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- 1  

I In t roduct ion  
, 

The s c a t t e r i n g  of protons by protons provides an important method 

f o r  s tudying t h e  na ture  of nuc lear  forces .  A t  1oi.i ene rg ie s ,  l e s s  than  

of  a proton i s  l a rge  compared t o  . f i v e  Uev, t h e  deBroglie wavelength 2 

..-. 

t he  range o f  nuc lear  forces  arid t h e  i n t e r a c t i o n  i s  e f f e c t i v e  only i n  

states of zero o r b i t a l  angular  nomentun (S s t a t e s ) .  Recent proton- 

proton s c a t t e r i n g  experiments a t  energies  as high as t h i r t y  MeV1 have 

f a i l e d  t o  show any apprec iab le  con t r ibu t ion  t o  t h e  c ros s  s e c t i o n  f r o m  

higher  angular  moment- s t a t e s ,  b u t  it i s  necessary t o o b r i n g  i n  t e n s o r .  

, . . 

forces  t o  expla in  t h e  magnitude of the  observed c ross  s e c t i o n o  2 

Further  experiments noq i n  progress a t  Berkeley,S i n  t h e  350 MeV 

o g r h  of t h e  OER md t h e  AZC. 
-- (I 

**IGow a t  t h e  Radiat  on Laboratory, ulzivers i t y  of  S a l i f o r n i a ,  Berkeley. 
I 'w. K. H. Panofsky and F. L. 'Fi l lmore,  ?hys. Rev. 79, 57 (1950) ; - - -  
!I 
!I 

Cork, Johnston, and Ric;una, Phys.  Rev. 79, 71 (1950). - - -  i 

2R. S. C h r i s t i a n  and I .  II. P. ioyes ,  Phys. - -  Bev. 79, 85 (1950) - .  ;- .. 
I 

H. Yamauchi, ?h.D. Thes is ,  Zarvard, 1950. 
I 

30. Chamberlain and C. Yiegand, Phys. Rev. 79, 81 (1950) ; 
. - * -  - 

Chamberlain, Segre, 4 and Wiegand, Bull .  -her. Phys. SOC. Vol 2 5  +# 6, 58 

(1950) 
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beam. This me,tl;od efi 'ectivsly eli;iiinntes the background d.ue t o  pratons 

%?, W. Birge, Pliys. 2ev. 80,  490 (i95G). - - -  
%. K. K i l s o n  'and. 3. C. C r e u t z ,  A- 1;hiis. - RSV. - 71; 339 (3947).  
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.c 
f o i l  may then  be  e a s i l y  removed and i t s  radkoact ivi ty 'messured i n  a 

manner d e s c r i b e d ' i n  sec t ion  I I I C .  

. B. Counters 

. .  

. ,  
. 

s c i r $ i l l a t i o n  c r y s t a l s  mounted ' i n  s l o t s  c u t  i n  ..the ends of s h o r t  2iece.s 

o f  l u c i t e .  

t h a t  t r ansmi t t ed  t h e  l i g h t  f l s s h e s  t o  RCA 5819 ? ~ o t o ~ ~ l t i o l i e r " t u b e s  - .  . . 

131aced i n  magnetic sh i e lds .  h e  counter ,  used t o  def ine  th&so- l id  angle ,  

measiired protons s c a t t e r e d  a t  mgles  from. 15O t o  '45O 7.lith - respec t  t o  t h e .  

i nc iden t  beam, while t h e  o ther ,  o r  monitor counter ,  co as much . .  larger . 

and in t e rcep ted  t h e  r e c o i l  protons.  z t  angles '  from. 45O- t o  75O. 

The counters  used t o  d e t e c t  t h e  s c a t t e r e d  protoris were anthracene 
. .  . .  

. .  . .  . _  

. 4  I 

These pieces  xere the= claTilped t o  seven f o o t  l u c i t e  rods 
, .  

. .  
. -  . ,  

. .. 

. ,. . .  
. .  - - .  . .  _. . 

Figure 

1 shows proton p i t h s  f o r  t h e  two l i n i t s  mentioned, while  Figure 2 i s  a 

to? view f o r  one extreme posi t ion.  

To f a c i l i t a t e  the l a r g e  l i n e a r  Eot ion  necessary f o r  t h e  d e t i n i n g  

counter ,  a ba l l  w-d socket  j o i n t  m s  designed, which provides an angular  

swing of GOO. 

of  a nom&gnetic s k a i n l e s s  steel  ba l l  set i n  a brass socket  wi th  an "0" 

r i n g  gasket  on the1 circumference t o  rnake t h e  v a c u m  seal. 

probe has a flexib e sylphon j o i n t  and can be moved through an -ang le  o f  

about 20' i n  t he  ho r i zon ta l  plans.  

It i s  similar t o  P, d e s i p  repor ted  elseivhere7, and i s  made 

1 

The monitor 
1 

- 
%I 

Both probes c o n s i s t  of  s t h i n l e s s  

s t e e l  tubes  a c t i n g  6 s  bo th  l i g h t  s h i e l d s  and vacuum conta iners .  The 

d e t a i l s '  a r e  shova i n  Figure 3, 

probes moy be moved i n  and out ,  by s l i d i n g  them through chevron seals,  

t h u s  it ms  poss ib le  t o  berform t h e  experiment z i t h  t h e  scat terer  a t  40 

IE s d d i t i o n  t o  t h e i r  angular  motion t h e  
. _  - 

. .  

. .. 

. .  

. .  

0. B e t z l o f f ,  Rev. 3ci. h s t .  20, 324  (1949). 
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inches and 35 inches f r o n  the  c e n t e r . o f  t h e  cyclo t ron  by s u i t a b l y  moving 

t h e  t h r e e  probes r ad ia l ly .  

behind t h e  l a r g e  Crane va lves ,  and toge the r  with %lie vGlves, t h e y  c o n s t i t u t e  

., 

The chevron seals a r e  loca ted  i n  a Iiovsing 

-. 
a s.mall vacuum l o c k ,  which allows removal of  t h e  probes without  a f f e c t i n g  

- 1 
the-main  cyc lo t ron  vacuum system. The small  locks speecizd up t h e  numerous 

t a r g e t  changes necesshry i n  the f i n a l  runs. 

of t h e  cyc lo t ron  i s  only s ix  f e e t  back from the t ank ,  t h e  probes have o, 

j o i n t  p a r t  way hack, which must be disconnected t o  remove them from t h e  

tank. This  j o i n t ,  l i k e  o the r s  on the system, eriiploys o. standard vacuum 

technique, namely an "0" r i n g  gasket  between two f l anges ,  b u t  it a c t s  as 

Because t h e  concre te  sh i e ld ing  -. 

