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Abstract. We present observations of “lion roars” obtained ter Science Plan on 1 February 2001. We present the first
in the magnetosheath by the Spectrum Analyser (SA) ofobservations made in the magnetosheath with the Spectrum
the Spatio-Temporal Analysis of Field Fluctuations (STAFF) Analyser (SA) of the Spatio-Temporal Analysis of Field
experiment aboard Cluster. STAFF-SA calculates, in neafFluctuations (STAFF) experiment. We analyse data obtained
real time, the complete auto- and cross-spectral matrix deen 10 December 2000, during the commissioning phase of
rived from three magnetic and two electric components ofthe mission. The STAFF-SA experiment samples the wave-
the electromagnetic field at 27 frequencies in the range oform of the three magnetic and two electric components of
8Hz to 4kHz. This allows the study of the properties of the electromagnetic field, and then calculates the correspond-
whistler mode waves and more particularly, the propertiesing 5 x 5 Hermitian cross-spectral matrix at 27 frequencies
of “lion roars”, which are intense, short-duration, narrow- in the range of 8 Hz to 4 kHz.

banded packets of whistler waves. Their presence is favoured This frequency range is well-suited for the study of whis-
by the magnetic field troughs associated with mirror modetler mode waves, which are observed throughout the Earth’s
structures. During two short periods of well-defined mirror magnetosheath between roughly 3Hz and 300Hz (Smith
modes, we study the dep8B/B of the magnetic troughs, et al., 1967). The highest occurrence rate of these waves
and the direction of propagation of the lion roars. During is found in the inner region of the sunward magnetosheath,
the first period, close to the magnetopause, deep magnetiand the distribution of their intensity at 200 Hz is observed
troughs pass the satellites. Lion roars are then observed ttw peak near the sub-solar magnetopause (Rodriguez, 1985).
propagate simultaneously in two directions, roughly parallel“Lion roars” (LRs) are intense, short-duration, narrow-band
and anti-parallel to the magnetic field: this probably indi- packets of such whistler waves. Whistler waves can be un-
cates that during this period, the satellites were within thestable in the magnetosheath since the electron temperature
successive source regions of lion roars. For the second peF,; perpendicular to the magnetic field is slightly larger than
riod, far from the magnetopause, the magnetic troughs ar¢he parallel temperaturg,;. LRs are often located in mag-
less deep. Lion roars are propagating in only one directionnetic field troughs associated with density peaks, which are
roughly anti-parallel to the magnetic field, suggesting that thetypical of mirror mode structures (Tsurutani et al., 1982).
source regions are more distant and predominantly on on&his is due to the fact that for a given rati, /7., the

side of the satellites. number of resonant electrons involved in the growth of the
‘whistler instability is larger in the magnetic troughs (Smith
and Tsurutani, 1976). Most of the LRs are observed to
propagate at small angleg; < 30°) between the direc-
tions of the wave vectok and the magnetic fiel® (Smith

and Tsurutani, 1976). Using the high time resolution of

) the Equator-S magnetometer, Baumjohann et al. (1999) ob-
1 Introduction served tha#, g was usually smaller than%°, for a sample of

) nearly monochromatic magnetic waveforms with durations
After a perfect launch and a successful six months of COM¢ 02555, detected in the deepest part of the magnetic

missioning, the Cluster spacecraft began to execute the Masg;ad troughs. Zhang et al. (1998) found that 30% of the

Correspondence tdvl. Maksimovic LRs in the magnetosheath were associated with the magnetic
(milan.maksimovic@obspm.fr) troughs of mirror modes. Most of these LRs were propagat-

Key words. Magnetospheric physics (magnetosheath; plas
ma waves and instabilities) Radio science (radiowave propa
gation)
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Fig. 1. (a) Geometry during the two periods of observation of
lion roars in the dusk side magnetosheath. The coordinétasd

