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EXPERIMENTS I N  X-RAY AND GAMKA-RAY ASTRONOMY 

Ey 

Le-urence E. Peterson 

Depsrtment o f ’  Physics 

L-. Joll?, CTli forn ia  
Univers i ty  of  C- i l i forn is  a t  S?n Diego 

In t roduct ion  

We descr ibe  here  a NASA-supported experiments1 program which has as 

i t s  ob jec t ive  t h e  search f o r  cosmic photons i n  t h e  genera l  range of  about 

10 kev t o  5 MeV. 

experiments on bal loons provide background information,  d e t e c t o r  s t u d i e s  

This program uses both bal loons and satel l i tes  as vehic les ;  

and hopefu l ly  observs t ions  of c e r t a i n  s p e c i f i c  ob jec t s .  The major observa- 

t i o n s  are provided by s a t e l l i t e - b o r n e  instruments .  

I n t e r e s t  i n  t h e s e  observat ions had i t s  o r i g i n  during my graduate  

yea r s  a t  Minnesota, under t h e  d i r e c t i o n  of Dr. J. R. Winckler. During 

t h e  I n t e r n a t i o n a l  Geophysical Year w e  observed several cases  of x-ray 

b u r s t s  from t h e  sun during s o l a r  flares. S tudies  of t h e s e  events  provided 

cons iderable  new information on s o l a r  flares, and caused one t o  specu la t e  on 

o t h e r  poss ib l e  sources  of a stellar o r  g a l a c t i c  na ture .  About t h e  same 

t i m e  evidence from o p t i c a l  and rad io  astmnomy caused a s t r o p h y s i c i s t s  t o  

p r e d i c t  de t ec t ab le  fluxes of  x-rays and gamma-rays a t  t h e  e a r t h  from var ious  

c e l e s t i a l  ob jec t s .  This  program was started a t  Minnesota about 1960 and 

i s  cont inuing  a t  La  Jol la ,  where I have been loca ted  s i n c e  1962. 

OSO-1 Experiment 

A f t e r  a few prel iminary balloon measurements of t h e  gross  f e a t u r e s  
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exploratory experiment was proposed f o r  t h e  f i r s t  Orb i t ing  S o l a r  Observa- 

This experiment was designed t o  provide broad energy and angular  

r e s o l u t i o n  f o r  non-solar gama-rays,  t o  monitor t h e  sun f o r  s o l a r  b u r s t s ,  

and t o  provide information on t h e  gene ra l  background. The experiment 

covered t h e  50 kev t o  about 3 Mev region of t h e  spectrum. 

to ry .  

A func t iona l  diagram of t h e  instrument i s  shown i n  Figure 1. A 

simple NaI s c i n t i l l a t i o n  counter  w i th  a l e a d  pipe co l l ima to r  provides 

a d i r e c t i o n a l  d e t e c t o r  i n  t h e  50 t o  150-kev range. A t  h igher  ene rg ie s ,  

l e a d  col l imators  are known t o  produce more gamma-ray background f rom 

cosmic rays than  they  a t t e n u a t e  so a device known as a Compton t e l e scope  

was used. This device uses two s c i n t i l l a t i o n  counters  i n  coincidence. By 

p lac ing  a requirement on t h e  energy o f 7 e l e c t r o n  s c a t t e r e d  by an incoming 

photon, one ob ta ins  a device which has a d i r e c t i o n a l  response t o  gamma-rays. 

A s  designed f o r  t h e  OSO-1 sa te l l i t e ,  t h e  Compton t e l e scope  had a response 

of about 12' half-angle  f o r  Co 

30 a t  l a r g e  angles  and a forward e f f i c i e n c y  less  t h a n  l$. 

i s o t r o p i c  gamma-ray f lux  w a s  measured w i t h  t h e  absorbing coun te r  of  t h e  

Compton te lescope,  which w a s  a 2" x 2$" N a I  coun te r  of t h e  phoswich type.  

This type of counter  r e j e c t s  edge e f f e c t s  due t o  charged cosmic-rays and 

o t h e r  p a r t i c l e s .  I n  add i t ion ,  o v e r a l l  i s o t r o p i c  and coincidence rates 

were monitored t o  provide a measure of cosmic-ray e f f e c t s .  These rates 

were monitored when t h e  sa te l l i t e  was i n  a n i g h t  mode and d i r e c t i o n  

references,  required f o r  ope ra t ing  t h e  t e l e s c o p e s ,  were not a v a i l a b l e .  

n 

60 gamma-rays, a r e j e c t i o n  f a c t o r  of about 

The t o t a l  

The instrument, shown i n  Figure 2, w a s  designed t o  f i t  i n  t h e  wheel 

compartment of an OS0 s a t e l l i t e .  The instrument  weighed about 30 pounds, 

had about 400 t r a n s i s t o r s  i n  it and r equ i r ed  about  0.5 w a t t  of power. 