- .  

a l i g h t - t i g h t  j o i n t  

The two probes d i f f e r  i n  the  f o l l o w i n g  respec ts .  The de f in ing  

counter  probe rece ives  only p o t o i l s  from 40 ivkv up and t h e s e  high energy 

2rotons can e a s i l y  pene t r s t e  t h e  vc 11 of t h e  s t t i i n l e s s  s t ee l  tube ,  which 

i s  thinned down t o  0.016 inch a t  t e end rrhere t h e  c r y s t a l  i s  located.  

The back end o f  the probe i s  b o l t e d  down t o  a r i g i d  t a b l e . i n  a pos i t i on  
I 

* <  

t i i u t  depends on t h e  angle  t o  be s tudied.  The monitor probe must d e t e c t  

p a r t i c l e s ' w i t h  energ ies  a s  low a s  e i g h t  bkv. To do  t h i s  a l i g h t - t i g h t  
' t .  

cap with a one m i l  aluminum winciow i s  used. The cap i s  placed over t h e  

end o f  t h e  probe and has a ba f f l e  a t  t h e  end t o  a l low the  i n t e r i o r  t o  be 

pmped out ,  s ince  t h e  aluminum could not  withstsnnd t h e  ~ a c ~ i u ~ n ~  The vacuum ' 

I . t  

r ,  

en made i n s i d e  t h e  probe, about an inch back, by an "0" r i n g  
I 

r e s t i n g  d i r e c t l y  on the  l u c i t e  rod. This arrangement causes soxe l i g h t  

l o s s  but  t h e  amount i s  not  appreciable .  The rear  end .of the probe,swiv,els.. 
1 ' .  

on a ball bear ing  mounted on a small bench m i l l i n g  machine, f i rmly  h o i t e d  : 

I 
. I  

' !  . .  
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t o  t h e  f l o o r .  

room of  t h e  cyc lo t ron ,  &ere selsyn i n d i c a t o r s  a r e  a l s o  located.  

manner the  l a r g e  n o n i t o r  c r y s t a l  may be moved i n s i d e  t h e  t ank  u n t i l  t h e  

cen te r  of a coincidence coimting r n t e  p la teau  i s  reached. 

This  table can be movea by remote c o n t r o l  frorr: t h e  con t ro l  

In  t h i s  
I .  

- I  

A g r e a t  mstny precaut ions ;:rere taken t o  in su re  t h a t  as much l i g h t  a s  

poss ib l e  could reach t h e  phototubes.  

t h a t  when the  diameter of  t h e  l u c i t e  rod increases  elong t h e  l i g h t  path,  

t h e  l i g h t  rays  tend  t o  s t r a i g h t e n  out.  This e f f e c t  no t  only c u t s  down 

t h e  number of  r e f l e c t i o n s  b u t  e l l o ~ r s  t h e  l i g h t  t o  go s t r a i g h t  i n t o  t h e  

phototube r a t h e r  thm to be sprayed ou t  tangent  t o  t h e  end sur face .  The 

c r y s t b l  ho lders  \*Iere rollrlded o f f  around t h e  pain+, xd~ere t h e  c r y s t a l  was 

set ,  and were covered v i t h  a l w i n u q  f o i l  t o  a c t  as a r e f l e c t o r  f o r  l i g h t  

s t a r t i n g  ou t  sidexays.  I t  vms found t h a t  merely but t i r ig  T l z t  ends of  

l u c i t e  t oge the r  made as good a j o i n t  as much more complicated connections.  

The e n t i r e  s e t u g  when t e s t e d  on t h e  bench apseared t o  a t t e n u a t e  t h e  

pulses  by a f a c t o r  of about 0.~0. 

r a t h e r  thail cas t  l u c i t e ,  gave an a t t e n u a t i o n  factor of t en .  Such an 

a t t e n u a t i o n  would have made t h e  experintent impossible s ince  l u c i t e  i t s e l f  

s c i n t i l l a t e s  ve ry  weakly gnd Y- rays o r  o the r  r a d i a t i o n ,  when s t r i k i n g  

t h e  l u c i t e  nea r  t h e  phototube, vrould have svmped t h e  t r u e  signal. A 

small amount o f  Canada b a l s m  vias used t o  nake o p t i c a l  c o n t a c t  between 

t h e  c r y s t a l  and t h e  l u c i t e  i n  t h e  d e t e c t o r  probe. 

where t h e  c r y s t a l  i s  i n  t h e  vacuuq system, t h e  balsam :qoil.ed out. 

kavantuge was t aken  of  t h e  f a c t  

. -  

* I  . 

A previous se tup ,  7:hich used extruded 
i 

" 9  

* -  

In t h e  monitor probe, 

..To 

avoid 

o p t i c a l  con tac t  was made with n i n e r a l  o i l .  

t h i s  d i f f i c u l t y  t h e  c rys ta l  rras .fastened i.rith Duco cement and 

'ifhe .Due0 .cement i t s e l f  had 
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very  poor o p t i c a l  p rope r t i e s  when d r i ed  and hence could be used on ly  around 

t h e  edgeso 
1, 

W t h  t h e  arrangement hescr ibed and because t h e  l i g h t  f l a s h e s  from 
. I .  

h igh energy protons i n  

opera te  t h e  phototubes 

was counted. Nith t h e  

anthracene a r e  q u i t e  l a rge ,  it was poss ib le  t o  

a t  such a level  t h a t  no apprec iab le  tQermal no i se  

ampl i f i e r s  se t  a t  twice  t h e  gain normally used, 

four' s i n g l e  channel counts per minute were recorded wi th  t h e  cyc lo t ron  
I 

running b u t  with no anthracene c r y s t a l  i n  place.  
I .  

C o  Amplifying and Counting Systemi 

The pulses  from t h e  pho tomul t ip l i e r  tubes we+- r 7 t r e c t l y  t o  cathode 

fol lowers ,  each of  which f e d  250 f e e t  of  RG 62/U cable  terminated i n  i t s  
, 

c h a r a c t e r i s t i c  impedance o f  95 ohms. The lengths  o f  t h e  two l i n e s  were 

compared by observing r e f l e c t i o n s  o f  f a s t  pulses  on t h e  scope. 

d i f f e r e n c e  was found t o  be less tnan  0.01 p, second. 

The 

This f i g u r e  was 

c e r t a i n l y  s a t i s f a c t o r y  s ince  a coincidence reso lv ing  time o f  0.2 p, second 

was used. The pulses  were nex t  amplif ied by means of commercial ve r s ions  

of t h e  Jordan-Bell l inear ampl i f i e r8  and were f ed  from d i sc r imina to r s  

i n  t h e  coincidence c i r c u i t , g  and t h e n  i n t o  a sca l e r .  The s c a l e r s  and 

ampl i f i e r s  were b u i l t  by  t h e  Atomic Instrument Go., Cambridge, Mass. 

Amplif iers  used wi th  a pulsed beam such as i s  present  i n  an f-m 
4 .  

