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Abs t rac t  

Resu l t s  are presented  from t h e  IMP-IV s a t e l l i t e  on t h e  2.7 - 
21.5 MeV e l e c t r o n  i n t e n s i t y  i n  i n t e r p l a n e t a r y  space between J u l y  3rd 

and August 27th 1967. The measured e l e c t r o n  i n t e n s i t y  i s  be l ieved  t o  

be uncontaminated by s o l a r  e l e c t r o n s .  The a n a l y s i s  procedure f o r  

background s u b t r a c t i o n  and subsequent d e r i v a t i o n  of t he  e l e c t r o n  

spectrum i s  descr ibed .  The r e s u l t s  of  e l e c t r o n  a c c e l e r a t o r  c a l i b r a t i o n s  

are used ex tens ive ly .  The o r i g i n  of  t h e  e l e c t r o n s  i s  d i scussed ,  and 

t h e  r e s u l t s  a r e  compared wi th  the  p red ic t ed  i n t e n s i t y  o f  knock-on 

e l e c t r o n s  from p ro ton -e l ec t ron  c o l l i s i o n s  i n  i n t e r s t e l l a r  space.  The 

measured e l e c t r o n  spectrum i s  shown t o  be compatible wi th  a s o l e  o r i g i n  

i n  t h e  g a l a c t i c  knock-on component i f  s o l a r  modulation of low energy 

e l e c t r o n s  i s  i n s i g n i f i c a n t .  The e l e c t r o n  energy spectrum obtained i s  

w e l l  represented  by a power l a w  o f  t h e  form dJ/dE = 132 

electrons/m2 sec sr M e V  between 2.7 and 21.5 MeV.  
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I n t r o d u c t i o n  

A d i r e c t  observa t ion  of  t h e  low energy e l e c t r o n  component of 

cosmic r ays  i n  i n t e r p l a n e t a r y  space has  been-made wi th  a dE/dx v s .  E 

s c i n t i l l a t o r  t e l e scope  on-board t h e  IMP-IV s a t e l l i t e  (Explorer 34). 

The d i f f e r e n t i a l  energy spectrum of  the  e l e c t r o n s  has  been measured i n  

t h e  energy i n t e r v a l  2.7 - 21.5 MeV. The r e s u l t s  repor ted  he re  cover 

t h e  t i m e  pe r iod  July 3rd - August 27th,  1967, which w a s  chosen because 

of t h e  low l e v e l  of s o l a r  a c t i v i t y .  The p a r t i c l e s  from t h e  s o l a r  

e l e c t r o n  event  between 08.00 and 15.00 UT on Ju ly  5 ,  1967 have been 

excluded from t h e  a n a l y s i s .  The apogee of  IMP-IV was a t  around 216,000 

km dur ing  the  per iod  under d i scuss ion .  Data are excluded when the  

s a t e l l i t e  was below 70,000 km and over 80% of t h e  d a t a  a r e  taken from 

ou t s ide  125,000 km. The a x i s  of  t h e  d e t e c t o r  i s  normal t o  t h e  e c l i p t i c  

p lane .  

The f i r s t  measurement of e l e c t r o n s  i n  t h i s  energy i n t e r v a l  was 

made by C l ine ,  Ludwig and McDonald (1964) wi th  a d e t e c t o r  on-board t h e  

1MP-I s a t e l l i t e ,  Our r e s u l t s  were obtained from a s i m i l a r  d e t e c t o r ,  

bu t  a more s o p h i s t i c a t e d  a n a l y s i s  technique was employed than  f o r  t h e  

IMP-I d a t a ,  which not  only makes a more p r e c i s e  background s u b t r a c t i o n  

but  extends t h e  energy range covered by t h e  d e t e c t o r .  

It i s  intended t h a t  t h e  e l e c t r o n  f l u x  s tud ied  he re  i s  represen-  

t a t i ve  of t h e  equ i l ib r ium g a l a c t i c  f l u x ,  perhaps modulated by s o l a r  

a c t i v i t y ,  bu t  wi thout  contaminat ion from e i t h e r  s o l a r  o r  t e r r e s t r i a l  

e l e c t r o n s .  A t  t h e  p r e s e n t  t i m e  i t  i s  no t  c e r t a i n  whether o r  no t  t h e r e  

i s  a qu ie scen t  s o l a r  e l e c t r o n  i n t e n s i t y  a t  r e l a t i v i s t i c  ene rg ie s .  
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A study of t h e  long term t i m e  v a r i a t i o n  of t h e  e l e c t r o n  i n t e n s i t y  w i l l  

be very informative i n  e s t a b l i s h i n g  the  magnieude of such a s o l a r  

component. However, t h e  s h o r t  t e r m  v a r i a t i o n s  r epor t ed  by C l ine  and 

McDonald (196%) d i s p l a y  an i n v e r s e  c o r r e l a t i o n  wi th  s o l a r  a c t i v i t y  and 

Kp and a s t r o n g  p o s i t i v e  c o r r e l a t i o n  with t h e  h igh  energy g a l a c t i c  

nucleons as observed by t h e  Deep River Neutron Monitor. Forbush 

decreases  have a l s o  been observed i n  the  low energy component. This  

suppor t s  t h e  view t h a t  t h i s  component i s  of g a l a c t i c  o r i g i n .  The e a r t h  

i s  a l s o  a copious source of low energy e l e c t r o n s  i n  the  form of albedo. 

This  source has been discounted because of t h e  lack of any s p a t i a l  

v a r i a t i o n  i n  i n t e n s i t y  over t h e  IMP-IV o r b i t .  However, i t  must be 

remembered t h a t  t h i s  does not au tomat i ca l ly  exclude t h e  e a r t h  as t h e  

o r i g i n  of low energy i n t e r p l a n e t a r y  e l e c t r o n s .  It is  t h e  purpose of 

t h i s  p a p e r  t o  p r e s e n t  the d a t a  and t o  d i s c u s s  b r i e f l y  the  source 

mechanism under t h e  assumption t h a t  t he  e l e c t r o n s  are of g a l a c t i c  o r i g i n .  

An examination of cosmic ray e l e c t r o n  and p o s i t r o n  measurements from 

3 MeV t o  10 GeV ( s e e  Ramaty and L i n g e n f e l t e r ,  1968, f o r  a summary of 

d a t a  above 100 MeV ) suggest t h e r e  must be a t  least t h r e e  sources  of 

cosmic r ay  e l e c t r o n s .  

