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Abstract. The Cluster spacecraft have returned the first si-of magnetosheath signature that is consistent with mirror-
multaneous four-point measurements of the magnetosheatimode structures, and draw examples from magnetic field data
We present an analysis of data recorded on 10 Novemrecorded by the four Cluster fluxgate magnetometers (FGM)
ber 2000, when the four spacecrafts observed an intervalBalogh et al., 2001, this issue) on 10 November 2000, when
of strong mirror-like activity. Correlation analysis between the Cluster spacecraft made extensive measurements in the
spacecraft pairs is used to examine the scale size of the misheath. At this time, orbital apogee was situated at 19:15 LT
ror structures in three dimensions. Two examples are prein the dusk side magnetosheath, and at this position the Clus-
sented which suggest that the scale size of mirror structures iter spacecraft spent several hours in the magnetosheath. We
~ 1500-3000 km along the flow direction, and shortest alongpresent the first results of a study to calculate the scale size
the magnetopause normat 600 km), which, in this case, is of these mirror-like structures in three dimensions. Further
approximately perpendicular to both the mean magnetic fieldstudies will draw on other datasets, in particular plasma den-
and the magnetosheath flow vector. Variations on scales oity and temperature measurements for the confirmation of
~ 750-1000 km are found along the maximum variance di-mirror mode identification, as well as extending the analysis
rection. The level of correlation in this direction, however, presented here.

and the time Iag Observed, are found to be variable. These Mirror structures are Strong|y Compressive' non-
first results suggest that variations occur on scales of the ofpropagating magnetic field fluctuations in which the
der of the spacecraft separation {000 km) in at least tWo  magnetic field magnitude is anti-correlated with plasma
directions, but analysis of further examples and a statisticaljensity. They are linearly polarised with a maximum
survey of structures observed with different magnetic fieldyariance direction which typically lies at about 10220
orientations and tetrahedral configurations will enable us tothe mean magnetic field direction (Exsiand Balogh, 1996),
describe more fully the size and orientation of mirror struc- pyt can reach an angle of40° to the magnetic field under

tures. conditions of high temperature anisotropy (e.g Price et al.,
Key words. Magnetosphenic physics (magnetoshea‘th;1986; SChWartZ, 1998) Studies of |0ng intervals of well
plasma waves and instabilities) developed mirror-like activity, observed by ISEE 1 and 2

(Hubert et al., 1998), and by Equator-S in the dawn side
magnetosheath (Lucek et al., 1999), also demonstrated that
the maximum variance direction is closely aligned with
the magnetopause boundary, at least in the region close to

the magnetopause. Near noon, mirror structures are often

't\)/l iﬁngtolsheath '\A/\va(\j/es hav? F|3rej\-/ Q%ZSIK beenb Stutd'Td 1%22_geparated from the magnetopause by a region populated by
oth single (e.g. Anderson etal., , Lacombe etal, electromagnetic ion cyclotron (EMIC) waves, which are

Lucek et al., 1999) and more rarely dual spacecraft data (Tsu; : . : . )
rutani et al., 1982; Fazakerley and Southwood, 1994a,b; Hugssomated with a region of plasma density depletion and

bert et al., 1998; d@trallyay and Erds, 2000).With the launch nigh temperature anisotropy (/ 7)) (Anderson etal., 1994;

of the four Cluster satellites in 2000. simult fOUr-DOi tPhan et al.,, 1994). Such conditions are most usually met
our tiuster satetlites in » SIMURANEOUS Tour-poInt,, yay the interplanetary field has a northward component
measurements are available for the first time, which, in prin-

. : ! . and plasma pile up occurs at the magnetopause. At a
ciple, allow us to examine the scale and motion of waves iNocation in the flanks of the magnetosheath, where the

three dimensions. In this paper, we concentrate on one typﬁlasma velocity is a significant fraction of the upstream solar

Correspondence tdz.A. Lucek (e.lucek@ic.ac.uk) wind velocity and has a direction that is close to parallel to