I 

cyclo t ron ,  sha rp ly  l i m i t  t h e  poss ib l e  counting rates unless  t h e  dead time 

i s  a s m a i l  f r a c t i o n  of  t h e  b u r s t  time. The . individual  b u r s t s  on t h e  

Wo He Jordan and P, Re E e l l ,  Rev. ki, u. 18, 703 (1947). 

Howland, Schroeder,  and Shipman, Jr., F,ev. Sei. Tnst. 18, 551 (1947). - - -  
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B .< ' Ilarvard cyc lo t ron  l a s t e d  about 250 p seconds and hence t h e  ampl i f i e r s  were 

modified t o  c u t  t h e  dead time t o  about 1 p second, and f u r t h e r  changes c u t  

1 1  

I 

'=: 

t h e  rise tire t o  about 0.1 second.1° Crys t a l  diodes viere i n s e r t e d  

wi th in  one of t h e  feedback loops t o  prevent  double puls ing  xhen t h e  

amp 1 i f  i e r s we re over 1 o ade d . 
D. So l id  Angles 

The s c a t t e r e d  protons leaving t h e  t a r g e t  t r a v e l  on hr.lices t o  rench _ _  

t h e  counters ,  The r ad ius  of m y  given h e l i x  depends f o r  t w o  reasons on 

- the  angle  t h a t  t h e  p a r t i c l e  t r a j e c t o r y  makes with t h e  ho r i zon ta l  plane. 

, F i r s t ,  t h e  momentum o f  t h e  p a r t i c l e  depends on t h e  s c a t t e r i n g  angle and 

second,  only t h e  component of  monentum perpendicular  t o  t h e  nagnet ic  

, f i e l d  i s  e f f e c t e d  by t h e  f i y l d .  Nhen t h e  p a r t i c l e s  s c a t t e r e d  i n  t h e  a 

v e r t i c a l  plene reach t h e  t o p  o r  bottom of t h e  magnet gap t h e y  I;iill have 

I 

. 

moved inward r a d i z l l y  from khe ino iden t  proton o r b i t  because of t h e i r  

, smaller  momentum and angle  wi th  r e spec t  t o  t h e  f i e l d .  It t u r c s  out  t h a t  

t h e  d i s t ance  they  have gone i n  i s  ve ry  small (about  1/4 inch  ou t  o f  40 

:inches o r i g i n a l  rad ius)  and very n e a r l y  cons tan t  f o r  a l l  s c a t t e r i n g  

4 l  

I/ 

rangles. 

;the angle  in t h e  ho r i zon ta l  plane a t  which t h e  protons s t r i k e  the  probe, 

'in o rde r  t h a t  t h e  c r y s t a l s  could be set  perpendicular  t o  t h e  s c a t t e r e d  

proton d i r e c t i o n .  

coun te r  i s  t h e n  j u s t  t h e  c r y s t a l  ares divii-tca by t h e  square of t h e  

d i s t ance  t raversed .  

For a l l  Dosi t ions s t u d i e d  it Vias a l s o  necessary t o  c a l c u l a t e  

- 

A f i r s t  approxinat ion t o  t h e  s o l i d  angle  o f  t h e  de f in ing  

Because of  t h e  focussing a c t i o n  of  t he  m g n e t i c  f i e l d ,  

D.'Bodansky, Th.D. Thesis,  B r v a r d ,  1950. 

'11 Y. G. .Cross, Phys; Rev. 78, 185 (1950). - -  
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a small c o r r e c t i o n  amounting t o  percent  must be m-de t o  t h e  s o l i d  

angle  thus ca lcu la ted .  The correckicln i s  j u s t  s i n  ~ / ~ w h e r e ~ i s  t h e  

angular  d i s t ance  that t he  proton t ravels  around the  he l ix .  

. .  I 

. '  n .  I 

. 
I11 Experirnental Proceiures  and Equipment Performance. 

A. Alignment o f  Apparatus 

'J i th t h e  cyc lo t ron  running, curves were p lo t t ed  o f  t h e  coincidence 

r a t e  versus  monitor p o s i t i o n  normalized t o  the  s i n g l e s  r a t e  i n  t h e  

d e f i n f n i  c o u r h r o  A pla teau  i s  obtained i n  these  curves,  

i n  Figure 4 i f  t h e  monitor c rp t f -a l  i s  s u f f i c i e n t l y  la rge .  

coincidence counts  t o  s i n g l e  channel counts f o r  f o u r  minute runs a r e  

as i s  shown 

The percent  

p lo t ted .  Accidental  counts  have been subt rac ted  out f o r  each point .  

The counking r a t e  a t  t h e  'cop of t h e  p la teau  was t h r e e  counts per  second 

f o r  coincidences,  about f i f - teen counts pe r  second i n  t h e  de f in ing  
I - .  

counter  and 150 counts p e r  second i n  t h e  monitor.. 

ra te  of  100 per  second, t h e s e  f i g u r e s  imply one t o  two monitor counts per  

b u r s t s  

With a r e p e t i t i o n  

s 

Af te r  t h e  coxnters  were s e t  i n  t h e  c o r r e c t  pos i t i ons  as determined 

by t h e  coincidence p la teaus ,  it was necessary  t o  r o t a t e  t h e  def in ing  

c r y s t a l  about t h e  axis of  t h a t  probe, t o  check f o r  m i s a l i p n e n t .  

procedure ims e s p e c i a l l y  necessary  i f  t h e  c r y s t a l s  were long and t h i n  

s ince  thebs ide  o f  t h e  c rys t21  ' rap id ly  presented 8 very l a r g e  area. t o  the'  

beam', with on ly  a s m a l l  r o t a t ion .  P l o t t i n g  coincidences aga ins t  r o t s t i o n ,  

This 

. .  I . .  
now normalized t o  t h e  monitor s i n g l e  charinel r a t e ,  one found n iniiiimum , 

l 

and t h i s  was t h e  c o r r e c t  pos i t i on ,  When t h e  c r y s t a l  Vias . v e r y  s h o r t ,  as  -. 
L A  

1 
I 

! .  

iJ , 
' ,  
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i n  t h e  ,f inal  runs, t h e  r::te d id  n o t  r i se  r ap id ly  wi th  r o t z t i o n  and t h e  

minimum $vas s h ~ l l o - ~  ad broad. 

h e  f u r t h e r  check o f  t h e  apparntus c o m i s t e d  of  t ck iag  curves of 

coincidence r a t e  versus  ampl i f i e r  gain. t h e  obtzined i’lat g r i n  curvzs  

d a m  t o  a po in t  ;+%ere they c>Jt or”f shr;rply. 

unexpected s ince  t h e  cathode fol lower l i m i t e d  t h e  pu l se  he izh ts .  Bow- 

ever ,  t o  r e a l l y  check t h e  pulse  he igh t  d i s t r i b u t i o n ,  t h e  fo l lou ing  

exper iqent  TTas perfomed.  

and run a’i, 2 pos i t i on  such t h z t  seventy Liev protons noulC reach it. The 

c o m t e d  zoinc idence protons penetrated t h e  c,-ystal squarely,  10s ing  

about f ive Xev s ince  t h e  monitor was s e t  i n  t h e  p i d d l e  of  a 2latesy.  