Above .5 GeV, the  e+/e- r a t i o  i s  on t h e  o rde r  of o r  less than  

0.1. Most of t h e  e l e c t r o n s  a r e  of primary o r i g i n  and must be d i r e c t l y  

a c c e l e r a t e d  i n  appropr i a t e  source regions.  The measured p o s i t r o n  f l u x  

(Hartman, 1967) i s  i n  reasonable  agreement wi th  t h a t  expected from 

t h e  decay of charged pions produced by cosmic r a y  nucleon-nucleon 

c o l l i s i o n  i n  the  galaxy. Below 0.5 GeV the  e*+/,- r a t i o  i n c r e a s e s ,  which 
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sugges t s  t h a t  e l e c t r o n s  from charged pion decay become more important 

i n  t h i s  energy region. A t h i r d  source which i s  important i n  the  3 - 
20 MeV r eg ion  i s  t h e  Coulomb i n t e r a c t i o n  between cosmic r a y  nucleons and 

e l e c t r o n s  i n  t h e  i n t e r s t e l l a r  medium. A t  -15 MeV the  e l e c t r o n  i n t e n s i t y  

from n + + e and Coulomb c o l l i s i o n s  should be equal .  Below 15 MeV 

the  knock-on c o n t r i b u t i o n  should dominate. The r o l e  played by primary 

e l e c t r o n s  i n  t h e  low energy r eg ion  i s  not c l e a r .  However the  i n t e n s i t y  

and energy s p e c t r a  of t h e  low energy component a r e  c o n s i s t e n t  with a 

knock-on source i f  s o l a r  modulation e f f e c t s  are s m a l l .  

Other p o s s i b l e  sources  such as b e t a  decay o f  r a d i o a c t i v e  n u c l e i  

and neutron decay w i l l  c o n t r i b u t e ,  mainly a t  ene rg ie s  below a few MeV. 

The Fermi process  may be capable o f  a c c e l e r a t i n g  thermal e l e c t r o n s  up t o  

r e l a t i v i s t i c  e n e r g i e s ,  and i n t e r s t e l l a r  y r ays  can produce Compton 

e l e c t r o n s .  Abraham, Brunstein and Cline (1966) were a b l e  t o  c a l c u l a t e  

t h e  c o n t r i b u t i o n s  of several o f  t h e s e  p rocesses ,  and concluded t h a t  t h e  

most probable sources  were knock-on e l e c t r o n s  o r  thermal e l e c t r o n s  

acce le ra t ed  by t h e  Fermi p rocess .  The r ev i sed  f l u x  va lues  p re sen ted  

he re  suggest t h a t  i t  i s  no t  necessary t o  invoke t h e  Fermi process  i f  

t h e  e f f e c t s  of s o l a r  modulation are s m a l l .  
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The Detector  

The d e t e c t o r  used f o r  t h e s e  measurements i s  of t h e  same design 

as t h a t  flown on t h e  ear l ie r  s a t e l l i t e s  IMP-I, I1 and 111, and i t  has  

been descr ibed i n  d e t a i l  elsewhere (Bryant , Ludwig and McDonald, 1962). 

The c r o s s  s e c t i o n  of t h e  d e t e c t o r  is  shown i n  F igu re  1. The f r o n t  

element i s  a t h i n  C s I  ( T l )  c r y s t a l  which serves as a dE/dx d e t e c t o r ,  

and t h i s  i s  operated i n  coincidence wi th  a t h i c k  CsI ( T l )  c r y s t a l  which 

se rves  as an E - dE/dx d e t e c t o r .  An an t i co inc idence  guard counter  of 

p l a s t i c  s c i n t i l l a t o r  surrounds t h e  E - dE/dx d e t e c t o r .  For convenience 

t h i s  element w i l l  h e r e a f t e r  be r e f e r r e d  t o  as the E d e t e c t o r .  A mat r ix  

of dE/dx v e r s u s  E i s  generated f o r  p a r t i c l e s  which s a t i s f y  t h e  dE/dx - E 

coincidence requirement and do no t  t r i g g e r  t h e  guard counter .  E lec t rons  

produce a p u l s e  i n  dE/dx equa l  t o  o r  very c l o s e  t o  t h a t  of a s i n g l y  

charged minimum i o n i z i n g  p a r t i c l e ;  t h e r e  i s  no confusion between 

e l e c t r o n s  and p ro tons  o r  helium n u c l e i  which a r e  de t ec t ed  normally. 

However, t h e r e  i s  a cons ide rab le  background of counts  i n  t h e  "electron" 

p a r t  of t h e  ma t r ix  which m u s t  be sub t r ac t ed  be fo re  t h e  t r u e  e l e c t r o n s  

can be i d e n t i f i e d .  The o r i g i n  of t he  background i s  now discussed.  

Any minimum i o n i z i n g  p ro ton  which produces a dE/dx - E coincidence 

bu t  does no t  t r i g g e r  t h e  guard counter  may be mistaken f o r  an e l e c t r o n .  

There are two ways i n  which t h i s  can happen; t h e  guard coun te r  may have 

an e f f i c i e n c y  < 1 o r  t h e  p ro ton  may i n t e r a c t  i n  t h e  E s c i n t i l l a t o r  i n  

such a way t h a t  no charged p a r t i c l e  p e n e t r a t e s  i n t o  t h e  guard counter .  

An i n e f f i c i e n c y  i n  t h e  guard counter  would produce a peak i n  t h e  matrix 

corresponding t o  minimum o r  near minimum i o n i z a t i o n  l o s s  i n  both dE/dx and E. 
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This  fol lows from t h e  f a c t  t h a t  t h e  ma jo r i ty  of s i n g l y  charged cosmic r a y s  

which can p e n e t r a t e  t h e  d e t e c t o r  are minimum ion iz ing .  Such a peak 

cannot be resolved i n  t h e  d a t a ,  and we have neglected guard counter  

i n e f f i c i e n c y  as a source of background. 

The o t h e r  main source o f  background comes from y r a d i a t i o n ,  

e i t h e r  primary o r  l o c a l l y  produced i n  t h e  s p a c e c r a f t .  It i s  r e l e v a n t  

t h a t  t h e  dE/dx s c i n t i l l a t o r  has a th i ckness  of 0.05 r a d i a t i o n  lengths  

and the E s c i n t i l l a t o r  a th i ckness  of 1.03  r a d i a t i o n  l eng ths .  The 

primary y r ay  i n t e n s i t y  above 1 MeV has  an upper l i m i t  M 3 x cm- 2 

s r - l  sec -1  ( see  Anand, Daniel  and Stephens,  1968, f o r  review of d a t a )  

and i t  obeys a power l a w  spectrum wi th  index M -2 .  The background 

produced by such an i n t e n s i t y  i s  n e g l i g i b l e .  

cons ide r  y r a y s  produced i n  the  s p a c e c r a f t  as a source of y r ay  background. 

