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Abstract. We present THEMIS-A low- and high-energy Keywords. lonosphere (Wave-particle interactions) — Mag-
plasma, magnetic field, and energetic particle observationsetospheric physics (Energetic particles, precipitating; MHD
of long period (11-36 min) irregular compressional pulsa-waves and instabilities)

tions in the dawnside magnetosphere from 08:00 to 12:24 UT
on 7 November 2007. We demonstrate that the pulsations
maintain thermal and magnetic pressure balance, then em-
ploy finite gyroradius techniques to determine wave prop-1

erties from the gyrophase distributions of 5-10keV ions.
gy'op Compressional pulsations with periods ranging from 100

The waves generally move sunward at velocitid® km s1 ; than 600 i th torial .
with the background plasma convection flow. Wavelengths 0 (;nofrte an s are ctr)]mmondl_n € eql;)a orial morning
range from 6700 to 23300 km, corresponding to azimutha/2"d afternoon magnetosphere at distances eyeRde.g.,

wavenumbers m from 18 to 76. Wave periods decrease Wmﬁauijhlanlnggg.alihl%z Ekalhashi fggil_" \}9.903; AndTr'
increasing radial distance. Having determined the paramegggoetz%bl h, E anl |ve'so|n, zﬁ alvg KS etl a
ters describing the waves, we consider three previously pro* ' ) when the plasmais large (Zhu and Kivel-

posed explanations: generation by substorm injection, genel_s-on’ 1994; Rae et al.,, 2007). At dusk they occur dur-

ation by bounce or drift-bounce instabilities, and generationIng geor_nggngtically disturbed intervals, are associated with
by the drift-mirror instability. The interval was quiet geo- plasma injections, and propagate westward (sunward) at the

; ; - - . 0-20 km s gradient-curvature drift velocities expected for
magnetically, arguing against any relationship to substorm1 . : ) :
injections. We found that ions with low energies of 69— 10-30keV ions (Barfield and McPherron, 1972; Takahashi

628¢eV or high energies of 28-615keV would have beentt al., 1985). At dawn they occur during qui_e_t intervals and
required to account for drift-bounce resonance during thigMove eastward (sunward) with phase velocities close to the

interval, but inspection reveals ion fluxes at these energie lasma convection velocity (Vaivads et al., 2001). Wave pe-

near background levels during the time period considered.rIOdS may (Baumjohann et al., 1987; Constantinescu et al.,

On the other hand, the criteria for the drift mirror instability 200?9I) g.r may not (Woch et zl'., 19903 increage with incrgasf!n?d
are marginally satisfied. As predicted for the drift mirror in- radial distance, corresponding to decreasing magnetic fie

stability, particle distributions peak more sharply neat 90 strength. _
pitch angles during magnetic field strength enhancements Because the pulsations modulate the flux of suprathermal
than during strength depressions. At this point we therefordPrticles (e.g., Kokubun, 1977), finite gyroradius techniques

interpret the compressional pulsations observed by THEMISC@N be used to sense the motion of wave fronts past the ob-
A in terms of the drift mirror instability. serving spacecraft, determine propagation velocities in the

plane perpendicular to the ambient magnetic field, and then
determine wavelengths and wave numbers (Su et al., 1977).

Correspondence tdG. |. Korotova Case and statistical studies reveal that the waves typically ex-
BY

(gkorotov@umd.edu) hibit wavelengths from 2000 to 7000 km and therefore wave
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numbers m from 15 to 120 (e.g., Takahashi et al., 1985to the East-West particle drift is a quadratic for the particle
1990a; Zhu and Kivelson, 1991; Lessard et al., 1999; Vaivadenergy. There is a low energy for which the bounce fre-
et al., 2001). guency almost equals the wave frequency and a high energy

Three causes for the compressional pulsations havéor which the Doppler shifted frequency is much higher than
been proposed: drift mirror instabilities due to pressurethe wave frequency.
anisotropies (Hasegawa, 1969; Pokhotelov et al., 1985; The symmetry of the wave field about the equator deter-
Cheng and Lin, 1987), drift-bounce instabilities (Southwood, mines which resonances are important (see, e.g., Southwood
1976; Chen and Hasegawa, 1991), and the injection okt al., 1976). A disturbance with symmetrical (antisymmet-
blobs of plasma sheet plasma into the inner magnetosphendcal) displacement about the equator will only resonate
(Haerendel et al., 1999). with particles in even (odd)V resonances. Southwood et

