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Energetic Ion Mass Spectrometer 

A summary of the proposed energetic ion mass composition 
experiments for the Spacelab missions is prcscnted in the following. 
The objectives of the experiments are: 1) to investigate the source 
region or regions for the energetic ion population in the magncto- 
sphere; 2) to investigate ion energization, transport and loss 
mechanisms; 3) to detect the minor constituents of the ion popula- 
tion; and 4) to perform active tracer experiments. The instru- 
ment proposed for the measurements covers the energy range 
from thermal energies (~1/10 eV) to 40 keV and is capable of resolv- 
ing ions with rigidities up to 24.5 FN/c ( B p  = 8.2 x 104 gauss cm) 
with a mass resolution ~ m / m  = 0.1. The geometric factor is large 
enough to measure the anticipated fluxes of minor ion species (e.g. 
06+, He3++, He3+ if of solar wind origin and ~le~', N', N ~ ' ,  ~ e + ,  Fe 4- 
if of ionospheric origin) in the energetic ion precipitation and will 
also be used to measure the more rare constituents of the ionospheric 
plasma. 

The instrument proposed for the mission is composed of 
an electrostatic analyzer followed by a magnetic spectrometer and 
simultaneously measures the energy per unit charge ( E / Q )  and mass 
per unit charge (m/Q) of the ion species. This device is similar in 
principle to ones used by the NRC group for sounding rocket experi- 
ments, but has been scaled up to give a larger geometric factor. An 
electromagnet is used for momentum analysis to extend the operational 
energy range over a much wider domain than possible with the permanent 
magnets used in previous space flights. Retarding potential analysis 
followed by preacceleration has been added before the cylindrical 
plate electrostatic analyzer to extend the energy range to thermal 
energies and to increase the geometric factor for low energy ions. 
This feature is identical to that used by the Lockheed group on 
their ISEE and Dynamics Explorer satellite instruments. 

The sensitivity and mass resolution capabilities of 
this instrument exceed by orders of magnitude any previously flown 
instruments since it is only the large weight carrying capability 
of the Shuttle which makes this instrument feasible for space cs- 
periments. In previous spacecraft experiments the momentum analysis 
performed by the magnetic field portion of the instrument was com- 
promised by the weight and, to a lesser extent, the power avai.lnble 
for any one instrument. This implied that the mass resolution and 
geometric factor for high rigidity particles was seriously degraded, 
making high resolution and high sensitivity mass composition mea- 
surements of keV to tens of keV heavy ions impossible. The Spncelnb 
mission prcscnts the first opportunity to makc such mcasurcmcnts i 11 
tlic 1-cgion of morncntum sp~1c.c  \ i l l i ~ l l  i s  so illll)ol-t;~tit to tllc ~l~lclc\l'- 

st:in~li ng of basic m;lgnctosphcr. ic p r o c c s s c s  . 

It is anticipated that results from this program will in- 
crease our understanding of processes i.nvolvcd in the in jection, 
cncrgization, transport and loss of mngnetosphcl-ic ions. 
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. . 1 .  SCIENTI FI C OB,JECT TVES 

Mass composition measurements of ambient magnetospheric 
ions have recently given new insight into magnetospheric processes, 
We propose to expand and improve on thesc measurements as well as 
to use the.d+rect detection of ion tracer releases to improve our 
understanding of these mechanisms. The major objectives for this 
mission are outlined.below. 

a] .. Energetic Io'n Source Regions - 
a .  

, 

Ion mass composition measuremcnts have been made in the 
past to determine the source regions for energetic magnetospheric 

d ions. The two possible source regions, the solar wind and the 
ionosphere, have significantly different charge states and minor 
ion species composition. The dominant ion species in the solar 
wind are H+ and ~e,++. The next most abundant species is three 
to four orders of magnitude down in intensity from 14'. The i c n o -  
spheric composition at low altitudes is both variable and strongly 
dependent on magnetic latitude. At latitudes below about 6 0 ° ,  the 
composition is dominated by H+ and l ieb+ at altitudes above about 
1000 km. At latitudes above about 60°, verticle profile data on 
the ionospheric composition are limited, but the dominant ion from 
the F-region peak up to altitudes of about 3000 km is often 0'. 
The minor ionospheric ion constituents at high altitudes are not 
well known; indeed, one of the objectives of this program will 
be to measure these ions. Recent measurements indicate that ~ e +  
ions are sufficiently abundant at ionospheric altitudes to be 
detectable in the energetic population, assuming an ionospheric 
source. 

Mass composition observations indicative of both solar 
wind origin and ionospheric origin have been reported in the liter- 
ature. However, the relative contributions of the two source re- 
gions to the hot magnetospheric plasma is uncertain at this time 
and remains the subject of considerable scientific interest. h 
major deficiency of the previous measurements has been the lack 
of adequate sensitivity to observe routinely the minor solar wind 
constituents which have entered the magnetosphere. One of the 
goals of this proposal is to utilize the greatly increased sen- 
sitivity to expand thesc investigations and to extend them into 
as yet unexplored mass and energy regions. 

