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The Electmrut~ Analyer (ESA) measured the intensity d charged panicla rcturnrng to the BEAR 
payload during flight on 13 Ju)y 1989. Thac pn~cle, form pan or all of the current that returns to the 
payload to neutralize the charp  ejected with the beam. By rneasunng the   turn flu with h ~ g h  ttme 
radution. we a n  study the  physics d charging pmc-. Howcver, the need for high tmc radu t ion  and 
suff~tent  sutirt~cs to make a good mcnurcment make design d an appropriate instrument d~fficult. We 
solved the major problems and built an inrl~rnenl wtth one micrraecond tlme resoiunon and sdquate energy 
ruolution and response. 

To support l l ~ g h t  memuremeno, we made a uner of measurements In a large plasm chamber at the 
U n ~ n n l l y  of Maryland n e  m c u u m n u  lndlcate that under most cond~t~ons, the level d charglng can be 
detennlned qulte accurately by the Electrdslat~c Ana1yz.u 

The p 1 e m ' c  focror of a particle spectrometer is the ratio of the counting rate of the detecting 
device to the incoming particle intensity in physical units. typically particleslsec-cm2-ster-e~. The rste 
must be large enough to pass sufficient particles within the appropriate counting interval to be 
statistically significant yet low enough to not saturate the detector at its maximum counting rate. 
typically on  the order of 10 MHL Above the maximum counting rate, the detector typically produces 
the maximum rate; then, as the input increases still higher, the output drops to zero. 

For BEAR. we wanted to get high time resolution to allow examination of the rapid charging 
process. With the charging process expected to occur on a time s a l e  the order of microseconds or 
shorter and with a beam pulse only 50 microseconds long, we wanted the tlme resolution to be one 
microsecond. With the considerations above, this gives a very small window for accura!e measurements. 
A counting rate of 1 MHz is one count in a microsecond, not really enough to be s~atistically 
significant. At ten times that, the detector saturates. 

Unfortunately. no theory is available to accurately predict the extremes of inlensity. In fact. 
small changes in assumptions about the naturc of the cxpccted environment make changes in the 
cxpccted intensity of several orders of magt~itude. I t  did appear however, that with lnosl cstin~atcs, I I  

would require a very large detector lo get a sign~ficclnt number of countb in  a microsecond. Since 
physiwl space was limited, we elected to make the geometric factors as large as possible within the 
physical constraints. We reasoned that cven i f  the estimates of high intensity were accurate, i t  is hcttcr 
to saturate the detector and know that a signal is there than get no s~gnal at all. With limited lelcmct~? 
(and limited processing capability), we developed a time sanipling scheme [hat callcd for one n~icrorccvmd 
snn~ples during and shortly after the pulse, then longer saniples to cover most of thc interpulse pcriod of 
200 milliseconds. 
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The energy range should cover the maximum expected charging potential and overlap the 
Langmuir probe instrument at the low end. The trade off on energ resolution is that the wider the 
range, the higher the geometric factor and thc lower the number of channels needed to cover a yiven 
energy rangc. A narrower range gives morc information on the actual cncrgy. We selected an enurp  
resolution of 3%. To avoid convolving time and energy dcpendencc it is absolutely necessary t o  hold 
the selected energv constant during a given beam pulse cycle. This also helps if there are not enough 
counts to be statistially significant in one microsecond; we can add togcther samples until we do gel 
enough counts. Ideally we would use many sp.:ctrometen. each of iurcd cncrg,  to cover the enern  
range of interest. Unfortunately limited resources precluded this, so the energy selected by each of the 
five spectrometers steps after sampling before each new beam pulsc. Two  dctecton cover each of the 
two species, positive ions and electrons. One of the two covers thc range 20-300 eV. the other 5 M I - ? ( W W ~  
eV. The fifth spectrometer is a retarding potential analyzer that measurcs the integral flux abow the 
selected energy. 

The instrument envelope is a rectangular case 11" x 7' x 10" pluc a small top section. Parl~cles 
are admitted through apertures in the front face. A lining of concric alloy reduces the magnetic licld 
inside to < 10% of the external value. 