The drift mirror instability occurs spontaneously in inho- al. (1969) showed that th& =11 resonances should domi-
mogeneous higl plasmas § is the ratio of plasma pres- nate in the magnetosphere and that the most easily excited
sure to magnetic pressure) when the temperature perpendigraves should be antisymmetric about the equator. They
ular to the magnetic field exceeds that in the parallel di-also showed that the resonant particle contribution to wave
rection. By extending the theory for the mirror instability growth or damping depends on the signdddW, where f
(Chandrasekhar et al., 1958) to include gradients in the magdenotes phase space density aWidstands for particle ki-
netic field B and the hot plasma density a coexisting cold netic energy. The instability occur when there is a sufficient
plasma, and the effect of finite cyclotron radius, Hasegawaspatial gradient in some part of the resonant distribution or
(1969) showed that the growing mode becomes oscillatonyif the plasma velocity distribution is inverted at some point
(in space) via coupling with drift waves producedAy and  such thadf/dw=0 (Southwood and Hughes, 1983). South-
An. The fluid dynamic criterion for the mirror instability is:  wood (1973) predicted that particle flux oscillations associ-

ated with the wave just above the resonant energy should be

P=1+8110-T1/Til <0, (1) 180 out of phase with those just below.

Haerendel et al. (1999) reported the frequent occurrence
gf azimuthally-limited, asymmetric, high-beta <B<10)
plasma blobs outside9 R in the equatorial post-midnight

whereB =(n;kT; | +n.kT, 1 )I(B?I210), Ty, 1 — plasma tem-
perature parallel and perpendicular to the ambient magneti

field, uo — bility of f . . T
e Ch o~ PEMMEabIty Ol Tree space éo early morning magnetosphere. They indicated that the

Magnetic field strength enhancements should energiz s . !
particles and squeeze out those with low pitch angles re‘_sunward-drlftmg blobs might result from some sort of mirror

sulting in normalized particle fluxes that peak more narrowlywaves instability, and_ attr_|buted the source of th_e plasma in
about 90 pitch angles during field strength enhancementsthe blobs to the morningside boundary layer at distances fur-

than during field strength depressions (Southwood and KiVel_ther tailward. However, Haerendel et al. (2004) noted similar

son, 1993), events in Cluster observations much furthed® Rg) from

By contrast, Southwood et al. (1969) proposed that high_Earth in the post-midnight magnetotail. They then attributed

m waves would be excited by a bounce-drift resonant interLOth sets of events to the pulsed earthward transport of blobs

action with the energetic particles trapped in the magneto-(r)égn::mgr']gézz glfassrgztz?;it during the recovery and post-
sphere. In the dipole regions of the magnetosphere the mirror Very p su s .
Due to the antiphase relationship between the den-

magnetic field geometry causes ions and electrons to execute e :
a bouncing motion back and forth along the field and alsosny/pressure and the magnetic field strength, the waves might

execute a slow drift in longitude across the field due to the""ls0 be mte;pae:)emsn tertmT oflsglg\év m(?de MHI(:j)waves. I—(|jow-
magnetic gradient and curvature drift. If the wave field variesEVe!» @s noted by su et al. ( ), slow mode waves damp

as exp (in—iwr) in longitude, and timer, resonance can heavily in homogenous plasn_1a when ion temperatures ex-
oceur if ceed those for electrons, as in the example presented here.

Consequently we do not consider this possibility further.
®—mwg— Nwp =0 (2) This paper employs high-time resolution THEMIS-A

magnetic field and plasma observations to determine the
wherewy andw, are the angular drift and bounce frequen- characteristics of and test proposed mechanisms for com-
cies, N is an integer, andh is the azimuthal wave number. pressional pulsations in the dawnside magnetosphere ob-

