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ABSTRACT 

Cosmic rays are a valuable source of information 
on both fundamental particle dynamics and astrophysical 
processes. Since the particles of interest are strongly 
interacting, small amounts of atmosphere create backgrounds 
within which the primary information can be lost. This factor, 
together with the long exposure time necessary to accumulate 
significant amounts of information regarding the high energy 
end of the spectrum, makes satellites a natural conveyance 
for the study of Cosmic Rays. 

Under the assumption that a Cosmic Ray Space facility 
is a valuable enterprise, it becomes tempting to put our space 
technology to work on the study of not just the primary flux 
but its interactions with matter as well. Accordingly, the 
design of a space facility that can perform relevant measure- 
ments on the primary cosmic ray flux in the energy range from 
a few GeV to 10 GeV is presented. It is shown here that a 
small increment in the instrumentation of a cosmic ray space 
station, together with the versatility provided by the presence 
of men rearranging and servicing the hardware, could give us an 
experimental facility that would also provide vital information 
in the field of high energy physics. 

6 

Hardware appropriate for space use is described, 
and various configurations with a large superconducting 
magnet as the central element are shown. The magnet's 
capabilities are compared to those of ionization calorimeters. 

The implementation of this program is intimately 
tied to the techniques and needs of accelerator-directed 
high energy physics, and the involvement of the high energy 
physics community in this project is presented as a necessary 
ingredient for its worthiness. 
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I. INTRODUCTION 

For thousands of yea r s  man has based h i s  understanding 
of t h e  Universe on information provided by t h e  l i g h t  t h a t  
reaches t h e  solar system. Very r e c e n t l y ,  h i s  ques t  f o r  an 
answer t o  t h e  questiorL of t h e  c r e a t i o n ,  behavior,  and f u t u r e ,  
of t h e  Universe has  been aided by t h e  s tudy of po r t ions  of t h e  
electromagnet ic  spectrum o the r  than  t h e  v i s i b l e .  

Together with t h i s  r a d i a t i o n  t h e r e  i s  a l s o  a s teady 
f l u x  of p a r t i c l e s ,  some of them with energ ies  higher than  a r e  
l i k e l y  t o  be  a t t a i n e d  on Ear th .  The study of t h e  energy 
spectrum (extending i n t o  t h e  1 0 2 0 e V  reg ion)  , nuclear  composition, 
charge spectrum, and d i r e c t i o n a l i t y  of t h i s  r a d i a t i o n  y i e l d s  
inva luable  i n s i g h t s  i n t o  t h e  age and o r i g i n  of  t h e  Universe 
and of t h e  elements.  The cosmic ray  f l u x  carries with it 
information on t h e  s t e l l a r  process t h a t  a r e  p a r t l y  respons ib le  
f o r  i t s  c rea t ion .  The mechanisms t h a t  d r i v e  supernovae, 
p u l s a r s ,  quasars ,  and m a t t e r  and magnetic f i e l d  d i s t r i b u t i o n s  
i n  t h e  galaxy shape t h e  p a r t i c l e  f l u x  i n  a unique way.(1) 
study of t h e  primary f l u x  w i l l  h e lp  us understand these mechanisms. 
I f  a n t i n u c l e i  a r e  de t ec t ed  i n  cosmic r ays ,  and t h e i r  energy 
spectrum measured, w e  w i l l  have advanced a long way towards 
s e t t l i n g  some of our  ideas  about t h e  c r e a t i o n  of t h e  Universe. 
A complete lack of a n t i n u c l e i  i n  cosmic r ays  w i l l  n e c e s s i t a t e  
an explanat ion f o r  t h e  mechanism respons ib le  f o r  t h i s ,  o r ,  
maybe, a r e v i s i o n  of our ideas  about conservat ion laws and 
known symmetries. 

The 

Man's search  f o r  knowledge of and c o n t r o l  over h i s  
environment has l ed  him i n t o  t h e  r e a l m  of t h e  very s m a l l ,  and 
h i s  advances have been in t ima te ly  t i e d  t o  h i s  a b i l i t y  t o  c r e a t e  
and use sources  of ever higher energy p a r t i c l e s :  A 76 G e V  proton 
a c c e l e r a t o r  has been commissioned i n  t h e  USSR, and by 1 9 7 1  t h e  
CERN I n t e r s e c t i n g  Storage Ring  i s  expected t o  y i e l d  a proton- 
proton cen te r  of m a s s  energy of 56GeV. This i s  equiva len t  t o  
a 1 6 0 0  G e V  proton c o l l i d i n g  with a s t a t i o n a r y  proton. 

I n  t h i s  country a 2 0 0 G e V  a c c e l e r a t o r  i s  under con- 
s t r u c t i o n  a t  t h e  Nat ional  Accelerator  Laboratory (NAL) i n  
Batavia,  I l l i n o i s  ( 2 r 3 )  . It should be ope ra t iona l  by 1973, and 
can be uprated t o  4OOGeV l a t e r .  A s to rage  r i n g  could be 
ope ra t iona l  by t h e  l a t e  p a r t  of t h e  decade i f  it w e r e  approved 
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now. A new machine, s t i l l  i n  t h e  experimental  s ta te ,  i s  t h e  
Electron Ring Accelerator (ERA) ( 4 ) ,  under development i n  t h e  
USSR and i n  t h e  USA a t  t h e  Lawrence Radiation Laboratory 

(Berkeley) .  (5 )  
probably be b u i l t  a t  a f r a c t i o n  of t h e  c o s t  of comparable 
energy a c c e l e r a t o r s  based on presend day technology. ERA'S 
can achieve a c c e l e r a t i o n s  of t h e  order  of 500  t o  1 0 0 0 M e V / m ,  
and can produce heavy ion  beams as w e l l  as protons.  

An a c c e l e r a t o r  based on t h i s  p r i n c i p l e  can 

I t  seems probable then t h a t  w i th in  N A S A ' s  t imetable  
f o r  t h e  implementation of an ea r th -o rb i t i ng  space s t a t i o n  
program, t h e  use of s to rage  r i n g s  could make a v a i l a b l e  center 
of mass energ ies  equiva len t  t o  those of an 8 0 , 0 0 0 G e V  proton 
i n t e r a c t i n g  with a s t a t i o n a r y  proton." 

Many arguments have been advanced making a case  f o r  
t h e  s tudy of High Energy Physics (HEP) using cosmic rays .  
Since f o r  a p re sen t ly  proposed space s t a t i o n  a v a i l a b l e  f l u x  
r a t e s  w i l l  supply a usable  source of cosmic ray  protons up t o  
an energy of 1 0  G e V ,  t h i s  f a c i l i t y  would provide unique da ta  i n  
t h e  energy decade bounded by s to rage  r i n g s  on t h e  low s i d e  
(10  G e V ) ,  and cosmic ray  rates on t h e  high s i d e  ( 1 0  G e V ) .  

6 

5 6 

Although it i s  hard t o  fo re see  a t  t h i s  t i m e  what 
experiments w i l l  be of i n t e r e s t  i n  t h i s  region,  it has been 
pointed out  t h a t  even i n  t h e  few hundred G e V  region p o t e n t i a l  
users  w i l l  f a r  o u t s t r i p  planned f a c i l i t i e s ,  and t h a t  t h e  
d i f f i c u l t i e s  i n  i n t e r p r e t i n g  t h e  d a t a  could be somewhat a l l e v i -  
a t ed  by having independent sets of information. 