~ ~ 

L ~ 
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The e n t i r e  instrument w a s  designed, cons t rac ted  and t e s t e d  i n  t h e  labora-  

t o r i e s  and shops of t h e  Universi ty  of Minnesota. 

S ince  not  everyone is fami la r  wi th  t h e  OS0 series of NASA 

satellites, a brief desc r ip t ion  i s  i n  order .  A photo o f  t h e  f i rs t  OS0 

is  shown i n  Figure 3. An OS0 c o n s i s t s  of t h r e e  bas i c  s t r u c t u r e s :  a wheel 

s e c t i o n  which r o t a t e s  a t  about 0.5 rps, and provides a stiff axis f o r  

to rquing  aga ins t .  The wheel axis i s  servoed t o  l i e  a plane perpendicular  

t o  t h e  ear th-sun l i n e .  A d i r e c t i o n a l  experiment, placed i n  a compartment 

of an OS0 and looking r a d i a l l y  outward, sweeps the  sun, t h e  sky, and most 

l i k e l y  t h e  e a r t h  below every two seconds. 

is t h e  sail  s t r u c t u r e ,  which contains  t h e  s o l a r  c e l l  power p l a n t .  This  

i s  servoed i n  azimuth t o  poin t  t o  about 1 minute of a r c  t o  t h e  sun. The 

t h i r d ,  o r  pointed sec t ion ,  i s  servoed i n  e l eva t ion ,  a l s o  t o  about 1 minute 

of a rc .  

be placed i n  t h i s  s ec t ion ,  and point  at  a given spot  on t h e  sun wi th  g r e a t  

accuracy. I n  addi t ion ,  of course, t h e  sa te l l i t e  i s  provided w i t h  t h e  

needed cont ro l ,  command, and data handl ing f a c i l i t i e s .  A n  on-board tape 

recorder  provides  nea r ly  continuous information retrieval. 

The second por t ion  of t h e  OS0 

Instruments,  such as x-ray o r  La! t e l e scopes  o r  spectrometers  may 

The 060-1 w a s  launched March 7, 1962 i n t o  a near  c i r c u l a r  5 ’ j O - a  

Inspec t ion  of t h e  d a t a  o r b i t  of 3 3 O  i n c l i n a t i o n  and 95-minute period. 

i n d i c a t e d  that t h e  cosmic-ray background e f f e c t s  were considerably g r e a t e r  

t h a n  an t i c ipa t ed ,  and that i n  addi t ion ,  c e r t a i n  completely unant ic ipa ted  

e f f e c t s  were observed. 

and combining t h e  data wi th  o r b i t  parameters w a s ,  of course,  found t o  be a 

n o n - t r i v i a l  problem, and is j u s t  now being f i n i s h e d  i n  a completely 

s a t i s f a c t o r y  manner. I n  t h e  meantime, t h e  phys ica l  e f f e c t s  have been 

understcod, eyer? t.hol~gh all o f  the  data has not  been run through t h e  com- 

p u t e r  f o r  \ he last time. 

Reduction of about 500 quasi-analog magnetic t apes ,  
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Two of t h e  important e f f e c t s  are ind ica t ed  i n  Figure 4, where w e  

show t h e  rates of t h e  i s o t r o p i c  gamma-ray counter  as t h e  sa te l l i t e  crossed 

a meridian of longi tude,  60 E. The lower branches of t h e  curves are due 

t o  cosmic-ray production i n  t h e  s a t e l l i t e  and i n  t h e  earth below; t h e  upper 

branches were found due t o  r a d i o a c t i v i t y  induced i n  t h e  NaI d e t e c t o r  during 

t h e  brief passages of t h e  s a t e l l i t e  through t h e  t rapped r a d i a t i o n  over  t h e  

South A t l a n t i c  region. Neutrons, produced by t rapped protons,  are captured 

0 

128 by t h e  1127 of t h e  d e t e c t o r s  t o  form I , which @-decays w i t h  a 25-minute 

half- l i fe .  

data, has influenced planning on f u t u r e  missions. 