The particles that satisfy this resonance condition see a corseryed from 08:00 to 12:24 UT on 7 November 2007.
stant wave electric field so the wave will either grow or damp

depending on the structure of the particle distribution and the

energy availability. Finite pressure and inhomogeneity intro-2  Instrumentation

duce a coupled compressional signal (Southwood and Kivel-

son, 1997). Making considerable simplifications, particu- The ESA electrostatic analyzer on the THEMIS spacecraft
larly neglecting harmonics, Southwood et al. (1969) showedmeasures the distribution functions of 0.005 to 25keV ions
that the resonance condition including the Doppler shift dueand 0.005 to 30keV electrons overr4tr and provides
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accurate 3s time resolution plasma moments, pitch angle -30
and gyrophase patrticle distributions (McFadden et al., 2008). - 5\ -
The SST solid-state telescopes, each comprising two sen- - -
sors, measure the superthermal (0.02-1 MeV) parts of the - 7
ion and electron distributions overr3str (Angelopoulos, I T
2008). Neither the ESA nor the SST distinguish between ion
species. The FGM triaxial fluxgate magnetometer measures
the background magnetic field and its low frequency fluctu-
ations up to 64 Hz (Auster at el., 2008). Throughout most
of their orbits, the spacecraft operate in slow survey mode,
returning magnetic field vectors, plasma moments calculated L
on board, and spectra with 3s time resolution, but full ESA L
and SST particle distribution functions only once every sev- -
eral minutes. During fast survey mode, the spacecraft also -
return ESA and SST particle distribution functions with re- o+
duced angular resolution every 3s. Full or reduced distribu- 10 0 -10
tion functions are needed to calculate temperature and pres- XGSM (Re)
sure anisotropies taking into account the spacecraft potential. o e e - -

N
o
T
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Y GSM
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Figure 1 presents the trajectories of the 5 THEMIS space-
craft and GOES-11/12 from 08:00 to 12:24 UT on 7 Novem-
ber 2007. The locations of the bow shock and magnetopause
have been scaled (for pressure =1.13 nPauysd nT) in a
self-similar manner from the positions expected for typical
solar wind parameters to account for the fact that THEMIS-
B was in the solar wind, -C in the magnetosheath, and the
remaining spacecraft were in the equatorial dawn magneto-
sphere. Each of the spacecraft moved sunward along its tra- N _
jectory during this interval. In particular, THEMIS-A moved [0 T T PRI NI
radially outward and slightly sunward inside the magneto- 5 0 -5
sphere from GSM (X, Y, Z )=¢4.7, —8.7, 1.0) to (X, Y, XGSM (Re)
2)=(-3.3,—-12.6, 1.8)RE.

ZGSM (Re)

a1
T
<
[

Fig. 1. Locations of THEMIS-A, B, C, D, E and GOES-11/12 in the
4 Ob . GSM X-Y and X-Z planes from 08:00 UT to 12:24 UT on 7 Novem-
servations ber 2007. Grey shading marks the portion of the THEMIS-A orbit

. from 11:00UT to 12:15UT. The locations of the bow shock and
The interval from 08:00 to ,12:30 UT on _7 vaember_ 2007 magnetopause were chosen to place the spacecraft in the observed
was very quiet geomagnetically, occurring in the midst of o4ions of geospace during this interval.
a prolonged interval during whiclk, was 0. As illus-
trated in the top panel of Fig. 2, which shows dynamic pres-
sures calculated from slow mode distribution functions, nei-
ther THEMIS-B (in the solar wind) nor THEMIS-C (in the However, the interval was not entirely quiet. Very high
magnetosheath) observed any significant variation in the solatitude ground magnetograms, shown in the fourth and fifth
lar wind/magnetosheath dynamic pressure. The solar wingbanels of Fig. 2 provide evidence for two weak high-latitude
and magnetosheath magnetic fields were generally northwardubstorms during this interval. High latitude stations Barrow
prior to 10:28 UT, but southward thereafter. Geosynchronouggeomagnetic latitude 69.8geomagnetic longitude 248)3
orbit was also quiet. As illustrated by the 1 min time reso- Kaktovik (70.7, 257.8), and Inuvik (70.9, 271.T) ob-
lution GOES-11 and -12 magnetic field GSM latitudes in the served~100 nT negative X bays (i.e. southward deflections)
third panel of Fig. 2, neither spacecraft observed any evi-indicative of dawn to dusk ionospheric currents in substorm
dence for magnetic field line stretching and subsequent dipoeurrent wedges from 10:00 to 10:20 and 11:10 to 11:30 UT.
larization. None of the LANL geosynchronous spacecraftThe longitudinal extent of these substorm current wedges
observed plasma or energetic particle injections (not shown)was no more than £r three hours in local time: Shumagin