Figure 1 .  ESA I l lock D~agram. 
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Figure 1 is a functional block diagram. There are four curved platc analyi.en. two cach for 
electrons and ions. One of each species covers 20-300 cV, the other covers 2~Io-NX)O eV. Thc plates 
are sections of spheres using 90 degree deflection angle. By focussing a long entrance slit onto thc 
short exit slit. this geometry allows a large geometric factor. The fifth channel is a retarding potential 
analyzer (?PA) that coven the range 25-375 eV. The geometric factor of the deflection analyzers is 
about 0.0X [cm2-sterl with E the center energy of the passband, and the factor of the RPA is 0.01 
[cm2->her] with all energies shove the selected threshold accepted. Using thc RPA partially ovcrcomch 
the problem of not looking at all energles on each beam pulse. 

All but the low energy electron channel D use a convcnlional channel elcctron multiplier 
(Galileo channeltron) and a 4 MHz Amptek prearnplificr/discriminator. Thc low energy elcctron 
analyzer uses a focussed mesh electron multiplier made by Johnston Labs and a 50 MHz 
preamplifier/discriminator made by Modern Instrumentation Technology. All multipliers run in the 
pulse counting mode. 

The accelerator sync pulse (prefire pulse), which comes SJS microscconds before 'he bcam-on 
(rf) pulse. triggers data collection. The microproccssor initializes each of the counter channcls and 
arranges for them to collect data. As Figure 2 shows, two microseconds before the rf pulsc, the ESA 
starts collecting data. First i t  collects counts 
in  150 one microxcond long sample gates. .. - . .<,, . . - -- -I 

then in a variety of longer gates up to one 
0.0- 

r-- - ' 
millisecond. The 60 m~crosecond wide rf - --L-~-L 

pulse represents the time when the rf ,------ ,g -. 
acceleration is on in the accelerator. Under I ::.)"a -- - -- ---I 
ideal conditions, [he actual pulse comes up 5 a w - a  , '3c --P- , ( :0 '" ' ,: ' ' .-. ' W  -1 1 

to full output 10 microseconds after the rf ; f Z % : ' =  , 

pulse starts, then ends at the end of the rf c ..,( - 

pulse. Z:~LI_-L -- . -. .- -- 
- 9 .  

F~gurc 2 ESA Data Sarnpl~ng Scheme. 
The energy that the analyzers samplc 

is constant for each beam cycle, then steps to 
the next higher energy for thc next beam pulse. In fl~ght, the stcps arc logarithmic;~lly spaccd 23% 
apart - i t  take. 14 steps ro cover the energy rangc. For most of the laboratory data, wc used a mode 
with 10q  spaced stcps - which takes 29 steps to cover the energy range. 

The Ground Support Equipment (GSE) operates the ESA separate from the BEAR payload hy 
simulating the power and tclemetq interface to the instrument and providing the sync signals in lieu of 
the accelerator. A fiber o p t ~ c  link and isolation power transformer connca clerncnts of the GSE so 
that the ESA can operate at a potential elevated from 1ahora:ory ground. 

The GSE uses a PC-AT 3s a controller and to display and record data from the ESA. Th~s  PC' 
generates spectral figures, displays numerical data, and records data on hard disk and tape casscttc for 
later analysis. Figurc 3 is a schcmatic of both thc h l a  collection cycle and our typical data display. 
Note that energy incrcascs towards the front of the plot. 

The GSE could also accept data from the telcnictry system and d ~ \ p l ~ v  i t  i n  rcsl tirnc using thc 
same software as dur~ng standalonc operation. This allowed us to monitor thc hchavior of the flight 
instrument during intcgratcd tests with the cntlrc payload. and to study d.11.1 promptly altcr Ihc f l ~ g h t  
and during laborawry tc5ts. 
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Most of the spectrometer - Id 

calibration was done with 
spectrometer units outside the ESA. 
The fast time sampling is not needed 
for these measurements, and the 
separate spectrometers a n  be 
mounted and rotated in the electron 
and ion beams of the SAIC . . 
calibration system. Thc experimental . . 

agree with the Calculated Figure 3. Schemat~c of GSE Data Display. 
response. The calculated response 
[Morse, 19891 is an expansion of 
Gosling cr al. [1984]. 