\ 

T h i s  r e s u l t  i s  n o t  
1 

A t h i n ,  1/8-inch a o n i t o r  c r y s t a l  x a s  b u i l t  

Then t h e  vo l t age  on t h e  phototube yias lowered a n t i 1  t h e  cathode fo l lower  

was no longer l i m i t i n g  t h e  pulse  heignt.  In t lzis namer t h e  curve 

shown i n  Figure 5 L - ~ S  obtained. The d i f f e r e n t i a l  pulse h e i z h t  d i s t r i b u -  

t i o n  taken from t h e s e  d a t a  has a x i d t h  o f  about 2 5  percent ,  YAich was 

considered s a t i s f a c t o r y  i n  v i m  of  t h e  complicated o p t i c a l  system. It 

was necessary  t o  run gain cur-ms f o r  b-0th t h e  monitor and de f in ing  c r y s t a l s  

a t  each angle  s tud ied  s i n c e  t h e  p z r t i c l e s  l o s t  d i f f e r e n t  amounts o f  

energy i n  t h e  c r y s t a l  a t  each posi t ion.  

. .  

. .  

I 

B. Background and Accident81 Coincidences. 

In any double ,coincidence se tup  t h e r e  are bound t o  be acc i$en ta l  

coincidences due t o  t h e  f i n i t e  r e so lv ing  t ine of  t h e  coincidence . c i r c u i t .  

t .In t h e  s e t u p  usgd, most of  t h e  s iDgle c h c m e l  rate cons i s t ed  of protons 

s c a t t e r e d  from the carbon i n  t h e  target. 

of l i n e ,  no t r u e  cqincidences should &e counted and t h e  r e m i n i n g . r a t e  

\%en t h e  cocnters .  2re moved out  
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must be due t o  acc iden ta l  coincidences.  On t h e  ' o the r  hand, when one', 
, *  

c h a n n e l ' i s  delayed 'with r e spec t  t o  t h e  o ther ,  a measure of  t h e  acc iden ta l  

coincidence ra te  i s  a l s o  obtained, s ince  t h e  p a r t i c l e s  a r r i v e  randomly 

i n  t i m e .  

2 p secokds, i s  s h o r t  compared t o  t h e  b u r s t  t i m e ,  250 p, seconds, and i f  

t h e  resd lv ing  t i m e ,  0.2 p second, i s  l a rge  compared t o  t h e  t ime of 

* t  

This ' s ta tement  i s  t r u e ,  of  course,  only i f  t h e  de l ay  t i m e ,  

I I 

r evo lu t ion  o f  t h e  ? a r t i c l e s ,  0.05 p second. 

t o  d e t e c t  any poss ib l e  f i n e . s t r u c t u r e  i n  t h e  beam t h a t  might cause dead 

An osc i l loscope  was used 

spots  t o  appear two p seconds a f t e r  any given pulse.  

be as many pulses  i n  t h a t  reg  

t h e  count ing rabes used, acc iden ta l  coincidences u s u a l l y  amounted t o  

only  one percent  o f  t h e  t r u e  coincidences b u t  occas iona l ly  t h e  acc iden ta l  

r a t e  was a s  h igh  as t e n  percent ,  

There ap;ieared t o  

' a s  anywhere e l se  i n  t h e  b u r s t .  With 
I 

It i s  p re fe rab le  t o  use a delayed ' 

. 'I 

coincidence r a t e ' a s  R measure of  acc iden ta l s  r a t h e r  t han  t o  count a 

background l a t e r  wi th  t h e  counters  ou t  o f  l i n e .  The reason i s  t h a t  

acc iden ta l s  are propor t iona l  t o  t h e  square  of  t h e  beam i n t e n s i t y  f o r  

double coincidence measurenients, and i f  t h e  i n t e n s i t y  o f  t h e  beam 

happened t o  be double during t h e  background run, twice as many acciden- 

t a l s  would be recorded per  unit bean c u r r e n t  as should be recorded. 

However, it was  sometimes apparent  t h a t  when t h e  i n t e n s i t y  was lower than  

usual ,  sbarks 'were occuring i n  t h e  tank,  c u t t i n g  out  e n t i r e  f -m b u r s t s .  

I n  t h i s  case,  t h e  accicLeAta1 r a t e  was propor t iona l  t o  t h e  beam i n t e n s i t y .  I 

A s  a f u r t h e r  check, f o r  one angle  of s c a t t e r i n g  ( 4 5 O ) ,  t h e  polyethylene 

I 

( I  

e r  was replaced by a c bon s c a t t e r e r  seven m i l s  t h i ck .  The i 

coincidence counts observed i n  t l i i s  case were only one percent  ol"ti ie 

/ 
I 
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coincidence counts  obtained f o r  t h e  same a c t i v i t y  of t h e  carbon b u t  w i th  

a polyethylene s c a t t e r e r  and were approximately equal t o  t h e  acc iden ta l  

counts  determined by t h e  delayed coincidence rate. 

I +  

In a d d i t i o n  t o  t h e  background j u s t  discussed,  both probes continued 
. .  

count ing a t  a reduced ra te  x&en t h e  o s c i l l a t o r  was turned  o f f .  This  

e f f e c t  was due t o  t h e  in t ense  r a d i o a c t i v i t y  present  i n  t h e  cyc lo t ron  

tank. Theore t i ca l ly  one can d i s c r k i n a t e  by pulse he igh t  a g a i n s t  t h e  

pulses  from e l ec t rons ,  b u t  t h e  gains  were se t  s u f f i c i e n t l y  hi& t o  be  

su re  of g e t t i n g  unusual ly  sinal1 groton pulses  2nd hence sone e l e c t r o n s  

were counted. Since t h e s e  counts  i-tere n o t  bunched i n  t i n e ,  i n  c o n t r a s t  

t o  t h e  cyc lo t ron  bean, t h e y  d id  n o t  c o n t r i b u t e  appres i zb ly  t o  t h e  

acc iden ta l  coincidence rete. 

. .  .. 