(54.3, 256.7) observed eastward magnetic field deflections
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Fig. 2. From top to bottom: THEMIS-B/C solar wind/magnetosheath dynamic pressure, THEMIS-B/C Bz magnetic field component,
GOES-11/12 magnetic field latitudes, and high latitude ground magnetometer X components.

indicating a location equatorward from the upward current,10 nT. North/south plasma velocity variations on the or-
while Fort St. John (629 296.6) observed westward mag- der of 10kms?! were superimposed upon a 7 kmssun-
netic field deflections indicating a location equatorward fromward background convection velocity. From 11:00UT to
the downward current. Furthermore, Geotail, located at GSM12:15 UT there were regular compressional oscillations in
(x,Y, 2)=(—9.6, 5.8,—3.2) R in the evening sector, observed the magnetic field with in phase oscillations of all three com-
anondispersive burst of energetitc40-100 keV) ions from  ponents, periods of 13—15 min, and peak-to-peak amplitudes
11:10to 11:35UT (not shown). of 13-14 nT. The amplitude of the corresponding flow vari-
Although THEMIS-A, -D, and -E observed compressional ations was~15kms, superimposed on a mean sunward
pulsations in the dawnside magnetosphere for many hours ofonvection of~13kms*.
7 November 2007, this paper focuses on the reduced distribu- The weak second harmonic seen in thecomponent and
tions functions returned each 3 s during fast survey mode obtotal magnetic field strength during this interval resembles
servations by THEMIS-A from 08:00 UT to 12:24 UT. From that previously reported at geosynchronous orbit by Coleman
top to bottom, Fig. 3 presents THEMIS-A observations of (1970), namely the magnetic perturbation of the compres-
the magnetic field and ion flow velocity in GSM coordi- sional component oscillates with a frequency twice as high
nates. The magnetic field strength decreased slowly fromas that the transverse component. Zhu and Kivelson (1994)
25 to 15nT as THEMIS-A moved outward, while the sun- found numerous such events in the dawnside and duskside
ward component of the convection velocity,] increased magnetosphere beyond®g which Takahashi et al. (1987a)
from 2 to 13kms? and the total convection velocity/:) interpreted as harmonic structures in a model for an anti-
increased from 13 to 24 knTs$. symmetric standing wave. We defer detailed discussion of
From 08:00 to 10:00 UT, THEMIS-A observed weak ir- THEMIS observations of this phenomenon to a subsequent
regular variations in the magnetic field strength and di-Paper.
rection with “periods” of 30 min and amplitudes ef5nT Figure 4 presents further ESA plasma and FGM magnetic
and apparently unrelated plasma flow variations with peri-field parameters characterizing the pulsations. From top to
ods from 5 to 7 min and amplitudes5 kms™1. The mean  bottom, the figure shows the ion and electron densities, the
convection velocity was very smalV(=2.5kms1). From ion and electron temperatures perpendicular and parallel to
10:00 to 11:00 UT, the magnetic field exhibited more reg-the magnetic field, the magnetic, thermal, and total pressures,
ular pulsations with periods of 20-25min and amplitudesand (for discussion later) results from a test of the mirror
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Fig. 3. THEMIS-A observations of the magnetic field and ion velocity from 08:00 to 12:24 UT on 7 November 2007 in GSM coordinates.

