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1. Introduction. In an e a r l i e r  paper a t  t h i s  conference (065.4-4) by 
Linsley and P i ch t e l  (19851, it was shown t h a t  cur ren t  cosmic ray 
evidence supports  a change i n  t h e  cosmic ray composition i n  t h e  region 
between lo6 and lo8 GeV t o t a l  energy i n  the d i r e c t i o n  of a smaller  
average value of A. Compared t o  normal c e l e s t i a l  abundances, t h e  heavy 
nuc l e i  are much abundant, and, i n  f a c t ,  t h e  composition 
measurements above 1;8 G e V  a r e  cons is ten t  with t he re  being only 
protons. Here, these r e s u l t s  combined with those of t h e  energy spectrum 
and anisotropy of t h e  cosmic rays  and o the r  as t rophys ica l  information 
w i l l  be examined t o  t r y  t o  determine t h e i r  implicat ions f o r  the o r i g i n  
of t he  cosmic rays. In  t he  next two sec t ions ,  t he re  w i l l  be a 
considerat ion of t he  implications of one o r  more than one type of source 
i n  t he  galaxy t o  s ee  which a r e  cons is ten t  with t h e  i n t e rp re t a t i on  of 
current  measurements. In  the l a s t  sec t ion ,  the na ture  of the  source 
types t h a t  would be required a r e  discussed. 

2. Consideration of a One Source Type. These sources  would presumably 
be d i s t r i b u t e d  throughout the g a l a c t i c  plane. The p o s s i b i l i t y  of a 
s i n g l e  source a t  t h e  g a l a c t i c  cen t e r  o r -  elsewhere is- a spec i a l  case. 
The most l i k e l y  possible  sources of cosmic rays,  a t  least f o r  t he  lower 
energ ies  (lo6 GeV), appear t o  be supernovae and pulsars .  Since t h e  
models general ly  envision the acce le ra t ion  of the  outermost l ayer  ( i n  
t h e  case  of a supernova) o r  surrounding mater ia l  ( f o r  a pulsar),  t he re  
is  not a major problem i n  reproducing the  observed composition a t  lower - 
energ ies  a t  l e a s t  i n  broad terms when subsequent fragmentation i n  t h e  
i n t e r s t e l l a r  medium is  considered. 

Figure 1 summarizes cur ren t  information on t h e  observed t o t a l  +- 

energy spectra .  It i s  c l ea r ly  not possible  t o  ob t a in  agreement with t h e  
a l l  p a r t i c l e  energy spectrum by assuming t h a t  a l l  types  of p a r t i c l e s  
have an energy spectrum that  continues as  a power law with the same 
s lope  t o  a r b i t r a r i l y  high energies. It i s  a l s o  not  reasonable t o  expect 
t h i s  t o  occur i f  these p a r t i c l e s  a r e  ga l ac t i c ,  because, even i f  they 
have such a spectrum a t  t he  source, t h e r e  is  a r i g i d i t y  above which they 
cannot be held e a s i l y  i n  the g a l a c t i c  arms i n  the  plane (pe te rs ,  1959; 
F i c h t e l ,  1963). Using an estimated magnetic f i e l d  value based on 
cur ren t  information tha t  is s l i g h t l y  smaller  than used i n  the l a t t e r  
paper, t h a t  r i g i d i t y  i s  estimated t o  be between lo6 and lo7 GeV. 
C 1  a r l y  the  steepening i n  the  a l l  p a r t i c l e  spectrum a t  o r  somewhat below P 10 GeV i s  cons is ten t  with t h i s  concept, and t h e  change i n  s lope a t  10lo 
G e V  ( ac tua l ly  suggested by F i ch t e l ,  1963, before i t  was reported by 
Lins ley ,  1963) may suggest an e x t r a g a l a c t i c  component, although o ther  
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1. Introduction. In an earlier paper at this conference (OG5.4-4) by 
Linsley and Fichtel (1985), it was shown that current cosmic ray 
evidence supports a change in the cosmic ray composition in the region 
between 106 and 108 GeV total energy in the direction of a smaller 
average value of A. Compared to normal celestial abundances, the heavy 
nuclei are much les,\J abundant, and, 1n fact, the composition 
measurements above 100 GeV are consistent with there being only 
protons. Here, these results combined with those of the energy spectrum 
and anisotropy of the cosmic rays and other astrophysical information 
will be examined to try to determine their implications for the origin 
of the cosmic rays. In the next two sections, there will be a 
consideration of the implications of one or more than one type of source 
in the galaxy to see which are consistent with the interpretation of 
current measurements. In the last section, the nature of the source 
types that would be required are discussed. 