Although the possibility of detecting energetic heavy 
ion species such as isotopes of Argon, Krypton and Xenon is remote 
(using the sensor proposed here and assuming normal solar and 
atmospheric abundances), the cosmo1ogic:~l significance of these 
mcasuremcnts relating to the earth's accretion rate is important 
c n o ~ ~ g h  to dcdicntc sonic timc to :I scn1.cl1 f o r  t h c s c  c l c~ l l c l l t s  i l l  

t l ~ c  pr'ccipitntion. 12 natural evolution of thc instru~nent described 
here would involve an increase in the instrument geometric factos, 
and therefore size and weight, to make the detection of these species 
feasible. A geometric factor increase of one ordcr of magniti~dc 
should bc ndcquntc and would imply 1-ougllly :A factor 01' tcn i n c r c a s e  
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in instrument (m~ignet) weight. 'The final design of the scalcd-up 
instrument would depend on results from the first gcncration cxpcri- 
ment. 

b ) .  Ion ~nergization Mechanisms 

Several energization mechanisms for solar wind ions 
appear in the literature and these processes are sensitive to the 
m/Q of the ion being accelerated. The limited range in energy, 
mass and rigidity of ions detected until now make conclusive 
comparisons between theory and observation difficult. The detcc- 
tion of O+ and ~ e +  ions in the magnetosphere have added an unex- 
pected complexity to magnetospheric processes. These data indicate 
that the ionosphere is also an important source for energetic ions. 
Several theories have been presented which predict the energiza- 
tion of ionospheric ions, the energy source being either the ring 
current particles or electrostatic acceleration associated with 
auroral electron energization processes, The relative importance 
of these energization mechanisms remains uncertain. 

The simultaneous measurement of energy spectra of several 
ions, particularly ones widely spaced in m/Q and rigidity, can be 
used to test the validity of these mechanisms. To this end the 
spectrometer described in the following has a greatly increased 
sensitivity and will have sufficient mass resolu:ion, for high 
rigidity ions, to make the necessary spectral measurements of the . . heavy ion population. 

c) Field Line Tracing 

Naturally occurring heavy ions serve as good tracers of 
convective electric fields. The heavy ion composition can be used 
to identify a flux tube since at low energies all heavy ions will 
remain fixed to a particular field line which can then be identi- 
fied at some later time by its composition. Using this method of 
identification, convection of field lines through the magnetosphere 
may be followed. 

For example, assuming a solar wind injection, coordinated 
solar wind and low altitude observations will allow one to observe 
the regions and times for solar wind entry into the magnetosphere 
as a function of ion mass. Similarly, with an ionospheric injec- 
tion event various ion clouds may be observed as a function of 
latitude and local time as they are convected and energized in the 
magnetosphere. As will be discusscd later, observations of ener- 
getic ions at low altitudes can be significantly perturbed by 
charge exchange effects and such cffccts must he considered in 
modeling the events. 

; \ c t  i L \ A ~ ) L \ I - ~ I I I L \ I ~ ~ S  I t i \  o 1 i 11s t I I C  I I I - I C ~ L .  t iotl o f  ':IS i 1 \- 
i clc\~iti f i c d  hcnvy i o n s  ( c  . g .  , 1 i th it1111 o r  I , ; I I .  i \ i n ~ )  i ~ t o  t hc m a g ~ l ~ t o -  
sphcre and solar' wind arc also pln~lrietl. 'I'his tcchnicluc of fcrs n 
method of uniquely tagging field l i ne s  in a cont~.ollcd f3sllioll. 



D i r e c t  d e t e c t i o n  o f  t h e s e  i o n s  a t  v a r i o u s  t i rncs  a f t e r  i n j e c t i o n  
w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on b o t h  e n t r y ,  . i f  t h e  r e l e a s e  
o c c u r s  i n  t h e  s o l a r  wind ,  and e n e r g i z a t i o n  mechanisms. Hencc,  a 
mass s p e c t r o m e t e r  c a p a b l e  o f  r e s o l v i n g  t h e  t r a c e r  i o n s  f rom t h e  
ambient  i s  r e q u i r e d .  T h i s  i n s t r u m e n t  s h o u l d  o b v i o u s l y  have  t h e  
l a r g e s t  p o s s i b l e  g e o m e t r i c  f a c t o r  t o  maximize t h e  d e t e c t i o n  p r o -  
b a b i l i t y  and  a  h i g h  mass r e s o l u t i o n  t o  r e d u c e  t h e  background d u e .  
t o  t h e  a m b i e n t ,  With s u c h  a d e v i c e  t h e  motion and e n e r g i z a t i a r i '  
o f  t r a c e r  i o n s  can  b e  moni to red  d i r e c t l y .  

As a f i r s t  s t e p  toward s u c c e s s f u l  t r a c e r  e x p e r i m e n t s ,  a 
s u r v e y  o f  t h e  ambient  (background) i o n s  w i t h  an i n s t r u m e n t  s u i t a b l e  
f o r  a c t i v e  t r a c e r  e x p e r i m e n t s  must be u n d e r t a k e n .  To d a t e ,  t h i s  
has n o t  b e e n  done .  