instability criterion. lon temperatures are anisotropic, with pitch angles, the FGM magnetic field strength, and the ESA
greater temperatures perpendicular than parallel to the magen number density moment from 11:00 UT to 11:30 UT. lon
netic field. Although small, the nearly isotropic electron tem- pitch angle distributions peak near°9Qas is typical dur-
peratures are not negligibld(~0.27;), as has sometimes ing compressional Pc5 waves (Kremser et al., 1981). Both
been assumed. Their contribution must be considered whethe plasma density (primarily cold particles) and the flux
calculating the total thermal pressure, which oscillates in an-of 5-10keV ions vary in antiphase with the magnetic field
tiphase with the magnetic field pressure so as to keep wittstrength. Since particles with? (phase angles are moving
the sum nearly constant (e.g., Zhu and Kivelson, 1991). duskward (+Y) and those with 9phase angles are moving
Figures 5 and 6 show THEMIS-A ion and electron en- antisunward £X), the fact that increases and decreases in
ergy spectra in the energy ranges from 2 eV to 25 keV (ESA)particle flux first appear at 18@phase angles and only later
and 25keV to 150keV (SST). lon fluxes peak at energies(AT=90 to 180s) at O phase angles in the presence of a
from 2 to 10keV, while electron fluxes peak froeb00eV  northward magnetospheric magnetic field indicates sunward-
to 5keV. The compressional pulsations modulate the fluxesnoving wavefronts.
of both species at all energies, particularly after 09:40UT For comparison with the predictions of the three proposed
when the pulsations exhibited greater amplitudes. The SSTnodels, we can determine the proton gyroradigs., the
observed two weak electron injections with energies from 25azimuthal wavefront velocity,,, the wavelength., and the
to 70keV at 10:10 UT and 11:30 UT about 10 min after eachazimuthal wave number m from the observed gyrophase lags
of the two substorm bays noted in the high-latitude groundA7 and wave period¥ using the following formulae:
magnetograms. THEMIS-A observed no corresponding en-

— 1/2

ergetic ion injections. rgyro = (2mpE/q)”/B (3)
Var = 2rgyro/ AT 4)

5 Wave characteristics W= VT 5)
From top to bottom, Fig. 7 presents THEMIS-A ESA 5- ,, — 27 R /a ®6)

10keV ion pitch angle distributions, the same ion pitch angle
distributions normalized to the peak flux at each instant, 5-whereR;y. is the radial distance of the spacecraft from Earth,
10keV ion gyrophase distributions integrated over 452135 m , is the mass of a protorR is the observed magnetic field
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Fig. 4. Plasma parameters for THEMIS-A from 08:00 UT to 12:24 UT on 7 November 2007. From top to bottom, the pandis)shew

ion and electron densitie)) the ion and electron temperatures perpendicular and parallel to the magneticliétheé, magnetic pressure
(BZ/Z/,LO), the sum of the ion and electron; kT; | +n.kT, | ) thermal pressures perpendicular to the magnetic field, and sum of the plasma
and magnetic pressures, aftj results from test of the mirror instability criterion. Shaded grey areas indicate the times where the drift
mirror instability is satisfied<€0).

strength,q is the charge of a proton, antl is the energy  sphere. The phase relationship between particle fluxes and
of the particles (taken as the geometric mean for this energyhe wave should vary 18@cross the resonant frequency.
channel or 7 keV here). Figure 8 presents the results of these To obtain the energy of resonant protons required for
calculations for the full interval from 08:00 UT to 12:24 UT, drift bounce resonance for low frequency waves we solve a
but plotted as a function of radial distance from Earth. Pul-quadratic for the resonance velocities on a given field line
sation “periods” slowly decrease from more than 30 min at(Takahashi et al., 1990b):

10.5Rg to values ranging from 13 to 15 min at 12R3 and
beyond. Gyroradii increase from 600 to 800 km. The veloc-
ity of the waves inferred from the finite gyroradius technique
is ~10 km st sunward.

Finally, wavelengths ranged from values greater thanwe use the observed wave frequenciesdgr Drift w; and
10000 km near Earth to values less than 10000 km furthehounce frequencies, are determined from the formula of

away, resulting in azimuthal wave numbers ranging from lessHamlin et al. (1961) for a given equatorial pitch-angle, en-
than 40 near Earth to almost 80 further away. ergy, and L-value.

wy — (mwg — a),)2 =0 (7)

(wp — mwg + wp)(wp +mwg —w,) =0 (8)

5.1 Test of three proposed models wq = (3m,V?RyP())/(qBo R%),

In this section, we test the predictions of the drift-bounce,®? = mV/@2Rg Ry T (@),
plasma blob, and drift-mirror model predictions for wave T (o) = 1.30— 0.56 sinc,
generation on 7 November 2007.