T o  help characteriz: the instrument's response to various charging levels. we performed 
experiments in a large (2m D x dm) plasma chamber at the University of Maryland (Figure 4). A 
plasma source in a smaller chamber at one end used 50 eV electrons from a hot filament to ionize 
nitrogen gas. This filled the main chamber with plasma of density 1(p to 3x10 ' cm". A langmuir 
probe furnished with the chamber measured the density. External field coils nulled the geomagnetic 
field (withm 10%) whilc a second set of coils applied an axial field up to 30 gauss. Most of our 
measurements were with the geomagnetic field nulled and an axial field of 0.5 gauss. 

\ Source - '\ R 

Figure 4. Erpcnmental Setup al the Unlvenltv of Matyland. The ESA c.+n he rotnlcd so that the inagncl~c IiclJ IS parnllcl or 
pcrpcnd~cular to the apcnurrr. 

We suspended the ESA on the axis of  the chamber about 1 rnctcr from the end oppoiitc the 
plasma source. Signal connections through optiwl fiber and ;I power transformer kept thc instrument 
isolated from thc chamber walls (laboratory ground). For most rncasuremcnu the ESA c ~ t h c r  fnrcd 
away from the sourcc so that detccred part~clcs moved parallel to thc mllgnctlc ficld or faced thc 
chamber side wall so that detected particles moved pcrpendicul.rr to the ficld. 
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Through a triggered switch we applied v ~ l t a g e  pulses of various m a g n ~ t u d a  up to 1000 volts of 
both polarities t o  the instrument while varylng the  plasma density. The s w ~ c h  either clamped the ESA 
at  ground potential o r  a t  the  power supply potential with rise and fall umes c 100 nanwcconds. The 
puke length was elther 50 o r  250 microseconds. 

We emphasize that this particular setup does not accurately rnimlc the situation in space with 
a n  ejected beam because the  pulse amplitude is a controlled potcntlal. not a current. Thus ! h a e  
laboratory experimenu investigate how the  ESA senses a known potential under various c o n d ~ t ~ o n s .  not 
what that  potential is as a function of current to the  ESA Of course the presence of chamber walls 
does n o t  mimic space either. T h e  dimensions of the chamber were large compared with debve length 
and electron gyro radius. but  small w m p a r e d  with Ion gyro radius. The range of plasma densities did 
cover that expected during the BEAR flight. As a matter of fact the ionospheric density during flight 
ranged from 1 to  3 x ld / c d ,  the low end of the labmalory range. 

Figure 7. 20-300 cV s p c ~ r u m  from m applied puk oi YOV Fgwc 8 200.M00 eV Sprctrum hm a YO V pulx r l  

plasma dcns~n < I@-' 

Figure 5 shows a 20-300 e V  electron spectrum for orientallon paral!el ro the field and poten114 
pulse amplilude 50 V. Note the fairly square rcsponse to the pulse In the lowcr cnergy channels. w h ~ l c  
at  the higher e n e r g l a ,  there is relatively little rwponse. T h e  square response may he somewhal 
m~sleadinfi u the maximum count rate of 17 MHz LS the apparent rn;ulmum for thls channel rL)). The 
trace o n  the l w d ~ n g  edge of the peak corresponds to  78 eV. 7 h e  Ifarc 1rnmcd13tely behind i t  IS 70  s i '  



Figure 6 s h o w  the same s~tuation except that the ortentatlon of the ESA is perpendicular to 
the field instead of parallel. The response is similar to the parallel u s e  except that there a a notch 
behind the energy that corresponds to the applied potential of 50 V. T h ~ s  is a typiol d~st~nct ion  
between parallel and perpendicular geometry. The traces at  t h e  top of the front of [he peak are the 78 
and 70 eV channels as in Figure 5. 

Figure 7 shows the response to a pulse of higher potential but wvh lower background plasma 
density. Because the count rate is lower. the detector is in no danger of saturating. The spectrum 
drops olf sharply at  the energy that corrcsponds to  the pulse potenual of 250 t'. The trace at the w p  
energy corrcsponds to MO eV, the ncxc lower t r a u  corresponds to 272 cV. 

Figure 8 is the same conditions as Figure 7 except that the spectrum is of the 200-3000 e V  
channel instead of the 20-300 e V  channel. The trace across the front face of the pulse is 294 eV. 