In  view of t h e  s t rong  competi t ive pressure  f o r  NASA 
funds it is  not  q u i t e  apparent t h a t  t h e  arguments presented 
above a r e  compelling enough by themselves. On t h e  o t h e r  hand, 
t h e  s tudy of cosmic r ays  i n  t h e  region below 1 0  G e V  i s  a very 
important e n t e r p r i s e  t h a t  can provide important i n s i g h t s  i n t o  
un ive r sa l ,  g a l a c t i c  and s te l la r  processes.  I f ,  1) a C o s m i c  
Ray F a c i l i t y  f o r  a space s t a t i o n  i s  b u i l t ;  and, 2 )  if productive 

6 

* An NAL Storage Ring under cons idera t ion  can be uprated 
t o  2 0 0 G e V ,  so t h a t  one could have 400GeV a v a i l a b l e  i n  t h e  
cen te r  of mass a t  a cost of approximately $10 . 8 
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then  t h e  HEP experimental  program is  a worthwhile p r o j e c t .  

11. OBJECTIVES OF COSMIC RAY STUDIES I N  SPACE 

A cosmic r a y  f a c i l i t y , s u p p o r t e d  by a space s t a t i o n  
s i t u a t e d  above t h e  atmosphere so as t o  be  f r e e  from i t s  e f f e c t s  
on t h e  primary f l u x ,  can provide a unique c o n t r i b u t i o n  t o  
a s t rophys ic s .  The m a j o r  objective of t h e  proposed program 
w i l l  b e  t o  s tudy t h e  primary cosmic r ay  f l u x  i n  t h e  energy 
r eq ion  below 1 0  G e V .  W e  p r e s e n t  he re  t h e  main goa l s  of t h i s  6 

e f f o r t :  

1. 

2. 

3 .  

4. 

5. 

6. 

T o  measure t h e  energy spectrum of t h e  proton,  
e l e c t r o n ,  l i g h t  and heavy nuc le i  components of 
t h e  cosmic r ay  f l u x .  T h i s  w i l l  l e a d  towards an  
understanding of a c c e l e r a t i o n  and s t o r a g e  
mechanisms, and should a l l o w  i d e n t i f i c a t i o n  of t h e  
e x t r a g a l a c t i c  component of t h e  pro ton  f l u x .  

To determine t h e  charge composition of n u c l e i  as 
a func t ion  of energy, a parameter r e l e v a n t  i n  t h e  
understanding of nucleosynthesis  mechanisms. 

To determine l o w  m a s s  i so tope  abundances, t hus  
ob ta in ing  a va lue  f o r  t h e  age of cosmic r a y s ,  and 
t h e  average amount of m a t t e r  they t r a v e r s e .  

To search  f o r  neutron r i c h  t r a n s u r a n i c  elements 
t h a t  may be  s table .  

T o  s tudy  t h e  s p a l l a t i o n  of cosmic r ay  nucleons on 
hydrogen and complex n u c l e i .  Those processes  occur 
i n  i n t e r s t e l l a r  space and w i t h i n  s t a r s , a n d  conse- 
quent ly  they  are of g r e a t  i n t e r e s t  
i n f luence  t h e  i s o t o p i c  composition of t h e  primary 
f l u x .  

( 6 )  

s i n c e  they  

To s tudy  t h e  p o s s i b l e  d i r e c t i o n a l i t y  of t h e  very 
high energy components of t h e  cosmic r a y  f l u x  and 
o b t a i n  a n  approximate i d e a  of t h e  l o c a t i o n  of 
sources .  By determining whether cosmic r ays  
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o r i g i n a t e  wi th in  o r  without  t h e  galaxy t h i s  measure- 
ment w i l l  have a d e c i s i v e  impact on t h e  two b a s i c  
models f o r  t h e i r  o r i g i n  ( g a l a c t i c  vs  e x t r a g a l a c t i c  
sou rces ) .  

7 .  To search f o r  an t ip ro tons  and a n t i n u c l e i  i n  t h e  
primary f l u x ,  a search of g r e a t  consequence t o  
cosmological t heo r i e s .  ( 7 )  (See In t roduct ion)  

8.  To measure t h e  e l e c t r o n  energy spectrum above 
3GeV and t h e  e l e c t r o n  t o  pos i t ron  r a t i o s  a s  a func t ion  
of energy, and 

9.  t o  measure any poss ib l e  e l e c t r o n  f l u x  an i so t rop ie s  
a t  high energ ies .  These measurements w i l l  h e lp  t o  
determine t h e  processes  respons ib le  f o r  t h e  o r i g i n  
and i n j e c t i o n  spectrum of e l e c t r o n s ,  confinement 
mechanisms, g a l a c t i c  f i e l d s ,  and i n t e r a c t i o n s  with 
ambient photons ( s p e c i f i c a l l y ,  t h e  3'K black body 
r a d i a t i o n ) .  

10 .  To measure t h e  y-ray f l u x  and poss ib l e  d i r e c t i o n a l i t y  
5 i n  t h e  reg ion  of .1 t o  1 0  G e V / c .  These parameters 

w i l l  provide a knowledge of nuclear  i n t e r a c t i o n s  i n  
t h e  galaxy, and t h e  regions of space where t hese  
i n t e r a c t i o n s  t ake  p lace .  

11. To search  f o r  s t a b l e  f r a c t i o n a l l y  charged p a r t i c l e s  
(quarks) .  

1 2 .  To  s tudy albedo p a r t i c l e s  with energ ies  higher  than . l G e V .  

While w e  have pointed o u t  t h e  p a r t i c u l a r  areas of re levance 
of some of these goa l s ,  t h e i r  i n t e r r e l a t i o n  i s  complex, and 
t h e  o v e r a l l  purpose of t h e  space s t a t i o n  w i l l  be t o  o b t a i n  a 
synopt ic  view of t h e s e  phenomena. 

111. OBJECTIVES OF H I G H  ENERGY PHYSICS I N  SPACE (HEPS) 

I n  add i t ion  t o  f u l f i l l i n g  t h e  goa l s  i n  Cosmic Ray 
Physics,  a space s t a t i o n  can a l s o  provide a major f a c i l i t y  f o r  
s t u d i e s  i n  HEP. 



BELLCOMM, INC.  - 5 -  

Some very fundamental ques t ions  i n  t h i s  f i e l d  can 
be posed a t  t h i s  t i m e  and are presented here s i n c e  w e  feel  
t h a t  t h e  proposed HEPS f a c i l i t y  can con t r ibu te  s u b s t a n t i a l l y  
t o  t h e i r  understanding. The l i s t  i s  r ep resen ta t ive ,  and by 
no means exhaust ive.  Developments i n  t h e  f i e l d  between now 
and launch t i m e  w i l l  answer some ques t ions  and probably 
p re sen t  o the r s .  This i s  why v e r s a t i l i t y  i n  t h e  HEPS f a c i l i t y  
i s  a concept t h a t  should be emphasized. 

1. Mul t iper iphera l  t h e o r i e s  p r e d i c t  c e r t a i n  
c o r r e l a t i o n s  among t r ansve r se  momentum, long i tud ina l  
momentum, m u l t i p l i c i t y  and t o t a l  energy. Any c o r r e l a t i o n s  
measured would be of extreme usefu lness .  (8) " F i r e b a l l s "  
a r e  phenomena a s soc ia t ed  w i t h  mu l t ipe r iphe ra l  r eac t ions .  