1 Introduction
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‘ ‘ ‘ ‘ 90 tions, when the scale along the spacecraft separation vector
| WMW | . on which variations in the structures occur is of the order of
M"“ ! ” Frrg 0 the separation magnitude, then comparison of the signatures
180 ‘ | ‘ ‘ _90 at the two satellites can be used to make an estimate of the
P . | . . . .
m ' W grgdlent of the magn_et|c field changg. Therefore,_ in o_rder to
‘e 0 | . | build up a complete picture, observations made with different
‘M tetrahedron sizes and orientations are needed.
-180 ‘ ‘ ‘ ‘ 100 In this paper, we identify an interval when the magnetic
5 field signatures are consistent with mirror-mode structures.
%MMM%WW% During this time, the tetrahedron configuration was such

that pairs of spacecraft had separation vectors approximately
aligned with three key directions: the direction of maximum
variance of the magnetic field fluctuations, which is close
to the background magnetic field direction and, in this case,
-100 ‘ ‘ ‘ ‘ 100 predominantly in theZgse direction; the direction of mini-
mum variance, which is close to the estimated magnetopause
normal direction; and the intermediate variance direction,
which, in this case, is likely to be approximately aligned with
the magnetosheath flow vector. We present an analysis of the

100 : : : : -100

@ 50 L scale lengths in each of these directions.
0 : : . :
0200 04 00 06 00 08 00 10 00 . . .
10 Nov 2000 (Day 315), hour min (UT) 2 Correlation of signatures between different space-
craft pairs

Fig. 1. Spin averaged magnetic field data in GSE coordinates from
Cluster 4 recorded between 00:00 and 10:00 UT on 10 NovembeFigure 1 shows an overview of the magnetosheath data
2000 (day 315). Panels show magnetic field elevation and longitudéecorded by Cluster 4 on 10 November 2000. The pan-
angles in degrees, the three components and the magnitude in nT.els show the magnetic field elevation angle, the magnetic
field longitude angle, and three components, all in GSE co-
ordinates, and the magnetic field magnitude. The angles
the magnetopause surface, EMIC waves are less likely t@re shown in units of degrees, and the field components
be found. Mirror structures, however, are found to be veryand magnitude are in nT. Data at a resolution of one vec-
common in this region (Lucek et al., 1999). tor per spacecraft spin are shown. Two main intervals of
Single spacecraft measurements can be used to calcula®@mpressional wave activity occur, betweer01:30 and
the scale sizes of mirror structures along the flow direction,~03:30 UT, and betweet 06:50 and 08:55 UT. These in-
if the flow velocity is known, but are not sufficient to de- tervals are separated by several magnetopause encounters
termine the scale size and orientation in three dimensions(Dunlop et al., 2001, this issue). The final crossing in this
Dual spacecraft observations provide more information, butset, at~06:20 UT, was caused by a large change in up-
still leave some ambiguities in establishing the characterisstream solar wind conditions, observed by Wind at approxi-
tics of these features (Fazakerley and Southwood, 1994a,mately (835 Rg, —86.5 Rg, 7.0 Rg) GSE, when the solar
Hubert et al., 1998; atrallyay and Erds, 2000). In prin-  wind velocity increased from 640 to 870 km/s at 06:20 UT
ciple, simultaneous four-point measurements can be used toith an associated density rise, causing a significant pulse
determine mirror mode size and scale in three dimensions, ai solar wind ram pressure. We identify the magnetic field
well as any dependence of these properties on other paramsignatures during these intervals as consistent with mirror-
ters, such as magnetosheath flow velocity and magnetic fielthode structures. They are strongly compressive and close to
orientation relative to the flow. The separation of the spacedinearly polarised, with a maximum variance direction that
craft relative to the scale size of the structures is important]ies within ~ 20° of the background magnetic field direction.
however, with the exception of two satellites separated alongrhe minimum variance direction lies within 10-°2af the lo-
the flow direction. If two spacecraft see completely different cal magnetopause normal, estimated as described by Dunlop
features, then this implies that the scale size along the spacet al. (2001, this issue), suggesting that the structures lie in
craft separation vector is smaller than the spacecraft separa plane approximately parallel to the magnetopause bound-
tion magnitude, but the exact value cannot be deduced. If ary. Therefore, although we are unable to make a defini-
spacecraft pair see identical features, then it is implied thative mode identification, we assume that these signatures are
the scale length in that direction is significantly longer than mirror-mode structures.
the spacecraft separation, but again the value cannot be cal- The typical duration of the mirror structures observed on
culated. Most information is gained when a spacecraft pairthis day is only 2-3's, which we ascribe to the high upstream
sees similar, but not identical signatures. Under these condisolar wind velocity, and the location of the spacecraft on the
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Fig. 2. Cluster orbit and tetrahedron configuration on 10 November 2000 (day 3{&)thee X — Ygggplane, andb) the X — Zgggplane.

