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The Electrostialic Analyzer (ESA) measured the intensity of charged paruicles returning to the BEAR
payload durning {light on 13 July 1989. These particles form pan or all of the current that returns to the
payload to neutralize the charge ejected with the beam. By measunng the rctum flux with high time
resolution, we can study the physics of charging processes.

When the neutralizer was off, the payload emitted 10 mA negative and charged to several hundred
volts with a maumem of ~800V. With the neutralizer on (normal configuration) the payload emitted ~ ImA
negative and received clecirons with encrgies up to a few hundred volts in some attiiudes. This suggests
charging to a few hundred volts. The charging rate of the payload is consistent with the rocket body
capacitance with respect to a vacuum.

INTRODUCTION

The Electrostatic Analyzer's (ESA) function on BEAR is to mcasure the cnergy spectrum of
particles carrying currcnt that returns to the payload to ncutralize charge removed with the beam pulscs.
From these data it is possible, with some assumptions, 10 dcduce the voltage to which the payload
charges. The data directly show what particles arc bombarding the surface of the payload.

The accompanying paper [Potter et al., 1990] duescribes the ESA instrument in detail as well as
its calibration and testing. In short, the ESA measurcs the energy spectra of clectrons and jons from 20
¢V 10 3000 eV with 237% energy resolution and temporal resolution of 1 microsecond. The accelerator
on BEAR produces 5 beam pulses per second. cach 50 microscconds long.  Operation of the gas
neutralizer determined the composition of the emitted beam. A magnet captures stripped clectrons, so
only ions and neutrals cscape. The ESA obtained data during and after cach beam pulse; it steps
through its energy range cvery fourteen pulses. The ESA mounts in the Physics/Telemetry Section of
the BEAR payload looking radiaily outward perpendicular to the spin axis and at the 90 degree azimuth
location.

We have obtained data from two sets of measurements: a scrics of experiments conducted in a
space simulator prior to flight, and the flight of the BEAR rocket. Potter er al. describe the simulator
data. From these data we conclude that we can infer the voltuge applied to the FSA from the spectry it
ohserves.
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Fi1GHT DATA

Charging data could be obtained under three major conditions during flight. During most of
the flight the accelerator produced 10 mA of 1 MeV ncgative hydrogen ions at the output of the HEBT,
and the neutralizer operated normally 10 produce a net beam current of about 1 mA negative. During
two intervals the neutralizer was turned off so that the full negative ion output of the HEBT (10 mA
when working corrcctly) left the payload. Finally, just before reentry the beam was over-neuralized so
that about 1 mA positive was emitted. In addition the accclerator did not always produce any beam at
the programmed timces although its controtler generated synch pulses regularly. That is, the output of
the HEBT was zero although the synch pulse from the accelerator triggered ESA data collection.

The payload was initially aligned paralicl to the geomagnetic field B so that beam injection was
paraliel to the field. In this orientation the ESA, because of its mounting, accepts only particies moving
normal to B. The payload was then turned so that its axis and the beam injection were nearly
perpendicular to B. In this condition the ESA scans all incoming pitch angles as the payload rolls.
Neutralizer off and over-neutralize data were obtained only in this attitude, but the NORMAL
neutralizer operation occurred in both attitudes.

INSTRUMENT PERFORMANCE

The ESA functioned correctly throughout the flight until increasing atmospheric density at ahout
95 km on the downleg caused the high voltage to arc over, as would be expected. Low voltage power
was on before and during launch so that all housekeeping and digital functions were observed. High
voltage turned on at the programmed time with no difficulties. There were virtually no extraneous
counts in any channel from electronic pickup internal to the payload. The ESA was as quict or quieler
than it had been during systems tests.

Two secondary results are immediatcly evident in the data.

| When the accelerator skips sending out beam, the ESA shows zero counts. This is particularly
evident during the neutralizer off period, when there is a large response if beam is emitted.

2. During the period of over-ncutralization the ESA did not see collection of ions.  We believe
that this is because the payload was so low, with conscquent high ncutral density, that little
charging occurred and the ESA may have been opcrating with decreased elficiency.

During the other operating conditions the ESA measured reiurn current as detailed below.

NEUTRALIZER OFF

During the first off period therc were 16 pulses of 8 - 1) mA emission, and one with about §
mA where the HEBT outpul was low. In the second off period there were two pulses with ouiput
above zero, and both of these had low HEBT curreat. The first ncutralizer off lasted 9 scconds so that
45 beam pulses were possible. Figure § shows Channel D data for the neutralizer off period. missing
puises are evident. Figure 2 shows similar Channel C data. From thesce data one readily sees that
electrons appear up to scveral hundreds of ¢V energy, and that the time history of the response depends

upon encrgy. The next steps of analysis examine the temporal history of the pulses, and the energy
spectrum of the returning particles.
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Figure 1. Channe! D (20-300 eV electron) data with neutralizer
off; emitted charge about 500 nC.

To examine these data more carefully we
piot the counting rates from the channels and the
output of the beam current monitor vs.
time. Figure 3 shows such data during and after
one beam pulse. Figure 4 shows the temporal
extent of all the data when the neutralizer was off.
It is evident that the returning particles appear
only after the beam starts coming out, and that
more energelic particles appear after a longer
delay. There is some tendency for more energetic
particles to disappear more quickly, but the trailing
edge is ragged. [f the appearance of particles with
increasing energy is interpreted as evidence of
charging, then the observed response is consistent
with vacuum charging of about 200 pf capacitance
by the beam current. This is a reasonable
capacitance value for the actual BEAR payload.