2 The STAFF spectrum analyser (SA)

R = ﬂYz + ZéSE) are not exactly GSE coordinates, but take . . o
into account an aberration ofs? in the ecliptic plane due to the The STAFF experiment comprises a boom-mounted tri-axial

solar wind velocityVew ~ 650km/s (data from the Wind space- Search coil magnetometer and two complementary signal
craft). The magnetopause model used is that of Sibeck et al. (1991analysis packages: a wave-form receiver, and an onboard
corresponding to the observed solar wind pressur@nPa. (b) digital spectrum analyser (Cornilleau-Wehrlin et al., 1997).
Positions of the four spacecraft with respect to Cluster 3 (C-3) dur-|n addition to the three magnetic signals, STAFF-SA receives
ing Period 2 in GSE coordinategXgsg is the distance along the e sjgnals from the four electric probes of the EFW experi-
GSEX-axis andi Rgsg = v/(dY5se+ dZGs)- C-2ismorethan et (Gustafsson et al., 1997). These are connected so as to
1000km upstream of the other three spacecraft, form a pair of orthogonal electric field dipole sensors aligned
with the spin-plane magnetic sensors. All five inputs @8+
2 x E) are used to compute in near real time the 5 Her-

ing in only one direction, which was either parallel or anti- mijtian cross-spectral matrig at 27 frequencies distributed
parallel toB. In a few cases, wave vectors were observedogarithmically in the frequency range of 8 Hz to 4 kHz. This
in the two directions, but not at the same time and at thefrequency range is itself divided into three logarithmically
same frequency. In order to determine the direction of thegjstributed frequency sub-bands, each with a maximum fre-
LRs wave vectors without ambiguity of sense, Zhang et a'-quency eight times the minimum frequency (band A: 8—
(1998) used simultaneous observations of both magnetic angg Hz; band B: 64-512 Hz; band C: 512-4096 Hz). The pairs
electric waveforms. of spin-plane magnetic and electric field components are de-

Assuming that the electromagnetic fluctuations are due tespun aboard the spacecraft. All channels are sampled simul-
a dominant plane wave, thexb5 cross-spectral matrix en- taneously, and the integration time for each channel is the
ables the direction of the wave vecfoto be determined with  same as the overall instrument time resolution, which can
no ambiguity of sense (Saniblet al., 2001). In Sect. 2, we be commanded to values between 125ms (except for band
describe briefly the STAFF-SA experiment. In Sect. 3, weA) and 4s. The five auto-spectral power densities are ob-
present selected STAFF-SA observations of whistler fluctu-tained with a dynamic range of approximately 100dB and
ations and LRs in the magnetosheath. In Sect. 4, we presemésolution of 0.38 dB. The 10 complex cross-spectral power
the method used to determine the polarisation and directiorestimates are normalised to give the coherence (Cornilleau-
of propagation of these waves, and the results of this analWehrlin et al., 1997). The precision of the phase determi-
ysis. In Sect. 5, we discuss these results and present sonmation depends upon the magnitude of the coherence: for a
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Fig. 2. From 02:10 to 02:20 UT on the

10 Dec. 2000 (Period 1), spectrograms
for the four Cluster spacecraft of the
magnetic (al, a2, a3, a4) and electric
(b1, b2, b3, b4) auto-spectral power
densities. The thin white lines repre-
sent the profiles of the electron gyrofre-
Zose (RE): E E E E X quencyFee.
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signal with coherence 50%, it is~ 5° for phases close to ton bulk speed for these two periods, respectively, from the
0°, 18, or+90°, and increases t 10° for phases midway FGM (Balogh et al., 1997) and CIS &ne et al., 1997) ex-
between these angles. periments, are summarised in Table 1. The main difference

In this study, we use data acquired in the normal modebetween these two periods is the angle between the average
of operation, in which the auto-spectral power densities argnagnetic fieldB and the bulk spee&. For Period 1,B
determined every second, and the cross-spectral densities eand V are almost anti-parallel, while for Period 2, they are
ery4s. perpendicular.