Therefore we need only 

A y r ay  can produce a coincidence count i n  t h e  d e t e c t o r  i n  the  

fol lowing ways: 

The y ray can undergo a Compton i n t e r a c t i o n  i n  both t h e  
dE/dx and E s c i n t i l l a t o r s .  For low energy y r ays  the  
p h o t o e l e c t r i c  e f f e c t  i s  important ,  bu t  f o r  t h e  purpose 
of t h i s  d i s c u s s i o n  i t  may be included under Compton 
i n t e r a c t i o n s .  These even t s  a r e  peaked i n  a r eg ion  of 
t he  m a t r i x  corresponding t o  s m a l l  energy loss i n  both 
dE/dx and E. 

The y r a y  can undergo a Compton i n t e r a c t i o n  i n  one s c i n t i l -  
l a t o r  such t h a t  t h e  Compton e l e c t r o n  i s  s u f f i c i e n t l y  
e n e r g e t i c  t o  s a t i s f y  t h e  coincidence requirement.  

The y r ay  can undergo p a i r  product ion such t h a t  e i t h e r  
one o r  both o f  t h e  e l e c t r o n  p a i r  produces a coincidence 
count.  I f  p a i r  product ion t akes  p l a c e  i n  E ,  both e l e c t r o n s  
may emerge through dE/dx and t h e  event  w i l l  be placed i n  
a r eg ion  of t h e  matrix corresponding t o  2x minimum 
ion iz ing .  
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C l e a r l y  combinations of Compton i n t e r a c t i o n s  and p a i r  product ion 

can a l s o  produce background coun t s .  

The energy spectrum of Compton e l e c t r o n s  i s  s o f t e r  t han  the  

energy spectrum of t h e  p a r e n t  y r ays .  The Compton e l e c t r o n s  are produced 

predominantly i n  t h e  E d e t e c t o r  and can only be d e t e c t e d  i f  they 

subsequent ly  pass  through dE/dx. As t h e  Compton e l e c t r o n  spectrum is  

expected t o  be s o f t ,  t h e  m a j o r i t y  of e l e c t r o n s  w i l l  have ene rg ie s  less 

t h a n a  3 MeV when they e n t e r  dE/dx. Accelerator  c a l i b r a t i o n  has  shown 

t h a t  up t o  ene rg ie s  of 3 MeV t h e  most probable  energy l o s s  i n  dE/dx i s  

c l o s e  t o  t h e  t o t a l  k i n e t i c  energy of t h e  e l e c t r o n .  Thus, counts  from 

Compton e l e c t r o n s  a r e  c h a r a c t e r i z e d  i n  the ma t r ix  by a s m a l l  energy lo s s  

i n  E and a d i f f u s e  energy lo s s  i n  dE/dx. Inc iden t  primary e l e c t r o n s  

have a more sha rp ly  def ined energy lo s s  i n  dE/dx, as they m u s t  emerge 

with s u f f i c i e n t  energy t o  t r i g g e r  the E d e t e c t o r .  

The important p o i n t s  t o  r e a l i z e  wi th  r e s p e c t  t o  t h e  background 

even t s  discussed above a r e  as follows: 

(1) Background from p ro ton  i n t e r a c t i o n s  and from p a i r  product ion 
i s  concentrated along the minimum i o n i z i n g ,  o r  e l e c t r o n  l i n e  
of t h e  m a t r i x ,  w i th  perhaps a s l i g h t  enhancement a t  2x 
minimum i o n i z i n g  due t o  e l e c t r o n  p a i r s .  

(2)  Background from Compton e l e c t r o n s  i s  concentrated i n  low 
E channels and i s  not sharply peaked at  the  minimum 
i o n i z i n g  l i n e  i n  dE/dx. 

I n t e r a c t i o n s  i n  dE/dx which send one o r  more charged p a r t i c l e s  i n t o  E 

and y e t  do not t r i g g e r  t h e  guard counter  produce a more g e n e r a l  type of 

background where the  ou tpu t s  of dE/dx and E a r e  v a r i a b l e  and un re l a t ed .  
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This  d e f i n e s  t h e  o r i g i n  of t h e  background even t s  which need t o  

be e l imina ted  from the  r a w  d a t a .  The fol lowing s e c t i o n  d e s c r i b e s  t h e  

d e t e c t o r  response t o  e l e c r r o n s  and shows i n  d e t a i l  how the  background 

s u b t r a c t i o n  i s  made. 
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The Background S u b t r a c t i o n  

A d e t e c t o r  i d e n t i c a l  t o  t h a t  flown on IMP-IV has been ex tens ive ly  

c a l i b r a t e d  us ing  2 . 3  - 4.0 MeV e l e c t r o n s  from t h e  Van de Graaff 

a c c e l e r a t o r  a t  t h e  R a t i o n a l  Bureau of Standards,  Gai thersburg,  and 

3 - 40 MeV e l e c t r o n s  from t h e  l i n e a r  a c c e l e r a t o r  a t  t h e  Naval Research 

Laboratory,  Washington, D. C .  The e f f i c i e n c y  of t he  d e t e c t o r  f o r  

analyzing e l e c t r o n s  i s  shown i n  F igu re  2 as a func t ion  of energy. A 

s e p a r a t e  p u l s e  he igh t  a n a l y s i s  w a s  performed on t h e  output  of dE/dx 

a t  e n e r g i e s  below 4 MeV t o  i n v e s t i g a t e  the  number of e l e c t r o n s  which 

s t o p  i n  t h e  dE/dx s c i n t i l l a t o r .  

Above 4 MeV e f f i c i e n c y  i s  def ined as t h e  r a t i o  of t he  number of 

coincidence counts  unaccompanied by a guard counter  p u l s e  t o  the  t o t a l  

number of coincidence counts ,  on t h e  assumption t h a t  a l l  e l e c t r o n s  

i n c i d e n t  w i t h i n  the  acceptance cone of t h e  d e t e c t o r  produce a dE/dx - E 

coincidence. 

t h e  number o f  e l e c t r o n s  inc iden t  w i t h i n  t h e  acceptance cone which a r e  

This  n e g l e c t s  s c a t t e r i n g  i n  dE/dx wi th  the  argument t h a t  

s c a t t e r e d  o u t s i d e  t h e  geometry i s  balanced by e l e c t r o n s  inc iden t  o u t s i d e  

t h e  acceptance cone which are s c a t t e r e d  i n t o  the  geometry. 

