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1. Introduction

2. LENA Operation

3. Sun Pulse Observations

4. The June 8 2000 Event

The Low Energy Neutral Atom (LENA) im
ager (shown In the picture to the left of the ti
and author banner) is one of six science exps
ments that were launched on the IMAGE ob
vatory on March 25, 2000 (see Fig. 1 belo
IMAGE launch from Vandenberg AFB). This |
strument was designed to accomplish remote s¢
Ing of the neutral component of space plasma:
energies from a few tens to a few thousand
electron volts (sample images for June 8, 2
are shown in the picture to the right of the tjt
and author baner). Neutral particles in this enel
range, which encompasses most of the plas
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2. callimstarsCharged particle rejection
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ain Figure 3.

Many clear and consistent features appe
In the LENA data immediately upon reaching s«
ence level operations. Fig. 7 shows some oft
features on May 24, 2000, shortly after LE
reached science level, in the form of a speat
gram which plots the time of day along the x-
and the LENA spin angle along the y-axis. I
color indicates the total event rate, irrespectiv
the time-of-flight. As mentioned Iin the previo
section, LENA Iimages in two angles, althouc
only one is plotted in the spectrogram format,

the heliosphere and result when energetic partj
charge exchange with the Earth’s hydro
geocorona, have not previously been syste
cally observed. Similar to instruments which |
age more energetic neutral atoms, LENA has
ability to not only detect the neutral atoms,
also determine their mass, energy and direg

tig

to observe the Sun directly and respond

neutrals of energies of the order of 1 keV. Conse-
guently, the instrument Is capable of observin

the fraction of the solar wind flow that i1s neutr:

hydrogen, which has been long-recognized g8s 0

potentially great importance for understandir
solar, interplanetary and magnetospheric physic

o[V
negatlve lons through a near specular glanc;

(polar and azimuthal angles). LENA was desig er Cflection from a tungsten surface (3). Negat

I?]S Fig. 3 shows a cross section of the LENA
trument showing particle paths through the s

Sor. Neutral particles (1) enter the instru

%arged particles. LENA converts neutral

%gns from the surface are then collected by
extraction lens (4 and Fig. 5) which focuses
negative ions with the same energy to a fixec
R ation. In the extraction lens, the ions are acct
e

1 ?ectrostatlc analyzer (5). Finally, the ions p
ﬂwto a time-of-flight/position sensing section

2nd Fig. 6) where ion mass, energy and angle

m
through a collimator (2 and Fig. 4) which flltje

determined.

LENA data are available to the general pu
Ic at the same time they are available to t
_ENA team at http://goewin.gsfc.nasa.go
_ENA/.

Figure 1.

Charge exchange between solar wind prot
and neutral atoms can be primarily responsi
for the formation of a neutral solar wind (see Fi
2), although there Is also a neutral component
to recombination of solar wind ions with so
wind electrons. These charge-exchanging neu
may be interstellar neutral atoms, they may or
nate from dust grains or they may be part of
Earth’s geocorona. The potential importance
charge exchange on the exospheric neutrals
be motivated by the realization that the neu
density at the nominal magnetopause Is In
comparable to the average solar wind densit
that the neutral density at this radial distanc

not small. Since charge exchange in the geocagrona
B U-

will occur preferentially near the Earth, the n
tral solar wind characteristics may be heavily|i
fluenced by magnetospheric structures.

Figure 2.
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Figure 8.

One notable feature is the bright yellow/ora
streak which begins near 180 degrees and

06t the IMAGE geometry along with LENA's fielc
[és-view during this event.

through all angles. This “Sun pulse” appear

About one month after beginning science fp-
erations on May 5, 2000, LENA had an opportu-
nity to observe a coronal mass ejection (CME)
and Its effect on the terrestrial environment. |On
June 6, 2000, an intense solar flare was observec
and was followed by a full-halo CME propagat-
Ing toward the Earth. The shock wave driven by
this CME was observed by the Advanced Com-
position Explorer (ACE) and the Solar and
Heliospheric Observatory (SOHO) spacecratft at
about 0842 UT on June 8, 2000 at the L1 point,
235 R upstream from the Earth (see Fig. 9), and
by the WIND spacecraft, 41_Rpstream, at about
0905 UT. At 0911 UT this disturbance passed the
Earth where it and its effects were observed by
the IMAGE spacecraft. Fig. 10 shows a cartpon

at

the spin angle closest to the Sun. On this parti~

lar day, the Sun was within LENA's +/-45 deqgre
field-of-view so that the Sun pulse is actuall
the direction of the Sun. Note that when IMA
moves behind the Earth, the angular rang
which is indicated by the white lines, the Sun pul
IS occulted. It was apparent early in the missi
that not only did the signal from the Earth resp
to solar wind pressure variations, but that the
tensity of the Sun pulse did, as well.
Fig. 8 shows an example of an increase in
Sun sector LENA count rate resulting from
iIncrease In solar wind flux. The solar wind nu
ber flux, measured by WIND about 43 Hp-