2. Consideration of a One Source Type. These sources would presumably 
be distributed throughout the galactic plane. The possibility of a 
single source at the galactic center or elsewhere is a special case. 
The most likely possible sources of cosmic rays, at least for the lower 
energies 006 GeV), appear to be supernovae and pulsars. Since the 
models generally envision the acceleration of the outermost layer (in 
the case of a supernova) or surrounding material (for a pulsar), there 
is not a major problem in reproducing the observed composition at lower 
energies at least in broad terms when subsequent fragmentation in the 
interstellar medium is considered. 

Figure 1 summarizes current information on the observed total 
energy spectra. It is clearly not possible to obtain agreement with the 
all particle energy spectrum by assuming that all types of particles 
have an energy spectrum that continues as a power law with the same 
slope to arbitrarily high energies. It is also not reasonable to expect 
this to occur if these particles are galactic, because, even if they 
have such a spectrum at the source, there is a rigidity above which they 
cannot be held easily in the galactic arms in the plane (Peters, 1959; 
Fi.chtel, 1963). Using an estimated magnetic field value based on 
current information that is slightly smaller than used in the latter 
paper, that rigidity 1s estimated to be between 106 and 107 GeV. 
Cl,arly the steepening in the all particle spectrum at or somewhat below 
10 GeV is consistent with this concept, and the change in slope at 1010 
GeV (actually suggested by Fichtel, 1963, before it was reported by 
Linsley, 1963) may suggest an extragalactic component, although other 
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F i g  1: Cawlc Ray P r r t l c l e  Intensi ty  r s  r functlon .. 
o f  k lne t l c  encrpy per p r r t l c le .  The r e f e m c o  corre- 
sponding t o  the synbols I n  the f lpure for nuclel o f  
a l l  types are as follows: closed square, Ryrn u. 

(1972). S Iwn  e t  41. (l-); rnd C m e t t  e t  rl. 
(1983,): c l o s e d ~ l e  Burnett e t  r1. ( 1 9 8 3 b T  
o n c l r w  e t  r 1 . 7 1 ~ 7 1 ) ;  r s t e r i s t .  
-et rl. (198-n s u r re  ~ m d  
bkurov  ( 1  98- en t r l r n  *rite e t  r l  . 
(1968); closed d d k a d h n ' p h r c l  e t  r l  m, 
closed c-t 41. (196l).e c i r c l e d  
numbers r e  e r  t o  the f o m g  1 H protons); 2 He; 
3 (c.*.o): 4. ( l o  z r zo);?, in < z ID). r e  
d t c h e i  oortTon o f  the curves are based on r ... .. ,.,,.. 
lrrw n&ber o f  balloon f l l g h t   result^. Including: 
O r r s  and Ycbber. (1965); Fre ier  m d  Waddington. 
(1%8): Leznlrk ind  .Uebber. (1971); Ycbber e t  rl. 
i i 9 7 2 j f  v a n e .  (1972); o m s  m d  