F igu re  2 shows t h a t  t h e  d e t e c t o r  e f f i c i e n c y  reaches a peak a t  

5 MeV and slowly f a l l s  up t o  20 MeV. 

i f  one cons ide r s  t he  type of i n t e r a c t i o n  an e l e c t r o n  might undergo i n  

pas s ing  through C s I ,  which has  a r a d i a t i o n  l eng th  of 1.89 cm. (The 

The reasons f o r  t h i s  are apparent 

t h i ckness  of t he  E s c i n t i l l a t o r  i s  1 . 9 3  cm, o r  1.03 r a d i a t i o n  lengths . )  

(1) The e l e c t r o n  may be s c a t t e r e d  i n t o  t h e  guard coun te r  from 
t h e  E s c i n t i l l a t o r .  
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(2)  A photon formed by t h e  bremsstrahlung process  may produce 
and e l e c t r o n - p o s i t r o n  p a i r  o r  a Compton e l e c t r o n  near  t h e  
edge of t he  E s c i n t i l l a t o r :  such e l e c t r o n s  can t r i g g e r  
t h e  guard.  The photon may i n t e r a c t  i n  the  guard coun te r  
i t s e l f .  The l i n e a r  abso rp t ion  c o e f f i c i e n t  f o r  2 MeV 
y r ays  i s  0 .2  cm-1 i n  CSI.  

( 3 )  Above 1 2  MeV an e l e c t r o n  which does n o t  r a d i a t e  may reach 
t h e  guard counter  from range c o n s i d e r a t i o n s .  

All t he  above processes  lead t o  a g r a d u a l  f a l l  i n  d e t e c t o r  

e f f i c i e n c y  wi th  i n c r e a s i n g  e l e c t r o n  energy. 

Above 20 MeV the  most probable bremsstrahlung l o s s  i s  such t h a t  

t h e  r e s i d u a l  range of t he  e l e c t r o n  i s  l a r g e  enough t o  p e n e t r a t e  t he  

guard counter  (Berger & S e l t z e r ,  1964). Th i s  l eads  t o  a change i n  s lope  

of t h e  e f f i c i e n c y  ve r sus  i n c i d e n t  energy curve a t  20 MeV. The e f f i c i e n c y  

does not  f a l l  t o  z e r o  as an e l e c t r o n  may s t i l l  r a d i a t e  an e n e r g e t i c  

photon which leaves t h e  E d e t e c t o r  without  i n t e r a c t i n g .  

The e f f e c t  of t h e  random n a t u r e  of t h e  bremsstrahlung process 

on t h e  amount of energy deposi ted i n  the  E s c i n t i l l a t o r  i s  of i n t e r e s t .  

There i s  a p r o b a b i l i t y  f o r  any energy d e p o s i t i o n  from ze ro  t o  t h e  f u l l  

e l e c t r o n  k i n e t i c  energy on e n t r y  t o  the  E s c i n t i l l a t o r .  Zero energy 

d e p o s i t i o n  occurs  i f  t h e  e l e c t r o n  r a d i a t e s  a l l  i t s  energy i n t o  a s i n g l e  

photon which escapes from t h e  d e t e c t o r  system without  i n t e r a c t i n g .  The 

f u l l  e l e c t r o n  energy i s  deposi ted i f  t he  e l e c t r o n  i n i t i a t e s  an e l e c t r o n -  

photon cascade which i s  completely absorbed i n  t h e  E s c i n t i l l a t o r .  

These f a c t s  are confirmed by t h e  c a l i b r a t i o n  d a t a .  Figure 3a 

shows t h e  c a l i b r a t i o n  matr ix  obtained f o r  a beam of 6 i- 0.1 MeV e l e c t r o n s  

and Figure 3b shows t y p i c a l  s i n g l e  parameter pu l se  he igh t  d i s t r i b u t i o n s  

- 

f o r  3 ,  6 ,  16, and 30 MeV e l e c t r o n s  as a func t ion  of channel number i n  E. 
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The o r d i n a t e  i n  Figure 3b i s  a r b i t r a r y  i n  the  i n t e r e s t s  of c l a r i t y .  

The channel  width i s  0.65 MeV/channel i n  terms of energy deposi ted i n  . 
t h e  c r y s t a l .  The energy i n d i c a t e d  on each histogram i n  Figure 3b i s  

the  e l e c t r o n  energy on e n t r y  t o  dE/dx. 

most probable  energy loss  i n  E i s  a decreasing percentage o f  the i n c i d e n t  

energy as the  l a t t e r  i s  i nc reased .  

It should be noted t h a t  the 

The e l e c t r o n  c a l i b r a t i o n  i l l u s t r a t e s  t h a t  t h e  counts  i n  a s i n g l e  

channel cannot be a l l o c a t e d  a s p e c i f i c  energy, as e l e c t r o n s  can produce 

counts  i n  a l l  channels up t o  o r  ve ry  c l o s e  t o  t h a t  corresponding t o  

t h e i r  maximum energy. Also t h e  percentage of counts  i n  a given channel 

which correspond t o  e l e c t r o n s  of known energy cannot be e s t a b l i s h e d  

immediately as t h i s  depends on t h e  energy d i s t r i b u t i o n ,  o r  spectrum, of 

t he  e l e c t r o n s  r e spons ib l e  f o r  t h e  counts .  Therefore we adopted an 

i t e r a t i v e  procedure f o r  t h e  a n a l y s i s  which generated a c a l i b r a t i o n  ma t r ix  

f o r  a p o s t u l a t e d  i n c i d e n t  e l e c t r o n  spectrum and compared t h i s  ma t r ix  

w i t h  the  d a t a .  This  i s  descr ibed i n  d e t a i l  below. 

Figure 2 and Figure 3b show t h a t  t h e  p r o b a b i l i t y  of having e l e c t r o n  

counts  beyond x channel 50 i n  E i s  very low, even f o r  a f l a t  e l e c t r o n  

spectrum. Channel 50 would correspond t o  an energy d e p o s i t i o n  g r e a t e r  

t han  32.5 MeV i n  a c r y s t a l  which has  a t h i ckness  of 1.89 g cm-2. 