Figure 5 shows the average counting rates
during the interval 20-80 microseconds after start
of data collection, converted to a spectrum of
intensity versus energy. The offset between
channels C and D comes from our estimation that
C has 85% efficiency, and D 30%. Using the same
efficiency would make the two channels match in
the 200-300 eV range, just as normalizing the
flight data would. Note, however, that the two
channels do not cover this range on the same
accelerator pulses since when Channel D measures
300 eV, Channel C measures 3000, and so on. We
hope 10 improve this normalization by further
study of the space simulator results.

Careful examination of the response to
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Figure 2. Same as Figure | (oc Channel C (200-3000 eV
electrons).
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Figure 3. ESA responsc (countvmicrosecond) sud besm current
(measured by BCM) vi. ume with neutralizer off. Channels C
and O are ciectrons; A and B sre ions; and E s the RPA
electrons.

individual beam pulses shows that the spectra of returning particles are different for different pulses.
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Thus Figure S represents an envelope of sorts.
800 eV.

The maximum returning energy varics {rom 100 to near
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Figure 4. Duration of response at different enerpies for neutralizer off.

NEUTRALIZER ON

When the neutralizer was on, the
accelerator produced about 265 pulses with net
current negative 1 mA, the remainder being zero.
The ESA measured some returning particles (2 or
more counts) from about one-fifth of these; the
others produced no response. Al this writing we
have not identified what conditions cause ofr
prevent the response, although we are pursuing
evidence that it may relate to thruster firings and
associated depression in p'asma density. We are
able to sort the responss oy received pitch angle.

Figure 6 and Figure 7 show Channels D
and C during the period when the payload was
aligned with B (Pitch angle of injected beam is 0°).
At this time the ESA received particles moving
perpendicular to B. Figure 8 and Figure $ show
the same after the payload pitched over so that
injection was near 90° pitch angle. In the latter
data set the pitch angle of received particles varies
from 0° to 180° as the payload rolis.

With this in mind we sort the data into
three groups:
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a) Injection near 0%
b) Injection near 90° with receiving angle near 90°
¢) Injection near 90° with receiving angle away from 90°.

As with the neutralizer off data, we examine the duration of returning bursts and their energy spectra.
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Figure 6. Chaanei D (20-300 eV cloctrons) dats with neutralizer Figure 7. Same as Figure 6 for Channel C (200-3000 ¢V
on (about 50 aC emitted). Paylosd is fieid aligned. electrons).
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Figure 3. Same as Figure 6 except payioed 4 sligned normai 10 Figure 9. Same as Figure & (ur Channel C.

Figure 10 shows the spectrum for condition a). Note that almost entirely energetic electrons
appear, but that both Channels C and D responded. Figure 11 shows conditions b) and c) together,
while Figure 12 and Figure 13 show them separately. Note the similarity of conditions b) and a) ard
the differnnce of c). Clearly the receiving angle being near ot far from 90° is significant; injection puch
angle (or equivalently payload attitude) are not. We expect that the charging might depend upon
vehicle attitude, but not upon roll azimuth. The latter simply allows the ESA to sample different
pottions of the returning velocity distribution function. Charging would also depend upon ambient
plasma density as perhaps modified in the vicinity of the vehicie by thruster firings.

579




BEAR ESA Flight Results

BEAS Tiactrastatic Hnoiyzer SEAP Tlgcimostatic Sn3.LLzer
£ai "0a -marqe =% "o -30 A0 Wit we Iait1e0 cnorae -0 re -0 s st w
100 — L
H (1 ere 968 .32 04 000 } N 1) iy W® 9,12 30 300
N P08 36,00 000 M Y oy R0 3600 200
p e 1o 9w 3 i 10 0 Y
v W o seinargm . . e 8 M A ebianies
' ted sinan P e W a e p@ 5. s 40° e I2°
o - RNl o~ Teserene tease. I 9
: Beisener oo 3} B fecoraes rveans C :
» tecornne 1temmel (Y . 218 cams o0
M o seneian ‘ :
. ' R
e t ' E)
L] ;— 1. 2 é_. . 4
{ i s
. bos
- * M N M I !
> g8 = b o ) .
i z AT ’
s i \ L .
- L . . - . .
- : 0 l . : B
o 10 = . « ¢ * 1
] E . R 1; ' : . }
" t Y, . 1 - « . :
Ea I ] : crigte .
- ' . . i - o ! H
200 ~ . .- .
. E . } H . ]:
M [ te 4 5 . :
l K} 2
PIEN 1_3 vor 1+
t ‘g : 3
! 1 1
i Iy .
e - L -
19 190 ” »”
Crerqy v Saprgy ‘o
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Figure 14 shows time durations under conditions b and c together. Note the contrast with
Figure 4.

It is clear that some 1 mA beam puises produced returning electrons of several hundred eV
energy both before and after pitch over. The energetic ¢lectrons seem to move preferentially
perpendicular (o the local B field. [t may be that every beam pulse produced such electrons, but that
the ESA was not always positioned or set to detect them. These data demonstrate clearly that a more
complete instrument would measure many energies and angles simultaneously with the high time
resolution of the BEAR ESA.  As is discussed in the accompanying paper, we recognized this during the
design phase, but various constraints prevented our making a more claborate instrument.

In the absence of current understanding of what controls the appearance of energetic returning
particles it is difficult to make a detailed statement about charging. However it does appear that under

some circumstances charging to several hundred volts resulted from emission of negative L mA. It is
certain that electrons of such energy bombard the payload during emission of this and lurger currents.

Acknowledgemenis  Contract 9-X38-7568P | from Los Alamos National Laboratory suppons thy work.
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