The orbit track of Cluster 3 is shown: dots indicate hours, and the asterisk shows the start of the interval. A dotted line indicates that the
component not plotted, e.dZgsg in (a), is negative, while a solid line indicates that the third component is positive. The tetrahedron is
shown, expanded by a factor 10, every 4 hours with the Cluster spacecraft represented using the usual colour convention (1-black, 2-red
3-green, 4-magenta). The dashed line(@nshows a cut through a Sibeck model magnetopause location for the observed upstream solar
wind conditions.

dusk flank, where the magnetosheath plasma has been accelf an hour of mirror activity which was bounded by magne-
erated to a significant fraction of the solar wind speed. Sincdopause encounters. We then consider a second interval con-
the duration of each mirror drop out is so short, we use thetaining mirror structures, from the previous minute of data
magnetic field data at 22 vectors/second, calibrated as deacquisition which, while less typical, demonstrates a further
scribed by Balogh et al. (2001, this issue), for the analysisproperty of these mirror-mode observations.
presented in the following sections.

Figure 2 shows the configuration of the Cluster satellites2.1 Interval 1: 08:23-08:24 UT
between 00:00 and 11:00 UT on 20 November 2000, which
covers the period in which mirror structures were observed Figure 3 shows a short interval of mirror activity observed
Panel (a) shows the spacecraft separation projected onto thgetween 08:23 and 08:24 UT on 10 November 2000. The
X — Ygse plane and panel (b) plots the orbit projected onto format of the panels is the same as in Fig. 1, but here the data
theY — Zgseplane. The dashed line indicates the location of from all four spacecraft are plotted, with black, red, green
a Sibeck model magnetopause (Sibeck et al., 1991), with inand magenta used to represent data from spacecraft 1, 2, 3
put parameters appropriate for the upstream solar wind conand 4, respectively. Although there are obvious differences
ditions, which is included for reference. The orbit of one between some spacecraft pairs, the power spectra of the mag-
spacecraft (Cluster 3) is shown in each plot, with hourly netic field magnitudes are statistically similar within errors.
markers plotted as dots on the orbit. The dotted portion ofFigure 4 shows the power spectra of the magnetic field com-
this line indicates when the third component in each case igonents in the maximum variance directions, calculated us-
negative, and the solid portion of the line indicates that theing a multi-taper method (Percival and Walden, 1993), ob-
third component is positive. For example, in Fig. 2a, the served by the 4 spacecraft during two minutes of mirror ac-
tetrahedron is below th& — Zgsg plane, i.e. with nega- tivity. The same colour convention is used. The blue trace
tive Zgse throughout. The asterisk indicates the start of theshows the power spectrum of the intermediate variance com-
interval. The tetrahedron, expanded by a factor 10 relativeponent from Cluster 3 in order to demonstrate that the power
to the reference orbit, is shown every four hours with black,is predominantly in compressional, with linearly polarised
red, green and magenta representing spacecraft 1, 2, 3 andfluctuations. The power spectra of the intermediate variance
respectively. components at the other spacecraft are similar. Two minutes

