at low latitudes, downstream of a quasi- N 5

perpendicular bow shock’g>0). If the angle B;,,, Xcsg)

is 9C° (Fig. 6f), ®py is larger at high latitudes in the plane 0

(Yp, Zp). A comparison of Fig. 6b with Fig. 6f shows that

V tends to be larger whe®py is large. This is typical

of a magnetosheath observed whehy,(, Xgsp) is larger

than 45, and implies that the dynamic pressure will increase ‘ bi

when®gy increases (see Fig. 2c). 5¢ 1
These simulations show that the an@llgy will be larger

for large|Z | values if the cone angle of the solar wind mag- g

o

Zg (Rg)
S
T
T

netic field is between 4#5and 90. On 17 May 2002, the
observed cone angld(,,, Xgsg) remains between 45nd

9, while Cluster remains nearly in the same GSE position. 0 ‘ ‘ ‘
Yet, as the magnetic field rotates, the directign rotates, —10 0 10

and the position of Cluster follows large arcs of circle in Yy (Rp)

the (Yz, Zp) plane of Fig. 7. Figure 7a gives the position

of Cluster in the ¥, Z3) frame when the e.m. PSEB? at _ _

11 Hz s large, precisely for 10% of the most intense values of /9 /-~ The plane g, Zp) is the Gsg Zcse) plane rotated
$B2 over 4h. Similarly, Fig. 7b gives the position of Cluster aroundXgsg So that the directioliig is parallel to the projection of

. the local magnetoshea field in the (csg, Zgsp) plane. Wave
2
when the e.s. PSBPE< at 1414 Hz is large. We see that the data on 17 May 2002, 08:00 to 12:15 (&) the position of Clus-

most intense e.m. fluctuations are found at large while (o i the ¢, 75) plane for 10% of the most intense PSB2

the most intense e.s. fluctuations are found at sl at 11 Hz (electromagnetic fluctuationgp) the position of Clus-
We conclude that the Doppler shift (the anglgy andthe  ter in the {5, Zp) plane for 10% of the most intense PSB? at

flow speed) depends on the position in the magnetosheath far414 Hz (electrostatic fluctuations).

a given direction of the solar wind magnetic fieBg,,; and it

depends strongly on the direction Bf,,.

cone angle B;.,, Xcsg), and thus on the bow shock angle
0gy. Thus, a possible dependences®? on 6z could be
due to the dependence on the an@lgy which is simply on

We have shown in Sect. 3 that the correlation between thdh® Doppler shift for anisotropik spectra.
magnetosheath dynamic pressmg’YSN ands B2, at a given We mentioned in Sect. 2 that there is an anticorrela-
frequency (11 Hz) is only due to the Doppler shift, itself pro- tion between7, /T, and P}%,, in the magnetosheath for a
portional toP 5. This correlation betweehB?(11Hz) and  given day and from day to day (Fig. 2d): for the four days
PegSN implies some correlations betweé®?(11Hz) and (21000 points) the correlation coefficient betwé%”ysN and
B, becausg,| is correlated withP 5, , at least foragiven  T./T), is — 0.82 (the correlation is 0.77 betweey!?, and
day (Fig. 2c; see also Farrugia et al., 2000). Some observaF,, and —0.66 betweeﬁgysN andT,). In the solar wind, itis
tions display a correlation betweé®? below 10Hz (ULF  well known that7, is larger tharf, in the high-speed wind,
waves) and,. This correlation in the spacecraft frame is andT, larger tharT), in the low-speed wind. There is a global
questionable because it could be partly due to the Doppleanticorrelation betweef, / T, andV;,, (see Mangeney et al.,
shift, not to a role played by, . 1999). This anticorrelation upstream of the bow shock will
We have seen in Sect. 3 that there is no significant relatiorprobably also be observed downstream of the bow shock. In-
between the e.m. wave intensity and the bow shock angl@eed, a subcritical shock tends to heat the electrons, while a
O N, Neither at a given frequency (Fig. 3b) nor for a given supercritical shock, with a higher Mach number (i.e. a higher
scale (Fig. 4b). In fact, our magnetosheath intervals generallflow speed), tends to heat the protons more than the electrons.
correspond to quasi-perpendicular shocks, so that we canndthe shock will strengthen the anticorrelation betw&gfr,
check whether the fluctuations are more intense downstrearandV, and strengthen the anticorrelation betw&gfr’, and
of quasi-parallel shocks. However, the numerical simulationngYSN in the magnetosheath. We thus suggest that this latter
of Figs. 6d, 6e and 6f show that the value of the artglg at anticorrelation comes from a solar wind property amplified
a given place in thel{z, Zg) plane depends strongly on the by the shock heating.

6 Discussion
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7 Conclusions at electron scales, smaller than the Cluster separation. The
Doppler shift is related to the dynamic pressiyg, y and to
In this paper, we have not considered the fluctuations like thehe angle® 3y ; the angle®py is itself related to the shock
e.m. whistler or the e.s. solitary waves which are intermit- angledz y and to the position in the magnetosheath. Thus, all
tently observed in the magnetosheath, but only the underlythe parametersRpy v, 65y, position in the magnetosheath)
ing permanent fluctuations, between about the nominal lowewhich have been shown to influence the wave intensity, from
hybrid frequency and 10 times the nominal proton plasmathe ULF range to the “whistler” and “ion acoustic” ranges,
frequency. may partly be manifestations of the Doppler effect.
In the magnetosheath, the permanent electromagnetic
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