This r e s u l t ,  i n  a d d i t i o n  t o  complicating a n a l y s i s  of t h e  OSO-1 

O f  course, t h e  most important o b j e c t i v e  w a s  t h e  sea rch  f o r  t h e  

e x t r a t e r r e s t r i a l  flux. In Figure 5 w e  show t h e  upper l i m i t s  from t h i s  

experiment. 

t h e  i s o t r o p i c  counters over  t h e  geomagnetic equator ,  c o r r e c t i n g  f o r  a 

gain change of t h e  d e t e c t o r s  and s e l e c t i n g  passes  w h e r e  induced radio-  

a c t i v i t y  was no t  important. 

t h i s  manner; however as ind ica t ed  i n  Figure 4, t h e y  are n o t  zero. 

extra-terrestrial f l u x ,  would, of course, be l a t i t u d e  independent. Also 

shown are the  fluxes a c t u a l l y  measured by Arnold and h i s  c o l l a b o r a t o r s  

on t h e  Ranger 111, w i t h  an i s o t r o p i c  coun te r  on a boom, half-way between 

t h e  e a r t h  and t h e  moon. The two measurements can j u s t  be reconci led.  

The lowest energy po in t  o f  t h e  OSO-1 upper l i m i t s  i s  not  i n  disagreement 

with those  measured by Arnold; t h e  s o l i d  a n g l e  of t h e  lead p ipe  d e t e c t o r  

on t h e  OSO-1 is  considerably less than  4n. 

These l i m i t s  were obtained from t h e  t o t a l  count ing rate of 

Presumably cosmic ray effects are minimized i n  

An 

These fluxes are of course 

t h e  t o t a l ,  from a l l  sources ,  bo th  p o i n t  and d i f f u s e ,  i n t e g r a t e d  over 477 

s o l i d  angle.  
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Balloon S tud ie s  

About the  time of launch of  the OSO-1, it became apparent  t h a t  

knowledge of t h e  cosmic-ray produced g m - r a y  fluxes w a s  inadequate t o  

i n t e l l i g e n t l y  plan and des ign  experiments f o r  cosmic photon measurements 

i n  t h i s  genera l  energy range. Accordingly, a series of ba l loon  i n v e s t i -  

ga t ions  were undertaken. A balloon-borne gamma-ray d e t e c t o r  above about 

110,000 f e e t  i s  e s s e n t i a l l y  exposed t o  the same cosmic-ray composition 

and i n t e n s i t y  it w i l l  f i n d  on a s a t e l l i t e  o r  i n  space; however, because 

of i n t e r a c t i o n s  i n  t h e  atmosphere, the  gamma-ray background is somewhat 

worse. The ba l loon  inves t iga t ions  then  have two purposes,  one t o  increase  

b a s i c  knowledge of cosmic-ray processes i n  the atmosphere. This may, 

of course,  shed l i g h t  on processes on a g a l a c t i c  o r  cosmic sca l e .  The 

second purpose is  t o  a c t u a l l y t e s t  designs of instruments  f o r  x-ray and 

gamma-ray astronomy. I n  add i t ion ,  r ecen t  evidence i n d i c a t e s  it i s  

p o s s i b l e  t o  observe c e r t a i n  c e l e s t i a l  o b j e c t s  from ba l loons  i n  t h e  l i g h t  of 

t h e i r  x-rays.  

One of the e a r l y  ob jec t ives  w a s  t o  i n t e r p r e t  t h e  OSO-1 results, 

p a r t i c u l a r l y  i n  r e spec t  t o  t h e  e f f e c t s  of l o c a l  matter near  the 

s c i n t i l l a t i o n  de tec to r s .  Accordingly, a number of ba l loon  f l i g h t s  

were accomplished. The d e t e c t o r s  of a backup instrument  w e r e  first flown 

w i t h  l o c a l  instrument  matter, such as c i r c u i t s ,  magnesium housings, and 

lead co l l ima to r s  present  i n  t h e  OSO-1 f l i g h t  conf igura t ion .  Then t h i s  

matter w a s  removed, and d e t e c t o r s  placed, w i t h  t h e i r  geometry preserved, 

i n  a Styrofoam block. Some of the  r e s u l t s  of t h i s  s tudy  are shown i n  

F igure  6. About 20$ o r  so of t h e  s i n g l e  counter  rates on t h e  OSO-1 can 



6 
t *  

t 

be a t t r i b u t e d  t o  production i n  t h e  instrument ma te r i a l s .  Rates which 

involved s c i n t i l l a t i o n  counters i n  coincidence decreased a f a c t o r  of 

t e n  o r  so  when t h e  instrumental  m a t e r i a l  w a s  removed. 