In Fig. 2, we display spectrograms for the four Clus-
3 Whistler fluctuations and lion roars in the magne-  ter spacecraft showing as functions of frequency and time,
tosheath the total magneticSz. and partial electricSz2 auto-spectral
power densities for Period 1. These total power densities are
We present observations obtained by STAFF-SA during twothe sums of the three magnetic and two electric components,
periods of approximately 10 min duration on 10 Decemberi-. Sg2 = Sp2 + Sp2 + Sgz andSgz = Sz + Sp2, thex
2000, in the dusk-side magnetosheath. In Fig. 1, the spaceand y components are in the spacecraft spin plane, and the
craft positions are shown for the two periods of interest. Typ-z component is along the spin axis. In Fig. 3, we display
ical values of the average DC magnetic field and the prothe same quantities for Period 2. In both figures, the elec-
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tron gyro-frequencyFce is superimposed on the eight spec- for the LRs in the magnetosheath. The convected mirror
trograms.Fce is computed from the spin averaged (4 s) FGM mode structures, which are stationary in the plasma frame,
DC magnetic field. On all the spectrograms, one can clearlyare observed around 0.04 Hz in the satellite frame.
distinguish two different types of emission: (i) broadband

fluctuations are present almost continuously in the lowest Signals with frequencies around and slightly above the
two STAFF-SA frequency bands (8 Hz to 512 Hz); (ii) su- electron gyrofrequencyit.) are also visible in Figs. 2 and 3.
perimposed on these fluctuations, more intense and narrowrhese signals are generally background rises which are due
banded emissions occur sporadically at frequencies betweel® the fact that the 8-bit numerisation of the signal by the
~ 40 Hz and~ 200 Hz. Intermittent emissions of this second STAFF-SA receivers does not allow for a dynamic range
type are almost always associated with magnetic troughdarger than~ 45dB in each of the three frequency bands
This close association suggests that these emissions are ei@ken separately. When a LR occurs in one band (usually
amples of intermittent whistler mode lion roars which have band B) with a signal level 45db above the noise level, the
been observed for more than 25 years in the magnetosheathackground noise in increased in that band but not in the
These waves are often associated with the presence of mirréithers. This causes these signals around and abgve

modes which can be the source regions and the wave guidaghich then disappear abruptly at the last frequency channel
of band B and do not extend in band C.
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Since the present paper uses data recorded during the com- 2000/12/10 , 02:10:00 to 02:20:00
missioning phase of the mission and a spin averaged mag- : (o)
netic field data, we do not have all the information required o4 1
to completely determine the properties of the mirror modes -
which we have identified by the regular succession of peakss ;-5
and troughs of the field modulus. We can, however, state that- L
these fluctuations of the field around 0.04 Hz are most likely : o8k
to be mirror mode related: (1) The direction of maximum L
variance of the magnetic field lies at a small angle to the av- -1
erage fieldBg (Hubert et al., 1998; Lucek et al., 1999): thisis
typical of a compressive mode, be it fast, slow or mirror; (2) 0.01
The minimum variance directiok;,, is at an angle of more
that 80 from B (quasi-perpendicular propagation); (3) The 0.060
Alfv én ratio
R 8V2 B§

AP = 5B2 vi
is typical of fluctuations with a dominant mirror mode.

We calculated? 4, from the variancegV? ands B2 of the
three components of the spin averaged bulk velocity and of ~ °°™°

0.050

0.040

0.030

Probability

0.020

the magnetic field. The density is 4.5 to 5ththe Alfvén 0.000 :
speedv, is 160 to 170km/s, givingR,, ~ 0.17 to 0.26 for Logro(Se?)
the two selected periods of Table 1. The proton temperature (©)
is T, ~ 310° ° K, so that the local plasma is about 2. As - ‘ ‘

shown, for instance, by Denton et al. (1998), wher- 1,
the only mode which propagates quasi-perpendicularly with
R4, < Llis the mirror mode (Czaykowska et al., 1998).