2.  Proton-proton t o t a l  c ros s  s e c t i o n  a t  high 
energy seems t o  reach an  asymptotic form of otot%E-€ where 
d i f f e r e n t  t h e o r i e s  p r e d i c t  values  of E t h a t  may range from 
E = O  on up. Measuring t h i s  parameter (by doing proton- 
proton t o t a l  c ros s  s e c t i o n  a t  l a r g e  e n e r g i e s ) ,  t o  k0 .02  i s  
of importance t o  t h e o r e t i c a l  models, and f e a s i b l e  a s  w e  
s h a l l  see l a t e r .  Together with t h i s ,  t h e  answer t o  whether 
e l a s t i c  c ros s  s e c t i o n s  remains cons tan t ,  
with inc reas ing  energy i s  of g r e a t  importance t o  t h e o r e t i c a l  
developments. (8) 

( E ~ ~ = O ) ,  o r  decrease 

3 .  An at tempt  should be made t o  study proton- 
proton d i f f e r e n t i a l  c ross  sec t ions  and t o  observe t h e  behavior 
of t h e  forward peak a s  a func t ion  of energy. This experiment 
could se t t le  t h e  argument between o p t i c a l  vs .  Regge Pole t h e o r i e s .  
(The former p r e d i c t s  t h a t  t h e  d i f f r a c t i o n  peak s t a y s  cons tan t ,  
and t h e  l a t t e r  leads one t o  expect t h e  peak t o  shr ink  a s  
log E . )  

4 .  It i s  of i n t e r e s t  t o  study t h e  behavior of 
r e a c t i o n  amplitudes when momentum t r a n s f e r  i s  increased.  I f  
broad t r ansve r se  momenta d i s t r i b u t i o n s  w e r e  t o  be found, such 
an experiment would have a g r e a t  impact on present  t h e o r e t i c a l  
models. (8) 

5. Heavy p a r t i c l e  production. The ex is tence  of 
heavy hadrons and lep tons ,  t h e  W meson, and hadron sub- 
s t r u c t u r e s  (quarks) has been proposed. A c l u e  t o  t h e i r  
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presence w i l l  be  t h e  observa t ion  of t h e  poss ib ly  l a r g e  t r ans -  
v e r s e  momenta of decay products .  For proton-proton c o l l i s i o n s ,  
t h e  t o t a l  energy ET of a group of p a r t i c l e s  i n  t h e  backward 

m a s s  of t h e  p a r t i c l e s ,  and Mp i s  t h e  m a s s  of t h e  proton. 
decay of t h i s  p a r t i c l e  w i l l  produce secondar ies  with t r ansve r se  
momenta P%MT/2, so t h a t  t h e  angle  of t h i s  secondary w i l l  be 
of t h e  order  of B % ( M p / 2 M T ) .  

e % l  deg. 

cone i s  of t h e  order  of (MT 2 / M p ) ,  where MT i s  t h e  t o t a l  

The 

For MT%30GeV, P%15GeV, and 

6 .  The ERA, i f  b u i l t ,  may someday provide us  with 
a source of complex nuc le i  with energ ies  of many hundreds of 
GeV per  nucleon. Meanwhile, on ly  cosmic r ays  a f f o r d  such a 
source.  The s tudy of nuc le i -nuc le i  and nuclei-proton c o l l i s i o n s  
are  of i n t e r e s t  t o  high energy physics  and as t rophys ics  a l i k e .  
For t h e  former t h i s  w i l l  y i e l d  d a t a  on t h e  behavior of nuclear  
m a t t e r ,  and f o r  t h e  l a t te r  it w i l l  g ive  q u a n t i t a t i v e  information 
on processes  t h a t  a c t u a l l y  occur i n  space.  

I t  can be  seen t h a t  t h e  backbone of  a product ive 
REPS experimental  program can be  formulated a t  t h i s  t i m e .  
Such a program i s  compatible with t h e  s tudy of cosmic r ays ,  
and can be  c a r r i e d  o u t  a t  only a f r a c t i o n a l  increase  i n  t h e  
c o s t  of a cosmic ray  f a c i l i t y .  

I V .  INSTRUMENTATION 

A. General 

O n  very broad t e r m s ,  t h e  hardware used f o r  a REPS 
f a c i l i t y  such as  d iscussed  above must incorpora te  t h e  fol lowing 
c h a r a c t e r i s t i c s :  

1) Funct ional  V e r s a t i l i t y :  Since a r i g i d  program 
cannot be  prepared,  each u n i t  must be  as func t iona l ly  
independent of conf igura t ion  as poss ib l e ,  e .g . ,  t h e  t a r g e t  
should no t  be  p a r t  of t h e  momentum analyzing system, e tc .  

2)  T r igge rab i l i t y :  The high background and low 
rates assoc ia ted  wi th  the  experiments of i n t e r e s t  make it 
necessary t h a t  t h e  equipment record events  of predetermined 
s igna tu re .  For example, a wide gap streamer chamber should 
be  used when "bubble chamber-like" d a t a  i s  necessary.  



B E L L C O M M ,  INC. - 7 __ 

3 )  Range: The equipment should be a b l e  t o  provide 
d a t a  f o r  many p a r t i c l e s  a t  d i f f e r e n t  ene rg ie s .  
spectrometer can be designed t o  momentum analyze each ind iv idua l  
p a r t i c l e  w i t h i n  a group, whi le  a t o t a l  i o n i z a t i o n  ca lor imeter  
can only g i v e  t h e  summed energy of a system of p a r t i c l e s .  

A magnetic 

Other d e s i r a b l e  hardware c h a r a c t e r i s t i c s  are: d a t a  
c o l l e c t e d  i n  such a form it i s  s u i t a b l e  f o r  te lemeter ing ,  
low weight,  and l o w  power consumption. 

B. Hardware 

The hardware descr ibed  below i s  s u i t e d  t o  t h e  needs 
of cosmic r a y  r e sea rch ,  and m o s t  of  i t  i s  used i n  physics  
work today, or could be b u i l t  wi th  p r e s e n t  day technology. 

1) Momentum or Energy Analyzer: An apprcach t h a t  
has  o f t e n  been mentioned involves  t h e  use  of t o t a l  i o n i z a t i o n  
ca lo r ime te r s ,  (''lo '11) or  f u n c t i o n a l l y  s i m i l a r  devices ,  
Total  Absorption Nuclear Cascade C r y s t a l s ,  (I2) (TANC),  (These 
a r e  no t  y e t  a v a i l a b l e  i n  t h e  s i z e  requi red  f o r  t h e  d e t e c t i o n ,  
with reasonable  geometry f a c t o r s ,  of up t o  1 0  G e V  p a r t i c l e s . ) .  
Concerning t h e  calorimeters, t y p i c a l  parameters are weight 
. ~ 1 0 , 0 0 0  l b s . ,  energy r e s o l u t i o n  % + 2 0 %  ( loga r i thmica l ly  dependent 
on ene rgy) ,  and a geometry f a c t o r  G % l 0 - ' m 2 s r .  These devices  
cannot make i n d i v i d u a l  energy measurements w i t h i n  a group of 
p a r t i c l e s ,  ( t h e  s a m e  holds  t r u e  for the TANC c r y s t a l s )  and 
they c o n s i s t  e s s e n t i a l l y  of a large volume f i l l e d  with heavy 
m e t a l  b locks and s c i n t i l l a t o r s .  

6 

Furthermore, it i s  p o s s i b l e  t h a t  the cross s e c t i o n  
f o r  t h e  product ion of weakly i n t e r a c t i n g  p a r t i c l e s  i nc reases  
a t  high energ ies .  Since t h e s e  p a r t i c l e s  decay i n t o  neu t r inos ,  
t h e  u s e  of energy absorbers  -- such as those  descr ibed  above -- 
t o  s tudy high energy r e a c t i o n s  could in t roduce  l a r g e  errors 
i n  t h e  energy measurements. 

To s a t i s f y  t h e  need f o r  a v e r s a t i l e  f a c i l i t y  w e  
propose a superconducting magnet as t h e  momentum analyzer .  
The s ta te  of t h e  a r t  i s  such t h a t  a 2-m diameter "loop1' 
magnet wi th  an average c e n t r a l  f i e l d  of 70 Kgauss w i l l  be 
a v a i l a b l e  w i t h i n  t h e  project 's  t imetable .  The power requi re -  
ments formagnet e x c i t a t i o n  are s m a l l ,  b u t  a r e f r i g e r a t o r  must 
be provided t o  maintain t h e  l i q u i d  helium environment. A t  
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presen t  w e  expect t h i s  r e f r i g e r a t i o n  t o  r equ i r e  l O K W  of power 
f o r  a l i g h t l y  supported magnet. 
nuclear  power supply o r  a s o l a r  c e l l  a r r ay .  