- 
klrsubr r ln rny rn ,  (1913); Jul lusson. (1974); Flsher 
e t  rl. (1974); Arons and O m s .  (1975); J u l l l o t  
ct. (1975); Lund e t  rl. (1975); Flsher e t  r l. m; Mgen e t  r I . r n 7 ) ;  C r l d r r l l  and Ilcycr. 
(1977); k e h l  e t  (1977); Y b e r  e t  rl. (1977); 
Ycfel e t  r l . T I ) ;  Leznlrk and -r (1978); 
G r r c l r - K e t  r l. (1979); Slnon e t  al. (1980). 
The r e m i n d e x  the curves r-e coscllc ray 
p r r t ~ c i e -  in tensi ty  spectrm predicted fo r  r sinpl; 
source model u t t h  r r i g t d i t y  dependent escape. as 
erplalned I n  the text. 

e x p l a n a t i o n s  a r e  poss ible .  S p e c t r a  which cont inue a s  a constant  power 
law u n t i l  a  r i g i d i t y  where p a r t i c l e s  begin t o  escape c l e a r l y ,  however, 
w i l l  n o t  e x p l a i n  t h e  moderate f l a t t e n i n g  of t h e  spectrum from lo5 t o  
almost  lo7 GeV. A s  one approaches t h e  r i g i d i t y  where p a r t i c l e s  escape 
r e l a t i v e l y  e a s i l y ,  i t  is  not unreasonable  i n  a t r a p p i n g  and d i f f u s i o n  
reg ion  t o  expect  a l e s sen ing  of t h e  escape r a t e  j u s t  below t h e  r i g i d i t y  
where escape becomes r e l a t i v e l y  easy ,  a s  a r e s u l t  of t h e  r i g i d i t y  be ing  
l a r g e  enough s o  t h a t  t h e  smal ler  i r r e g u l a r i t i e s  i n  t h e  f i e l d  are i n  
e f f e c t  no t  being seen  by t h e  p a r t i c l e s .  There must, of course ,  a l s o  n o t  
be a h igh  i n t e n s i t y  of l a r g e  s c a l e  i r r e g u l a r i t i e s .  One does not  know i f  
t h i s  i s  t h e  s i t u a t i o n ,  bu t  i t  is a t  l e a s t  p l a u s i b l e .  

For Figure 1, a  one source  model was chosen With a power law o f  
t h e  form 

j ==A,E-~ (1) 
f o r  e n e r g i e s  above the  rounded p o r t i o n  of the  maxima, and wi th  t h e  
r e l a t i v e  abundance8 shown a s  deduced from t h e  ba l loon  ins t rument  
r e s u l t s .  The s l o p e  i n  Figure 1 may be i n t e r p r e t e d  a s  c o n s i s t i n g  of two 
p a r t s ,  a and b, where a is given by equa t ion  (1) and b is  a r i g i d i t y  
dependent escape term, as suggested by O r m e s  and Protheroe ,  (1983). 

5 Below 10 G e V ,  but above t h e  rounded p o r t i o n  a t  low e n e r g i e s ,  t h e  v a l u e  
of (a+b) used i n  Figure 1 is 2.7. Following t h i s  t h i n k i n g  and t h a t  of 
t h e  l a s t  paragraph b then  dec reases  somewhat a s  e scape  becomes s l i g h t l y  
less l i k e l y  a t  10' GeV and then i n c r e a s e s  markedly a t  5 x 1 0 ~  G e V .  h e  
v a l u e s  of (a+b) used i n  Figure 1 are 2.55 and 3.05 f o r  1 0 ~ ~ e ~ < 5 ~ 1 0 6 ~ e v  
and m 5 x 1 o 6 ~ e v  respec t ive ly .  It is now known ( see ,  f o r  example, 
L i n s l e y ,  1983) t h a t  t h e r e  is a n  energy dependent an i so t ropy ,  which i s  
c o n s i s t e n t  wi th  a g a l a c t i c  population up t o  about 10lo  GeV. 