Some of  t h e  gene ra l  f e a t u r e s  of gamma-ray i n t e n s i t i e s  on t h e  e a r t h ,  

i n  t h e  atmosphere and i n  space a r e 7 i z z i c a t e d  i n  Figure 6. 

sea l e v e l  a r e  due t o  r a d i o a c t i v i t y  i n  t he  rocks and s o i l s ;  as soon as t h e  

bal loon leaves the  ground t h e  i n t e n s i t y  drops a f a c t o r  of t e n  o r  so,  t hen  

inc reases  w i t h  t h e  atmospheric cosmic-ray i n t e n s i t y  and goes through a 

t r a n s i t i o n  m a x i m u m  w i t h  t h e  charged cosmic-ray component. 

t h e  gamma-ray i n t e n s i t y  i s  comparable t o  that a t  sea l e v e l .  

space i s  apparent ly  s e v e r a l  f a c t o r s  below t h a t  measured a t  110,000 f ee t  

on a balloon, and much less t h a n  t h a t  due t o  l o c a l  r a d i o a c t i v i t y  of t h e  

rocks and s o i l s .  

The rates a t  

A t  h igh a l t i t u d e ,  

The f lux  i n  

Other measurements have provided information of a more fundamental 

nature .  

700 kev obtained w i t h  a N a I  c r y s t a l  and a 16 channel pu l se  spectrum analyzer .  

The gamma-ray l i n e  a t  0.5 Mev was f i rs t  measured i n  t h e  atmosphere i n  

t h e s e  experiments. This l i n e  i s  due t o  p o s i t r o n s ,  produced by cosmic-ray 

i n t e r a c t i o n s ,  s topping and a n n i h i l a t i n g  i n  t h e  atmosphere. 

Figure 7 shows t h e  spectrum a t  110,000 f e e t  between about 40 and 

The exact  source of t h e  atmosphere gamma-rays a t  low energy; t h a t  i s  

whether t hey  are produced by electromagnet ic  p rocess  f r m  t h e  s o f t  com- 

ponent of cosmic rays o r  by low energy n u c l e a r  i n t e r a c t i o n s  on atmospheric 

nuc le i ,  can be determined from t h e  shape of t h e  spectrum between 1 and 

10 Mev. 

Dan Schwartz, a graduate s tudent  a t  UCSD. 

counter  w i t h  a p l a s t i c  ant icoincidence s h i e l d  t o  r e j e c t  cosmic-rays. The 

e n t i r e  apparatus c o n s i s t s  of a 128 channel p u l s e h e i g h t  ana lyze r  and a 

Figure 8 shows a simple apparatus ,  b u i l t  i n  c o l l a b o r a t i o n  w i t h  

It c o n s i s t s  simply of a 3"X3" 
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telemetry system, and has been flown on bal loons twice now. 

a f l i g h t  over Yuma, Arizona t o  110,000 f e e t  (6  @/em2 atmospheric depth) are 

The r e s u l t s  of 

shown i n  Figure 9. The poin ts  on the  spectrum between 1 and 10 M e V  w e r e  ob- 

t a ined  i n  t h i s  experiment. Although the re  is  some ind ica t ion  of l i n e  s t ruc tu re ,  

c l e a r l y  t h e  most important component of t h e  spectrum is  t h e  s t e e p  continuum. 

This i s  regarded as evidence t h a t  the s i g n i f i c a n t  source of lower energy gamma- 

ray  i s  from t h e  degraded products of t he  s o f t  component. This component has 

i t s  o r i g i n  i n  TT mesons produced i n  the  first few rad ia t ion  lengths  from t h e  

t o p  of t h e  atmosphere. Gamma-rays produced by nuclear  e x i t a t i o n  and neutron 

0 

i n e l a s t i c  s c a t t e r i n g  and capture,  would show a d e f i n i t e  l i n e  s t r u c t u r e  and 

would tend t o  peak a t  about 6 o r  8 MeV. Also shown are measurements 

made on o the r  f l i g h t s ,  and by o the r  workers, t o  complete the  generel  p i c tu re  of 

low energy gamma-rays i n  t h e  atmosphere. 