I t  s h o u l d  be  n o t e d  t h a t  f o r  low a l t i t u d e  i n j e c t i o n s  
t h e  a v e r a g e  t r a c e r  i o n  e n e r g y  a t  i n j e c t i o n ,  u s i n g  shaped  c h a r g e  
t e c h n i q u e s ,  o r  t h e  s p a c e c r a f t  o r b i t a l  v e l o c i t y ,  would be a p p r o x i -  
m a t e l y  10  t o  100 e V  o r  o f  t h e  same o r d e r  a s  t h e  ambient  t h e r m a l  
plasma h i g h  ene rgy  t a i l .  The s p e c t r o m e t e r  must t h e r e f o r e  be  
c a p a b l e  of  o p e r a t i n g  a t  low e n e r g i e s  a n d ,  i n  f a c t ,  t o  comple te  t h e  
ambient  i o n  s u r v e y ,  s h o u l d  be c a p a b l e  o f  a n a l y z i n g  t o  t h e r m a l  ( o r  
ram) e n e r g i e s .  T h i s  i n s t r u m e n t  h a s  t h i s  c a p a b i l i t y  a l t h o u g h  
o n l y  t h e  minor  o r  t r a c e  i o n  c o n s t i t u e n t s  o f  t h e  t h e r m a l  p lasma 
w i l l  be mon i to red .  The dominant i o n  s p e c i e s  would s a t u r a t e  t h e  
d e t e c t o r  and s h o u l d  be  measured u s i n g  s t a n d a r d  s e n s o r s .  

d) C o o r d i n a t e d  I n v e s t i g a t i o n s  

S e v e r a l  s p a c e c r a f t  c a r r y i n g  i o n  mass s p e c t r o m e t e r s  may 
be  o p e r a t e d  d u r i n g  t h e  S p a c e l a b  f l i g h t s  ( e . g . ,  ISEE, D E ,  GEOS 11, 
AMPTE, PIE 11, e t c . ) .  C o o r d i n a t i o n  o f  o b s e r v a t i o n  from t h e s e  
s p a c e c r a f t  a l o n g  w i t h  s i m u l t a n e o u s  measurements  f rom sound ing  
r o c k e t s  and ground-based ( o p t i c a l )  f a c i l i t i e s  w i l l  be u n d e r t a k e n  
t o  i n v e s t i g a t e  t h e  s p a t i a l  d i s t r i b u t i o n s  o f  t h e  v a r i o u s  i o n  popu la -  
t i o n s .  These measurements w i l l  be  conduc ted  d u r i n g  t h e  i n v e s t i g a -  
t i o n s  d i s c u s s e d  p r e v i o u s l y .  I f  t r a c e r  i o n  r e l e a s e s  a r e  t o  be  
pe r fo rmed  d u r i n g  t h e  f i r s t  m i s s i o n ,  e f f o r t s  w i l l  be  made , t o  - c o o r d i -  
n a t e  t h e  mass s p e c t r o m e t e r  o b s e r v a t i o n  p e r i o d s  w i t h  t h e ' r e l e a s e .  
I o n  r e l e a s e s  from t h e  C . R . M .  a s  w e l l  a s  SEPAC w i l l  be o f  p a r t i c u -  
l a r  i n t e r e s t  h e r e .  

2 .  ORBIT CONSIDERATIONS 

Charge exchange r e a c t i o n s  can  o c c u r  be tween p r e c i p i t a t i n g  
i o n s  and a t m o s p h e r i c  c o n s t i t u e n t s  a t  low a l t i t u d e s ,  t h u s  chang ing  
t h e  m / Q  o f  t h e  p r imary  i o n  beam. Using t h e  mean COSPAR i n t c r n n t i o n a l  
r e f e r e n c e  a tmosphere ,  i t  car1 b c  shown t h a t  t h c  t lnpcr turbcd  pr in l :~ry  
i o n  I7ca11l i 1 1  1)c. c~ l , sc . i .~c \~ l  ; ~ t  I 0 0  1,111 , I  I t  i t [I,IL\. l l c ~ \ i ~ \ ~ . ~ r ,  s ~ I I L . L ~  t 
al-inosp11ci.i~ d c i l s i t y  111:iy illcl*casc\ 01- J c c r c : ~ s c \  1)). o r d c r  ol '  Irla!g~li- 
t t ~ d c  a t  t h c s c  r l l t i t u d c s ,  d c p c ~ l d i n g  on  sol:^^. a c t i v i t y  ancl latitude, 
t h e  p r i m a r y  i o n  beam may o r  may n o t  r c a c h  t h c  s e n s o r  i n  i t s  unpcr -  
t u r b e d  cll:irgc s t : i  t c .  \ ~ n l t i a l ~ l c  o b s c r v a t  i o n s ,  tlicrc l 'orc ,  may l ~ c  ~n:iJc. 



a t  4 0 0  km. However, a  p r e f e r r e d  o r b i t  would be a  few a t m o s p h e r i c  
s c a l e  h e i g h t s  h i g h e r  ( i  . e . ,  500-600 km)  . 

I t  s h o u l d  be  n o t e d  t h a t  c o n t a m i n a n t  g a s  s u r r o u n d i n g  t h e  
S p a c e l a b  may a l s o  c a u s e  s i g n i f i c a n t  c h a r g e  exchange  e f f e c t s ,  hence  

, a  mon i to r  o f  t h e  l o c a l  g a s  p r e s s u r e  i s  r e q u i r e d  t o  c o r r e c t  f o r  
p e r i o d s  o f  h i g h  ambient  p r e s s u r e  a s s o c i a t e d  w i t h  e n g i n e  f i r i n g s ,  

' e t c . ,  a s  w e l l  a s  t o  d e f i n e  t h e  a t m o s p h e r i c  c o n d i t i o n s .  