In this paper, we first present the analysis of mirror of data are used in order to resolve better the low end of the
structures seen during one minute (08:23—-08:24 UT) on 1drequency spectrum. The traces from the four spacecraft are
November 2000. These mirror structures are representativeimilar within statistical errors, indicated by the 90% confi-
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Fig. 4. Power spectra of the maximum variance magnetic field com-
ponent measured by all four spacecraft between 08:22 and 08:24 UT
of 10 November 2000 (day 315). The blue line shows the power
spectrum of the intermediate variance component observed by Clus-
ter 3. The vertical dashed line shows the proton gyro-frequency es-
timated using the background magnetic field magnitude 65 nT.
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Fig. 3. One minute of magnetic field data showing mirror-like ac- magnetopause normal from satellites 1 and 3. The magnetic
tivity. Panels have the same format as in Fig. 1. Data from all fourfield at this time is only 11 13° from the ZgsEg direction,
spacecraft are shown using the same colour-coding as in Fig. 2. and so Cluster 1 and Cluster 4 are likely to lie close to the
same field line since they are very close in thie- Ygse
plane with a large separation #gsg (Fig. 2b).
dence level shown on the bottom left of the plot. Each power Figure 5 shows a comparison of the magnetic field magni-
spectrum of the maximum variance component has the samgides observed at the different spacecraft. Cluster 3 is used
form, with approximately equal power as a function of fre- as the reference spacecraft for three of the panels, but a com-
guency at the lowest frequencies (although the trace for Clusparison of Cluster 1 and 4 is also shown because their relative
ter 4 has a suggestion of a broad enhancementlal5Hz)  position vector is likely to be nearly parallel to the average
with a break in the spectrum between 0.3-0.4 Hz, after whichmagnetic field direction. The top panel shows the magnetic
the power falls off as frequency increases. There is signifi-field magnitude observed at spacecraft 3 (in green) and at
cantly lower power in the intermediate variance componentspacecraft 1 (in black). From this panel, it is clear that there
at Cluster 3, and at each of the other spacecraft (not shown)s an extremely good correlation between the two satellites
The position of the break point corresponds to the scale othroughout the interval, and both satellites sample essentially
the shortest mirror structure, ef2-3s, and is at a signifi- the same structures. This is also clear from the top panel of
cantly lower frequency than the local proton gyro-frequency, Fig. 6, which shows the same data when the trace from Clus-
shown on Fig. 4 as a vertical dashed line. From Fig. 4 it canter 1 has been shifted by 0.61s. Figure 7 shows the cross-
be seen that the break in the power spectrum occurs at theorrelation function between these two data sets in the black
same place for each of the traces, and that the power levelgace. The cross-correlation coefficient has a peak value of
are the same within the 90% confidence limit. Therefore al-0.98, and a time lag of 0.61 s using 1346 data points.
though the particular structures may be different, the sets of From the orbit plots it can be seen that the separation vec-
mirror structures observed by the four satellites are statistitor between Cluster 1 and Cluster 3 lies approximately paral-
cally similar. lel to the magnetopause boundary in tkie— Ygse plane,
From the orbital configuration at 08:00 UT (the last ex- while there is little separation i@. Although we do not
panded tetrahedron shown on the orbit segment in Fig. 2)have measurements of the magnetosheath flow velocity vec-
it can be seen that the position vectors of Cluster 1 (black}or on this day, it is likely that it lies close to the Cluster 1
and 4 (magenta) relative to Cluster 3 (green) lie approxi-— Cluster 3 spacecraft separation vector. Variance analysis
mately parallel to the nominal magnetopause intheYgsg of the mirror structures shows that the Cluster 1 — Cluster 3
plane, but that Cluster 1 is at a similalocation, while Clus-  separation vector also lies within 15° of the intermediate
ter 4 is at a significantly lower position i. Cluster 2 (red) variance direction. During this interval, the spacecraft sep-
lies significantly further from the magnetopause, deeper inaration along theX — Ygse plane was~490km, and so
the magnetosheath, at a distance-@60—700 km along the the velocity along this separation vector~s815km/s. At
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Fig. 5. A comparison of the magnetic field magnitude seen at dif- Fig. 6. The same data as in Fig. 5, but one data set is shifted by
ferent spacecraft pairs. The panels show Cluster 1 (black) and 3he time of the peak cross-correlation coefficient. Cluster 3 is used
(green), Cluster 4 (magenta) and 3 (green), Cluster 2 (red) and 3s the reference in the top three panels, and Cluster 1 is used as the
(green) and finally Cluster 1 (black) and 4 (magenta). reference in the bottom panel.