The OSO-I11  Experiment 

Another result of t h e  bal loon work, i n  co l labora t ion  wi th  Ken Fros t  

Of NASA's Goddard Space F l i g h t  Center, has been t h e  development of an 

x-ray de tec tor .  This d e t e c t o r  operates i n  t h e  region about 7 kev t o  

200 kev, and is designed f o r  t h e  t h i r d  OSO. The genera l  block diagram 

Of t h e  d e t e c t o r  is shown i n  Figure 10. 

d e t e c t o r  flown on t h e  OSO-1, except f o r  t h e  important d i f fe rence  that t h e  

It i s  similar t o  t h e  col l imated 

cd.l imating s h i e l d  i s  constructed of CsI, a s c i n t i l l a t i n g  material. The 

s h i e l d  i s  then  placed i n  e l e c t r i c a l  anti-coincidence wi th  t h e  con t ro l  

de t ec to r .  I n  t h i s  way, background e f f e c t s  produced by cosmic-rays i n  t h e  
are 

co l l ima to r  and/removed e l e c t r i c a l l y ,  and one obta ins  a s h i e l d  whose 

r e j e c t i o n  is c lose  t o  t h e  t h e o r e t i c a l l y  pred ic ted  response. The experi-  

ment is  l imited by phototube noise  on t h e  low energy end, and by t h e  

f i n i t e  s h i e l d  thickness  a t  high energies.  



The instrument as constructed f o r  t h e  OSO-I11 has e i g h t  l o g a r i t h -  

mica l ly  spaced d i f f e r e n t i a l  channels of pulse-height a n a l y s i s .  

of course a r a t h e r  e l abora t e  system of s to rage ,  coding, d i r e c t i o n  indi-  

ca t ion ,  subcommutation and s i g n a l  condi t ioning a s s o c i a t e d  with t h e  complete 

instrument.  This instrument is, once again,  designed t o  be placed i n  a 

wheel compartment of an OSO-looking r a d i a l l y  outward. 

There i s  

This instrument i s  On 

t h e  t h i r d  OSO, which now scheduled f o r  launch i n  a f e w  months, during t h e  

second qua r t e r  of 1965. 

A photo of t h e  complete instrument i s  shown i n  Figure 11. Since 

t h i s  p ro jec t  s tar ted soon a f te r  w e  a r r i v e d  at L a  J o l l a ,  and t h e r e  was 

i n s u f f i c i e n t  t e c h n i c a l  support  a v a i l a b l e  a t  t h e  t i m e ,  t h e  e n t i r e  i n s t r u -  

ment design and cons t ruc t ion  was subcontracted.  

c o n t r a c t o r  appears on t h e  instrument,  n a t u r a l l y .  

The name of t h e  sub- 

This instrument w a s  flown on a ba l loon  du r ing  t h e  breadboard phase 

t o  determine i t s  background and t o  v e r i f y  t h e  p r o p e r t i e s  of t h e  a c t i v e  

anti-coincidence co l l ima to r s .  The background determined from t h i s  f l i g h t ,  

t o g e t h e r  with present  experimental  s i t u a t i o n  on cosmic f l u x e s  i s  i n d i c a t e d  

i n  Figure 12. 

sources  as a func t ion  of energy. 

i n  t h e  d i r e c t i o n  of  t h e  g a l a c t i c  center ,  have now been i d e n t i f i e d  a t  

ene rg ie s  of a few k i l o v o l t s .  These obse rva t ions ,  some of which are 

ind ica t ed  on t h e  f i g u r e ,  have been obtained from rocke t  f l i g h t s  by t h e  

groups a t  the Naval Research Laboratory, American Science and Engineering, 

and MIT. Also shown i s  t h e  f lux a t  about 40 kev measured from t h e  Crab 

Nebulae 

from Ranger and t h e  OSO-1 a t  higher  ene rg ie s .  It should be i n d i c a t e d  

Shown is  t h e  d i f f e r e n t i a l  photon spectrum from cosmic 

About a dozen x-ray sources ,  g e n e r a l l y  

from a ba l loon  by George Clark of MIT, and t h e  r e s u l t s  obtained 
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t h a t  t he  rocket and bal loon results pe r t a in  t o  s i n g l e  l o c a l i z e d  poin t  

sources,  while t h e  r e s u l t s  a t  higher energy include a l l  sources,  i n t e -  

gra ted  over t he  t o t a l  s o l i d  angle. 

The measured background of the  OSO-I11 d e t e c t o r  f o r  po in t  sources 

as determined a t  bal loon a l t i t u d e s  i s  a l s o  indicated.  Most l i k e l y  at  

s a t e l l i t e  a l t i t u d e s  t h e  background w i l l  be l e s s .  Clear ly ,  t h e  experi- 

ment w i l l  provide new and important observat ions of cosmic x-rays, and 

w i l l  cont r ibu te  t o  our cont inua l ly  accumulating knowledge i n  a new and 

e x c i t i n g  area. 