C l e a r l y ,  i f  h i g h  l a t i t u d e  ( a u r o r a l )  d a t a  i s  t o  b e  o b t a i n e d  
t h e  o r b i t  i n c l i n a t i o n  s h o u l d  be a t  t h e  maximum a l l o w a b l e .  A p o l a r  
o r b i t i n g  s p a c e c r a f t  would b e  i d e a l ;  however ,  even  a  57 '  i n c l i n a t i o n  
( l aunch .  f rom K.S.C.) would p l a c e  t h e  s p a c e c r a f t  i n  t h e  a u r o r a l  zone 
o v e r  n o r t h e r n  Canada n e a r  l o c a l  m i d n i g h t .  

3. INSTRUEIEXT DESCRIPTION 

The i n s t r u m e n t  d e s c r i b e d  i n  t h i s  s e c t i o n  w i l l  be  u s e d  
a s  t h e  ba . s i s  f o r  d e s i g n  t r a d e - o f f  s t u d i e s  d u r i n g  t h e  PDP p h a s e .  
The two groups  i n v o l v e d  i n  t h e  s t u d y  w i l l  c o n t r i b u t e  e q u a l l y  t o  
t h i s  p o r t i o n  ,of t h e  program. The I n s t r u m e n t  C o n t r o l  and Data  

- Handl ing  sys t em i s  t o  be deve loped  by LMSC and t h e  s e n s o r  i s  t o  
be p r i m a r i l y  N R C 1 s  r e s p o n s i b i l i t y .  

A s  t h e  b a s i c  d e s i g n  c r i t e r i a  we have r e q u i r e d  t h a t  t h e  
i n s t r u m e n t  have a  mass r e s o l u t i o n  (Am/m) o f  0 . 1  f o r  i o n s  w i t h  
r i g i d i t y  (mv/Q) up t o  t h a t  o f  20 k e V  0+ i o n s ,  which i s  an mv/Q 
o f  2 4 . 5  W / c .  E q u i v a l e n t l y ,  i n  a  magne t i c  f i e l d  B ,  s i n c e  
B p  = rnv/Q.where p i s  t h e  i o n  r a d i u s  of c u r v a t u r e  i n  t h e  f i e l d ,  
t h e  maximum i o n  B p  w i l l  be 8 . 2  x l o 4  g a u s s  cm. The i n s t r u m e n t  
must a l s o  have an  e n e r g y  r e s o l u t i o n  AE/E o f  0 . 1  and a  g e o m e t r i c  
f a c t o r  ( G . F . )  l a r g e  enough t o  a l l o w  f o r  d e t e c t i o n  o f  t h e  minor  
c o n s t i t u e n t s  o f  t h e  e n e r g e t i c  i o n  p o p u l a t i o n  ( G . F .  % 10-1 cm2 s r ) .  
To p e r f o r m  t h e  e n e r g y  and mass a n a l y s i s  a  combina t ion  o f  e l e c t r o -  
s t a t i c  and  m a g n e t i c  a n a l y s e r s  shown i n  F i g u r e  1 was chosen  from 
among many p o s s i b l e  d e s i g n s  c o n s i d e r e d .  T h i s  d e s i g n  was s e l e c t e d  
t o  t a k e  advan tage  o f  t h e  l a r g e  a r e a  and n e a r  o m n i d i r e c t i o n a l  i o n  
, s o u r c e  ( t h e  magnetosphere)  . A f o c u s i n g  magne t i c  d e f l e c t i o n  s y s t e m  
was s e l e c t e d  t o  g i v e  b o t h  h i g h  s e n s i t i v i t y  and low background.  

