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1 Introduction the lack of a time-energy dispersion, and (3) the presence of
energetic electrons.

In their comment, Fuselier et al. (2008, hereafter FPT)

provide an alternative interpretation to the study done by ) o

Whitaker et al. (2007, hereafter WFC). WFC concludes that?> Particle flow direction

energetic ions observed in the cusp were accelerated locall ) _ :
while FPT argues that the ions could have been accelerate he_ﬂrst problem is that we .WQUId _expect 0 see_part|cles
at the bow shock and then transported to the cusp. Th owing parallel to the magnetic field line at some point as the

two analyses interpret observations made by the Internationai?fatell'te transitions from the magnetosphere to th? magnhe-
Sun Earth Explorer (ISEE)-1 on 30 October 1978 as thetosheath and eventually crosses the bow shock. This is never

spacecraft travelled through the high altitude cusp. ISEE-ldetetfted' hFigliJre 3 Ln _FP-L shov(\;s the IMthassing through
observed an area of depressed and turbulent magnetic fiefd® POW Shock and being draped against the magnetopause.

as well as increased energetis 10 keV) ion and electron he IMF field lines then reconnect equatorward of ISEE-1,
flux providing a connection between the solar wind and the iono-

sphere. FPT reports “The low and high energy ions propa-

FPT identifies the quasi-parallel bow shock as the Ioca-gate to the ionosphere along the newly open field lines, mir-

tion of particle acceler.atlon. To show th|§ F_PT p.resents %or, and return to high latitudes.” In order for the region of

model that traces partl_cles along magnetic flelql lines fromenhanced particle flux to be observed for 2 h, this must be a
the cusp to _thedsolar_vxlnndfat theth\év sho;:]k. l'(l'h|s_model acontinuous process. If the particles are continuously flowing
gues energized particles from the bow shock gain entry 1, o e| 1o the magnetic field lines while they are crossing the

the magnetosphere through low latitude reconnection, ProPRow shock travelling through the magnetosheath and drap-
agate along reconnected field lines to the ionosphere, mirroring the ma,gnetopause we would expect to observe this as
and return to high latitudes where they are observed flowinggee_1 travels through’these regions

anti-parallel to the magnetic field by ISEE-1. We agree with
the FPT model to the extent that with these IMF conditions,
reconnection opens the cusp to the solar wind plasma, an
newly reconnected field lines will convect tailward, but ob- unil B, turns positive near 02:00UT on 31 October, as

servations do not support particles being energized at the bo hown in Fig. 1), so the process should not stop, yet no en-
shock and transported to the cusp. We present three incorh- ! y

sistencies between the FPT model and the observations ma
by ISEE-1: (1) the absence of parallel flowing particles, (2)

The general magnetic field conditions inside and outside
a:e magnetopause remain the same as ISEE-1 crosses the
agnetopause and travel through most of the magnetosheath

bow shock at 04:15 UT on 31 October 1978. Figure 2 shows
the pitch angle of the electron plasma (10 eV-2 keV) as well
as the energetic ions (24-44.5keV) and electrons (22.5—
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of the parallel flux. Both of these observations are consistent
with a low energy plasma population flowing parallel to mag-
netic field lines threading the cusp while particles energized
in the cusp are observed flowing antiparallel to the magnetic
field at high latitudes. During a few short some time periods,
the behavior of the low energy electrons may be consistant
with that of the higher energy particles, but the discrepan-
E cies make it important to focus on the high energy ion and
3 — — electron measurments to find their origin.

W 3 Time-energy dispersion
?JV\/\'\M RS g

, , , , , , E The second inconsistency between the FPT model and the

100 17:00 19:00 21:00  23:00 01:00 03:00 05:00 observations is that we see no obvious time-energy disper-
Universal Time (Hours) . . . .

sion in the plasma. If ions are energized at the bow shock

Fig. 1. Upstream solar wind parameters measured by ISEE-3 on 30-UP 0 30R from the subsolar location (€.ggsm=—30R)