This can be provided by a 

New and expensive superconducting a l l o y s  t h a t  w i l l  
al low opera t ion  a t  l i q u i d  hydrogen temperatures a r e  now ava i l ab le .  
W e  expect  t h a t  t h e  c o s t  of t hese  ma te r i a l s  w i l l  decrease i n  
t h e  years  t o  come or t h a t  cheaper a l l o y s  w i l l  be found. The 
use of t h e s e  a l l o y s  w i l l  reduce cool ing power requirements t o  
about 1KW. 

The momentum r e s o l u t i o n  provided by t h e  magnet 
w i l l  depend on t h e  s p a t i a l  r e s o l u t i o n  of t h e  hardware used 
i n  conjunct ion w i t h  it, a s  w e  s h a l l  see l a t e r .  

2 )  Part ic le  Track Location Hardware 

a )  W e  expect  w i r e  chambers t o  be used t o  count 
p a r t i c l e s  and t o  determine t h e i r  paths  through t h e  system. 
These devices  a r e  l i g h t ,  cheap, can cover areas of many 
square meters, and produce d i g i t i z e d  da ta .  Many p a r t i c l e  
t r a c k s  can be resolved by t h e  use  of w i r e  p lanes  a t  var ious  
angles  and of computer matching of t r a c k s  through t h e  magnet. (13,141 

can (15,161 Magnetostr ic t ive readout  spark chambers 
y i e l d  t r a c k  l o c a t i o n  accurac ies  of t h e  o rde r  of kO.lmm and 
can be  operated i n s i d e  magnetic f i e l d s ;  
and o t h e r  ( 2 0 )  w i r e  chambers with d i g i t i z e d  readout opera te  
unaffected by magnetic f i e l d s ;  and propor t iona l  w i r e  chambers 
are now under development by G.  Charpak (21) i n  CERN, and 
J. F i she r  of Brookhaven and o t h e r s  i n  t h i s  country.  A s  can 
be seen,  a wide choice of t r a c k  chambers w i l l  be a v a i l a b l e  
t o  t h e  des igners  of t h e  space s t a t i o n .  

(17) s p a r k o s t r i c t i v e  (18,191 

b)  A wide gap streamer chamber (22) w i l l  be a 
d e s i r a b l e  a d d i t i o n  t o  t h e  HEPS f a c i l i t y .  This i s  a t r i g g e r a b l e ,  
extremely l i g h t  device ,  with low power consumption. Like 
bubble chambers, streamer chambers are i s o t r o p i c  d e t e c t o r s ,  and 
f i l m  i s  used f o r  da t a  c o l l e c t i o n .  Their  i n t r i n s i c  r e s o l u t i o n  
i s  %.16mm, f o r  a s i n g l e  p o s i t i o n  measurement, without magnetic 
f i e l d  containment of t h e  e l e c t r o n s ,  and p resen t ly  t h i s  i s  o p t i c s  
l imi t ed  t o  kO.4mm. They a r e  b u i l t  of very low m a s s  foam, with 
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t h e  viewing w a l l  made of wire-mesh-covered g l a s s ,  and lm 
wide gaps are w e l l  w i th in  t h e  range of p re sen t  technology. 
The chamber can be many meters long. A t  a loss  of s p a t i a l  
r e s o l u t i o n  t h e  r e l a t i v i s t i c  rise can be measured, so t h a t  w e  
expect p a r t i c l e  i d e n t i f i c a t i o n  t o  be poss ib l e  a t  high energ ies .  

c )  N e w  t r a c k  l o c a t i o n  hardware providing d i g i t i z e d  

N o  such device e x i s t s  
d a t a  over many square meters with accurac ies  of t h e  order  of 
0.Olmm a r e  i n t r i n s i c a l l y  poss ib l e .  ( 2 3 )  
today, bu t  t h e  r ap id  developments i n  t h e  f i e l d  over t h e  l a s t  
f e w  years  are c e r t a i n  t o  cont inue a s  work a t  the I l l i n o i s  
a c c e l e r a t o r  w i l l  pu t  a high premium on such systems. 

3 )  Charge Detection 

A combination of Cerenkov r a d i a t i o n  d e t e c t o r s  ( w i t h  
response l i n e a r  i n  Z )  -- s o l i d  and,/or l i q u i d  f i l l e d  -- 
toge ther  with a r r a y s  of - counters  (with response l i n e a r  i n  
Z ) can provide unique charge determinat ion up t o  Z%20,  
A Z = ? l  up t o  2 . ~ 5 0 ,  and A Z = + 3  o r  b e t t e r  f o r  t h e  heav ie s t  elements.  
Xenon f i l l e d ,  many-layered propor t iona l  w i r e  chambers may 
measure dE/dx and t h e  r e l a t i v i s t i c  r ise ,  w h i l e  y i e ld ing  lOnsec 
r e s o l u t i o n  t i m e s ,  and accu ra t e ly  determining p a r t i c l e  paths  
a t  t h e  same t i m e .  

dE 
dx 2 

4 )  y-Detectors 

Unique i d e n t i f i c a t i o n  of t h e  m a s s  of a charged p a r t i -  
cle can be achieved i f  toge ther  w i t h  t he  momentum (o r  energy) ,  
t h e  parameter y= (1-(3 * ) -'I2 can be determined. Various e f f e c t s  
due t o  t h e  passage of a p a r t i c l e  through a heterogenous medium 
depend on y .  

dary e l e c t r o n  emission, and su r face  plasma o s c i l l a t i o n s .  

Among these  w e  can c i t e  t r a n s i t i o n  r a d i a t i o n ,  secon- 
( 2 4  1 

The most promising work so f a r  has  been c a r r i e d  o u t  
( 2 5 - 2 7 )  

wi th  t r a n s i t i o n  r a d i a t i o n  d e t e c t o r s .  Various p h y s i c i s t s  
i n  t h e  U S S R ,  and more r ecen t ly  L .  C .  Yuan of Brookhaven 1 

have been engaged i n  research  on t r a n s i t i o n  r a d i a t i o n  d e t e c t o r s  
f o r  some years .  I t  is quest ionable ,  however, whether a d e t e c t o r  
can be  b u i l t  t h a t  w i l l  have an e f f i c i e n c y  high enough t o  be 
e f f e c t i v e  i n  a space f a c i l i t y .  

( 2 8 )  
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5)  Cryogenic Targets  

Present  understanding of t h e  theory of p a r t i c l e  
i n t e r a c t i o n s  i s  l i m i t e d  enough t h a t  hydrogen has t o  be used 
a s  t h e  t a r g e t  element, s i n c e  d a t a  produced by cosmic rays  
i n t e r a c t i n g  with complex nuc le i  would be very hard t o  i n t e r -  
p r e t .  This requirement i s  compatible with a s t rophys ica l  
needs, s i n c e  m o s t  cosmic ray c o l l i s i o n s  i n  space a r e  with 
hydrogen. A t a r g e t  of 4-m a r ea  and l - m  depth (7g/cm ) can 
be cooled by about 1KW of power, o r  b u i l t  so  it needs resupplying 
t i m e s  of t h e  order  of t h r e e  months o r  more, concomitant with 
p re sen t ly  planned s h u t t l e  f l i g h t s  t o  t h e  space s t a t i o n .  

2 2 

V.  THE SPACE STATION 

A. Cosmic Ray Measurements 

The design of a HEP and Cosmic Ray f a c i l i t y  i s  no t  
by any means unique. The "optimum" conf igura t ion  w i l l  no t  
only vary as w e  go from one p h y s i c i s t  t o  another ,  but  changes 
i n  p a r t i c l e  d e t e c t i o n  technology inf luence  t h e  design a s  
w e l l .  Our purpose i s  to  show t h a t  p re sen t  techniques permit 
u s  t o  s a t i s f y  p re sen t  goa ls .  