a )  Momentum Ana lyze r  

To a c h i e v e  a  c o n s t a n t  mass r e s o l u t i o n  i n d e p e n d e n t  o f  
p a r t i c l e  r i g i d i t y  and a  wide o p e r a t i o n a l  r a n g e ,  a  magne t i c  a n a l y z e r  
formed w i t h  an e l e c t r o m a g n e t  was chosen .  T h i s  i s  a  s t a n d a r d  c o n f i -  
g u r a t i o n  f o r  l a b o r a t o r y  mass s p e c t r o m e t e r s .  F i r s t  o r d e r  f o c u s i n g  
u s i n g  shaped p o l e  p i e c e s  i s  employed t o  g e t  t h e  maximum g e o m e t r i c  
f a c t o r  f o r  a g iven  p o l c f a c e  ;1rcn ( o r  m a g n e t  weight) . 'I'lic rna~t lc t  i c  
;tt~;ily:cr ~ C I L . \ I S L ~ S  ;I p;11-~11 l c > l  ~ ) L \ , I I I I  O K  1):11-t i c l c s  c ~ ~ t ( \ ~ . i ~ ~ ; :  t I l ~ \  L - ~ I I . V L > ( ~  
p o l e  F:IL-c t o  a p o i n t  \~ l i i c I i  i s  ; ~ t  t l i ~  c ' ~ \ ~ l t r c \  (I( '  t l lc L . ~ I ; I I \ I ~ L \ I  c l t ~ - t l ' ~ ~ ~  
m u l t i p l i e r  a r r a y  sho\in i n  Fig~1r.c 1. Dcl)cndi~lg on t h c  tilass r c s o l u -  
t i o n  and  g e o m e t r i c  f a c t o r  r e q ~ l i r c m c n t s  , t h C  C l i M  c 1 cti!cti t s  may Ilc 
o p e r a t e d  e i t h e r  i n d e l ~ c n d e n t l y  o r  vn r io i l s  e l  c m c n t s  s t ~ n l t n c r l .  'l'hi s 
f u n c t i o n  i s  c o n t r o l l c c l  b y  t h c  i ~ i s t r ~ ~ r ! ~ c l i t  con t l -o l  ant1 rlatn hnnd l  i n g  
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s e c t i o n .  I n  t h e  h i g h e s t  mass r e s o l u t i o n  mode o n l y  t h e  c e n t r e  
e l e m e n t s  a r e  used  w h i l e  t h e  end  e l e m e n t s  m o n i t ~ r  t h e  "backgroundf1 
r a t e .  

One problem which must be  c o n s i d e r e d  i n  t h e  s e l e c t i o n  o f  
t h e  s e n s i n g  e l e m e n t  i s  i t s  r e s p o n s e  t o  c o n t a m i n a t i o n  from S p a c e l a b  
v e n t i n g .  Channel e l e c t r o n  m u l t i p l i e r s  a r e  l e s s  s e n s i t i v e  t h a n  
o t h e r  open-ended ( d i s c r e t e  dynode) d e v i c e s  t o  t h e  c o n t a m i n a n t s  
e x p e c t e d  i n  t h e  p a y l o a d  bay and t h u s  a r e  t h e  p r e f e r r e d  d e v i c e s ;  
however,  we p ropose  t o  s t u d y  t h e  r e s p o n s e  o f  t h e  s e n s o r s  t o  c o n t a -  
minant  g a s e s  t o  e n s u r e  r e l i a b l e  o p e r a t i o n .  Ease o f  r e p l a c e m e n t  o f  
t h e  e l e c t r o n  m u l t i p l i e r  a f t e r  e a c h  f l i g h t  i s  a l s o  i m p o r t a n t  i n  t h e  
s e l e c t i o n  o f  t h e  s e n s i n g  e l e m e n t s .  

S t r a y  e l e c t r i c  and magne t i c  f i e l d s  may a l s o  i n t e r f e r e  
w i t h  some o f  t h e  low e n e r g y  measurements  p r o p o s e d .  I o n s  w i t h  
e n e r g i e s  g r e a t e r  t h a n  a  few hundred  e l e c t r o n  v o l t s  s h o u l d ,  however ,  
b e  r e l a t i v e l y  u n a f f e c t e d  by t h e  a n t i c i p a t e d  c o n t a m i n a n t  f i e l d s .  
To minimize t h i s  problem t h e  s p e c t r o m e t e r  s h o u l d  b e  l o c a t e d  i n  a 
r e g i o n  removed from i n s u l a t i n g  s u r f a c e s  and  h i g h  dc e l e c t r i c  and 
magne t i c  f i e l d s .  

S t r a y  magne t i c  f i e l d s  w i l l  a l s o  b e  p roduced  by t h e  
e l e c t r o m a g n e t .  A s c a l e  model o f  t h e  a n a l y z e r  was c o n s t r u c t e d  and 
some i n i t i a l  t e s t s  conduc ted .  The s t r a y  f i e l d  was measured and,  
when s c a l e d  up t o  t h e  f l i g h t  u n i t ,  w i l l  be  below t h e  e a r t h ' s  
f i e l d  a t  a  d i s t a n c e  of  ~3 m from t h e  i n s t r u m e n t  w i t h  no m a g n e t i c  
s h i e l d i n g .  Some s h i e l d i n g  i s  r e q u i r e d  f o r  p r o p e r  o p e r a t i o n  o f  
t h e  i n s t r u m e n t  and more may be  added a s  r e q u i r e d  t o  r e d u c e  t h e  
s t r a y  f i e l d .  

A magne t i c  f i e l d  s t r e n g t h  o f  10 k g a u s s  ( 1  T) i s  needed  
i n  t h e  gap t o  f o c u s  20 keV 0+ i o n s .  To e s t i m a t e  t h e  peak power 
and c u r r e n t ,  t h e  c o i l  was assumed t o  be wound w i t h  # 8  AWG w i r e .  
Three  hundred  and twen ty  t u r n s  a t  25 amps w i l l  p roduce  t h e  10 k g  
f i e l d .  T h i s  i m p l i e s  a  peak IR power d i s s i p a t i o n  o f  200 W a t t s .  
The d i s s i p a t i o n  a v e r a g e d  o v e r  a l l  o p e r a t i n g  modes and e n e r g i e s  
would be  much lower  (%SO W ) .  Some s a v i n g s  i n  power c a n  b e  made 
by go ing  t o  more e x o t i c  w i n d i n g s ;  however ,  t h e s e  f i g u r e s  s e r v e  as  
good e s t i m a t e s  o f  t h e  maximum power used  by  t h e  e l e c t r o m a g n e t .  