.. . *  

C. B e a m  Current Ihn i to r ing .  
- .  

Nhen carbon i s  bombarded by high energy protons,  t h e  on ly  a c t i v i t y  
._ 

formed t o  any e x t e n t  i s  t h e  20.5 minute pos i t ron  decay of  C1l.  

order ,  t he re fo re  t o  measure t h e  beam c u r r e n t  it i s  Decessary t o  know 

the r a t i o  of the nuzber of  a c t i v a t e d  Cll atoms i n  t h e  f o i l  t o  the t o t a l  

n m b e r  o f  atoms, a also t o  h o w  t h e  cross s e c t i o n  f o r  t h e  fo rna t ion  

of  C l 1  by t h e  ( p ,  FToivever, t h e  proton-proton s c a t t e r i n g  

c r o s s  s e c t i o n  i s  ained i n  terms of t h e  Cll c ross  s e c t i o n  without  

going through t h e  in te rmedia te  process of  f ind ing  t h e  a c t u a l  beam cur ren t .  

The t o t a l  number of a t o m  i n  t h e  Toi l  need n o t  be lmo-m, b u t  on ly  t h e  

In 

1 

, *  

) reac t ion .  

I/ 
/I 

r a t i o  o f  carbon t o  hydrogen. 
1 

Ih orde r  t o  f i n d  t h e  t o t a l  number o f  a c t i v a t e d  carbon atoms, t h e  

t a r g e t  i s  removed and t h e  C l l  a c t i v i t y  c o m t e d  by a t h i n  end ivindow, . .  
* L  . . .  
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I .  

1,6 mg/cm2, G-M counter. 

carbon atoms t h a t  would have bee 

obtained by ex  po la t ing  t h e  ac 

d iv id ing  by' t h  ecay cons tan t  A 
than  one perce f o r  a five.minu ment o f  a 20.5 minute h a l f -  

l i f e  material ,  Before each run, t h e  p la teau  level of t h e  G-M counter  

A c lose  approximation',to t h e  number of a c t i v e  
+ % .  1 

I .  1 
, 

had none decayed i s  then  

k t o  'half bombardment t i m e  and 
I .  

t h i s  procedure i s  less 

I ' ,  

i t h ' a  uranium stnndard.  The l e v e l  was found t o  f l u c t u a t e  

as much as fou r  percent  from one week t o  t h e  next ,  even though t h e  

s lope  was only one percent  per  100 v o l t s .  

was measured t o  be 110 p seconds, by count ing two samples toge the r  and 

s e p a r a t e l y  assuming n t r u e  = nobs(l  + n o b s r ) .  

105 Mev poin ts  were a l l  taken wi th  the  same counter ,  

. '> ' _ ,  

Tho dead time of t h e  counter  

' *  
1he f i n a l  data  fo r  t h e  

To f i n d  t h e  o rde r  of  magnitude o f  t h e  proton-proton s c a t t e r i n g  

c ros s  sec t ion ,  a rough c a l i b r a t i o n  of  t h e  G-Id counter  e f f i c i e n c y  was 

made, 

t i o n ,  backsca t te r ing  and o the r  f a c t o r s  i s  t o  measure a known source. 

The b e s t  way t o  eva lua te  t h e  e f f e c t i v e  s o l i d  angle ,  s e l f -  absorp- 

It 

i s  neo'essary t o  use a source wi th  t h e  same prope r t i e s  as t h e  one f o r  
I .  

which t h e  G-M counter  i s  t o  be ca l ib ra t ed .  To do t h i s ,  t h e  abso lu te  
1 

a c t i v i t y  o f  i n  polyethylene il was mpasured wi th  s a i n t i l l a t i o n  

counters ,  us ing  t h e  method of P-Y coincidehoe counting. 
! ' *  I 

In  t h i s  mothod 
S I , ; .  I . I  

t h e  e f f i c i e n c i e s  of  t h e  s c i n t i l l a t i o n  counters  do n o t  e n t e r  t he  f i n a l  

expression f o r  t h e  absolu te  a c t i v i t y .  

Thus , 
The number o f  jl counts Np = No E p ,  

The number of  Y counts,Ny = No€ .y# 
, I  

4 ,  

, 
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The number of coincidences Npy = M o ~  B E y ,  

giving No = 
. -  - . _  

. ' .  Bp - 

.. 
NBy 

. . ,  . 
. i . .  ~ . _ .  . .  

where€ and€ a re '  t he  ove ra l l  e f f i c i e n c i e s  fo r  counting P I S  and Y ' s  . .  

_. . . - -  . .  . .  . . ,  . 
, _  

e Y 

r e spec t ive ly ,  and Wo i s  t!ie ,absolute  a c t i v i t y .  

p s i t r o n ,  and t h e r e f o r e  the  isourse :vas placed i n  a small aluminum 

capsule stopping all t he  pos i t rons .  

t hen  t o  come f rom the  same place. 

@aced i n  one s i d e  of t h e  capsule ,  *ich e f f e c t i v e l y  ccJunted only  t h e  

Cl1 decays b3' emi t t ing  . . .  a 
. -  . .  . -  . . . .  

. ,  

. 
. . I  

The a n n i h i l a t i o n  Y-rays a l l  appeared 
. . .  . .  

A small  s c i n t i l l a t i o n  c r y s t a l  vms 
, .  . .  

. 1  

. .  . .  

e-rays,  w i i l e  ou ts ide  the  cagsule t h e r e  was a very l a rge  c r y s t a l  counting 
. ... . . .  . -  

, I  - -  

t h e  Y-rays. 

and wi th  t h e  G-Et counter. 

counter  was determined t o  be 1/10.5 f o r  ten-mil polyethylene f o i l s .  

With five-mil f o i l s  t he  number m s  1/9.5 and i r i t h  30-mil f o i l s  1/14.3. 

The f a c t  t h a t  t h e  r a t i o  9.5 t o  10.5 wis c o r r e c t  was v e r i f i e d  by oounting 

two five-mil f o i l s  f i r s t  on t o p  of one another  and then  alongside.  

Ac t iv i ty  measurements vrere made a l t e r n a t e l y  r i i th  t h i s  s e tup  

In t h i s  vi-ay the  ove ra l l  e f f i c i e n c y  of t h e  G-M . . _  

. .  - -  
I .  

, .  _ -  . . -  
*. . 

~ . -  
The 

. .  I *  i " .  . . .  . . .  L .  

mtio 'measu red  i n  t h i s  way checked the previous r a t i o  t o  b e t t e r  than  one 

percent ,  b u t  t h e  absolu te  e f f i c i e n c y  may be inco r rec t  by twenty percent ,  
' .  <. 

due t o  systematic e r ro r s .  . .  

Care was taken t o  e l imine te  c e r t a i n  e r r o r s ,  i n  t h e  following manner. 
.. . - 

The ampl i f ie rs  and s c a l e r s  were similar t o  those used f o r  t h e  s c a t t e r i n g  

experiment. 

pulses  being counted as s i n g l e  channel counts shou ld -a l so  t r i g g e r  t h e  

coincidence c i r c u i t ,  i f  a t r u e  coincidence had occurred. Over a very  

small range, one v o l t  f o r  t h e  d iscr imina tors  used here ,  t h e  output  

In t h i s  s i t u a t i o n ,  hoflever, it was necessary t h a t  all 

. .. 