W e  w i l l  assume t h a t  t h e  t o t a l  cosmic ray f l u x  i s  
( t h e  f l u x  shown may be off  by a s  much given by Figure 1 (29 1 

as a f a c t o r  of f o u r ) ,  and t h a t  protons are t h e  main component. 

W e  use  a 2-m diameter ,  66  Kgauss average f i e l d ,  
superconducting magnet as t h e  co re  of t h e  f a c i l i t y  (Figure 2 ) .  
This  magnet could be a simple t I l o ~ p " ,  a s  p re sen t ly  proposed by 
Alvarez,  e t  a l .  Surrounding t h e  magnet t h e r e  a r e  1 6  w i r e  
t r a c k  chambers arranged i n  two concent r ic  octagons,  2-m a p a r t  
i n  t h e  r a d i a l  d i r e c t i o n .  W e  p r e f e r  t h i s  conf igura t ion  t o  t h e  
one where c y l i n d r i c a l  chambers a r e  used, s i n c e  t h e  l a t t e r  
f i x  t h e  geometry, while  t h e  former allows f o r  var ious deploy- 
ment schemes. 

The inne r  chambers a r e  approximately lxl-m and the  
o u t s i d e  ones %2x2-m. Each chamber c o n s i s t s  of a module of 4 
gaps,  each gap with two w i r e  p lanes ,  t h e  w i r e s  being a t  var ious  
angles  t o  each o the r .  This conf igura t ion  he lps  i n  i d e n t i f y i n g  
many-track events ,  and provides e i g h t  independent measure- 
ments of each ( l o c a l )  x ,  y coord ina te  f o r  a track. 
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F I G U R E  2 - SCHEMATIC LAYOUT OF A COSMIC RAY SPACE S T A T I O N .  
T H I S  "2% "CONFIGURATION HAS A GEOMETRY FACTOR 
G-$m2sr,AND A MOMENTUM CUT-OFF O F  IO5 GeV/c. 



BELLCOMM, INC. - 13 - 

F o r  t h e  energ ies  of i n t e r e s t ,  t h e  system i s  not  
l imi t ed  by mul t ip l e  s c a t t e r i n g  bu t  by t h e  accuracy of t r ack  
loca t ion ,  which i n  t h i s  case w e  assume t o  be Ax~kO.lmm, f o r  each 
measurement. For t h e  conf igura t ion  descr ibed t h e  angular 
r e s o l u t i o n  i s  k3.5 x loe5 rad.  
then given by Figure  3 .  The momentum cutof f  i n  t h i s  conf igura t ion  
i s  a t  1 0  G e V / c .  This " 2 ~ "  geometry has a v e r t i c a l  acceptance 
of $1 rad ,  and G%8m sr. T o  i nc rease  t h e  cu tof f  t o  1 0  G e V / c ,  
one can change t h e  conf igura t ion  so t h a t  t h e  d i s t ance  between 
spark chambers ( l eve r  a r m )  i s  increased ,  increas ing  t h e  
r e s o l u t i o n  propor t iona l ly  ( r e s o l u t i o n  propor t iona l  t o  ( l e v e r  
a r m ) - ' ) ,  and accept ing a loss  i n  t h e  geometry f a c t o r .  
same hardware, reconfigured,  could y i e l d  a cu tof f  of 1 0  G e V / c  

f o r  G % 1 . 2 m  sr. This would y i e l d  over 300  events  per  month i n  
t h e  i n t e r v a l  105-10 GeV,  and about 1 0  events  per month a t  

6 E > 1 0  GeV.  

% 

-- 
The momentum r e s o l u t i o n  i s  

5 

2 6 

The 
6 

2 

6 

Charge i d e n t i f i c a t i o n  modules (dE/dx and Cerenkov 
counters )  w i l l  be placed around t h e  inner  t r a c k  chambers t o  
minimize t h e  d e t e c t o r  a rea  needed ( 8 m  ) .  The mul t ip l e  
s c a t t e r i n g  i n  t h i s  a d d i t i o n a l  m a s s  w i l l  degrade t h e  momentum 
r e s o l u t i o n  i n  t h e  lower energy range, bu t  since t h i s  i s  
% l o v 3 %  a t  1 0  G e V ,  t h e  e f f e c t  of doubling it i s  inconsequent ia l .  
A t  momenta above 1 0  G e V / c  t h e  e f f e c t s  due t o  mul t ip l e  s c a t t e r i n g  
i n  t h e  charge d e t e c t i o n  module are neg l ig ib l e .  

2 

2 

3 

Triggering w i l l  be done by l o g i c  requirements on 
s c i n t i l l a t o r s .  Some seventy s c i n t i l l a t o r s  ~ 0 . 3 m  wide x 2m 
high deployed around t h e  e x t e r n a l  t r a c k  chambers a s  shown i n  
Figure 2 w i l l  permit  d i sc r imina t ion  a g a i n s t  p a r t i c l e s  below 
1 0  GeV/c  by geometr ical  cons idera t ions ,  when used i n  coincidence 
with t h e  inner  r i n g  of Cerenkov counters .  

2 

The t r a c k  chambers w i l l  be a b l e  t o  determine t h e  
incoming d i r e c t i o n  of t h e  p a r t i c l e  t o  b e t t e r  than 10-4rad, 
w i th in  an ambiquity of QT. This  ambiquity can be resolved 
by fas t  coincidence measurements, s i n c e  t h e  t r a v e r s a l  t i m e  
across t h e  apparatus  is over 20nsec., w e l l  w i th in  t h e  range 
of p re sen t  t iming techniques.  
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Protons and an t ip ro tons  w i l l  be d i f f e r e n t i a t e d  from 
pos i t rons  and e l e c t r o n s  by observing t h e  d i r e c t i o n  of bend i n  

t h e  magnet and by r e l a t i v i s t i c  rise dE/dx d e t e c t o r s  
t h e  charge i d e n t i f i c a t i o n  module. W e  expect too ,  t h a t  t hese  
d e t e c t o r s  w i l l  enable  cls t o  perform i s o t o p i c  a n a l y s i s  of l o w  
m a s s  nuc le i .  

(30,311 in 

w 

Ant inuc le i ,  i f  p re sen t  i n  t h e  primary f l u x ,  w i l l  
be e a s i l y  i d e n t i f i e d  s i n c e  they w i l l  have s igna tu res  of 
negat ive charges g r e a t e r  than Z=1. 

B. A l t e r n a t e  Geometries 

T h e  add i t ion  of a liquid-hydrogen t a r g e t  of lm 
2 depth (7g/cm ) and a 4 m 2  area w i l l  al low a number of par t ic le  

physics experiments i n  t h e  E<10 G e V  reg ion  t o  be c a r r i e d  ou t .  6 

The ob jec t ives  of Sect ion I1 can be a t t a i n e d  w i t h  
j u s t  one magnet, which can be used i n  two modes: E i t h e r  as a 
"beam" ana lyzer ,  where t h e  momentum and charge of t h e  incoming 
p a r t i c l e  a r e  measured; o r  as an analyzer  f o r  t h e  r e a c t i o n  
products ,  where t h e  t o t a l  energy i s  estimated from summing 
over t h e  ind iv idua l  momenta of charged p a r t i c l e s  and adding 
1/3 of t h a t  sum t o  account f o r  t h e  energy going i n t o  n e u t r a l s .  
Simple as t h e  l a t t e r  method i s ,  it w i l l  perform about a s  w e l l  
a s  a ca lor imeter  i n  t h e  region E < 1 0  G e V ,  being increas ingly  
better than  t h e  ca lor imeter  a s  t h e  t o t a l  energy diminishes.  