O the r  c h a r a c t e r i s t i c s  s u c h  a s  w e i g h t ,  i n d u c t a n c e  and  
t ime c o n s t a n t  a r e  l i s t e d  i n  F i g u r e  1. Al though  o n l y  rough e s t i -  
m a t e s ,  t h e  r e s p o n s e  t ime  and mass o f  t h e  s y s t e m  a p p e a r  t o  be 
a c c e p t a b l e  from an e n g i n e e r i n g  v i e w p o i n t .  The a n a l o g u e  c o n t r o l  
s i g n a l s  f o r  t h e  e l e c t r o m a g n e t  power s u p p l y  w i l l  o r i g i n a t e  i n  t h e  
i n s t r u m e n t  c o n t r o l  s e c t i o n .  The c u r r e n t  s u p p l y  c i r c u i t  w i l l  
o p e r a t e  on a  feedback s y s t e m ,  t h e  p r i m a r y  f i e l d  s e n s o r  b e i n g  a 
mngnctomctcr mountcd i n  thc  S:II'. IJs ill!; t h i s  type o f  fcc( l l~ :~c l \  t l lc  
c o i l  \ < i l l  1 1 ~  cll-i\.c:l t o  L I I ' O ~ ~ I I L - L -  ~111 ~ \ . c \ l * ; ~ l l  ~ ' C S I I O I I S C  ti111c O S  t l i ~ \  

c l e c t r o ~ i l a g ~ l c  t s y s  tcm 01: appl .osi l l~: i tc l !~ 1  / 1  0 t h c  l~~tigllct  t inlc con-  
s t a n t  (50 ms) . Rapi J cllangcs i n  f i c l d  r e q u i r e  inc re i r sed  i n s t a n -  
t a n e o u s  power cl iss  i p a t i o n ,  'To r cducc  t j lc i n s  t a n  t n n c o ~ l s  power 
r e q u i r e m e n t s  t o  (200 W a s l i l a l l  capacitance s t o r t l g c  (~%10 ,000  p r  
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a t  100 V) may be  r e q u i r e d  f o r  r a p i d  i n c r e a s e s  i n  c u r r e n t .  I f  a l l  
r a p i d  changes  a r e  l i m i t e d  t o  d e c r e a s i n g  f i e l d  c o n d i t i o n s  no e n c r g y  
s t o r a g e  i s  r e q u i r e d .  

A d rawing  i n d i c a t i n g  t h e  mounting and o v e r a l l  d imens ions  
o f  t h e  i n s t r u m e n t  package a p p e a r s  i n  F i g u r e  2 .  Dur ing  t h e  PDP 
phase  c o n s i d e r a t i o n  w i l l  be g i v e n  t o  mount ing  ICDH and some o f  t h e  
power s u p p l i e s  s e p a r a t e  from t h e  s e n s o r s .  

b )  E l e c t r o s t a t i c  Energy Ana lyze r  

The e n e r g y  a n a l y s i s  i s  pe r fo rmed  u s i n g  two s y s t e m s ,  a  
r e t a r d i n g  p o t e n t i a l  a n a l y z e r  (R.P.A.) f o r  low e n e r g y  (0-50 eV) 
i o n s  and a  c y l i n d r i c a l  p l a t e  e l e c t r o s t a t i c  a n a l y z e r  (C.P.E.A.) 
f o r  h i g h  e n e r g y  i o n s  ( l e s s  t h a n  40 keV/Q). To r e t a i n  an e n e r g y  
r e s o l u t i o n  AE/E o f  t h e  o r d e r  o f  10% and s t i l l  keep  t h e  d e f l e c t i o n  
p l a t e  s i z e  t o  a  minimum and t h e  g e o m e t r i c  f a c t o r  a t  a  maximum, a s  
d e f i n e d  by t h e  m a g n e t i c  s p e c t r o m e t e r  p o l e  f a c e  s e p a r a t i o n ,  a  s e t  
o f  t h r e e  c o n c e n t r i c  c y l i n d r i c a l  p l a t e s  w i l l  be u s e d .  The c e n t r e  
p l a t e  w i l . 1  be  o p e r a t e d  a t  r o u g h l y  t h e  mean o f  t h e  p o t e n t i a l s  
a p p l i e d  t o  t h e  two o u t s i d e  p l a t e s .  C o l l i m a t o r s  w i l l  be  i n s e r t e d  
between g r i d  G 3  and t h e  C.P.E.A. ( s e e  F i g u r e  2 )  t o  p roduce  t h e  
n e a r l y  p a r a l l e l  beam a t  t h e  e x i t  a p e r t u r e  r e q u i r e d  f o r  t h e  m a g n e t i c  
a n a l y z e r .  

The C.P .E.A.-e lec t romagnet  s y s t e m  w i l l  b e  d e s i g n e d  t o  
be  f l o a t e d  up t o  -3  kV. T h i s  o p t i o n  w i l l  be  u s e d  t o  p r e a c c e l e r a t e  
i o n s  between t h e  R.P.A. and t h e  C.P.E.A.,  t h e r e b y  i n c r e a s i n g  t h e  
d e t e c t i o n  e f f i c i e n c y  and g e o m e t r i c  f a c t o r  f o r  low e n e r g y  i o n s .  .. 