NASA-University Rela t ions  a t  UCSD 

I am compelled by t h e  nature  of t he  program here  t o  make some re- 

m a r k s  of a non-sc ien t i f ic  nature .  The s i t u a t i o n  a t  t h e  Univers i ty  of 

Minnesota is  r a t h e r  w e l l  known, and has been descr ibed i n  some d e t a i l  i n  

t h e  previous paper by Dr .  Winckler. 

The San Diego campus of t h e  Universi ty  of Ca l i fo rn ia  is  f a i r l y  new, 

and w a s  formed from t h e  Scripps I n s t i t u t i o n  of Oceanography about 6 years  

ago. It received a considerable  impetus under t h e  d i r e c t i o n  of such men 

as Roger Revelle, Harold Urey, James Arnold and Keith Brueckner. U n t i l  

t h i s  past f a l l  it w a s  only a graduate school. 

graduate  s tudents .  This year  175 freshman undergraduates were admitted. 

T h i s  past year  Revelle College, of which w e  are a part, has begun occupying 

i ts  new and permanent quar te rs .  

There are now about 400 

Space r e l a t e d  work has been ca r r i ed  on f o r  some t i m e  by t h e  

geochemists and e a r t h  science people a t  UCSD. I r e f e r  t o  s t u d i e s  of 

meteor i tes ,  cosmic dus t ,  l u n a r  and p lane tary  compositions, e t c .  under 

Harold Urey, Jim Arnold, Gustaf Arrhenius and t h e i r  co l labora tors .  Space 



physics,  as such, i n  t h e  Physics Department s tar ted about t h r e e  years  ago 

when Carl McIlwain, formerly a s tuden t  of Van Allen a t  Iowa, and myself 

a r r i v e d  a t  L a  J o l l a .  We a r r i v e d  at ,  e s s e n t i a l l y ,  s i x  empty rooms. 

McIlwain, whose p resen t  main i n t e r e s t  i s  t h e  t rapped r a d i a t i o n ,  and 

myself are now loca ted  i n  t h e  same area and between us  w e  occupy most Of 

one f l o o r  of one wing of t h e  Physics Department. 

wing are t h e  plasma p h y s i c i s t s ,  and the  a s t r o p h y s i c i s t s ,  t h e  groups w i t h  

which w e  i n t e r a c t  t h e  most. 

Also l o c a t e d  i n  t h e  same 

Between McIlwain and myself w e  now support  about 25 people - 
s c i e n t i f i c  and t e c h n i c a l  personnel  and graduate  s tuden t s .  There i s  one 

engineer,  a t echn ic i an ,  a computer programmer, and about f o u r  s t u d e n t s  

working on the gamma-ray astronomy p r o j e c t s .  McIlwain and myself each 

have sus t a in ing  g r a n t s  from NASA headquarters ,  as w e l l  as hardware and 

data reduction c o n t r a c t s  for s p e c i f i c  missions from GSFC. We sha re  l a b s  

and f a c i l i t i e s  as much as poss ib l e .  

UCSD does not have a n  i n t e r d i s c i p l i n a r y  g ran t ;  one i s  c u r r e n t l y  

being proposed. I n  terms of gene ra l  f a c i l i t i e s  UCSD has an e x c e l l e n t  

computer center;  t h e  machine shop i s  about one y e a r  o l d  and w i l l  become 

q u i t e  good a f t e r  t h e  shakedown i s  completed. There i s  no g e n e r a l  e l e c t r o n i c  

f a c i l i t y  with high c l a s s  e l e c t r o n i c  des igne r s .  The e l e c t r o n i c s  are done 

p r e s e n t l y  i n  our own labs. 

Our balloon f l i g h t s  a t  UCSD were formerly handled by t h e  remains 

of t h e  Convair group a t  General Dynamics/Astronautics. 

group was closed down last  year .  

in-house balloon f a c i l i t y .  F l i g h t s  i nvo lv ing  l a r g e  ba l loons  are handled 

through t h e  NCAR f a c i l i t i e s  a t  P a l e s t i n e ,  Texas. 