The measurements of t h e  composit ion,  o r  more e x a c t l y ,  t h e  
average value  of the  logari thm of t h e  number of nucleons pe r  nuc leus ,  
were d i s c u s s e d  by L ins ley  and F i c h t e l  (1985). The determined va lues  of 
<I& as a func t ion  of energy a r e  shown i n  Figure  2 t o g e t h e r  wi th  t h e  
v a r i a t i o n  of <I* wi th  energy p r e d i c t e d  by t h e  energy s p e c t r a  shown i n  
Figure  1. Clear ly  the  curve, ( a )  i n  t h e  f i g u r e  and t h e  d a t a  do n o t  
agree .  It should be noted t h a t  t h e  g e n e r a l  shape of t h i s  curve ,  t h a t  i s  
t h e  rise t o  a h igher  value  and then  a l e v e l i n g  t o  a cons tan t ,  i a  a 
r e s u l t  of t h e  same source  energy s p e c t r a  f o r  a l l  n u c l e a r  s p e c i e s  and a 
r i g i d i t y  dependent escape. It does not  depend s i g n i f i c a n t l y  on t h e  
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(1972). SllIOn et .1. (1980); and BurMtt et .1. 
(1983a): closedTr1liiile, Burnett et .,. (1983br;­
o~n circle. Crl90rov et .,. \T1)1l: asterhk • 
2rlstl.nsen et .1. (1983); open SqUarer [(I.elv .nd 
Sokurov (l98l);C1pen trllngle. L. PO nh et .1. 
(1968); closed dl.ooond, Cunnlngha. et al \l1IrnT; 
closed circle. ~r et al. (1983)~ cIrcled 
nUlllbers refer to the fono;;r.\g 1 H (protons); 2 He; 
,!. (C.N.O); 4. (\0 < 1 < 20);2. (21 ( 1 < 'ltl). The 
h.tched port TOn (tttt) of the cunes .re based on • 
large n""ber of balloon flight results. Including: 
OrMes .nd Webber. (1965); FreIer .nd WaddIngton. 
(1968); leznllk .nd Webber, (1971); Webber !!.......!!. 
(1972); Ry.n et .1. (1972); O,...s.nd 
8.,uubra ..... ny.n. (1973); Jullusson. (1974); fisher 
et .1. (1974); Arons .nd 0,...5. (1975); Jul1lot 
~. (1975) ; lund et .1. (1975); Fisher et .1. 
\lW01; Hlgen et .1.-rTW7}; Caldwell and~. 
(1977); Maehl et"iI. (1977); Weber et .1 . (1977); 
Wefel et .I;--rrm); leznhk .nd 1IeliIier (1978); 
Girc1a-~et .1. (1979); Sh.on et 11. (1980). 
The reooalndeTOr the curves .rethe cos.lc ray 
particle Intensity spectr"" predicted for. Single 
source MOde 1 wi th • r Igl d I ty dependent esc;.pe. as 
expl.1ned In the text. 

explanations are possible. Spectra which continue as a constant power 
law until a rigidity where particles begin to escape clearly, however, 
will not explain the moderate flattening of the spectrum from 105 to 
almost 107 GeV. As one approaches the rigidity where particles escape 
relatively eaSily, it is not unreasonable in a trapping and diffusion 
region to expect a lessening of the escape rate just below the rigidity 
where escape becomes relatively easy, as a result of the rigidity being 
large enough so that the smaller irregularities in the field are in 
effect not being seen by the particles. There must, of course, also not 
be a high intensity of large scale irregularities. One does not know if 
this is the situation, but it is at least plausible. 

For Figure I, a one source model was chosen with a power law of 
the form 

jz·AZE-a (1) 
for energies above the rounded portion of the maxima, and with the 
relative abundances shown as deduced from the balloon instrument 
results. The slope in Figure 1 may be interpreted as consisting of two 
parts, a and b, where a is given by equation (1) and b is a rigidity 
dependent escape term, as suggested by Ormes and Protheroe, (1983). 
Below 105 GeV, but above the rounded portion at low energies, the value 
of (a+b) used in Figure 1 is 2.7. Following this thinking and that of 
the last paragraph) b then decreases somewhat as escape becomes slightly 
less likely at 10' GeV and then increases markedly at 5x106 GeV. The 
values of (a+b) used in Figure 1 are 2.55 and 3.05 for 105GeV<5x106GeV 
and R>5x106GeV respectively. It is now known (see, for example, 
Linsley, 1983) that there is an energy dependent anisotropy, which is 
consistent with a galactic population up to about 1010 GeV. 