I n  t h e  h i g h  e n e r g y  modes t h e  R.P.A. i s  s e t  t o  r e p e l  
unwanted low e n e r g y  i o n s .  I n  t h e  l o w e s t  e n e r g y  mode t h e  r e p e l l e r  
g r i d  (G2) w i l l  be used  t o  i n t e g r a l  e n e r g y  a n a l y s e  t h e  i o n s  b e f o r e  
p r e a c c e l e r a t i o n .  T h i s  approach  i s  i d e n t i c a l  t o  t h a t  u s e d  by t h e  
Lockheed group f o r  t h e  ISEE s a t e l l i t e  mass s p e c t r o m e t e r  and i s  
t h e  p roposed  method f o r  t h e  DE m i s s i o n .  P o s i t i v e  i o n s  e n t e r i n g  
t h e  R.P.A. a r e  a n a l y z e d  i n  t h e  0  t o  20 V r a n g e ,  a c c e l e r a t e d  by t h e  
3 kV p o t e n t i a l  d r o p  between G 2  and G 3  and momentum a n a l y z e d  and 
d e t e c t e d  i n  t h e  n e g a t i v e l y  b i a s e d  C.P.E.A.-magnet ic  s p e c t r o m e t e r  
sys t em.  A t  t h i s  t ime  t h e  C.P.E.A. i s  s e t  t o  a n a l y z e  3 keV/Q 
p a r t i c l e s  and i s  t r a n s p a r e n t  t o  a l l  low e n e r g y  ( < 5 0  eV) i o n s .  
The R.P.A. w i l l  have t y p i c a l l y  32 v o l t a g e  s t e p s  and w i l l  be con- 
t r o l l e d  by t h e  i n s t r u m e n t  c o n t r o l  l o g i c  and by t h e  S p a c e l a b  
computer .  

I n  t h e  mid-energy r ange  (20-200 eV) two sub-modes can  b e  
s e l e c t e d .  One u s e s  3 kV p r e a c c e l e r a t i o n  and R.P.A. a n a l y s i s  t o  
g i v e  p s e u d o - i n t e g r a l  e n e r g y  s p e c t r a ,  a s  i n  t h e  l o w , e n e r g y  mode. 
The second mode u s o s  no p r e a c c e l c r n t i o n  ancl t h e  C . P . E . A .  t o  g i v c  
c l i f t ' c r c n t i n l  c n c r ~ y  spcctr : i  it11 fitI:/l: - t i .  1 .  

I n  t h e  h i g h  ene rgy  riiodc t h c  I i . l ) . A .  i s  s e t  t o  r e p e l  low 
e n e r g y  (50 e V )  i o n s  and t h e  C.P.E.A. i s  u s e d  f o r  e n e r g y  a n a l y s i s .  
The p r e a c c e l c r a t i o n  v o l t a g e  can  b e  s e t  t o  e i t h c r  z e r o  o r  3 k V ,  
depending  on t h e  r c q u i r c m c n t s  o f  t h c  e x p e r  i rncnt . ?'he p r c n c c c  1 c r n -  
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t i o n  mode w i l l  be used  t o  i n c r e a s e  t h e  e f f e c t i v e  g e o m e t r i c  f a c t o r  
a t  t h e  expense  o f  e n e r g y  r e s o l u t i o n .  With no p r c a c c e l e r a t i o n  t h e  
C . P . E . A .  p l a t e s  a r e  o p e r a t e d  i n  a b a l a n c e d  c o n f i g u r a t i o n  w i t h  t h e  
c e n t r e  p l a t e  grounded and t h e  two o u t s i d e  p l a t c s  a t  v o l t a g e s  u p  
t o  +6  kV. The p l a t e  v o l t a g e s  w i l l  be  a d j u s t e d  s o  t h a t  t h e  c e n t r e  
t r a j e c t o r y  e n e r g y  w i l l  be t h e  same i n  e a c h  h a l f  o f  t h e  s y s t e m .  

The upper  e n e r g y  l i m i t  f o r  heavy i o n s  i s  s e t  by t h e  mag- 
n e t i c  d e f l e c t i o n  s y s t e m  which was d i s c u s s e d  p r e v i o u s l y .  For  i o n s  
w i t h  m / Q  < 16 t h e  m a g n e t i c  a n a l y z e r  i s  c a p a b l e  o f  f o c u s i n g  e n e r g i e s  
g r e a t e r  t h a n  20 keV. Here t h e  upper  l i m i t  i s  s e t  by t h e  maximum 
v o l t a g e  which may b e  a p p l i e d  t o  t h e  e l e c t r o s t a t i c  d e f l e c t i o n  
p l a t e s .  An upper  l i m i t  n e a r  E / Q  = 40 kV i s  e s t i m a t e d  f o r  t h e s e  
l i g h t  i o n s .  