T h e i r  ba l loon  

We are p r e s e n t l y  b u i l d i n g  up t o  a small 
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I wanted t o  emphasize t h e  r e l a t i o n  of t h e  ba l loon  experiments t o  

t h e  program as a whole. The bal loon experiments a l low a graduate  s tuden t  

t o  do something f a i r l y  quickly a t  the  start ,  and t o  ob ta in  some r e s u l t s  

soon. S a t e l l i t e  experiments are admit tedly long term p r o j e c t s ,  and not  

i d e a l l y  s u i t e d  f o r  a graduate  s tudent ,  p a r t i c u l a r l y  if  followed from ex- 

periment conception t o  f i n a l  analyses  of t h e  da ta .  It seems poss ib l e  f o r  

a s tuden t  t o  s tudy  t h e  p r o p e r t i e s  of an instrument  us ing  bal loons,  and 

do some r e l a t e d  measurements, t hen  analyze data from a mission which used 

t h e  instrument  f o r  a t h e s i s .  Also ,  it seems p o s s i b l e  t o  work backwards, 

that i s  have a s tuden t  work on data f o r  an i n i t i a l  cu t ,  t hen  do a ba l loon  

experiment,  o r  develop a s a t e l l i t e  instrument  and use  it t o  ob ta in  some 

important  measurement from a balloon. 

papers  t h a t  a s tuden t  who has only  analyzed someone else 's  data f o r  a t h e s i s  

has no t  had a complete educat ion i n  experimental  physics .  

and ba l loons  i n  conjunct ion wi th  s a t e l l i t e  experiments adds a consider-  

able degree of f l e x i b i l i t y  t o  a graduate space program. 

not  p o s s i b l e  t o  use  t h i s  combination i n  every area of research.  

F ina l ly ,  I a l s o  wanted t o  make a f e w  remarks about subcont rac t ing  

I c e r t a i n l y  concur wi th  t h e  previous 

The use  of rocke t s  

O f  course, it i s  

ins t rument  development and cons t ruc t ion  f o r  space missions,  as w a s  done f o r  

t h e  CEO-I11 experiment. 

experienced and eage r  graduate  s tudents ,  it is very  d i f f i c u l t  f o r  a single 

i n v e s t i g a t o r  t o  reduce d a t a  from previous missions,  t each ,  and t o  have some 

time t o  th ink ,  a t  t h e  same t i m e  he is  concerned about d e l i v e r i n g  hardware 

f o r  a s p e c i f i c  launch. 

two yea r s  ago, a su'ccontract f o r  t h e  hardware seems appea l ing  and m y  even 

be d e s i r a b l e .  

Unless one is f a i r l y  h igh ly  s t a f f e d ,  o r  has many 

Under such a s i t u a t i o n ,  which w a s  w h a t  we  faced  



Of course, t h e  i n v e s t i g a t o r  must know all t h e  c o n s t r a i n t s  of t h e  

experiment well, so  t h a t  t h e  phys ica l  judgements have been made before  

a subcontractor  can start .  Even then  t h e r e  is some danger t h a t  one a f t e r  

two years  of subcontractor  e f f o r t ,  one may be d e l i v e r e d  a n e a r l y  u s e l e s s  

box of junk. I n  o r d e r  t o  r e t a i n  c o n t r o l  over  t h e  experiment i n  o u r  case,  

w e  were able  t o  make e f f e c t i v e  use of t h e  PERT system. PERT, which means 

Performance Evaluat ion and Review Technique, i s  a management method which 

i s  used on the  OS0 program by NASA. Constructed i n t o  t h e  PERT c h a r t  were 

approval po in t s ,  at  which we had t o  go t o  t h e  subcontractor ,  look at  t h e  

apparatus ,  perform c a l i b r a t i o n s ,  measurements, observe pulses ,  or whatever 

was appropriate .  This allowed an impersonal way of i n d i c a t i n g  t o  NASA i f  

t h e  apparatus being cons t ruc t ed  by t h e  subcon t rac to r  w a s  not s a t i s f a c t o r y .  

Fortunately,  i n  ou r  case,  every t h i n g  w a s  g e n e r a l l y  a l l  r i g h t  and r e l a t i o n s  

w i t h  t h e  subcontractor  were most p l easan t ;  neve r the l e s s ,  t h e  c o n t r o l  e x i s t e d .  

It w a s  found about 6 months were r equ i r ed  after program approval  while  NASA, 

t h e  Universi ty  a n d  t h e  subcon t rac to r  argued about c o n t r a c t u a l  d e t a i l s .  

During t h a t  t i m e  we were a b l e  t o  proceed on a l i m i t e d  b a s i s ,  and al though 

no a c t u a l  hardware w a s  cons t ruc t ed  t h e  t i m e  w a s  n o t  completely lost. It 

would seem t h a t  some e f f o r t  should be made on NASA's p a r t  t o  reduce t h e s e  

times. 