5 

The most s t ra ight forward  conf igura t ion  i s  shown i n  
Figure 4 ,  where t h e  t a r g e t  i s  added t o  one of t h e  f aces  of 
t h e  C o s m i c  Ray f a c i l i t y .  

Two simultaneous modes of opera t ion  a r e  poss ib l e ,  each 

with a geometry f a c t o r  G%O. 8m2. sr : 

1) T h e  incoming p a r t i c l e  goes through t h e  magnet 
where it i s  momentum, mass, and charge analyzed and s t r ikes  
t h e  t a r g e t .  The r e a c t i o n  products are counted and t h e i r  paths  
determined i n  t he  track chambers. T h i s  mode can be used fo r  
t o t a l  cross s e c t i o n  and m u l t i p l i c i t y  measurements. 
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2 )  The second opera t ing  mode allows a p a r t i c l e  t h a t  
goes through t h e  t a r g e t  chambers t o  be  charge analyzed and 
then  i n t e r a c t  i n  t h e  t a r g e t .  
momentum analyzed i n  t h e  magnet. T h i s  al lows f o r  t h e  measure- 
ment o f ,  and c o r r e l a t i o n s  between, l ong i tud ina l  and t r ansve r se  
momenta, m u l t i p l i c i t y ,  and t o t a l  energy. Heavy p a r t i c l e  
searches,  e s s e n t i a l l y  indepesdent of t h e  incoming p a r t i c l e ' s  
energy, can be c a r r i e d  out  i n  t h i s  mode, while  cosmic ray 
measurements are continued i n  t h e  s e c t i o n  of t h e  spectrometer 
no t  shadowed by t h e  cryogenic t a r g e t .  

The r e a c t i o n  products are then 

A conf igura t ion  t h a t  can perform these  measurements 
more e f f i c i e n t l y  i s  shown i n  Figure 5 .  This lay-out has a 
geometry f a c t o r  G . ~ l . $ m  .sr, and allows a look a t  t h e  l a r g e  
angle  r e a c t i o n  products (it i s  of i n t e r e s t  t o  be a b l e  t o  
observe p a r t i c l e s  coming o u t  a t  angles a s  l a r g e  a s  45' i n  t h e  
labora tory  system) . 

2 

A s  a t y p i c a l  example of t h e  performance of t h i s  
system w e  show what t h e  r e s u l t s  could be f o r  a s i x  month 
experiment measuring proton-proton t o t a l  i n e l a s t i c  c ros s  
sec t ions .  It can be seen (Figure 6 )  t h a t  f o r  t h e  c ros s  
s e c t i o n a l  dependence ot%E-€,  E can be e a s i l y  measured t o  
k0.02, which i s  t h e  goa l  of t h e  experiment. 

Figure 7 shows a conf igura t ion  s u i t e d  f o r  
va t ion  of r e a c t i o n  products being produced a t  l a r g e  
A l l  t h e s e  conf igura t ions  allow for t h e  cont inua t ion  
r ay  f l u x  and energy measurements. 

A streamer chamber can later be placed by 
oppos i te  t o  t h e  t a r g e t .  The magnetic f i e l d  a c t s  a s  

t h e  obser- 
angles .  
of cosmic 

t h e  magnet, 
a s epa ra to r ,  

s o - t h a t  opera t ing  t h i s  chamber i n  a mode t h a t  permi-s r e l a t i v i s t i c  
r ise e f f e c t s  t o  become observable w i l l  al low mass i d e n t i f i c a t i o n  
of t h e  r e a c t i o n  products.  Configurat ion,  t r i g g e r  mode, and new 
equipment, w i l l  c e r t a i n l y  change a s  new a r e a s  of i n t e r e s t  
develop. 

C. Secondary I n t e r a c t i o n s  

One of t h e  most a t t r a c t i v e  p o s s i b i l i t i e s  of 
a c c e l e r a t o r s  i s  t h e  production of secondary beams. For 
u l t r a r e l a t i v i s t i c  energ ies  t i m e  d i l a t i o n  e f f e c t s  make 
hyperon beams, as w e l l  a s  t h e  (now) s tandard pion and kaon 
beams, poss ib le .  
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The configurations shown in Figures 4 ,  5 and 7 are 
not suited for experimentation with secondary interactions. 
If previous results and accelerator work show the desirability 
of this type of experiments, a second generation space facility 
could include a thin target and a small solid angle acceptance 
spectrometer. A streamer chamber will identify the reaction 
products, and secondary interactions in the thin target will 
be observed in the added specbrometer. (Fig. 8) 

Another way to accomplish equivalent results is by 
having a streamer chamber -- with an internal target (cryogenic 
or otherwise) -- inside a strong magnetic field. Reaction 
products from incoming cosmic ray and the secondary inter- 
actions can then be observed in this chamber. 

D. y -ray Astronomy and Interactions 

A search for very high energy y-ray will be possible 
by adding some thin targets (i.e., lead or tungsten plates) 
and rearranging the equipment in the configuration of Figure 9. 
Present plans for the study of y-ray are limited to energies 
below which the opening angle of the conversion electrons is 
measurable. In the proposed configuration the high energy 
limit is determined by the momentum resolution of the spectro- 
meter only (%lo GeV), since Coulomb scattering is negligible 
at this energies. 

5 

VI. ORBITAL CONSIDERATIONS 

A. Operatinq Mode 

Operation of the HEPS and Cosmic Ray Facility will 
be automatic. The key to its versatility will be the periodic 
presence of men to rearrange experiments, and update and 
service the hardware as needed. This station should be away 
from other facilities where sensitive measurements are being 
performed, since the electromagnetic noise output of high 
voltage pulsed equipment will probably create an intolerable 
background. A free flying module seems to be an attractive 
possibility at this time. 

We have calculated that for a typical low inclination 
orbit the maximum force produced by the earth's magnetic dipole 
field is of the order of 10-41b. 
in a radial direction. This is negligible when compared with 

(at 6700Km), directed approximately 
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F'IGURE 8 - SCHEMATIC LAYPUT O F  A SECOND GENERATION H I G H  ENERGY PHYSICS SPACE 
STAT I ON SU I TED FOR THE STUDY OF SECONDARY INTERACT I OMS. 
HAS A GEOMETRY FACTOR G-0.5m*sr ,  AND A MOMENTUM CUT-OFF OF IO5 Gev/c. 

TH I S CONF I GURAT I ON 



I 

M 
m 

I 

tn 
w w  =a 

w 
=3 
W 
u, 

a W 
-J 
4 
0 
v) 



BELLCOMM, INC. - 24 - 

drag forces at comparable altitudes. 
this case is calculated to be approximately 660 ft-lb. 

The maximum torque in 

In a low inclination orbit this torque will rotate 
the spacecraft so as to make the axis of the magnet approximately 
parallel to the surface of the earth. This means that in the 
''27~" configuration described above, part of the useful area 
of the detector will be shadowed by the earth. This is not 
totally undesirable since study of albedo particles is of 
interest. Otherwise, the following options are open: a) loss 
of part of the 271 detection capability; or b) continuous 
attitude control; or c) a higher orbits with lesser require- 
ments on attitude control and less earth shadowing. 

HEP experiments will not be affected by orientation 
since their angular acceptance is of the order of 371, and the 
station can be rotated about the magnet's axis so that the 
target is not shadowed by the earth. 

2 

VII. FINAL CONSIDERATIONS 

A. Other Hardware 

Facilities designed with a total ionization calori- 
meter as their central element would be limited to perform 
only the simplest of experiments, such as cross section 
measurements. Even for calorimeters of large weight (>10,000 
lbs.) , the geometry factor would be of the order of 10-lm2sr, 
and the resolution about 20%. 