The characteristic dimensions of these mirror structures
can be determined during the two selected periods. During

—4

L0g,(Sg")

|
=)
L L L ) B B B

the first interval (see Table 1), the plasma veloditynakes 8 ]
a small angle withBg. The time intervals between succes- 1
sive magnetic troughs dg thus give a scale between 6700 -0 o o oo 08
and 14 000 km alon@o. For the second period, the plasma 9B /B

velocity V makes an angle of less than°1with the direc- _ _ _

tion j = ka x Bo, ky being the minimum variance direc- Elg. 4. For Perlqd _1:(a) average spe(_:tra of the magne_tlc fluctua-

tion. We then find a length scale between 7000 and 9000 knjlons on C1 (solid line), C2 (dashed line), C3 (dotted line) and C4
along j between successive minima 8. The picture we dash-dot-dot-dot line), as functions of the normalised frequency

: . . . F/F.. The vertical dotted lines select th&/ F.. subsets used in
obtain from this analysis is that of mirror structures drap- th{e bottom panels, 0 < F/Fo, < 0.3, Thg?j/ia?;onds indicate the

ing the magnetopause surface, with the major axis a®flg  sensivity of the search coilgb) histograms of the spectral power
the intermediate axis along a direction orthogonaBtpand Sga, inthe F/ F, subset, for the four spacecraft) for the F/ Fe,
kwm, and the probable minor axis alokgy (Fazakerley etal.,  subset and the four spacecraft, scatter plaf gf as a function of
1994; Hubert et al., 1998). the relative deptld B / B of the magnetic field with respect to the
In Fig. 4a, we plot for Period 1 and for each of the four maximum field magnitud® (see Sect. 3).
spacecraft, the average spectrad gf as a function o'/ F,,
whereF,, is obtained by interpolation between consecutive
spin-averaged magnetic field values. We have selected onlyertical lines in Fig. 4a. We will call these subsets of data the
the data contained in the lowest two frequency bands ofF /F¢e subsets. The probability distributions of l@gS,2)
STAFF-SA, in the range of 8Hz to 512Hz. The diamonds are very similar for theF/ Fe subsets obtained from each
connected with a solid line represent the sensitivity level ofof the four spacecraft. The distributions are log-normal with
STAFF search-coil. This background level is well below the a high-power tail characteristic of intermittent events. With
signal we studied. The four spacecraft show very similarthe help of these distributions, we recover the intermittent
spectra with a bump at/F., ~ 0.2. In order to select the LRs from the background fluctuations by simply selecting
intermittent LR events for this period, we plot in Fig. 4b the the events witl§z2 > 10-°nT?/Hz. Figures 5a and 5b repre-
probability distributions of Logn(Sz2) for all the frequency  sent the same analysis for Period 2. In this case, one observes
channels corresponding to the spectral bump of Fig. 4a. Mor¢hat for the averagéz. spectra, the peak &/ F., ~ 0.2 is
precisely, we select all the frequency channels satisfying thenore prominent. Furthermore, the Le@Sz2) probability
conditionQl < F/F,. < 0.3, as indicated by the two dashed distributions of theF/F,, subsets exhibit more significant
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2000/12/10, 11:33:00 to 11:39:00

(o) (a) 2000/12/10 , 02:10:00 to 02:20:00

0.30

0.25

0.20
2378 pts

Probability

015

Sg? (nT?/Hz)

10

0.05

Q.00

O Lol b b b b L

o]

o [T T T T T

o

(b) 2000/12/10 , 11:33:00 to 11:39:00

0.50
0.050

0.40
0.040

0.30 344 pts

0.030

Probability
Probability

0.020 0.20

0.010

0.000

0.00

[l TYRTRTRETA INARTRE A RRRTRUNTRA FNNRTRTRTA NRTRRNRTN

oo

o [T T I T T

o

Fig. 6. For the F/ F., subsets(a) histogram of the relative depth
3B / B of the magnetic field observed at the times of the lion roars
(solid line), and at the times of the other whistlers at the same fre-
guencies, for Period 1b) the same histograms for Period 2.