Summary 

I have t r i e d  t o  p re sen t  a u n i f i e d  program i n  x-ray and gamma-ray 

astronomy, i n  which ba l loon  experiments are used t o  support  s a t e l l i t e  

missions. I have t r i e d  t o  i n d i c a t e  Something of t h e  in s t rumen ta l  tech-  

niques used i n  t h e s e  s t u d i e s ,  and t h e  p r e s e n t  s ta te  of knowledge of x-ray 

astronomy. I have a l s o  t r i e d  t o  show how t h i s  program f i t s  i n t o  t h e  



academic program at  UCSD as a whole, and, at  least i n  one case,  how an 

inves t iga to r  uses s t a f f ,  s tudents  and f a c i l i t i e s  i n  a NASA-supported 

s c i e n t i f i c  program. 
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Figure Captions 

Figure 1 Block diagram of an explora tory  experiment i n  gamma-ray 

astronomy designed f o r  t h e  F i r s t  Orb i t ing  S o l a r  Observatory. 

Figure 2 A photograph of t h e  OSO-1 instrument. The instrument  weighed 

about 30 pounds, contained 400 t r a n s i s t o r s ,  and drew one-half 

w a t t  of power. 

Figure 3 A photo of t h e  F i r s t  OSO. The wheel s e c t i o n  s p i n s  at  about 

one-half rps, wi th  t h e  sp in  axis c o n s t r a i n e d t o  l i e  i n  a p lane  

perpendicular  t o  t h e  ear th-sun l i n e .  The s o l a r  c e l l  a r r a y  is 

mounted on t h e  sail. Instruments i n  t h e  poin ted  s e c t i o n  are 

servoed on t h e  sun t o  about one arc-minute. 

F igure  4 Rates of t h e  i s o t r o p i c  d e t e c t o r s  on t h e  OSO-1, as a func t ion  

of geographic l a t i t u d e .  The lower curves are due t o  cosmic- 

r ay  e f f e c t s ,  t h e  upper curves due t o  induced r a d i o a c t i v i t y  

i n  t h e  counters .  

F igure  5 Upper limits of cosmic fluxes f r o m  t h e  OSO-1 compared wi th  t h e  

measurements of Arnold, e t  al on t h e  Ranger 111. 

T o t a l  gamma-ray counting rates on t h e  ground and i n  t h e  

atmosphere obtained during a ba l loon  s tudy  wi th  t h e  OSO-1 

de tec to r .  The r a t e s  i n  space are s e v e r a l  f a c t o r s  less t h a n  

those  a t  6 gm/cm . 
The gamma-ray spectrum i n  t h e  atmosphere a t  110,000 feet over  

Minneapolis. The gamma-ray a t  0.5 Mev is  due t o  a n n i h i l a t i o n  

of cosmic-ray produced pos i t rons .  

A simple apparatus  flown on a ba l loon  t o  s tudy  t h e  gamma-ray 

spectrum between 1 and 10 MeV. 

F igu re  6 

2 

Figure  7 

F igure  8 



Figure 9 Various r e s u l t s  obtained over  Yuma, Arizona. The gene ra l  

s teepness  of t h e  spectrum and t h e  l a c k  of outs tanding l i n e  

s t r u c t u r e  between 1 and 10 MeV i s  taken t o  i n d i c a t e  most of t h e  

atmos phe r i  c gamma- rays o r i g i n a t e  i n  cascade e l e  c t romagnet i c 

processes. 

The block diagram of an x-ray d e t e c t o r  designed f o r  t h e  OSO-I11 

s a t e l l i t e .  The a c t i v e  C s I  co l l ima to r  i s  placed i n  ant i -coincidence 

with t h e  c e n t r a l  d e t e c t o r ,  g iv ing  a very low background count. 

Figure 10 

Figure 11 A photo of t h e  OSO-I11 d e t e c t o r .  This instrument i s  a l s o  de- 

signed t o  be placed looking r a d i a l l y  outward from wheel com- 

partment on OS0 sa t e l l i t e .  

Figure 12 The d i f f e r e n t i a l  spectrum of measured cosmic x-ray f luxes .  

This i s  compared wi th  t h e  background of t h e  OSO-I11 d e t e c t o r  

as measured on a bal loon f l i g h t .  

energies  were measured on rocke t  f l i g h t s .  The Crab Nebulae 

a t  40 kev was measured from a bal loon.  

energies  p e r t a i n  t o  t h e  e n t i r e  4rr s o l i d  angle  of t h e  sky. 

The p o i n t  sources  a t  low 

The results a t  h ighe r  
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