. .  
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pulses  w e r e  smal le r  than s t a  

c idence c i r c u i t .  

i n t o  a secon 

and i-rould not  t r i g g e r  t h e  coin- 

I n  order  t o  e l imina te  t h i s  e f f e c t  t h e  pulses  were f e d  

then  d i r e c t l y  

' 

i s c r imina to r  i n  series wi th  t h e  f i r s t  and 
f .  

t o  a s c a l e r  and s imultaneously t o  t h e  coincidence c i r c u i t ,  This arrange- 

ment reduced t h e  lo s ses  t o  l e s s  than one percent  even when counting 

phototube n o i s e  t h a t  was b a r e l y  f i r i n g  the f i r s t  d iscr imina tor ,  

s and Clipper.  
I 

'&en t h e  cyc lo t ron  was running a t  f u l l  i n t e n s i t y  t h e  average beam 
. . t  

c u r r e n t  was somewhat more than  0.1 p ampere. Since t h e  s c a t t e r i n g  

experiment needed a c u r r e n t  of only ampere o r  less,  t h r e e  th ings  

were'done t o  c u t  doW t h e  beam. F i r s t ,  t h e  ion  source f i lament  and 

hydrogen supply were c u t  o f f .  Actua l ly ,  i n  t h e  f i n a l  arrangement, t h e  

source was l e f t  on b u t  helium was used i n s t e a d  of hydrogen t o  maintain 

t h e  a rc ,  as w i l l  be  explained i n  t h e  next  sec t ion .  Second, ad jus t ab le  

f l a p s  t h a t  extended ou t  about f i f t een  inches from t h e  t ank  c e n t e r  were 
* I  - 

i n s t a l l e d  on t h e  d m q r  dee. They reduced t h e  dee gap t o  about 1/4 inch. 

Since t h e  beam o s c i l l a t e s  v e r t i c a l l y  about t h e  c e n t r a l  plane,  it was 

necessary t o  use  only one f l a p  t o  con t ro l  t he  i n t e n s i t y .  
$ -  

Third,  a 1/4 

c l i p p e r  placed p a r t  

e n s i t y  and i n  p a r t i c u  

coincidence t o  s i n g l e  channel r a t e .  The c l i p p e r  performed another  

i n  t h a t  it c u t  down.the p o s s i b i l i t y  t h a t  t h e  be 

e t r a v e r s a l s  pf t h e  t a r g e t .  

g showed t h a t  t h e  protons would h i t  t h e  c l i p p e r  af ter  

A c a l c u l a t i o n  of t h e  

one o r  t v  
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- i  . .  

. -  

I 

. .  

E. Seam b e r g y  

When a cyc lo t ron  i s  operated n i t h  t he  ion source shut  o f f ,  protons 
. .  . . _ =  - .  

may be formed.mywhere wi th in  t h e  vscu~~rll tank. 

may reach the  t a r g e t  t h a t  s t a r t e d  quite.  f a r  o f f  center .  

magnetic f i e l d  t a g e r s  o f f  x i t h  increas ing  r ad ius ,  t h e  o r b i t  of such 

a proton precesses  rap id ly .  Hence no mat te r  where the  proton o r ig in -  

a t e s ,  i f  it s t a r t s  o f f  cen te r  it a r r i v e s  a t  t h e  t a r g e t  e a r l y ,  and with 

too  low & energy. 

t h i s  experiment, . F i r s t ,  t he  b u r s t  as viewed on a scope t r i g g e r e d  by an 

f-m rece iver  a r r i v e d  too e a r l y  i n  t h e  f-m cycle.  Second, t h e  p la teau  

pos i t i ons  d i d  no t  agree x i t h  those  previously ca l cu la t ed ,  i nd ica t ing  

t h e  loiir energy p a r t i c l e s  were s t r i k i n g  t h e  t a r g e t  and being bent t oo  

f a r  i n  t h e  magnetic f i e l d  before  reaching t h e  c r y s t a l s .  

A s  a r e s u l t ,  protons 
. . . . . .  . . .  . -  . . . .  . .  18 8 . 

Since t h e  
. .  . .  . .  . _  L .  

. -  . .  . .  

. .  . .  
. *  . .  

. .  ._ , . .  . . .  .. . . .  
This dif 'ficillty manifested i t s e l f  i n  many ways i n  

- .  . .  . . .  ' . '. . . .  I ; .  ... , .  . .  

. I. . : . . .  . . .  * -  . .  

. .  
. . . .  . *. . .  . .  . . . .  _ L  . . .  

. .  , .  . .  . .  

. .  
. .  . .  

, .  . .  

i '  . . .  -. . .  
To cure t h e  t roub le ,  helium "as used t o  s u s t a i n  the  a rc .  The 

- . .  . . .  . . . . . .  . -  

beam i n t e n s i t y  m s  now somevihat h igher  than  it m s  with no ion  source.  

I t  was then  poss ib le  t o  a d j u s t  t h e  f l a p s  aga in  s o  t h a t  t h e  i n t e n s i t y  

o f  p a r t i c l e s  t h a t  came from places o the r  than  t h e  ion  source &as only 

t e n  Sercent  of '  t h a t ' d u e  t o  t h e  source. 

p a r t i c l e s  were ca'used t o  come. from t h e  c o r r e c t  place and a t  t h e  c o r r e c t  

. .  

. . .  . . . . . . .  

. 1  . . 
t h i s . x a y  most o f  t h e  

. . ̂. . .  _ _  . . 

. .  
the. ?hen t h e  i o n  soilrce ves thus  used, it m s  s t i l l  poss ib le  ' to  make 

I . .  I ,  - .  . 
t he  p'rotons r e a c h ' t h e  t a r g e t  t o o  e a r l y  by f i r i n g  t h e  a r c  late. I n  f a c t ,  

i f  t he  a r c  was f i r e d  100 p seconds a f t e r  t h e  optinurn acceptance time, 

t h e  b u r s t  would appear 250 p seconds ear ly .  

was 1600 p seconds, 

Pie  t o t a l  acce le ra t ion  time 
, I 

Simi lar  r e s u l t s  have been o b t k n e d  a t  Eerkeley12 bu t  

IIenrich, Sewell, and Vale, Rev. Sci .  I n s t .  20, 887 (1949). ---- 
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of much ‘small t i m e  magnitude. The 
c 

. 
on t h e  bas i s  of  phase o s c i l l a t i o n s .  P a r t i c l e s  t h a t  s t a r t e d  

f phase o s c i l l a t e  about t h e  synchronous o r b i t  and may 

t a r g e t  ahead i n  phase. This type  o f  o s c i l l a t i o n  does not  

change t h e  energy wi-th which a p a r t i c l e  a r r i v e s  a t  t h e  t a r g e t  whereas 

r a d i a l  o s c i l l a t i o n s  do. 

e experiment has been performed by EJ. Bloembergen and P. 

determine t h e  energy d i s t r i b u t i o n  a t  35 inches wi th  t h e  . 
1 ,  

cyc io t ron  i n  bpe ra t ion  f o r  proton-proton s c a t t e r i n g  a s  explained above. 