The measurements of the composition, or more exactly, the 
average value of the logarithm of the number of nucleons per nucleus, 
were discussed by Linsley and Fichte1 (1985). The determined values of 
<InA> as a function of energy are shown in Figure 2 together with the 
variation of <InA> with energy predicted by the energy spectra shown in 
Figure 1. Clearly the curve, (a) in the figure and the data do not 
agree. It should be noted that the general shape of this curve, that is 
the rise to a higher value and then a leveling to a constant, is a 
result of the same source energy spectra for all nuclear species and a 
rigidity dependent escape. It does not depend significantly on the 



F ~ Q  2: The average value o f  114 as a function o f  
3 pa;tlcle k lne t l c  incrgy. Closed s uare L m c t t  e t  al. 

(1130) ;  o n c i r c les ,  k e l P B 3 )  wit-, 

2 
c o n v e r t e d ~ l n p  s l u l a ~ r e s u l t s  g l ren by 
k h a r y a  (1983); closed c i r c l e .  Llnsley and Matron (1961). 
Due t o  the exper7 rn ta l  er rors  some of the open c i r c les  
f a l l  b e l a  <InA1 0. I n  fo%l v lo la t lon o f  the astro- 
physical constraint, f o r  p r i u r y  nuclel. that  c l n h  
should b zero (pure protons) o r  greater. The resul t s  I b e l a  10 6cV are n o r u l l w d  t o  the balloon resul ts  = 0 v l l s t e d  I n  the caption of Fipure 1. Curve (a) re fers  t o  
the s ing le source model dlscussed I n  the test. *hose 
spectra are shown I n  Figure 1. Curve (b) re fers  t o  a 

-1 s lny le source nodel I n  which the highest energy pa r t i c les  
pass throuph u c h  more u t t e r .  Curve (c)  re fers  t o  the 
two source type model dlscusSed I n  the t e r t .  wherein the 

-2 spectra o f  both sources charge a t  3 ~ 1 0 ~  GevlC due t o  
ld 10" 1@ 108 l01Oescape frol the arms. Curve (d) refers t o  the two source 

E (GeW type model discussed i n  the t e r t ,  wherein o m  source has 
truncated spectra. whlch are shown I n  F I w r e  3. 

source s p e c t r a l  shape. A p o s s i b i l i t y  f o r  a change i n  t h e  composition of 
the type observed i n  a s ing l e  source model is  t h a t  i t  is a propagation 
e f f e c t .  I f ,  a s  seems almost ce r t a in ,  t h e  magnetic f i e l d s  i n  t h e  Galaxy 
beyond the g a l a c t i c  arms a r e  s ign i f i can t ly  weaker than i n  the  arms and 
t h e  matter  densi ty  beyond 1 kpc from the  plane is  small, (10'~ cm-3, 
then the cosmic ray s a tu ra t i on  densi ty  f o r  the galaxy i s  well  below t h a t  
i n  t h e  arms, and t h e  l i f e t ime  is  such t h a t  t h e  mat te r  t raversed i s  very 
much less than tha t  required t o  give the  fragmentation of the heavy 
nuc l e i  needed t o  cause predominantly heavy-nuclei-free cosmic 'ray 
composit ion above about 10' GeV. 