A l l  i n s t r u m e n t  o p e r a t i o n a l  modes a r e  i n d e p e n d e n t l y  
programmable v i a  t h e  S p a c e l a b  computer  and  i n s t r u m e n t  c o n t r o l  
s e c t i o n ;  however ,  a  number o f  prepragrammed s c a n n i n g  r o u t i n e s  w i l l  
be  a v a i l a b l e  i n  t h e  i n s t r u m e n t .  A t y p i c a l  example i n v o l v e s  r a p i d  
e n e r g y  s c a n s  from 20 keV t o  2 keV a t  one s e l e c t e d  mass.  Here r h e  
e n e r g y  would be s t e p p e d  e x p o n e n t i a l l y  and t h e  magnet c u r r e n t  would 
t r a c k  one p a r t i c u l a r  mass s p e c i e s .  The.maximum s c a n  r a t e  h e r e  would 
be de te rmined  by t h e  maximum a l l o w a b l e  magnet d I / d t .  The m a g n e t i c  
f i e l d  c u r r e n t  s u p p l y  w i l l  be  d e s i g n e d  t o  c o m p l e t e  one s c a n  i n  
50 ms. 

A second  mode o f  o p e r a t i o n  c a l l s  f o r  t h e  s c a n n i n g  o f  a 
two-dimens ional  m a t r i x  i n  e n e r g y  and momentum s p a c e .  I n  t h i s  mode 
t h e  magne t i c  f i e l d  would remain  f i x e d  a t  a  number o f  s t e p s  a s  t h e  
e n e r g i e s  a r e  scanned .  The maximum s c a n  r a t e  i s  t h e n  d e f i n e d  by 
t h e  C . P . E . A .  h i g h  v o l t a g e  s u p p l y  r i s e  t ime  which  w i l l  be  2 m s .  
A s  an  example an 8 x 8 e n e r g y  momentum a r r a y  may b e  measured i n  
% Z O O  ms. I n  many i n s t a n c e s  t h e  a c t u a l  d w e l l  t i m e s  on e a c h  e l e m e n t  
i n  t h e s e  a r r a y s  w i l l  be  d e t e r m i n e d  by t h e  r e q u i r e m e n t  f o r  s t a t i s -  
t i c a l  a c c u r a c y  r a t h e r  t h a n  t h e  i n s t r u m e n t  c a p a b i l i t y .  

A c r u d e  s m a l l  s c a l e  model o f  t h e  i n s t r u m e n t  was b u i l t  
and t e s t e d  a t  t h e  NRC l a b o r a t o r i e s .  A s c a n  o f  2 keV beam emerging  
from t h e  ~ e +  i o n  s o u r c e  i s  shown i n  F i g u r e  3 .  T h i s  f i g u r e  dernon- 
s t r a t e s  some o f  t h e  s t r e n g t h s  o f  t h e  sys t em a s  w e l l  a s  t h e  p rob lems .  
We f i r s t  n o t e  t h a t  t h e  h a l f  w i d t h  o f  t h e  fie+ peak ( 0 . 0 4 )  i s  w e l l  
w i t h i n  s p e c i f i c a t i o n  f o r  s i n g l e  e l emen t  d e t e c t i o n  a t  t h e  f o c a l  
p o i n t .  The  pe peak i s  due t o  c o n t a m i n a n t s  i n  t h e  s o u r c e .  We 
a l s o  n o t e  t h a t  t h e  background i s  down by a t  l e a s t  l o " '+  o f  t h e  peak 
which i s  e s s e n t i a l  f o r  t h e  m i s s i o n .  

The problem a r e a  l i e s  i n  t h e  low mass t a i l  o f  t h e  d i s -  
t r i b u t i o n  which r e s u l t s  m o s t l y  from i n h o m o g e n e i t i e s .  i n  t h e  magne t i c  
f i e l d .  T h i s  problem w i l l  be c o r r e c t e d  i n  t h c  f l i g h t  u n i t  by mag- 
11cti.c f i c l c l  t r imrni r~g .  Sm;l l l  :111j:lc s ~ - ; \ t t c > l - i l ~ g  111;ly a l s o  be 3 p r o -  
blem a n d  will 1)c rn i~ l i in iz rd  b y  more c a l - c f u l  I ) r ~ f f  l i n g  tila11 p r e s e i i t  
i n  t h e  model.  



Many applications for the instrument require pointing 
capability, therefore it is proposed that the instrument be mounted 
on a small, modest accuracy, instrument pointing system. The 
Spacelab computer will be used in conjunction with the output 
from the magnetometer sampling the ambient field to either monitor 
or actively point the mass spectrometer. 



I - ION - = =  A\ASS -- GFECT'ROMZTER 4 

I 
-- -I- -----.- .-.- - -_- 

5 



Figure2

J



BEAM ENERGY - 2.0 KeV 
- 

MAGNETIC FIELD ( K  gauss) 
0423 0.730 1.42 2.07 2.79 3.39 3.68 4.3 1 

I 
4.6 5 

I I I I I 1 I I I I I f - I - I&+ - . C 
..I 

I.. 

I 

I 

LI 

I 

10' 

IL - - - 
- 

H+ IOL P LI - 1 
L 

D - 
- - - 

L 

C 

L. 

1 - 5  - A ,  
0 

- 
0-2 

- 
0.4 0.6 0-8 

COIL CURRENT (amps) 

F i g u r e  3 