P(a) = 0.35+4 0.15sine, o = 45°
5.2 Drift bounce resonance test

Then the energW of the resonant protons can be determined
The drift-bounce model predicts the existence of a particlefrom W=1/2 (msz/q). The studies of e.g. Takahashi et
population whose bounce and drift frequencies resonate wittal. (1987b) and Zhu and Kivelson (1994) showed that the
and provide energy to compressional waves in the magnetomagnetic equator is a node for the compressional component

Ann. Geophys., 27, 3728%35 2009 www.ann-geophys.net/27/3725/2009/
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Fig. 5. Energy flux spectrograms for ions in the range of energies from 2eV to 25keV (ESA) and from 25keV to 150keV (SST) on 7
November 2007 for THEMIS-A.

and antinode for the transverse component, i.e. the pulsas.3 Criterion for plasma blob convection
tions are antisymmetric with respect to the.equator (second
harmonic). Southwood and Kivelson (1981) showed mathe-The compressional pulsations may correspond to High
matically that in the case where a signal electric field is anti-plasma blobs injected by geomagnetic substorms. If so,
symmetric about the equator, resonance is possible only fothe pulsations should begin, or attain greater amplitudes,
particles that detect odd harmonics of the bounce frequencywhen enhanced ion fluxes arrive shortly after the onset of the
Therefore, we seN=x1 and the values for m derived us- two weak substorms observed in ground magnetograms at
ing the finite gradient techniques above as a function of ra-10:00 and 11:10 UT. Although Fig. 6 indicates that dispersed
dius. The bottom panel of Fig. 8 shows that the proton energyinjections of enhanced electron fluxes arrive at 10:10 and
required for the high-energy resonance was typically 28 t011:30 UT, Fig. 5 provides no evidence for any correspond-
75keV, but ranged as large at 615 keV. We obtained that théng increases in the ion fluxes. Figure 4 indicates that neither
proton energies required for the low-energy resonance rangseak nor minimum densities associated with the waves vary
ing from 69-628 eV. significantly at these times. Figure 3 demonstrates that con-
Inspection of Fig. 5 provides no evidence for significant vection velocities increase gradually throughout the interval
particle fluxes at either the high energies greater than 28 ke\from 08:00 to 12:24 UT, rather than abruptly at the substorm
or the low energies from 69-628 eV required for resonanceonset times. We therefore conclude that the wave activity is
with the compressional waves. Nor does the figure providenot associated with the arrival of drifting clouds of ions in-
any evidence for a reversal in the phase relationship betweejected by substorms.
particles fluxes across these resonant energies. We therefore
rule out the bounce drift resonance as a possible candidate.4 Mirror instability test
for generation of the compressional waves.
We expect plasma and magnetic field conditions observed
during drift mirror mode waves to satisfy the specified in-
stability criteria, the waves to propagate through the ambient
plasma at the ion gradient curvature drift velocity, and ion

www.ann-geophys.net/27/3725/2009/ Ann. Geophys., 27, 3F2%5-2009
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Fig. 6. Energy flux spectrograms for electrons in the range of energies from 2 eV to 25 keV (ESA) and from 25keV to 150keV (SST) on 7
November 2007 for THEMIS-A.