this location in the magnetosheath, so far in the dusk flanktween these two traces is shown in Fig. 7 by the solid ma-
we expect the magnetosheath velocity to have been accelegenta line. Here, the peak correlation coefficient is lower
ated back to a significant fraction of the solar wind veloc- (0.54) at a longer lag of 1.8s, calculated using 1346 data
ity in this region. The estimate of the magnetosheath velocpoints. The plots of the Cluster tetrahedron orbit in Fig. 2
ity is consistent, therefore, with the solar wind velocity of show that this spacecraft pair has a very similar separation
870 km/s observed by Wind, lying upstream. Using the esti-vector in theX — Ygsg plane as Cluster 1 and 3, but that
mated magnetosheath velocity implies that the scale size ofhey have a significantly larger separatiorinComparison
the mirror structures in the flow direction, which is likely to of the spacecraft separation vector with the maximum vari-
be close to the intermediate variance direction, is of the or-ance direction of the mirror structures shows that the mir-
der of 1500-3000 km, which is significantly larger than the ror structures lie at- 40° to the vector separating Cluster 3
spacecraft separation. This estimate assumes that the velognd Cluster 4. Assuming that the same structures are ob-
ity is entirely along the Cluster 1 — Cluster 3 separation vec-served by Cluster 3 and Cluster 4, and that the structures are
tor, but the excellent correlation between the signatures aglongated along the maximum variance direction, Cluster 4
the two spacecraft suggests that the two velocity componentgasses through each mirror structure at a location separated
perpendicular to the separation vector are likely to be smalby approximately 500 km along the maximum variance di-
relative to the velocity magnitude. rection from the Cluster 3 crossing location. Although the
Figure 8 shows the scatter plot of the two data sets, withmagnetosheath velocity vector is not known, assuming that
the lag of 0.61 s applied. There is clearly a very high corre-the plasma velocity is close to the convection velocity mea-
lation, but although the extrema show little scatter, the in-sured between Cluster 1 and Cluster 3, an expected time de-
termediate magnetic field values show more scatter. Thiday occurs between the signatures at Cluster 4 and Cluster 3
arises from very small changes in the delay between the twavhich is~ 0.6 s, significantly shorter than the observed de-
satellites, which has the largest effect when the gradient ofay. A more precise comparison is not possible without direct
the field is large. If higher frequency waves were superim-measurement of the magnetosheath velocity vector.
posed on the mirror structures, then the relative movement The second panel of Fig. 6 shows the two data sets where
between such waves and the mirror structures would causghe magnetic field measured by Cluster 4 has been shifted by
greater scatter at the extrema. 1.8s. From this plot, it can be seen that when the two satel-
The second panel of Fig. 5 shows the magnetic field magiites appear to observe the same structures, the time delay is
nitude seen by Cluster 3 (in green) and that measured byot as stable in this case as for the previous case. The bot-
Cluster 4 (in magenta). Comparison with the top panel showgom panel of Fig. 6 shows that a similar situation is observed
that the correlation is significantly lower, with the satellites when data from Cluster 1 and Cluster 4 are compared. These
apparently sampling different structures in some regions aspacecratft lie almost vertically one above the other, but still
a result of their different locations, while observing simi- show a significant time delay at the peak correlation (shown
lar structures in others. The cross-correlation function be-in the dotted magenta line in Fig. 7). Since Cluster 1 and
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Fig. 7. Cross-correlation functions between the spacecraft pairsFig. 8. A scatter plot of the magnetic field magnitude measured at
shown in Fig. 5: Cluster 1 and 3 (solid black trace), Cluster 4 andCluster 1 plotted against that measured at Cluster 3, at a time delay
3 (solid magenta trace), Cluster 4 and 1 (dotted magenta trace) anef 0.61s, which corresponds to the peak of the cross-correlation
finally Cluster 2 and 3 (solid red trace). function.