31 October 1978. The values are time-delay (58 min) propagated@nd travel along a flux tube to arrive in the cusp, there would
from the location of ISEE-3 to the magnetopause. Top panel proP€ a time-energy dispersion signature. The ion flux measure-
vides the magnetic field components while the bottom panel is thements in Fig. 3 show the first four energy channels of the
dynamic pressure which remains low and relatively constant. TheMEPE detector with flux separated into the pitch angle$,(15
periods of interest include the time between 16:00-18:00 UT wheng(r, 165’). The measurements show no visible time-energy
ISEE-1 transited the high altitude cusp and then exited through thejispersion signature.

magnetopause, and a period from 18:00—-04:15 UT when ISEE-1 re-

mained in the magnetosheath until it crossed the bow shock.
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4 Energetic electrons

Energy Particle Experiment (MEPE) (Williams et al., 1978) Studies of particle energization at the quasi-parallel bow
with 36 s resolution detecting over alkt4steradian. Low en-  shock show Fermi acceleration of incident solar wind ions up
ergy electrons were measured with the Electron Spectromto ~150keV (e.g. Ipavich et al., 1981; Mobius et al., 1987;
eter Experiment (Ogilvie et al., 1978) with 48 s resolution. Gosling et al., 1989); however, this mechanism can not ef-
While ISEE-1 is in the magnetosheath, the electron measurficiently accelerate electrons (Lee, 1982). In Sect. 4, FTP
ments show particles are close to perpendicular to the fieldargues the energetic ions observed in the cusp are energized
and slightly anti-parallel. At no time was there energetic at the bow shock and goes on to conclude that “No local ac-
ions, electrons or lower energy electrons observed flowingceleration is required to maintain the energetic particle pop-
parallel to the magnetic field. ulation observed by ISEE-1.“ This conclusion refers to the
Although the energetic particles make up a small part ofenergetic ion population but does not address the presense of
the total plasma during this event, studying their properties isenergetic electrons.
important, as observations show their behavior is often dif- While in the cusp diamagnetic cavity, ISEE-1 observes en-
ferent than that of the low energy particles. Figure 2 in FTPhanced ion flux with energies up to 210 keV, as well as ener-
shows the angle between the low energy electron bulk flongetic electron flux showing two orders of magnitude increase
velocity and the local magnetic field vector. FTP highlights for energies up to 39 keV. The presence of energetic electrons
three points of short time duration where the angle peaks neas unexplained by a bow shock source. The pitch angle of the
135 and uses this to argue the high energy particles exhibielectrons give us more information. Although the energetic
the same motion as the low energy particles. These threelectrons are centered around a pitch angle dtB@@®ughout
peaks last only several minutes each and are not represemost of the event, during the time period between 18:17 and
tative of the low energy flow of the entire event. Again in 18:22 UT the electron pitch angle indicates particles flowing
Fig. 2 of FPT, during the extended time period between theanti-parallel to the magnetic field. This is again interrepted
first two peaks (16:18-17:00 UT), the angle is close to andas particles flowing away from a local source earthward of
often below 90, indicating low energy plasma flowing par- the spacecraft. A bow shock source may be capable of pro-
allel to the magnetic field vector. This is very different from ducing ions at the observed energies as FPT argues, but a
what's observed through the high energy particles during thebow shock source is not sufficient to explain both the pres-
same time period. The high energy ion pitch angle distri-ence of energetic ions and electrons observations by ISEE-1.
butions shown in the bottom panel of Fig. 2 in FTP show The existance of the two can not be separated in this event.
strong perpendicular and antiparallel {3hd 165) flux en- Itis unlikely that the energetic electrons could have drifted
hancments close to an order of magnitude greater than thab the cusp from another source. Although more energetic
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Fig. 2. Measurements made from the event on 30 October 1978 to after ISEE-1 crosses the bow shock on the following day. From top to
bottom the panels are electrons (22.5-39 keV) from MEPE, then energetic ions (24-44.5 keV) from MEPE, both sorted by pitch angle. The
third panel from the top is the angle between the electron (10 eV-2 keV) bulk flow direction, as measured from the Electron Spectrometer
Experiment, and the magnetic field vector. The bottom panel is the magnitude of the local magnetic field provided with 4 s resolution.
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Fig. 3. Taken from Whitaker et al. (2006). From top to bottom, each panel shows ion flux with increasing energy measured with MEPE on

ISEE-1 on 30 October 1978. The particle flux is sorted by pitch angle with a tolerance dfdse that the flux enhancements begin and
finish at the same time for each energy channel.
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