A h a l f  width o f  seven MeV and a mean energy of 75 Mev was observeds 

energy c a l c u l a t e d  from t h e  magnetic f i e l d  and r a d i u s  a t  t h e  t a r g e t  was 

The 

85 MeV. The h a l f  width a t  40 inches was 8,5 MeV wi th  a mean energy o f  

105 Mev. 

t h e  h a l f  -width 

d i f f e r e n t  opera t ing  condi t ions ,  

No importance i s  t o  be a t t r i b u t e d  t o  t h e  d i f f e r e n c e  between 

i n c e  t h e  measurement a t  105 Mev was observed under 

were * o r i g i n a l l y  c u t  about 1/2 inch  t o  3/4 inch t h i c k  

d about 1/8 inch  by  1/4 

he s i d e s  of t h e  c r y s t a l  r a t h e r  

small t o  co 1 t h e  r e c o i l  protons and t r u e  

r e n t  only f o r  t h e  small 

. . .  
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s c a t t e r i n g  angles  -where t h e  protons had t o  t r a v e r s e  a l a rge  a r c  before  

reaching t h e  def in ing  c r y s t a l .  

c r y s t a l s  were c u t  do-an t o  1/8 inch th ick .  

could s t i l l  be obtained with t h i s  th ickness ,  and t h e  c ros s  f i r e  v a s  

el iminated except i n  t h e  case of extremely small angles. 

given i n  t h e  l a s t  s e c t i o n  do not inc lude  these  small angle points .  

To counterac t  t h i s  t roub le ,  t he  def in ing  
I .  

S a t i s f a c t o r y  pulse  he ights  

The r e s u l t s  

G. F ina l  Procedure. 

The ,comple,te procedure f o r  each poin t  vias as  follows. About one-day 

was spent  l i n i n g  up t h e  monitor counter ,  running ga in  curves and r o t a t i o n  

curves. , Then af’ter t h e  t a r g e t  was withdrawn, a new t a r g e t  was placed in 

t h e  vacuum lock  and pumped on.. 

t h e  cyc lo t ron  was warned up again f o r  a few minutes. 

produced on t h e  t a r g e t  while i n  t h e  lock was too  small t o  be measured. 

Uuring t h i s  time t h e  s tandard source was being counted i n  t h e  G-id counter. 

Then t h e  new t a r g e t  m s  l e t  in. It  was now necessary t o  s t a r t  t h e  

counters ,  t u r n  on the  o s c i l l a t o r ,  run f i v e  minutes,  +t& o f f  t h e  o s c i l l -  

After t h e  ga te  t o  t h e  tank  was opened, 

Any a c t i v i t y  
- 1  

, 1- 

- a t o r  and t u r n  o f f  t h e  counters.  

v o l t s  up r a p i d l y  

s ince  t h e  ex t rapo  

a uniform bombardment. 

Spec ia l  ca re  -was t aken  t o  ge t  t h e  dee 
I 

t h o u t  breakdown and r e s u l t a n t  lossi i n  i n t e n s i t y ,  

t i o n  procedure i n  counting t h e  t a r g e t  f o i l s  assumed 

The t a r g e t  was t h e n  withdrawn and t h e  a c t i v i t y  <I 

counted f o r  t w o  three-minute in t e rva l s .  For each angle two.and some- 3 

t imes four  f o i l s  &e success ive ly  bomberded. 

. .  1 -  

1 
‘I 

- 1 s  

. .  
IV Resul t s  and Conclusions , . 

_ .  . .  c.- -  . . .  
h .  

Table I g ives ,  t y p i c a l  da t a  obtained for t h e  I =  45O Point. jin 

explanat ion of t h e  headings i s  a s  follows. Time of  count r e f e r s  t o  t h e  

, 
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i n t e r v a l  from t h e  s t d t  o he bombardment t o  t h e  cen te r  of t h e  t h r e e  
~ C '  ! I 

minute i n t e r v a l  dur  t a r g e t  a c t i v i t y  

co r rec t ed  count 

and t h e  dead t i m e  1 for:  The following procedure i z  

. I!*. 
he G-N counter  background sub t r ac t ed  

- . I :  . . .  

< . I  
J '.I 

employed t o  ob ta in  No, t h e  t o t a l  n k b e r  of C l l  atoms formed 'during t h e  

bombardment. The two determin s of t h e  a c t i v i t y  are  ex t r apo la t ed  

. I  

. .  

back t o  half-bombardment time and averaged, divided by  A ,  t h e  decay 

propr ' ia te  geometrical  f a c t o r  for t h e '  G-Id 

o i l  t 'iiickness used) ,  and nprmalizedi t o  
1 ,  

* 

I .  I .  

t h e  s tandard G-M p l a t eau  level,  The t r u e  number o f  proton-proton 

, i s - t h e  di?  nce between the.'number of counts  i n  

t h e  delayed c o i  idence channel. '' 

I 

t h e  prompt c 

e n t i a 1  c r o s s  se n ' t h e  l abora to ry  system i s  then  given,  

The-'factor,hwo i n  .the denominator arises from t h e  f a c t  t h a t  t h e r e  

dragen atoms f o r  ?'each, carbon atom i n  polyethy'.ene. 
I 

Seventy mi3lribarns . a t  105 Mer and 81 mi l l i ba rns  8t .75 Mev14 were I_ 1 I : 

I 

used f o r  ' the c r o s s ' s e c t i o n  *of t h e  formation .of C1l ' t o  e s t a b l i s h  an.. . 

d d  ' .  
d A  

a s i s  f o r  t h e  va lue  of The d i f f e r e n t i a l  s c a t t e r i n g  I 

1 .  

c ross  secrtion t h e  c e n t e r  o f  mass system, d&, ,  p l o t t e d - i n  F i g y e  6,  - 
: dW !I _ !  

l4 W. W, Chupp and E, M. Idchillan, Phys. Reve 72, 873 '(19'47) ; 
l e r ,  Yhys.- Hev,TLs 80 (1948) j 

ps,  fghysb - Rev. 3, 87A (1950) and UCRL-526. 

M i l l a n  and R.' 

: ;I , f ,; .; I .  