We do not see any advantage to a magnet-calorimeter 
combination, since the second element can only add little 
information, at the cost of large loss in geometry factor 
and large weight penalty. It must be emphasized that the 
calorimeter provides better resolution above 20,000GeV only, 
a region where we feel that good statistics are of more 
importance than energy resolution anyway. 

A second magnet may eventually prove useful but 
the decision to add it should wait for the results of the 
first experimental program. We feel that improvements in the 
performance of the facility should not depend on the addition 
of a calorimeter or second magnet, but on the upgrading of 
the system previously described. 
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€3. Momentum Resolution 

The dependence of t h e  momentum unce r t a in ty  measured 
by a magnetic spectrometer on parameters other than mul t ip l e  
s c a t t e r i n g  i s  

p i s  t h e  momentum, i n  G e V / c ;  

r i s  t h e  accuracy of coord ina te  loca t ion ,  or s p a t i a l  r e s o l u t i o n ,  
obtained by a s i n g l e  measurement; i n  m e t e r s ;  

H i s  t h e  average magnetic f i e l d ,  i n  Kilogauss; 

Z i s  t h e  charge of t h e  p a r t i c l e  being observed; 

x i s  t h e  average f i e l d  length ,  i n  meters; 

N i s  t h e  number of t i m e s  a p o s i t i o n  measurement on a coord ina te  
i s  performed; and 

1 i s  the  d i s t a n c e  between en t rance  ( e x i t )  t r ack  chambers, o r  
lever a r m ,  i n  meters. 

For t h e  spectrometer described above, 

r = 510 m = ,+O.lmm - 4  

H = 6 6  Kilogauss 

x = 2m 

N = 8 (Eight  gaps on each s i d e  y i e l d  e i g h t  independent measure- 
ments of t h e  local x coord ina te  and e i g h t  of t h e  l o c a l  y 
coord ina te)  

1 = 2m 

For p = 1 0  G e V / c  and Z = 1, 4 92 s 9%. 
P 

If w e  a i m  t o  reduce t h i s  va lue  by a f a c t o r  of 3 ,  t he  
following are some of t h e  a l t e r n a t i v e s  open: 
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1) An inc rease  i n  t h e  number of gaps i n  t h e  t r a c k  
chambers from e i g h t  on each s i d e  of t h e  magnet t o  seventy t w o .  
This i s  c l e a r l y  a b r u t e  f o r c e  method, where t h e  cost of t r ack  
chambers goes up as t h e  square of t h e  improvement i n  r e so lu t ion .  

2 )  An inc rease  of t h e  magnetic f i e l d :  t h i s  i s  an 
a t t r a c t i v e  a l t e r n a t i v e ,  bu t  s t rong ly  dependent on superconducting 
magnet technology. 

3)  An inc rease  i n  t h e  diameter of t h e  magnet. This 
i s  not  a t t r a c t i v e  because the  c o s t  of superconducting ma te r i a l s  
goes up l i n e a r l y  w i t h  t h e  e x t e n t  of t h e  f i e l d .  Both t h i s  
a l t e r n a t i v e  and 

4 )  an increase i n  l eve r  a r m ,  c a l l  f o r  l a r g e r  systems, 
and inc reases  i n  t h e  a r e a  of t h e  spark chambers i f  s o l i d  angle  
acceptance i s  t o  be kept  cons tan t .  O t h e r w i s e  a loss i n  
geometry f a c t o r  has t o  be accepted. 

5)  Momentum measuring accuracy can be increased by 
t h e  use of emulsion p l a t e s  t o  improve s p a t i a l  r e so lu t ion .  These 
emulsions would be used toge ther  w i t h  track chambers i n  a mode 
such  t h a t  t h e  l a t t e r  would i n d i c a t e  where t o  search f o r  t r a c k s  
i n  t h e  former. (32 )  
accuracy achieved i s  d i r e c t l y  propor t iona l  t o  t h e  inc rease  i n  
t r a c k  l o c a t i o n  accuracy. 

The inc rease  i n  momentum measurement 

The engineering problems posed by having t o  put 
t h e s e  emulsions (33) through t h e  acce le ra t ions  of launch and 
recovery w h i l e  keeping t h e i r  dimensions cons t an t  t o  wi th in  
microns over l a r g e  areas are no t  t r i v i a l .  One poss ib l e  s o l u t i o n  
would c o n s i s t  of inc luding  an  emulsion measuring f a c i l i t y  i n  
t h e  space s t a t i o n .  This may r e q u i r e  a continuously manned 
module, an a l t e r n a t i v e  c e r t a i n l y  not  as a t t r a c t i v e  ( a t  t h i s  
t i m e )  a s  t h e  concept of p e r i o d i c a l l y  manned attendance. W e  
feel  t h a t  problems o t h e r  than t h e  ones of engineering na tu re ,  
or tediousness  of a n a l y s i s ,  w i l l  l i m i t  t h e  general ized use of 
emulsions. 

The t o t a l  f l u x  of charged p a r t i c l e s  i s  approximately 
,month-'. Since p re sen t  

tracks/m2 a f t e r  

-2 -1 1 0 m - 2 ~ s r - 1  l c m  .sr -sec-', or  2 . 6 ~ 1 0  
plans c a l l  f o r  supply missions spaced by 3 t o  4 months, w e  
expect t h a t  an emulsion p l a t e  w i l l  have 
t h a t  t i m e  has elapsed.  T h e  use of track chambers w i l l  determine 
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a circle of confusion of area 3x10 - 8  m 2 within which the 
desired event is located. This means that about 30,000 
tracks will have to be analyzed to find which one satisfies 
the angular requirements imposed by the track chambers! This 
process has to be repeated four times to get the information 
necessary to process one event. Even with angular restrictions 
on the track, 15% of the events will be ambiguous. In these 
cases the ambiquity will have to be resolved by computer 
matching of tracks through the magnet. If used, this method 
will have to be limited then to the analysis of a small 
fraction of the total events. 

- 

Rewarding results could be obtained if advantage 
were to be taken of the fact that a spatial resolution of 
10-4m is at least an order of magnitude larger than the 
intrinsic limits to which particle coordinates can be 
located in automatic readout devices. (23) 
ment of new devices is not an expensive enterprise when com- 
pared to R&D in superconductivity or space technology. We, 
strongly recommend that NASA sponsor the development of 
digitized readout track chambers with location accuracies 
A x < ~ O - ~ ~ ,  since we feel that this is the best way to attain 
significant increases in the momentum resolution of the system 
without adding large amounts of equipment or scaling the hard- 
ware to gigantic dimensions. 

Research and develop- 

VIII. IMPLEMENTATION AND RECOMMENDATIONS 

HEP and cosmic ray facilities can and should be 
integrated so that both areas can be covered simultaneously. 
Design of this facility should allow flexibility and the 
addition of new hardware as it becomes desirable. Although 
the main thrust of present efforts on large cosmic ray stations 
is toward total ionization calorimeters, we proposed in 
Section V a facility designed with a large superconducting 
magnet as its main component. At a not much larger cost, the 
latter will provide the versatility necessary for a synoptic 
study of cosmic rays, uprating potential, and the capability 
to conduct significant HEP experiments. 

We have shown that the major goals of cosmic ray 
measurements and significant HEP experimenation are attainable 
in an integrated facility, and that no major technological 
breakthroughs are necessary for successful implementation 
of this program. 
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Theoretical developments and experimental progress  
i n  HEP have been r a p i d ,  and t h e  i n t e r e s t s  and instruments  of 
t h e  p h y s i c i s t  have changed r a d i c a l l y  i n  t h e  l a s t  t e n  years .  
New a c c e l e r a t o r s  are coming of age and t h i s  may po in t  t o  
new d i r e c t i o n s  o r  s t o p  t h e  ques t  f o r  higher  energ ies  a l t o -  
ge ther .  