Therefore  a l l  counts  i n  the m a t r i x  beyond channel  50 i n  E which produce 

a near minimum i o n i z i n g  p u l s e  i n  dE/dx m u s t  be background. 

shows the  r a w  d a t a  p r o f i l e s  i n  dE/dx channel space f o r  d i f f e r e n t  E 

channels.  The p r o f i l e s  f o r  channels 51-60, 61-70, 71-80 a r e  s i m i l a r ,  

whereas t h e  p r o f i l e s  f o r  channe Is be low 30 show a sha rpe r  peak corresponding 

t o  the  i n c l u s i o n  of genuine e l e c t r o n  counts .  The e l e c t r o n  counts  were 
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obtained by s u b t r a c t i n g  from t h e  r a w  d a t a  t h e  background count p r o f i l e  

e s t a b l i s h e d  from d a t a  i n  E channels 51-80. The normalizat ion 

cond i t ion  imposed w a s  t h a t  t h e  r e s u l t a n t  p r o f i l e ,  t h a t  we a t t r i b u t e  t o  

e l e c t r o n s ,  m u s t  have t h e  same shape i n  dE/dx channel  space as t h e  

c a l i b r a t i o n  d a t a .  I n  the lowest t h r e e  channels i n  E the  shape of t he  

background p r o f i l e  was modified t o  t ake  i n t o  account t he  i n c r e a s i n g  

importance of Compton e l e c t r o n s .  I n  a l l  ca ses  the  abso lu te  requirement 

w a s  t h a t  t h e  r e s u l t a n t  counts  a t t r i b u t e d  t o  i n c i d e n t  e l e c t r o n s  should 

have t h e  same d i s t r i b u t i o n  i n  dE/dx channel space as the  c a l i b r a t i o n  

da ta .  

The p r o f i l e  i n  dE/dx channel space from t h e  c a l i b r a t i o n  d a t a  i s  

i n s e n s i t i v e  t o  t h e  shape of t he  spectrum used t o  gene ra t e  t h e  c a l i b r a t i o n  

ma t r ix .  The d i f f e r e n t i a l  energy spectrum i s  def ined as 

where E i s  the  e l e c t r o n  k i n e t i c  energy, J(E) i s  the  i n t e n s i t y ,  k(E) 

i s  a normalizing f a c t o r  and y(E) i s  t h e  index of t he  spectrum. Figure 5 

shows p r o f i l e s  i n  dE/dx channel  space f o r  two sample s p e c t r a ,  y = 2.0 

and y = 0.5. 

s u b t r a c t i o n  of t h e  background. This  p r o f i l e  i s  s e n s i t i v e  t o  t h e  shape 

and normalizat ion o f  t h e  background p r o f i l e .  

of counts  under t h e  r e s u l t a n t  p r o f i l e  i s  determined by t h e  maximum 

d e v i a t i o n  of t h e  background p r o f i l e  which can be t o l e r a t e d  be fo re  the 

shape of t h e  r e s u l t a n t  p r o f i l e  i s  i n  disagreement wi th  the c a l i b r a t i o n  

d a t a .  The e r r o r  changes from t y p i c a l l y  20% i n  channel 3 ,  15% i n  

Also shown i n  F igu re  5 i s  t h e  r e s u l t a n t  d a t a  p r o f i l e  a f t e r  

The e r r o r  i n  t h e  number 
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channel  7 t o  25% i n  channels 20 - 24. We e s t i m a t e  t h e s e  f i g u r e s  t o  

be equ iva len t  t o  2 s tandard d e v i a t i o n s .  

The s a t e l l i t e  d a t a  show t h a t  background counts  caused by y r a y s  

i n t e r a c t i n g  i n  both s c i n t i l l a t o r s  A and B are concentrated i n  low E 

channels.  Thus t h e  c o n t r i b u t i o n  by such even t s  t o  t h e  o v e r a l l  background 

i n  h igh  E channels ,  which provide the background p r o f i l e ,  i s  very s m a l l .  

Therefore a p re l imina ry  c o r r e c t i o n  f o r  t h i s  type of event  w a s  appl ied 

t o  t h e  d a t a  us ing  a p r o f i l e  from a c a l i b r a t i o n  made wi th  a y r ay  beam 

up t o  3.8 MeV. This  p r o f i l e  w a s  normalized t o  the peak i n  channel 2 

(dE)/dx and s u b t r a c t e d  from the  r a w  da t a ;  t h e  resu l t  f o r  channel 3 (E)  

i s  shown i n  Figure 6 .  

Thus f a r  t h e  a n a l y s i s  has  sub t r ac t ed  t h e  background t o  leave a 

m a t r i x  d i s t r i b u t i o n  of t h e  form demanded by t h e  c a l i b r a t i o n ,  i . e . ,  w i th  

a given d i s t r i b u t i o n  of counts  as a f u n c t i o n  of dE/dx channel number. 

Any succeeding a n a l y s i s  may t h e r e f o r e  be confined t o  a s i n g l e  parameter,  

namely the  d i s t r i b u t i o n  of counts  as a f u n c t i o n  of E channel number. 

One f u r t h e r  s u b t r a c t i o n  m u s t  be made be fo re  t h e  e l e c t r o n  spectrum 

can be c a l c u l a t e d ,  which i s  t h e  c o n t r i b u t i o n  i n  low E channels  from 

e l e c t r o n s  above t h e  maximum c a l i b r a t i o n  energy. Figure 3b shows t h a t  

e l e c t r o n s  have a f i n i t e  response i n  a l l  channels up t o  a maximum which 

depends on t h e i r  i n i t i a l  energy; t h i s  cannot be ignored. There are t h r e e  

important c h a r a c t e r i s t i c s  of such a c o r r e c t i o n :  

(1) It i s  s e n s i t i v e  t o  the  i n t e r p l a n e t a r y  e l e c t r o n  spectrum. 

(2)  It is peaked around E channel number 20. It w a s  
emphasized above t h a t  t h e  main reason h igh  energy e l e c t r o n s  
are counted i s  because they l o s e  a l a r g e  f r a c t i o n  of t h e i r  

13 



energy t o  a y r ay ,  o r  r ays ,  and thus  become equ iva len t  
i n  t h e  d e t e c t o r  t o  lower energy e l e c t r o n s .  I r r e s p e c t i v e  
of the shape of t h e  i n t e r p l a n e t a r y  e l e c t r o n  spectrum 
t h i s  c o r r e c t i o n  i s  n e g l i g i b l e  f o r  channels  below channel  
1 2 ,  and cannot i n f luence  t h e  r e s u l t s  below around 12 MeV.  