C

m_

Two Sources of Solar Wind'Neutral Atoms

Magrne tosheath
2. Solar wind ions charge exchanging in near-
} {

1. Direct NSW from interstellar neutrals and
dust grains

Figure 10.

stream and about 6_Pff the Sun-Earth line is
iIndicated by the upper, dashed-line trace and

right hand y-axis. The LENA Sun sector hyd

the Fig. 11 shows a LENA spectrogram of the com-
bined hydrogen and oxygen count rate as a func-

gen counts per spin is plotted with the lower solition of time on the day the CME-driven shqgck

trace and the left hand y-axis. There are a numieassed the Earth, June 8, 2000. The sun pulse, il
of short-lived enhancements in the solar wind fluime, near 180 degrees is a signal initially thoyght
which are not obviously associated with enhancéo represent a response to the EUV photon fflux

ments in the LENA rate, perhaps due to its
sute profile. However, the largest enhance
In solar wind flux, which is observed at about O

ifrom the Sun. The angular range of the Earth is
mdicated by the dashed white lines, and the yel-
w brightening around 0950 UT Is a neutral oxy-

UT, accompanies a concrescent enhancementden _b_urst. However, v_vhen the sun pulse increasec
the LENA Sun sector hydrogen rate. Ultraviglesignificantly at the arrival of a shock (at 0911 UT)

data from SOHO show that there was no enhandg-the solar wind associated with the CME, it

ment at this time so that the increase inthe L

count rate cannot be due to any sensitivity to lightesent neutral atoms in the solar wind.

asS

goncluded that at least part of this signal must rep-
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5. Magnetosheath Sims.

6. Conclusions

EPAM flux data for ions with energies betwek
47 and 65 keV/e, which includes the 50 ke

low energy limit for LENA ion admittance, shov
a step-function type increase at the time of
shock. If the LENA response were due to the
energetic ions, we would expect the time profjl
for the observations to be much more similar. TI ¢
suggests that the enhanced sun pulse observe &
LENA is not due to these suprathermal ions.

o

The LENA UV response is a result of the ic
Ization of particles inside the instrument by p
tons, as light does not penetrate to
microchannel plates (see Fig. 3). Thus, the Ins
ment UV response scales with pressure at or
the conversion surface, and the response ta
based on calibration data scaled to the amtk

pressures expected on orbit shows that LENA

a negligible UV response in orbit.

As additional evidence that LENA Is not 1
sponding to UV, Fig. 12 shows the EUV data fr
SOHO on June 6-8, 2000. The upper solid
shows the photon flux between 0.1 and 50
and the lower dashed curve shows the photon
between 24 and 34 nm. The activity on Jun
associated with the CME is apparent In the
with some subsequent activity on June 7 (wh
was not associated with a LENA count rate
hancement). During the event on June 8, indic
by the vertical line, there is no enhancemen
the UV flux, indicating that the enhancement s
In the sun pulse by LENA Is not due to an
crease In solar EUV.
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LENA RESPONSE TO SOLAR WIND CHARGE EXCHANGE
WITH THE EARTH's GEOCORONA
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UV radiation 1s not the cause of the obser{/

enhancement in the sun pulse. However, it is

penetrating the collimator. At the time of the J

across the collimator (significantly higher than the

collimator setting during the May 24, 2000 eve
to filter out all ions with energies up to about
keV/e, while above about 100 keV/e most It
can traverse the collimator and arrive inside
Instrument. Because ion spectra at these ene
IN most space plasma environments follow r
Idly decreasing power laws, the primary contri
tor to the energetic ion flux entering LENA
likely close to 50 keV/e.

Thus the enhanced sun pulse seen in LE

lata We conclude LENA observed neutral partid]
licflom the solar direction during this event, in
értating the Sun pulse was and in general is pr
at@ty due to neutral particles. We now address|the
t IBsue of whether or not the neutral atom energ
Eedre consistent with solar wind-like energies of|t
INorder of 1-5 keV. Fig. 14 shows LENA calib
tion data taken at the University of Denver ngu
tral beam facility. The upper panel shows a ti
of-flight spectrum resulting from incident 30
atomic hydrogen. There is a well-defined hydr
gen peak at low times-of-flight with no evide
of an oxygen peak. An oxygen peak appears
the energy of the incident neutral hydrogen
ceeds a threshold between 300 eV and 100 &
Above this transition, as shown in the lower panel
of Fig. 14 for 1000 eV atomic hydrogen, a si
nificant oxygen peak Is present, believed t
due to the sputtering of adsorbed oxygen or w
from the conversion surface.

Fig. 15 shows a time-of-flight spectrum take
during the enhancement on June 8, 2000.
spectrum only includes events coming from th
general direction of the Sun. Note the promin
e6‘xygen peak. Since large neutral oxygen flu

_ A | D080 not occur in the solar wind, this suggests
sible that this increase Is due to suprathermal

seemed plausible.