-.. 
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f i p m  9. MO-3000 eV e l a t m  spectrum for plasaia d c a r q  Figure 10 Eleccron spectrum from a 600 V pulu. plasma 
3 r d .  p u k  potcnlul uo V. dcnsq &lo4 D a ~ a  am from Channel D 

9 , r e .  1m I*. I..* 
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Figure I t .  Same u Figure 10 accpl Channel C (200.YWX) cV Fi;urc 17. Elcclron Spectrum from r 250 mlcmeond 10176 
clcctmnr). p u k .  

Figure Y u the same conditions LS Figure 8 except that the plasma d e m r y  rs much hlgher JI 

3x1d. The high energy tail o f  electrons ahove the energy corresponding ro the applied potentla1 rnakcr 
determination of the chargtng level dtfficult. 



Figure 10 and Figure 11 show the response t o  a 6 0 V  pulse, plasma density 8x10'; the  two 
figures show channels D and C. high and  low energy electrons. As Figure 10 is the 20-300 e V  spectrum 
and the  orientation n perpendicular. it  shows the notch behind the energy corresponding t o  the pulse 
potential. Note that the time axis m e n d s  for KK) microseconds instead of the 100 microseconds in the 
previous figures. 

Figure 12 is exactly the same conditions except that rhe pulse is 2SO instead of 50 microseconds 
long. T h e  5 0  microsecond long p u k e  was not long enough to  reveal the rathcr noticeable notch in the 
response at about 30-70 microseconds. At I w t  in the lab, the spectral response is dynamic fcr longer 
than 5 0  microseconds. 

a ,u. #I* 141.. 0 
IW .. .. I... . , . I * ' )  I ., .. 0 ,  U .", 

Figure 13. 20-300 cV Ion sptclrum Inw appl~cd p u k  d .SO V. Rgurc 14 ton spectrum from a .I00 V 3 0  m~crwcond pulse. 

Figure 13 is the ion response to an applted pulse of 40 V. The trace o n  the front of the pulse 
corresponds to 53 eV. J l ~ e  response rakes much (relatively speaking) longer than the corresponding 
electron response. Still rhe edge of the spectrum corresponds to the charg~ng potential. Figure I4 is 
the ion spectrum from a 100 V p u k e  of length 3 0  microseconds. Bewubr: of the parallel geometry. ~ h z  
spectral edge only gels to  iu expected value alter the first 50 microscconds. 

Figure 15 s h o w  that the edge of the electron spectfum fo l low the ~ p p l t e d  potenttal extremel) 
well over a wtde range of condit~ons.  Figure 16 shorn that the Ion responbe 1s s~nhlar  cxccpt that 31 

parallel geometries and low potent~als ,  the Ions d o  not respond In tulficlent tlrne to reach the energy 
that corresponds to the pulse amplitude. 

The  ESA rc~pondcd  salufacrorily over the enclre range ol plasma tlcn31ries and applied rolf:)gc\. 
clllhough the electron mul~ipliers  ran at t h e ~ r  maxlmurn rate with the hlghcr I1c.ns111es. this did not 
obscure the corrcspontlenscr berween spectra and voltage pulse amplitude. 

T h e  spectra of collected par t tc la  emend from the lowest e n e r g  chanlrel to the value 
corresponding to the amplitude of applied voltage Above t h ~ s  enerqy thc cpcctra dropped s h q ! v  An 
exceptton was t h ~ t  31 the h ighut  plasma densl t~es a tail of h ~ g h  e n e r g  elccrronc appeared In Channcl C. 
making the spectral edge l a  sharp. In the m e  or perpendicular motlnn the spectra are conttnucw\ 
during the first wvcral mlcrosewnds to the energy uwresponding io the pulw. ju\t as In the w e  01 
parallel rnotlon Thereafter a notch a p p a n  In the cpcctra at energic5 a I~t t le  helow the edge 
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The electron spectra developed 
rapidly after the (positive) voltage pulse 
was applied. Ion spectra. on the other 
hand, required some tens of minosecoeds 
to develop after a (negative) pulse was 
applied. In some usa the ion spectra 
did not fully develop during 50 
microseconds. The longer Z 0  
microsecond pulses revealed fuller 
development. 

These ion observations were 
similar for both parallel and perpendicular 
motion with respect to the magnetic field 
B. However, the delay in ion 
developrneilt was more pronounced [or 
parallel motion. 

Figure 15 and Figure 16 show 
that we can infer the voltage applied to 
the ESA from the spectra it observes. 
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