(3)  There i s  negat ive  feedback t o  t h e  c o r r e c t i o n  from t h e  
f i n a l  computed e l e c t r o n  spectrum. I f  t h e  pos tu l a t ed  
e l e c t r o n  i n t e n s i t y  >40 MeV used t o  c a l c u l a t e  t he  
c o r r e c t i o n  i s  too  l a r g e ,  t h e  c o r r e c t i o n  i t s e l f  w i l l  
be too  large,which w i l l  depress  t h e  co r rec t ed  d a t a  i n  t h e  
20 MeV r eg ion  such t h a t  an e x t r a p o l a t i o n  t o  beyond 40 M e V  
i s  incompatible  wi th  t h e  pos tu l a t ed  i n t e n s i t y .  The oppos i te  
i s  t r u e  i f  t h e  pos tu l a t ed  i n t e n s i t y  >40 MeV i s  t o o  small .  

The magnitude of  t h e  c o r r e c t i o n  which was f i n a l l y  appl ied  t o  the  

d a t a  w a s  w 20% i n  channel  20 (E). 

The c a l i b r a t i o n  d a t a  were now used t o  f i n d  a spectrum which 

produced a f i t  t o  t h e  co r rec t ed  s a t e l l i t e  d a t a .  Th i s  w a s  achieved by 

t h e  fol lowing i t e r a t i v e  procedure.  A mat r ix  w a s  generated by summing 

t h e  c a l i b r a t i o n  ma t r i ces  f o r  d i f f e r e n t  ene rg ie s  according t o  the  

fol lowing equat ion:  

(GF(Eo)/GF(E)) ( C a l i b r a t i o n  ma t r ix  (E)) 

dJ/dE i s  the  proposed spectrum, AE i s  the  wid th  o f  t he  energy i n t e r v a l  

and GF(E,)/GF(E) i s  t h e  r a t i o  of  t he  d e t e c t o r  geometry f a c t o r s  f o r  the 

th re sho ld  energy Eo and E .  

w a s  computed us ing  t h e  e l e c t r o n  range as a func t ion  of  energy der ived  

from t h e  d a t a  o f  Berger and S e l t z e r  (1964). The va lues  of E are 

The geometry f a c t o r  as a func t ion  of energy 
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pre-determined by t h e  ene rg ie s  a t  which t h e  c a l i b r a t i o n  w a s  performed. 

L i m i t s  were placed on t h e  proposed spectrum which r e s t r i c t e d  i t  a form 

such t h a t  d2J/dE2 w a s  bo th  cont inuous and nega t ive .  Th i s  prec ludes  any 

f i n e  s t r u c t u r e  t o  t h e  spectrum. I f  t he  f i n a l  ma t r ix  d i d  not  agree w i t h  

t h e  c o r r e c t e d  s a t e l l i t e  d a t a  w i t h i n  t h e  e r r o r s  t h e  p o s t u l a t e d  spectrum 

was changed, w i th  appropr i a t e  changes t o  t h e  co r rec t ed  s a t e l l i t e  d a t a ,  

u n t i l  a f i t  w a s  ob ta ined .  The c o n t r i b u t i o n  by each E channel  t o  a g iven  

energy i n t e r v a l  w a s  eva lua ted ,  and t h e  f i n a l  e l e c t r o n  i n t e n s i t y  a s  a 

func t ion  of energy w a s  ob ta ined .  This  i s  p l o t t e d  i n  F igure  7a.  

We have endeavored t o  exp la in  p r e c i s e l y  how the  f i n a l  r e s u l t  was 

obta ined .  There i s  one po in t  which should be mentioned i n  connect ion with 

t h e  computed spectrum. No d i s t i n c t i o n  i s  made between e l e c t r o n s  and 

p o s i t r o n s .  The t e r m  "e lec t ron"  i s  used t o  d e s c r i b e  both nega t rons  and 

p o s i t r o n s  un le s s  t h e  l a t t e r  a r e  s p e c i f i c a l l y  named, i n  which case  

"e lec t ron"  r e f e r s  t o  t h e  nega t ive  component. 
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Discussion 

Recent r e p o r t s  of t he  low energy e l e c t r o n  i n t e n s i t y  are summarized 

i n  Figure 7b. The r e s u l t s  of Webber (1968a) , Beedle and Webber (1968) 

were obtained from high a l t i t u d e  bal loon f l i g h t s .  Those of C l i n e ,  

Ludwig and McDonald (1964) were from the IMP-I s a t e l l i t e ,  and those of 

Fan, Gloeckler ,  Simpson and Verma (1968) were from the  IMP-I11 s a t e l l i t e .  

There is  gene ra l  agreement below 20 MeV. It m u s t  be s t r e s s e d  t h a t  t h e  

apparent change i n  i n t e n s i t y  between t h e  IMP-I and I M P - I V  r e s u l t s  must 

no t  be i n t e r p r e t e d  as a r e a l  time v a r i a t i o n .  The a n a l y s i s  procedure 

f o r  t h e  two s e t s  of d a t a  w a s  not t h e  same, although the  d e t e c t o r s  were 

b a s i c a l l y  i d e n t i c a l .  The IMP-I r e s u l t s  a r e  being re-analyzed and the  

time v a r i a t i o n  of t he  e l e c t r o n  i n t e n s i t y  w i l l  be r epor t ed  i n  a l a t e r  

paper.  

The spectrum shown i n  Figure 7a  may be compared wi th  the  i n t e n s i t y  

of knock-on e l e c t r o n s  from proton - e l e c t r o n  c o l l i s i o n s  i n  t h e  i n t e r -  

s t e l l a r  medium p red ic t ed  by Abraham, Brunstein and C l ine  (1966). They 

c a l c u l a t e  an equ i l ib r ium knock-on e l e c t r o n  spectrum i n  t h e  galaxy 

dJ/dE = 0.066 ds/dE (cm2 sec  sr MeV)-' where dE/dx i s  the  

i o n i z a t i o n  loss i n  the  i n t e r s t e l l a r  medium. The i o n i z a t i o n  l o s s e s  i n  

n e u t r a l  hydrogen and helium are 4.25 MeV g" cm2 and 2.01 MeV g-' cm2 

r e s p e c t i v e l y  f o r  7 MeV e l e c t r o n s  (Berger and S e l t z e r ,  1964). These va lues  

a r e  s l i g h t l y  energy dependent, i n c r e a s i n g  towards h ighe r  e n e r g i e s .  The 

presence of helium i n  the  i n t e r s t e l l a r  gas i s  o f f s e t  t o  a f i r s t  

approximation by t h e  f a c t  t h a t  t he  medium is  5 - 10% ionized (Ginzburg 

and Syrovatsky, 1964). A va lue  of dE/dx = 4.25 MeV g-' cm2 i s  u n c e r t a i n  
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b y -  20%. 