L generally smaller than the spacecraft separation®50 km.
Cluster 3 observe the same structures with little or no evolu-

tion during the time taken for the structures to convect from, 5 |nterval 2: 08:22-08:23 UT
one to the other, the difference in the signatures observed

by Cluster 1 and 4 (and Cluster 3 and 4) is likely to indi- Figure 9 shows the data recorded between 08:22 and
cate a spatial variation rather than a temporal one. The lowepg:23 UT. a minute earlier than the data discussed in the pre-
level of correlation and the variable time delay might reflect \io,s section. The format of Fig. 9 is the same as Figs. 5 and
changes in the size and form of the mirror structures alon%, and Fig. 10 shows the equivalent set of correlation func-
the maximum variance direction. There might also be a conyjgns as shown in Fig. 7. In this case, the maximum variance
tribution to the lower correlation level from the two space- girection of the mirror structures is within only 5° of the
craft occasiopally observing diffgrent structures. If a SPace-mean field direction, and is also closer to #iesg direction.
craft separation vector were to lie parallel to the maximum again, there is an excellent correlation between Cluster 1 and
variance direction, then a good correlation at near zero lag|ster 3, with a delay of 0.66's, which is consistent with a
should be observed. One such example has been found whiGly|city of about 815 km/s. In this case, however, Cluster 4
will be discussed in the next section. and Cluster 3 show very well correlated signatures, with a de-
The third panel in Fig. 5 shows the magnetic field magni- lay of 0.48 seconds which is consistent with the same veloc-
tudes measured by Cluster 2 (red) and 3 (green). Here, theiigy, assuming that the structures are closely aligned with the
is a low correlation between the two signals, and the red tracénaximum variance direction, which, in this case, lies within
in Fig. 7 shows that the peak correlation coefficient is less27° of the Cluster 3 — Cluster 4 separation vector.
than 0.25. Any impression of anti-correlation between the Cluster 1 and Cluster 4, which lie almost vertically above
traces is likely to arise from the statistically similar nature of one another at the sanm¢e — Y location, now show a well
the data, and is not evident in the cross-correlation functioncorrelated signature with a shorter delay, also consistent with
There are occasions when the data from the two spacecrafhe structure being aligned with the maximum variance di-
are similar, but it is not clear whether these similarities occurrection, which is within 3 of the mean magnetic field direc-
by chance, or whether they represent real, but rare occasiort®on and 18 of the spacecraft separation vector. Although
when the same feature is seen at both spacecraft. The orlsiatellites 1 and 4 see the same structures, variations are seen
plot shows that the two spacecraft have approximately thebetween the depths of the mirror structures at Cluster 1 and
sameZ coordinate, but that they have a separation of abou#, which have a separation along the maximum variance di-
660 km projected along the magnetopause normal (derivedection of about 750km. This variation is not seen when
from Dunlop et al. (2001, this issue)) and that Cluster 2 iscomparing Cluster 1 and Cluster 3, which have a separation
situated deeper in the magnetosheath than Cluster 3 or theéector which is nearly at 9o the maximum variance direc-
other spacecraft. It appears, therefore, that the largest varidagion. Once again, Cluster 2 and Cluster 3, which have a sep-
tion in mirror structure characteristics occurs along the mag-aration along the magnetopause normatd@60 km, do not
netopause normal, and that the scale length in this direction isbserved the same structures, and in this case, the maximum
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Fig. 9. A comparison of the magnetic field magnitudes measured atFig. 10. The cross-correlation functions for the data shown in Fig. 9,
different spacecraft pairs in the same format as Figs. 5 and 6. in the same format as Fig. 7.

correlation coefficient is even lower than in the previous ex-

ample however, that direct measurements of the magnetosheath

flow velocity are necessary in order to explore this further.

3 Discussion Our results are in agreement with previous observations
(e.g. Fazakerley and Southwood, 1994b; Hubert et al., 1998)