- bution extends up tez 0.7 for Period 1 and up te- 0.5 for
] Period 2. This difference is most likely due to the fact that
-10 ‘ ‘ ‘ ] during Period 1, the spacecraft were closer to the magne-
e . asof B oe o topause than during Period 2, and the convected mirror mode
fluctuations were more developed. For the LR events, the
Fig. 5. Same as Fig. 4, for Period 2. distribution of§ B/ B lies betweerr 0.3 and~ 0.7 for Pe-
riod 1, and betweers 0.2 and~ 0.5 for Period 2. From this
analysis, we conclude that LRs do not seem to be triggered
by a fixeds B/B amplitude. However, the LRs occupy for
each of the two periods a comparable portion of the overall
Figures 4c and 5c show the scatter plot of,§z2) as  5B/B distributions: they start at roughly the mean value of
a function ofs B/ B, for the ensemble of thé'/ F., subsets  these distributions. This analysis is still preliminary, and in a
from all four spacecraft. For each individugl F.. eventi,  future study, we plan to use the highest resolution data from
§B/B is defined assB/B); = (B* — B;)/B*, whereB; is  poth the magnetometer and STAFF to test the model of Lee
the value of modulus of the spin averaged magnetic field (ofet al. (1987) for the growth of LRs in magnetic mirror mode
the appropriate spacecraft) interpolated for the time of thestructures, and the model of Treumann et al. (2000) for the

eventi, andB* = < B > +30p, Wwhere< B > isthe mean  trapping of LRs in the associated density peaks.
magnetic field intensity during Period 1 (or 2) atgl is the

standard deviation of its distributio®* is thus a local mea-

sure of the maximum magnetic field strength, amtis the 4 Polarisation and direction of propagation of whistler
local depth of the magnetic troughs. We note that the range waves

of B/ B is rather different for the two periods. To see this

difference better, we plot in Fig. 6 the probability distribu- We now present the results of the analysis of the wave po-
tions of § B/ B for the two periods. The solid lines represent larisation and propagation properties of the défa,, sub-

this distribution for the LR events, extracted from thH¢F,, sets. This analysis is performed using several different meth-
subsets by selecting the events witj» > 10°nT%/Hz,and  ods coded in the computer program PRASSADCO (S#qtol
the dashed lines represent the distributiong ®f B for the 2000), which has been especially developed for the analysis
non-LR events with§ ;2 < 10~°nT?/Hz. ThesB/B distri-  of the STAFF-SA data.

|
[
LI I L ) N B

high-power tails.
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Fig. 7. Histograms for Period 1 and for the/ F.. subset of(a) the
degreeP of polarisation (Eg. 1)b) the ellipticity (+1 for a circular
right-hand polarisation)c) the angle between the wave vector and
By, for the lion roars (solid line) and for the other whistlers (dotted
line).

4.1 Analysis methods
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Fig. 8. Same as Fig. 7, for Period 2.

the z-axis along the satellite spin axis and th@xis orthog-
onal to thez-axis, in the plane of the-axis and the direction

of the Sun. Since we can suppose that the plasma is locally
symmetric about the magnetic field direction, we transform

To measure the 3D coherence of the magnetic field compothe matrices to the coordinate system defined by the local
nents, we use the degree of polarisation defined by SamsoDC magnetic field. In this frame, theaxis is parallel to the

and Olson (1980),

3 1
P2 = “trS?/(trS)2 — = 1
SIS/ S — 3, (1)

where tSis the trace of the spectral mati&and tS? is the
trace ofSx S. The value ofP has the following significance:

magnetic field and the-axis lies in the plane defined by the
magnetic field and the direction of the Sun. The transformed
matrices are used to determine the polarisation of the mag-
netic fluctuations with respect to the DC magnetic field. This
polarisation is defined by the phase shift betweenxtiaad

y components, i.e. by the sign of the imaginary part of their

P is zero if the spectral power is isotropic and completely cross-spectrum. By convention, we choose a positive sign

unpolarised, and® = 1 if the three field components are
fully coherent and the wave field is fully polarised.

for the right-hand polarisation, corresponding to the sense of
gyration of the electron. In our results, this sign is combined

Successive spectral matrices are despun aboard the spaaeith the ratio of the axes of the polarisation ellipse (elliptic-
craft and are obtained in a Cartesian coordinate system witlity) obtained by the method of Samson and Olson (1980).
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: ot : 2 : 96tz : rection can be evaluated. We use a method based on the sin-
1or 1 ] gular value decomposition (SVD) algorithm and we obtain

a wave vector directiofi,g which has the optimum agree-

st 1 ment with all six field components (Sarifolet al., 2000).