“Tations of LENA's response on June 8, 200
"Solar wind ions charge exchanging with tf
Pearth’s
.Mmagnetosheath. Fig. 16 is an example in s
'?r%gram format for 4 keV hydrogen. Note tha

“hot result from charge exchange with the Eart

what LENA observes on June 8, 2000, name
b\?/ide Sun pulse around 180 degrees, the direc- Thus, we will also calculate the ratio of neutral
%5n closest to the direction of the Sun and sudlux to solar wind flux on May 24, 2000 when

r%:]est that in fact LENA is responding primarjlyLENA was observing both the direct neutral solar

11o solar wind charge exchange in thavind and the effect of charge exchange with|the

When the Sun moved out of LENA'S fieIEI-
of-view, yet the Sun pulse was still visible, gne
possible explanation proposed was that LEN
was observing solar wind charge exchange |

magnetosheath. Because the solar wind |
magnetosheath is deflected, hot, and has |p

nounced suprathermal tails, all factors that woul
contribute to observing charge exchange pro

ucts far off the Sun-Earth line, this explanatjc

To check this idea, we have performed si

hydrogen geocorona In t

the

t:t]r%ll solar wind component at 1 AU. However, gi

DI

LENA has observed a neutral particle compo-
nent in the solar wind. These observations can be
used to estimate the neutral flux during the [en-
hancement period. As shown In Fig. 13, the count
rate during the enhancement is about 15 counts per
spin. Since each spin sector Is observed for about
2.7 seconds, this reduces to a count rate of 5.6 per
second. At solar wind energies, LENA's neutral hy-
drogen detection efficiency was measured to be
about 6.4x10. We regard this as being correct to
within a factor of two, considering the differegnt
conditions In flight and the scatter of the data In
the efficiency curves. LENAs entrance aperture
has an area of one centimeter squared, which yields
a flux of about 8.8x10cm? s'. At that time, the
solar wind flux was about 38nm? s* (12 cm® den-
ity and 800 km/s speed) yielding a flux ratio
neutrals to solar wind protons of about*10
This value Is comparable to the expected neu-
en
the IMAGE orbit on June 8, 2000, and the imager
eld-of-view, the signal has an apparent origin
centered more than 45 degrees from the solar di-

of

rection and so may originate largely from the
magnetosheath interaction with geocoronal hydro-

ﬁen. As mentioned earlier, a significantly stronger
ocalized signal was observed prior to May P26,

12000 (see Fig. 17), before the solar direction passed

§%§yond the nominal imager field of view.

1

FENAS response integrates over all energie

contributor to the LENA response during t

event Is particles with energies around 4 ke: :
Note also that this simulation does not inclur

any neutral component in the solar wind that c

(an

|
gocorona, l.e. the direct neutral solar wind.||
1ally, the simulation does not factor in the LEN
nstrument efficiencies.
The results shown in Fig. 16 are similar

to
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Figure 17.

T agnetosheath during this event.
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observations could be due to ions with ener

les

at or above 50 keV/e. If this Is the case, such |ons

would have been observed by the Electron,

roO-

ton, and Alpha Monitor (EPAM) aboard the ACE
spacecraft. Figure 13 compares the LENA back:
ground-adjusted counts per spin (light trace, |left
hand y-axis) from the solar direction with the

ACE/EPAM ion flux o

ata (heavy trace, right hand

y-axis, plotted logarithmically) for this event. The

counting rate contained in the LENA data pe
shortly after the shock’s passage and slowly

kS
de

creases for about an hour thereafter. The ACE/
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Nt
Xes
the
IDReutral hydrogen has energy above 300 eV, at
ING/hich sputtering can occur. This is consistent with

|y a

Earth’s geocorona. Referring back to Fig. 8, onthis
day the LENA enhancement is about 60 counts per
spin or about 22 counts per second. Unlike the June
8, 2000 event, when the stop microchannel plate
was operated at a higher level, the May 24, 2000
event occurred close enough to the start of science
operations that the instrument stop microchannel
plate bias level was conservatively lower. Conse-
guently, the 1 keV atomic hydrogen efficiency was
1.5x10° during this event, and the neutral flux is
about 1.4x10cm? st. The solar wind flux during
this enhancement was about 2.8¥dt¥ s* which
yields a flux ratio of neutrals to solar wind protons
of about 5x16. This likely implies a direct neu-
tral solar wind to solar wind proton ratio in the
low 10“s.
We have reported the detection of hydrogen at-
oms of energy >300 eV consistent with solar wind-
type energies from the magnetosheath and inter-
planetary space. This work establishes two impor-
tant facts:
() The LENA detection technique Is now proven
viable for the imaging of space plasma popula-
tions containing hydrogen atoms of solar wind
energies.
(i1) there is a flux of neutral atoms, 1810* of
the solar wind flux, in the magnetosphere.
This opens a new window for observation and a
new topic for investigation in the role of low en-
ergy neutral atoms in space plasmas.