Abraham e t  a l .  does not  have t o  make any assumptions about s o l a r  

modulation of low energy cosmic r ays .  Knock-on e l e c t r o n s  between 3 MeV 

and 20 MeV a r e  produced predominantly by p ro tons  with e n e r g i e s  above 

w 2 GeV and s o l a r  modulation of t hese  p a r t i c l e s  i s  n e g l i g i b l e  f o r  t he  

purpose of t h i s  d i scuss ion .  

d e n s i t y  of i n t e r s t e l l a r  matter. 

The i n t e r s t e l l a r  knock-on e l e c t r o n  spectrum c a l c u l a t e d  by 

The c a l c u l a t i o n  i s  a l s o  independent of t h e  

The knock-on e l e c t r o n  spectrum without c o r r e c t i o n  f o r  s o l a r  

modulation i s  shown i n  Figure 7a  as t h e  dashed l i n e s .  It i s  immediately 

apparent t h a t  t h i s  i s  very c l o s e  t o  t h e  observed spectrum. The 

impl i ca t ions  of t h i s  depend on the degree of s o l a r  modulation of low 

energy e l e c t r o n s  and a l s o  on t h e i r  charge r a t i o .  

Recent measurements by C l ine  and Hones (1968) g ive  an upper 

l i m i t  t o  t he  p o s i t r o n  i n t e n s i t y  between 0.5 MeV and 3 MeV which i s  i n  

i t s e l f  c o n s i s t e n t  with an e x t r a p o l a t i o n  of t h e  IMP-IV spectrum t o  low 

ene rg ie s .  It i s  d i f f i c u l t  t o  p o s t u l a t e  a source mechanism f o r  t he  

product ion of such a high p o s i t r o n  i n t e n s i t y  a t  1 MeV. 

decay and p a i r  product ion may be neglected.  One hypothesis  i s  t h e  decay 

of r a d i o a c t i v e  i so topes  such as N I 2  (16.3 MeV), OI4 (4.1, 1.8 MeV) e t c .  

However, t h e  c r o s s  s e c t i o n s  f o r  product ion of e n e r g e t i c  p o s i t r o n  e m i t t e r s  

are low, and t h i s  process  i s  u n l i k e l y  t o  y i e l d  an important i n t e n s i t y  of 

p o s i t r o n s  above 3 MeV.  I n  view of the  product ion d i f f i c u l t y  and t h e  

f a c t  t h a t  t h e  C l ine  and Hones measurement i s  an upper l i m i t ,  t h e  c o n t r i -  

bu t ion  of low energy p o s i t r o n s  t o  t h e  p r e s e n t  r e s u l t s  i s  neglected.  

TT’- - 1-1’- - e-‘ 
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We have shown t h a t  t he  unmodulated p ro ton -e l ec t ron  knock-on 

i n t e n s i t y  i s  s u f f i c i e n t  t o  supply the  measured e l e c t r o n  i n t e n s i t y .  It 

i s  worthwhile t o  cons ider  t h e  c o n t r i b u t i o n  from o t h e r  sources  i n  t h i s  

energy reg ion .  F igure  8 shows the  c a l c u l a t e d  equ i l ib r ium e l e c t r o n  

i n t e n s i t y  from TT - p - e decay, e (n )  , (Ramaty and L ingenfe l t e r ,  1968); 

t he  e l e c t r o n - e l e c t r o n  knock-on i n t e n s i t y ,  (e  - e ) ,  (Ramaty, 1968); t h e  

p ro ton -e l ec t ron  knock-on i n t e n s i t y  (p  - e ) ,  (Abraham e t  a l ,  1966); and 

t h e  neutron decay e l e c t r o n  i n t e n s i t y ,  e ( n ) ,  (Ramaty and L i n g e n f e l t e r ,  

1966). The (p - e)  knock-on i n t e n s i t y  inc ludes  t h e  c o n t r i b u t i o n  from 

cosmic r ays  of  Z 2 2 and i t  i s  c a l c u l a t e d  f o r  a value of  dE/ds = 4.25  

M e V  g-' cm . The n - p - e decay spectrum i s  c a l c u l a t e d  f o r  a va lue  of 

Xo = 4 g cm-2, where X o  i s  t h e  mean amount of mat ter  t r ave r sed  by 

cosmic r ays .  The neut ron  decay spectrum i s  i n  agreement wi th  t h e  

estimate made by Abraham e t  a 1  (1966). It i s  i n t e r e s t i n g  t o  note  t h a t  

i f  knock-on product ion and TT - p - e decay a r e  the  dominant mechanisms 

a t  low e n e r g i e s ,  an e-'-/e- r a t i o  of . 5 would be p red ic t ed  a t  -15 M e V .  

Confirmation of t h i s  would be important  f o r  t h e  model o u t l i n e d  he re .  The 

e l e c t r o n - e l e c t r o n  knock-on i n t e n s i t y  was c a l c u l a t e d  from t h e  measured 

e l e c t r o n  spectrum a t  e a r t h ,  demodulated assuming a modulation func t ion  

of  t h e  form 

2 

where R i s  t h e  e l e c t r o n  r i g i d i t y  i n  GV. This  i s  t h e  only secondary 

component t h a t  i s  s e n s i t i v e  t o  the  modulation func t ion .  However, un le s s  
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t h e  e l e c t r o n  modulation i s  f a r  g r e a t e r  t han  p red ic t ed ,  t h i s  i s  not a 

major e l e c t r o n  source.  On t h i s  model t h e  modulation of e l e c t r o n s  a t  

low r i g i d i t i e s  depends on t h e  r a t i o  TJ/Ro. 

Webber (1968b) sugges t s  t h a t  Ro i s  M 1 GV, based on a s tudy of time 

v a r i a t i o n s  of p ro tons  and helium n u c l e i .  Gloeckler and J o k i p i i  (1967) 

propose an upper l i m i t  t o  t he  modulation parameter TJ of 1 GV from 

i n t e r s t e l l a r  energy d e n s i t y  requirements.  This p l aces  an upper l i m i t  

on V/R0w 1, which i s  c l o s e  t o  the  va lue  used by Ramaty. 