pitch angle distributions to peak more strongly neé&r@itch drift mirror instability in the case of one cold species was
angles during enhancements in the magnetic field strengtincorrect and it was difficult to get it analytically in this case.
than during depressions in the magnetic field strength. The unstable wave propagates at the ion drift velocity
The bottom panel of Fig. 4 presents results from the fluidwhich in turn depends upon the direction of the pressure gra-
dynamic test for the mirror instability, Eq. (1), where a neg- dient. In our case, the gradient points inward. Using the finite
ative value indicates instability. The criterion is only satis- gyroradius technique, we determined a 10 krh sunward
fied during sporadic intervals of weak magnetic field strengthvelocity for the waves. This velocity represents the sum of
and enhanced plasma pressure after 09:40 UT (grey shading)je particle drift velocities and the backgroulick B convec-
when the amplitude of the oscillations also increases. tion. Using observed values for the magnetic field strength
This is similar to results obtained in the past for wavesand pressure as a function of radial distance, we can estimate
attributed to the drift mirror instability. Zhu and Kivelson the (antisunward) magnetic field and pressure gradient drifts
(1994) and Vaivads et al. (2001) also reported that the instato be on the order of 15 and 1 km’s respectively. If so, the
bility was only satisfied during intermittant intervals whereas sunwardE x B convection velocity must be on the order of
Lanzerotti et al. (1969); Takahashi et al. (1987b); Baumjo-25 kms1. This requires an electric field of 0.5 mV/m which
hann et al. (1987); Woch et al. (1988) presented events whiclseems reasonable for this quiet day. Our results are consis-
did not satisfy the instability. However, Rae et al. (2007) tent with those of Takahashi et al. (1987c), who reported, that
analyzed Equator-S observations indicating that the criteriorihe compressional waves move westward in the plasma rest
was satisfied throughout most of an extended K) inter-  frame.
val at radial distances up o~11 in the dawnside magneto- ~ Finally, we expect ion pitch angle distributions to peak
sphere. As shown in some theoretical papers (Pokhotelov ghore strongly near 90pitch angles during magnetic field
al., 1986; Cheng and Lin, 1987; Woch et al., 1988), incorpo-strength enhancements than during magnetic field strength
rating the effects of a more realistic magnetic field geometrydepressions. Inspection of the normalized 5-10 keV ion pitch
such as a non-bi-Maxwellian velocity distribution or the cou- angle distributions shown in Fig. 7 confirm that this was in-
pling with other modes may reduce the instability threshold.deed the case.
Hellinger (2008) reported that the threshold condition for the
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Fig. 7. Particle, magnetic and plasma data from 11:00 UT to 12:24 UT on 7 November 2007 observed by THEMIS-A. From top to bottom,
the panels show the 5-10keV ion pitch angle distribution, the 5-10keV ion pitch angle distribution normalized to the peak flux during each
spin, the 5-10keV ion gyrophase distribution integrated over pitch angfesl3%, the magnetic field magnitude, and the ion number
density versus time.

We conclude that although the instability criteria were We inferred the motion of the wave fronts from the fi-
only sporadically satisfied, the main properties of observa-nite gyroradius effects seen in observations of 5-10 keV ions,
tions on 7 November 2007 are consistent with an interpretawhose fluxes peaked near °9itch angles. The waves
tion of the waves in terms of the drift-mirror instability. generally move sunward at velocitiesl0 kms™1 with the
background plasma convection flow or antisunward in the

) rest plasma frame. Wavelengthsranged from 6700 to

6 Conclusions 23300km, indicating azimuthal numbens in the range
from 18 to 76. The characteristics of the waves discussed

We used high-time resolution THEMIS-A magnetic and . ", . ; : .
) o . In this paper are consistent with those for compressional pul-
plasma data to determine the characteristics of compressional . ) . . i
Sations determined in previous studies.

pulsations seen in the dawnside magnetosphere at distancesW idered th ibl lanati for th )
of 10.5to 13Rg from Earth on 7 November 2007. In contrast d _?t%onm ere ¢ tr)_eﬁ poss; te exp gnat_lons O(; the v;q\f/tes.
to previous reports, pulsation periods slowly decreased, pyft 2rift-bounce instabllity, substorm injection, and the dritt-

amplitudes slowly increased, over this radial distance. wemirror instability. We found that particles with low energies

showed that the sum of the magnetic and plasma pressurjzs{eeg_&s eV or high energies of 28-615keV would have

was maintained during the pulsations, i.e. that they oscillate -en required tq account for drift-bounce resonance during
in antiphase. this interval, but inspection revealed only background fluxes

lon temperatures were greater perpendicular than paralQf particles wiFh_the_se energies. Nor was_there any evidence
lel to the magnetic field. By contrast, electron temperatures{ﬁlOr substorm injections of suprathermal ions or abrupt en-

were almost isotropic. Electron temperatures were small, bu ancements in conyecthn. . L )

not negligible, by comparison with ion temperatures. They We tested the mirror instability criterion fpr the mtgryal

must be used for accurate calculation of the mirror mode in-foM 08:00UT to 12:24 UT and found that it was satisfied

stability criteria. during sporadic intervals of weak magnetic field s_trength_and
enhanced plasma pressure after 09:40 UT. Consistent with an

interpretation in terms of drift mirror mode waves, plasma
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