The proposed space f a c i l i t y  overlaps p lans  f o r  t h e  
NAL Storage Rings i n  t h r e e  a reas :  goa ls ,  implementation 
t i m e ,  and cost. The HEPS f a c i l i t y  provides higher  energ ies  
(see In t roduct ion)  a t  t h e  expense of i n t e n s i t i e s  t h a t  are 

many o rde r s  of magnitude below t h e  ones planned f o r  t h e  s to rage  
r i n g s .  A s  pointed o u t  i n  t h e  In t roduct ion ,  it is hard t o  
fo re see  what experiments, i f  any, w i l l  be of i n t e r e s t  a t  t h e  
h ighes t  energ ies  a v a i l a b l e  i n  t h e  space f a c i l i t y ,  w h i l e  high 
i n t e n s i t i e s  are a c l e a r l y  d e s i r a b l e  goal .  For t h i s  reason 
w e  do not  feel  t h a t  t h e  proposed HEP program i s  an important 
j u s t i f i c a t i o n  f o r  t h e  development of a manned c a p a b i l i t y  i n  
space. However, t h i s  c a p a b i l i t y  w i l l  eventua l ly  e x i s t ,  and 
wi th in  t h e  next  t e n  t o  f i f t e e n  years  it can p r o f i t a b l y  be put  
t o  use i n  cosmic r ay  s t u d i e s .  

It  is  important t o  recognize t h a t  both goa ls  and 
implementation means a r e  i n  a continuous s ta te  of change. 
NASA should support  and encourage general research and t h e  
development of t h e  instrumentat ion needed f o r  t h e  s t a t i o n  
( s p e c i f i c a l l y ,  superconducting magnets w i t h  t h e  assoc ia ted  
cryogenics ,  and high s p a t i a l  r e s o l u t i o n  d i g i t i z e d  readout 
d e t e c t o r s ) ,  bu t  the  lead  t i m e s  f o r  t h e  cons t ruc t ion  of the  
equipment should be kept  as s h o r t  as poss ib l e  so t h a t  w e  may 
maximize the  advantages of using s t a t e  of t h e  a r t  technology. 
The main p i t f a l l  of hardware planning f o r  a t i m e  too  f a r  i n t o  
t h e  f u t u r e  is t h a t  equipment becomes obsole te ,  and t h e  d a t a  
obtained i s  no t  as complete a s  it could be otherwise.  

W e  be l i eve  t h a t  it would be t o  NASA's  b e n e f i t  t o  work 
i n  conjunct ion with t h e  AEC, and t o  approach a s m a l l  bu t  
i n t e r e s t e d  and r e p r e s e n t a t i v e  group of experimental p h y s i c i s t s  
t h a t  would be encouraged t o  c a r r y  ou t  mission o r i en ted  research 
and development while  cont inuing t h e i r  p re sen t  work. A s  a 
group they would have advisory capac i ty ,  s e t t i n g  guide l ines  f o r  
t h e  Cosmic Ray and HEPS programs. A t  a t i m e  no longer than 
t h r e e  years  before  estimated launch t i m e  t h e s e  p h y s i c i s t s ,  or 
o t h e r s  a s soc ia t ed  w i t h  them, should be consul ted and involved 
i n  t h e  cons t ruc t ion  of t h e  space f a c i l i t y .  
should remain as f l e x i b l e  as f e a s i b l e .  

Even then t h e  design 
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Unless NASA can genera te  a t t r a c t i v e  programs t h e  men 
who are performing success fu l  research  i n  t h e  f i e l d  of HEP 
w i l l  p r e f e r  t o  s t a y  with a c c e l e r a t o r s .  ( 3 4 )  This w i l l  be 
de t r imen ta l  t o  a p r o j e c t  such as t h e  one descr ibed above 
s i n c e  t h e  involvement of t h e  HEP community i s  an ing red ien t  
necessary t o  a s s u r e  t h a t  t h e  c o l l e c t i o n  of instruments  c a l l e d  
a Cosmic Ray and HEPS f a c i l i t y  i s  a va luable  e n t e r p r i s e .  

1015-LK-rghe 
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Proceedings of the Con- 

Some of these ideas are expressed in "Space Research 
Directions for the Future". Report of a Study by the 
Space Science Board, Woods Hole, Massachusetts, 1965, page 451. 

From "Space Research Directions for the Future" : 

"The participation of universities in space research 
can best be facilitated by taking into account those conditions 
that characterize academic work. Thus, the most imaginative 
scientists in our universities can be attracted to space 
research if there is reasonable continuity to their work and 
if successful flights of experiments are reasonably certain. 

"The ratio of graduate students to senior university 
investigators in space-flight experiments is relatively low. 
The cause lies largely in the scheduling of these experiments, 
which would somehow have to match the schedule of graduate 
training if graduate students are to contribute. Even at 
the professional and postgraduate levels, however, the long 
lead times of space work are a problem. It is reasonable to 
expect that as conventional launchings increase and become more 
routine, their lead times will become shorter and more flexible. 
Coupled to suitably supported ground, balloon, and rocket 
research of direct space interest, and assisted by a vigorous 
and growing Sustaining University Program, a varied activity 
that will embrace continuity and timely flight opportunities 
should become available for even graduate participation. To 
achieve this goal will nevertheless require energetic and 
imaginative steps within NASA. 

"There is, however, a related problem now facing the 
scientific community and NASA that appears far less amenable 
to solution: as more powerful spacecraft become available late 
in this decade, and as planetary investigations begin, lead 
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times and support will become more difficult problems. Two 
to five years between the "freezing" of a payload and the 
actual mission will be common. Such lead times may discourage 
imaginative scientists from submitting experimental proposals 
and may make difficult continuity of work, particularly on the 
part of younger men. Moreover, the funding of experiments 
itself may be more complicated, in part to ensure sustained 
work on a problem during a flight-waiting period, in part 
because ground-based work in the waiting period may outmode 
a given experiment or reveal modifications not easily added, 
in part because scientific advances may yield experiments of 
importance they cannot be accommodated in a reasonable time 
when few missions to, say, a given planet in a decade, are in 
the offing. Because this problem requires further analysis, 
no recommendation is being submitted, but the Working Group 
requests that the Space Science Board undertake an appropriate 
study of the problem as soon as possible." 
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APPENDIX I 

Relevant Parameters for the Cosmic Ray 
and High Energy Physics Module 

Many of the parameters presented here are under- 
standably tentative. Numbers given with a low confidence level 
are indicated by an asterisk ( * ) .  

Performance: 

Uprating Potential: 

Superconducting 
Maanet Darameters: 

Cryogenic Target: 

Associated Hardware: 

Electronics: 

5 Momentum cut-off: 10 G@V/c 
Experimental cut-of f : 106GeV/c 

Momentum cut-of f : 106GeV/c 

Configuration: Thin 'rlo~pr' 
Diameter: 2m 
Average field: 66 Kgauss 
Cooling power 
requirement: 10 KW for liquid 

He environment 
1 KW for liquid H 
environment 

Weight (without cryogenic 
refrigerator) : 10,000 lbs ( * )  

Element: Hydrogen, Deuterium 

Area: 4m2 
Depth: lm (7g/cm2) 
Cooling power 
requirement: 1KW 

Weight: 1,000 lbs .  

Weight: 7,000 lbs. ( * )  including 
structural support 

Weight: 3,000 lbs. (* I  
Raw data output: 3-30 K bits/sec 

(dependent on 
experiment con- 
figuration) 

Power requirement: lKW(*) 
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Module: 

A- 2 

Weight: 30,000 lbs.(*) 
(includes cryogenic 
refrigerator, assumes 
solar cell as power 
source) . Life time: 2 year minimum . Power requirement: 3-13 KW 

(dependent on 
superconductor 
temperature) . Volume: 23,000 ft3 . Orbit: High altitude preferred 
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