The r ecen t  review paper by 

A comparison of t he  p r e d i c t e d  (unmodulated) t o t a l  secondary 

e l e c t r o n  i n t e n s i t y ,  e,, w i th  the  d a t a  shows a divergence wi th  inc reas ing  

energy which i s  mainly a t t r i b u t e d  t o  the  dominance of rr - p - e decay 

e l e c t r o n s  above 20 MeV. The c a l c u l a t i o n s  of e ( n )  a r e  es t imated t o  be 

accu ra t e  t o  w i t h i n  around 50% (Ramaty, 1968) i f  i t  i s  assumed t h a t  

Xo 

Hartman (1967) suggest t h a t  t h i s  source i s  not  dominant above 200 MeV 

which would favor  a r educ t ion  i n  e(rr). The d o t t e d  l i n e  i n  Figure 8 

i n d i c a t e s  t h e  magnitude of t h e  t o t a l  secondary component i f  e(rr) i s  

reduced by a f a c t o r  of 2. We i n t e r p r e t  t h i s  as a reasonable  lower l i m i t  

t o  t h e  t o t a l  equ i l ib r ium e l e c t r o n  i n t e n s i t y  i n  i n t e r s t e l l a r  space. 

= 4 g cm-2 i s  a reasonable  va lue .  Charge r a t i o  measurements of 

It i s  ev iden t  from Figure 8 t h a t  modulation of e l e c t r o n s  a t  15 MeV 

i s  l a r g e r  than modulation a t  3 MeV. A t  3 MeV the p red ic t ed  va lue  of 

q /Ro  i s  0 . 2  - C 0.2,  while  a t  15 MeV w e  o b t a i n  TJ/Ro 0.9 - + 0.2.  

assumes a l l  of t h e  low energy e l e c t r o n s  a r e  of secondary o r i g i n .  

= This  

I n  summary, we have measured an e l e c t r o n  i n t e n s i t y  which i s  w e l l  

r ep resen ted  by a power l a w  of t he  form 

19 



- -  dJ - 132 electrons/m2 sec sr MeV 
dE 

between 2.7 MeV and ‘21.5 MeV. This is in good agreement with the 

predicted knock-on electron intensity in this energy range. 
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Figure Captions 

Figure 1: 

F igure  2: 

Figure 3a: 

Figure 3b: 

Figure 4: 

Figure 5: 

Figure 6: 

Schematic c r o s s  s e c t i o n  of t h e  d e t e c t o r .  

The d e t e c t o r  e f f i c i e n c y  as a func t ion  of e l e c t r o n  
energy obtained from e l e c t r o n  a c c e l e r a t o r  c a l i -  
b r a t i o n .  

The two dimensional pu l se  he igh t  a n a l y s i s  ma t r ix  
obtained from a beam of 6 -+ 0.1 M e V  e l e c t r o n s .  
The m a t r i x  i s  t h e  sum of tKree ma t r i ces  obtained 
f o r  i n c i d e n t  angles  of O",  10" and 23" of t he  
e l e c t r o n  beam t o  t h e  a x i s  of the d e t e c t o r .  

S ing le  parameter p u l s e  he igh t  d i s t r i b u t i o n s  f o r  3,  
6 ,  16 and 30 MeV e l e c t r o n s  as a func t ion  of 
channel number i n  E - dE/dx. 

Pu l se  h e i g h t  d i s t r i b u t i o n s  i n  dE/dx channel space 
from the  I M P - I V  r a w  d a t a  f o r  t he  time per iod 
J u l y  3 - August 2 7 ,  1967. So l id  l i n e s  a r e  f i t t e d  
t o  d a t a  from channels 51-60, 61-70, and 71-80 i n  
E - dE/dx. The uppermost l i n e  shows how the  l i n e  
p r o f i l e  i s  f i t t e d  t o  d a t a  from channels 20-24. 
I n  t h i s  ca se  t h e  d i f f e r e n c e  between t h e  l i n e  and 
t h e  d a t a  p o i n t s  g ives  an upper l i m i t  t o  t he  e l e c t r o n  
c o n t r i b u t i o n  from these  channels .  

E l e c t r o n  a c c e l e r a t o r  c a l i b r a t i o n  p r o f i l e s  i n  dE/dx 
channel space a r e  shown f o r  r e p r e s e n t a t i v e  E - dE/dx 
channels.  p r o f i l e s  a r e  i l l u s t r a t e d  f o r  two power 
l a w  s p e c t r a  w i t h y  = 0.5 and 2.0 ( s e e  t e x t ) .  Back- 
ground c o r r e c t e d  d a t a  from I M P - I V  i s  compared wi th  
the  c a l i b r a t i o n  d a t a .  

The pu l se  h e i g h t  d i s t r i b u t i o n  i n  dE/dx channel 
space from the y r ay  c a l i b r a t i o n  a t  3.8 M e V  i s  
compared w i t h  r a w  d a t a  from I M P - I V .  
t h e  y ray p r o f i l e  i s  normalized t o  t h e  r a w  d a t a  
i n  channel  2 (dE)/dx. I n  channel 3 t h e  y r ay  
p o i n t  and t h e  r a w  d a t a  p o i n t  a r e  co inc iden t .  

The peak i n  

F igu re  7: (a) The measured d i f f e r e n t i a l  energy spectrum f o r  
e l e c t r o n s  from J u l y  3 t o  August 27, 1967. The 
s t r a i g h t  l i n e s  are p r e d i c t e d  knock-on e l e c t r o n  
i n t e n s i t i e s  i n  i n t e r s t e l l a r  space computed by 
Abraham e t  a1 (1966) f o r  two v a l u e s  of e l e c t r o n  
i o n i z a t i o n  loss.  The e r r o r s  shown are a combination 
of s t a t i s t i c a l  e r r o r s  and e r r o r s  from the a n a l y s i s  
procedure.  
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Figure 8: 

(b)  Recent obse rva t ions  of primary e l e c t r o n s  
between 2 .7  MeV and 40 MeV. 

The c a l c u l a t e d  equ i l ib r ium secondary e l e c t r o n  
spectrum i n  i n t e r s t e l l a r  space i s  p l o t t e d  as es. 
The p - e component i s  t h e  knock-on e l e c t r o n  
spectrum from protons and Z 2 2 .  S i m i l a r l y  e - e 
i s  the  knock-on e l e c t r o n  spectrum from e l e c t r o n s .  
e ( n )  i s  t h e  neutron decay e l e c t r o n  spectrum and 
e ( n )  i s  the  TI - - e decay spectrum. The d o t t e d  
l i n e  is the  t o t a l  secondary e l e c t r o n  spectrum i f  
e ( n )  i s  reduced by a f a c t o r  of 2. 
i n t e g r a t e d  pa th  l eng th  f o r  cosmic rays i n  g 
and dE/dx i s  the  i o n i z a t i o n  loss i n  i n t e r s t e l l a r  
space.  

Xo i s  t h e  
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