We have demonstrated the potential of simultaneous fourwWhich showed that the mirror structures were elongated ap-

point measurements using very simple analysis methods agrroximately along the background magnetic field direction.
plied to 2 short intervals of mirror activity. The results sug- Fazakerley and Southwood (1994b) showed that the scale

gest that within these mirror structures, the correlation lengthransverse to the structure was of the order of 1000-3000 km,
along the flow direction is of the order of 1500-3000 km. The Which is consistent with our measurement of the scale along
scale of the mirror structures is smallest along the estimatedhe flow direction, but they note that this estimate might have
magnetopause normal in both examples, which is within 10-contributions from two different scales perpendicular to the
25° of the minimum variance direction, and is approximately maximum variance direction, depending on how the space-
perpendicular to both the mirror structure maximum variancecraft sampled the structures. Hubert et al. (1998) showed that
direction (close to the background magnetic field vector) andthe shortest scale was approximately along the magnetopause
the flow direction. No correlation is observed between spacenormal, consistent with our results, but their estimate of
craft separated by approximately 660 km along this direction this scale length was 1300—-1900 km, which is significantly

In the direction along the maximum variance direction, longer than our upper limit of 660 km. Hubert et al. (1998)
variations between spacecraft are observed on scales ¢pund that the longest scale length, approximately along the
~750km. The de|ay between observations at differentbaCkgrOUnd field direction, exceeded3000 km. This is not
spacecraft pairs during interval 2 (08:22—08:23 UT) appeargnconsistent with our observations of changes in the signa-
to be consistent with that expected for structures elongatedures between spacecraft separatec~by50 km along the
along the maximum variance direction, but significant dis- Maximum variance direction{(parallel to the background
crepancies appear to exist in the delays found in interval 1magnetic field direction), since this implies that the extent of
(08:23-08:24 UT). It is not clear what causes this effect, al-the structures in this direction is significantly larger than the
though it might arise from the mirror structures having dif- SPacecraft separation. Hubert et al. (1998) found an interme-
ferent orientations between the two intervals. One observedliate scale exceeding 2500 km which is larger than our ob-
difference between the two intervals is that during interval 2,Servation of a scale ot 1500-3000 km approximately along
Cluster 1, 3, and 4 have much smaller separations along théhe flow direction which, is in this case, is nearly perpendic-
minimum variance direction than during interval 1. The level ular to both the background magnetic field and the estimated
of correlation, therefore, might arise from a periodicity in Magnetopause normal.
the mirror structure field (e.g. Fazakerley and Southwood, From just two intervals, the tetrahedral configuration does
1994a,b; htrallyay and Erds, 2000), where the spacecraft not change sufficiently to make a full study of the mirror
sample different, but statistically related structures. We notestructure size and orientation. Examination of further ex-
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amples where the magnetic field has a different orientation J. Geophys. Res., 101, 1-12, 1996.
is essential to confirm which directions provide the best or-Fazakerley, A. N. and Southwood, D. J.: Mirror instability in the
der for the observations. A statistical study of many intervals magnetosheath, Adv. Space Res., 14, 7, 65-68, 1994a.
with different spacecraft separations and configurations relaFazakerley, A.N. and Southwood, D. J.: Theory and observations of
tive to the flow and magnetic field directions can, in principle, ~Magnetosheath waves, in Solar wind sources of magnetospheric
be used to calculate the correlation lengths of the structures Ultra-low frequency waves, Geophys. Monogr. Ser., 81, (Eds) En-
along each direction. A further consideration is the possible %bre.tson‘ M., Takahashi, K., and Scholer, M., 147-158, AGU

. . ashington, D. C., 1994b.
dependence of the mirror structure scale size on the magngy

) ) ” . Hubert, D., Lacombe, C., Harvey, C. C., Moncuquet, M., Russell,
tosheath flow velocity, which should be taken into accountin - ¢ T, and Thomsen, M. F.: Nature, properties, and origin of

such a Study. If mirror structure scale sizes in at least two |OW_frequency waves from an Ob“que shock to the inner mag-
directions are of the order of the spacecraft separation, then netosheath, J. Geophys. Res., 103, 26 673—26 798, 1998.
methods such as normal fitting and time delay analysis forLacombe, C., Belmost, G., Hubert, D., Harvey, C. C., Mangeney,
velocity calculations (e.g. Schwartz, 1998) must be applied A., Russell, C. T., Gosling, J. T., and Fuselier, S. A.: Density and
with caution, since the structures might show significant cur- magnetic field fluctuations observed by ISEE 1-2 in the quiet
vature on the spacecraft separation scales. magnetosheath, Ann. Geophysicae, 13, 34_3—357, 1995_.
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