3. Two Source Type Models. The in t roduc t ion  of two-source models is  
na tu ra l l y  aimed a t  avoiding the d i f f i c u l t i e s  t h a t  have j u s t  been 
described. The discussion i n  t h i s  paper w i l l  be r e s t r i c t e d  t o  g a l a c t i c  
sources being i n  the plane. Even subsequent acce le ra t ion  models, which 
would not address the  composition change a t  lo6 t o  10' &V, are  
general ly  discussed i n  terms of the g a l a c t i c  plane. The bas ic  concept 
which seems p laus ib le  i s  t h a t  one t pe of source dominates below about Q lo6 GeV and the  other  above about 10 GeV with t he re  being an overlap o r  
t r a n s i t i o n  region. A s  the  apparently simplest  assumption, the  source 
type supplying the lower energy region w i l l  be taken t o  have the 
c h a r a c t e r i s t i c s  of the  one-source-type model, but with no change i n  - 
s p e c t r a l  s lope u n t i l  the  escape from the  galaxy. It w i l l  be assumed 
t h a t  t he  source a t  high energies,  cons is t ing  of protons or  mostly 
protons,  whatever i ts  or ig in ,  has a smaller  s lope,  but a l s o  being a 
d i f f u s e  g a l a c t i c  source must have i t s  steepening a t  t h e  same r i g i d i t y  a s  
the lower energy type of source and by the  same amount. An example of 
t h e  r e s u l t s  of t h i s  approach i s  shown i n  Figure 2 a s  curve ( c ) ,  wherein 
the  increase  i n  slope due t o  escape from the arms occurs a t  3 x 1 6 ~  GeVIC 
and t h e  s lope  increases  by 1.0 f o r  a l l  spectra .  The energy spectrum 
matches wel l  and the predicted < I d  as  a funct ion of energy comes 
c l o s e r  t o  t he  experimental values. 

From an examination of the experimental data ,  however, i t  
would appear t ha t  the composition may change a t  a somewhat lower energy; 
hence, e i t h e r  the  escape r i g i d i t y  must be overestimated o r  the  lower 
energy source must not acce le ra te  p a r t i c l e s  e f f i c i e n t l y  t o  qu i t e  t h i s  
r i g i d i t y .  I f  the escape r i g i d i t y  i s  lowered s ign i f i can t ly ,  i t  is not 
poss ib le  t o  obtain agreement with the t o t a l  energy spectrum unless a 
more complex energy spectrum i s  assumed f o r  t h e  high energy source. The 8 

r e s u l t  f o r  the t o t a l  p a r t i c l e  energy spectrum obtained b 3 that t h e  lower energy cosmic ray spec t r a  changes s lope  a t  5x10 G e V ,  while 
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fig 2: Th~ .verage v'.llle of InA .s • fllllet 1011 of 
p.rtlele killetle tlltrgy. Closed sqll.re, turllttt et .1. 
(191:130); open circles, Ach.ry. et .1. (1963) wltli<lfij> 
converted to <lnX> IIslng sllllUhUoilreslllts given by 
Achtry. (1963); c lostd e Irc1e, li ns ley .1Id lI.tson (19&1). 
Oue to the taperl .. nt.1 errors so.e of the open circles 
f.11 Dtlow <InA> • 0, In fo~1 vlol.tlon of the .stro­
physlc.1 constr.lnt, for prl .. ry nuclei, th.t <InA> 
should bf zero (pure protons) or gre.ter. The results 
Dtlow 10. Gty .re no~1tzed to the b.l1oon results 
Ilst~d In the e.ptlon of Figure I. Curve (.) refers to 
the single source MOdel discussed In the test, whose 
speetr •• re shown In Figure I. Curve (b) refers to • 
slnvle source MOdel In which the highest energy plrtlcles 
p.ss through IIlleh IIOre .. tter. Curve (c) refers to the 
two source type lIOdel discussed In the teat, wherein the 

-2 ~_"""_"'---_-'-_-'-_....L._...J.._--L_--J speet" of both sources ehu9f .t 3a106 Gty/C due to 
1()2 10'" 106 106 1010esCipe frOll the .,..s. Curve (d) refers to the two sourCf 

E (CJe\n type lIOdel discussed In the teat, wherein Ollt source h.s 
trunc.ttd speetr., which .re shown In Figure 3. 

source spectrsl shape. A possibility for a change in the composition of 
the type observed in a single 80urce model is that it i8 a propagation 
effect. If, as seems almost certain, the magnetic fields in the Galaxy 
beyond the galactic arms are significantly weaker than in the arms and 
the matter density beyond 1 kpc from the plane is small, <10-2 cm-3, 
then the cosmic ray saturation density for the galaxy is well below that 
in the arms, and the lifetime is such that the matter traversed is very 
much less than that required to give the fragmentation of the heavy 
nuclei needed to cause predominantly heavy-nuclei-free cosmic ray 
composition above about 107 GeV. 