O varies from O g parallel to the DC magnetic fielRo) to

180 (k anti-parallel toBy).

number of events
=) 0 » @ @
T T T T
L L L L
number of events
o 2 S )
T T

4.2 A statistical analysis of the whistlers and lion roars po-
larisation and propagation properties

il

. .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
degree of polarisation degree of polarisation

The results of our polarisation and propagation analysis for
Periods 1 and 2 are plotted, respectively, in Figs. 7 and 8; the
three panels show the probability distributions of the degree

j o j or 1 of polarisation (panel a) and the ellipticity (panel b), and of

5 ol 5 ol ] the normalised (per unit solid angle) probability of the an-
§ L0 § ! ] gle 6,3 betweenk and By (i.e. the probability divided by

i ] i ] sinf;g). Only data from theF'/F,, subsets has been used.

z 0.0 | [ z | | The solid lines represent the probability distributions for LR
-10  -05 0.0 05 1.0 10 -05 0.0 05 1.0 events, which are selected from tﬁ¢Fce subsets by the cri-

ellipticity ellipticity

terionSg2 > 10-°nT2/Hz and the dashed lines represent the
probability distributions of events not satisfyng this condi-
tion, the non-LR events.

During both periods, compared to the non-LR events, the
LR events have a larger degree of polarisation. Their po-
larisation is more circular and more right-handed. But the
distributions of6, g are different for the two periods. Fig. 7

ﬂ shows that during Period 1, the distribution bfhas two
‘ 0 ‘ ‘ peaks, the larger one roughly anti-parallelBg, the other
T S T S roughly parallel toBo. During this period, the plasma ve-
locity (Table 1) was nearly anti-parallel B9, so that LRs
Fig. 9. For Period 1, histograms of the LR propertief{ > are directed towards both the downstream and upstream re-
10_—5 nT2/Hz) for two specific frequencies of the STAFF-SA re- gions. We must, therefore, study possible Doppler effects.
ceiver: 28 Hz (left panels) and 56 Hz (right panels). For this purpose, in Fig. 9, we display the histograms of the
properties of LRs§z2 > 10~° nT?/Hz) for two specific fre-
For a single monochromatic linear plane wave, Faraday’ quencies of the STAFF_SA. recelver, 28 HZ and 56 Hz. Since
law can be written as ' St.hese prqpertles are statistically very S|mllgr on all four satel-
lites, we include data from all spacecraft in Fig. 9. At these
nk x E)=cB ) two fre_que_nci_es, the degre_e of polarisation and the e_llipticity
are quite similar; but the histograms&fz are rather differ-
where E and B are the complex amplitudes of the electric ent. At 28 Hz, there are 25 LRs withg < 90° (i.e. prop-
and magnetic field fluctuations, is the index of refraction agating upstream) and only 14 LRs withy > 90° (propa-
n = kc/w, k is the wavenumbert, is the speed of lighty is gating downstream). Conversely, at 56 Hz, there are only 9
the angular frequency, amd= k/k. From Eq. (2), itfollows  LRs upstream, and 31 downstream. This is simply due to the
that the wave vector is perpendicular to the wave magnetidoppler shift: downstream waves are seen at higher frequen-
field, i.e. thatk - B = 0. This general property is often used cies, and upstream waves are seen at lower frequencies. For
to estimate the wave vector direction (Means, 1972). instance, for a given LR on Cluster 3 (Samba) at 02:15 UT,