3. Two Source Type Models. The introduction of two-source models is 
naturally aimed at avoiding the difficulties that have just been 
described. The discussion in this paper will be restricted to galactic 
sources being in the plane. Even subsequent acceleration models, which 
would not address the composition change at 106 to 107 GeV, are 
generally discussed in terms of the galactic plane. The basic concept 
which seems plausible is that one type of source dominates below about 
106 GeV and the other above about 107 GeV with there being an overlap or 
transition region. As the apparently simplest assumption, the source 
type supplying the lower energy region will be taken to have the 
characteristics of the one-source-type model, but with no change in 
spectral slope until the escape from the galaxy. It will be assumed 
that the source at high energies, consisting of protons or mostly 
protons, whatever its origin, has a smaller slope, but also being a 
diffuse galactic source must have its steepening at the same rigidity as 
the lower energy type of source and by the same amount. An example of 
the results of this approach is shown in Figure 2 as curve (c), wherein 
the increase in slope due to escape from the arms occurs at 3x166 GeV!C 
and the slope increases by 1.0 for all spectra. The energy spectrum 
matches well and the predicted (InA> as a function of energy comes 
closer to the experimental values. 

From an examination of the experimental data, however, it 
would appear that the composition may change at a somewhat lower energy; 
hence, either the escape rigidity must be overestimated or the · lower 
energy source must not accelerate particles efficiently to quite this 
rigidity. If the escape rigidity is lowered significantly, it is not 
possible to obtain agreement with the total energy spectrum unless a 
more complex energy spectrum is assumed for the high energy source. The 
result for the total particle energy spectrum obtained b! assuming that 
the lower energy cosmic ray spectra changes slope at 5xlO GeV, while 



Fig 3: Cosmic ray particle intensity spectru pndicted 
by r two source type lodcl i n  h i c h  the da inrnt  1 F e n r w  source has r source spectral c h r n r  rt 5x10 6 e V  
a d  the high e m r w  source ref lects r spectral slope 
c h r n r  a t  511106 GeV due to the effect  of escape. The 
drtr r n  those referenced i n  Fiqpre 1. 
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t he  higher energy source r p e c t r a l  change due t o  escape from the  arms is  
around 5x10~  GeV, is rhown i n  Figure 3. The predicted behavior of the 
composition (1110 vo E) is shown a s  curve (d) i n  Figure 2. There is  
good agreement here with t h i s  broadened s e t  of assumptions. Also, the  
increasing anisotropy is consistent  with t h i s  model a s  i t  would be with 
any diffuse ga lac t i c  source model as  noted e a r l i e r .  Should <I* not 
decrease as  rapidly with energy ae the data i n  Figure 2 show, a s  
suggested by Nikolski and Stamenov (1983) and Dyakonov et al .  (1983), 
the  conclusions with regard t o  the  nature of the  two source types would 
be unchanged except tha t  the higher energy source type would have more 
heavy nuclei. The s igni f icant  point is  tha t  an acceptable two-source- 
type model seeme possible. 

4. What are  the Two Source Types. As  noted e a r l i e r ,  there  seem t o  be 
several plausible theories t o  explain the cosmic rays comprising the 
component below about lo6 GeV. The source of higher energy ga lac t i c  
cosmic rays -st be able t o  accelerate ~ i r t i c l e s  t o  10lo GeV. Further, 
t h i s  component is probably dominated by protons o r  may a t  most be a 
mixture of protons and re la t ive ly  small amounts of helium and heavy 
nuclei  compared t o  the  c e l e s t i a l  normal abundances. With regard t o  the  
composition, there seem t o  be a t  l eas t  two ways i n  which it might be 
achieved; the source could be a basical ly proton source (or produce 
neutrons which decay t o  protons), or  the source could have a normal 
composition, but the pa r t i c l e s  could subsequently traverse enough 
material o r  photons i n  the  source region t o  cause su f f i c i en t  
fragmentation of the  heavier elements t o  leave a mixture of largely 
protons and some helium nuclei a t  l eas t  fo r  part  of the  energy range. 
Possible source models include one associated with pulsars ,  although the  
highest energies a r e  a d i f f i cu l ty ,  and a rapidly ro ta t ing  massive black 
hole a t  the  ga lac t i c  center. 
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fll 3: eo,.lt ray partlt!e IntensIty spettr~ predltted 
by , t.o SOlirte type !IOde1 In wIIltll tile doaln,nt lr 
energy SOlirte II,s, SOlirte spettr,l tllange ,t 5a10 &tV 
,114 the ht", entrlY SOlirtt refletts a spettrel slope 
th,nge ,t 5a106 &tV due to tile .ffett of 'St,pe. The 
d,ta,re tllose referented In fIgure 1. 

the higher ~nergy aource apectral change due to escape from the arms is 
around 5x106 GeV, is ahovn in Figure 3. The predicted behavior of the 
compoe1tion (lnA> vs E) is shown as curve (d) in Figure 2. There 1& 
good agreement here with this broadened set of assumptions. Also, the 
increasing anisotropy is consistent with this model as it would be with 
any diffuse galactic source lIOdel as noted earlier. Should <InA> not 
decrease as rapidly with energy as the data in Figure 2 show, as 
suggested by Nikolski and Stamenov (1983) and Dyakonov et ale (1983), 
the conclusions with regard to the nature of the two source types would 
be unchanged except that the higher energy source type would have more 
heavy nuclei. The significant point' is that an acceptable two-source­
type model seems possible. 

4. What are the Two Source Types. As noted earlier, there seem to be 
several plausible theories to explain the cosmic rays comprising the 
component below about 106 GeV. The source of higher energy galactic 
cosmic rays must be able to accelerate particles to 1010 GeV. Further, 
this component 1& probably dominated by protons or may at most be a 
mixture of protons and relatively sun amounts of helium and heavy 
nuclei compared to the celestial normal abundances. With regard to the 
compoe1tion, there seem to be at least two ways in which it might be 
achieved; the source could be a bae1cally proton source (or produce 
neutrons which decay to protons), or the source could have a normal 
composition, but the particles could subsequently traverse enough 
material or photons in the source region to cause sufficient 
fragmentation of the heavier elements to leave a mixture of largely 
protons and some helium nuclei at least for part of the energy range. 
Possible source models include one associated with pulsars, although the 
highest energies are a difficulty, and a rapidly rotating massive black 
hole at the galactic center. 

References 
Berezinsky, V.S., et ale 1979, Proc. 16th ICRC (Kyoto). 4, 188. 
Dyakonov, M.N., et ale 1983, Proc. 18th ICRC (Bangalore) 6, Ill. 
Fichtel, C.E., 1963, Phys. Rev. Letters, II, 172. 
Linsley, J., and Fichtel, C.E., 1985, Proceedings XIX Internat. 

Cosmic Ray Conf., Paper OG5.4-4. 
Linsley, J., 1983, Proc. 18th ICRC (Bangalore) 12, 135-191. 
Nikolski, 5.1., and Stamenov, J.N., 1983, Proc. 18th ICRC 

(Bangalore) 2, Ill, 115. 
Ormes, J.F., and Protheroe, Rol., 1983, Ap. J., 272, 756. 
Peters, B., 1959, Nuovo Cimento Suppl •• 14, 436. 