Note that if the polarisation is circular or elliptic, two mu- 6,5 is 40° and 32 at low frequencies (35 and 44 Hz, respec-
tually anti-parallel directions satisfy the condition of perpen- tively); andé,p is 129 and 167 at higher frequencies (56
dicularity. The determination of the wave vector direction is and 70 Hz, respectively). Therefore, waves witlhoughly
thus ambiguous. The complete wave vector direction with-parallel and anti-parallel t®( are observed simultaneously
out this ambiguity can be determined using both the mag-at different frequencies. A Doppler shift of 10 to 35Hz be-
netic field and the electric field (Lefeuvre et al., 1986-7; San-tween downstream and upstream propagating waves corre-
tolik and Parrot, 1999). Having the magnetic field vector datasponds to wavelengths of 20 to 80 km, typical of unstable
and the two electric components, we use Eq. (2) to calculatevhistlers, and much smaller than the satellite separations. As
the third electric component, as described by Sakt al. noted by Zhang et al. (1998), LRs can be observed simulta-
(2001). The information on all six field components can beneously in opposite directions if the satellites are within the
inserted back into Eqg. (2), and the complete wave vector disource region. This is probably what occurs during Period 1.

number of events
=) 0 » @
T T T
L L L
number of events
2 S )
T T
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During Period 2 (Fig. 8)k is primarily anti-parallel taBg formed by Baumjohann et al. (1999); (ii) the STAFF-SA fre-
for the LR events, whil®; g is almost uniformly distributed quency bandwidth is relatively large and proportional to the
over all possible values for the non-LR events. As B¢  frequency, which may lead to mixing of several monochro-
field direction is close to the Zgsgdirection, the LRs prop-  matic plane wave; (iii) to reduce the telemetry load, the digi-
agate primarily towards lower latitudes. The plasma velocitytisation of the cross-spectral matrix elements is adequate to
is nearly perpendicular t8q (Table 1), so that the Doppler determine the relative phase between two fully coherent in-
effect is negligible. As the LRs propagate in one direction, put signals with a precision which is at best Hiowever,
successive sources of the LRs were probably on the sami seems unlikely that this uncertainty propagates systemati-
side of the satellites during this period of 6 min. cally into the determination df.

Among the LRs observed in mirror mode troughs, Zhang We plan to analyse thB and E waveforms when STAFF
et al. (1998) found that the wave vectors were generallyis in its burst mode of operation. Itis then possible to recover
in one direction, parallel or anti-parallel tBo; in a few  the waveform for analysis (in the laboratory) at frequencies
magnetic troughs, LRs were found in both directions, butup to the Nyquist frequency; 50 Hz, and use a narrower
at slightly different times and at different frequencies. Our band for short coherent wave packets such as LRs. How-
results are consistent with these observations. However, wever, such an analysis is less general because waveforms are
are unable to explain why the magnetic troughs of Period 1selected with variable criteria of coherency, bandwidth and
are source regions, providing LRs in two directions, while time duration. The advantage of STAFF-SA in normal mode
the magnetic troughs of Period 2 are not source regions and that it yields the wave vector direction continuously, in LRs
remain on the same side of the source regions. Accordings well as in the other whistlers, and in the low frequency
to Baumjohann et al. (1999), the LRs are primarily found whistlers below QL F,. (see Figs. 2 and 3). We could also
at the very minima of the magnetic troughs. This suggestgest, by using the four spacecraft with STAFF-SA in its burst
that the four spacecraft have crossed the very minima of thenode of data capture (auto-spectra every 0.125 ms and cross-
B field during Period 1 (down to 5nT), but not during Pe- spectra every second), whether the LRs can escape from their
riod 2 (down to 10 nT). However, there is no reason for this mirror magnetic bottles, or if their generation and propaga-
ad hoc suggestion, since the four spacecraft record nearly thigon are purely local. The interesting properties of the LRs
same magnetic profiles during Period 2, despite the separasutside of the mirror mode regions, described by Zhang et al.
tions which are not negligible with respect to the scales 0f(1998), will also be analysed.
the mirror structures.
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