, . . .  , . . .- ... . . -  :, 8 ' :  .. , ... . , , . . ., . . . , . .  
I . .  ' 
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was obtained from the  labora tory  c ros s  sect ions '  by mult iplying by 

which i s  t h e  r e l a t i v i s t i c  t ransformation of s o l i d  angles.  Capi ta l  let ters 

i n d i c a t e  the  labora tory  system, small l e t t e r s  t h e  c e n t e r  of mass. system.** 

The c e n t e r  o f  mass angles a r e  r e l a t e d  t o  t h e  labora tory  angles by t h e  

r e l a t i o n  
1/2 

t a n  $ = (1 - p2) t a n  +/z 

The cross  sec t ion  f o r  each angle i s  t h e  r e s u l t  obtained by s t a t i s -  

t i c a l l y  weighting t h e  ind iv idua l  runs a t  t h a t  angle. The va lues  a r e  given 

with t h e i r  s tandard devia t ions  i n  Table 2. 

of 5 t h e  same def in ing  s o l i d  angle was used f o r  t h e  f i n a l  data.  

t he re fo re  merely necessary t o  add up t h e  coincidence protons t h a t  

r e s u l t e d  f rom a l l  t he  runs and t o  d iv ide  by the  t o t a l  number of C l l  atoms 

formed. 

In a l l  runs a t  a given value 

It vms 

The percent  e r r o r  i n  t h e  measurement of t h e  carbon a c t i v i t y  was 

small compared t o  t h e  e r r o r  i n  t h e  number of coincidence protons and it 
. . _ _  

w i l l  be neglected. The  r e s u l t a n t  standard deviation i n  t h e  ratio is 

t h e n j a s t  t h e  squsre  r o o t  o f  t h e  t o t a l  proton counts ,  divided by the 

t o t a l  a c t i v i t y .  

-. 

I . * -  - I  

The d i f f e r e n t  a1 s c a t f e r i n g  c ros s  s e c t i o n  i n  t h e  cen te r  o f  mass 

d d  appea s t o  be  cons tan t  within t he  s t a t i s t i c a l  devia t ion  
, .  

1 
system, 

over the  range o f  angles  measured. The absolu te  magnitude of t h e  105 

MeV c ross  sec t ion ,  '5.6 mi l l i ba rns ,  d i f f e r s  sonewhat from t h e  value of  

aw 

1, 

I 

** The symbols fo l low t h e  convention e s t ab l i shed  by Eadley, e t  a l .  

y.-- Rev. 75, 351 (1949), i n  t h e i r  n-p s c a t t e r i n g  experiment. Ph s 
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t Berkeley for 120 MeV protons.3 A s  four milliba 

was mentioned earlier, this d s  ce may -be due- to the calibration 
r 

, ,. 
* 

procedure for the G-M counter and also to the uncertainty in the cross 
.: , ' I I .  1 , d  I ' *  

section for .the formation of C1l0 ' 
1 

The absolute cross section may be 
I , 8 1 1 .  

in erroraby as muoh as 20 percent while the relative differential pross 
$ 8 1  1 .  

, I /  I I 

. '  sections should be good to better than 10 percent.. It is hoped tyt 
experiments now under way a rvard will determine the carbon cross 

more accurately and hence. simultaneously the proton-proton _. cross 
, L  . '  

rations are ., now being made at Harvard for proton- , . .  sect ions 

proton,scattering experiments with an external beam. These experiments 

should ultima gher precision, particularly on abs,olute. 
! 

1 ,  8 

cross section, ., I than~those ,. .. so far reported. 
1 

I .  
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TABLE I 

Typical Data For $ = 45O. 

Solid angle o f  defining counterfh = 6.70 x 
Correction t o  so l id  angle y/ sin.\y= 1.013 
Dead time of  E M  counter T = 
Rela t iv i ty  correction t o  1/4 c o s 8  1.000 

110 p seconds 

Time Of Corrected Rate Foil Nd64 Coincidence 
Bun count 3 minutes x 64 T h i c h e s s  Counts Background 
no . 
l a  

l b  

2a 

2b 

3a 

3b 

4a 

4b 

. -  

1 

11 e o  

14.5 

11 00 

14.5 

10.5 

14.0 

11.0 

14.5 

207 

182 

198 

173 ' 

220 

189 

3 54 

305 

10 mils 28400 545 10 535 0.216 

5 mils 24500 495 6 489 0.229 

5 mils 266GO 547 5 542 0.234 

10 mils 48200 949 17 932 0.222 

a 
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61° 30' 71° 41' 

5.64 +0.12 . - 5.78 + 0.19 
- . e  

600 56' 

6.45 + 0.11 

? l o  8' 

6035 + 0.18 

-2 3- 

r 

r 
I 

TABLE I1 

Data plot ted i n  Figure 6 

400 450 m 200 250 300 350 

, 105 MeV 

4 410 8' 810 421 51° 19' 9l0 42' 

5.50 + 0.12 - 

I 
1 
I 75 MeV 

9 40' 48' 500 50' 81° 8' 

6.78 - + 0.13 

910 8' 

6.48+0.11 - 5.61 + 0.11 - I - 

, 
, 



UCRL-1097 

r 

' i i  

_. 

r 

-2 4- 

FIGURE CAPTIONS 

FIG. 1 Side view showing s c a t t e r i n g  geometry. Paths  drawn a s  s t r a i g h t  

l i n e s  a r e  a c t u a l l y  sec t ions  of he l i ces .  

FIG. 2 Plan view of cyc lo t ron  t ank  showing t a r g e t ,  monitor, and def in ing  

counter  probes. 

F'hotograph of experimental  setup. FIG. 3 The vacuum cap has -been 

removed from t h e  monitor probe showing t h e  anthracene c r y s t a l .  

The upper probe i s  t h e  def in ing  co-mter  and t h e  b a l l  and socket 

j o i n t  through which it passes may be seen mounted i n  t h t  t ank  

w a l l  . 
P l o t  of coincidence ra%e versus monitor pos i t i on  normalized t o  FIG. 4 

t h e  s i n g l e  channel rate i n  t h e  def in ing  counter.  

i n  t hese  curves i n d i c a t e  t h a t  a l l  t h e  protons a r e  being counted. 

The p la teaus  

FIG. 5 P l o t  of coincidence r a t e  versus  monitor ampl i f i e r  ga in  normalized 

t o  t h e  s ing le  channel r a t e  i n  the  def in ing  counter. The monitor 

s i n g l e  channel ra te  i s  a l s o  shown f o r  comparison bu t  on a s c a l e  

smal le r  by a f a c t o r  of 50. 
I 

FIG. 6 Proton-proton d i f f e r e n t i a l  s c a t t e r i n g  c ros s  sec t ions  a t  105 MeV * .  
I (3 ) and a t  75 ldev ( 3  ) versus s c a t t e r i n g  angle i n  t h e  center-of- 

mass system. Jbso lu te  values  based on t he  C 1 2  (p,pn) C l l  c ross  

s e c t i o n  equal t o  70 and 81 mb respec t ive ly .  The s tandard 

dev ia t ions  shovm a r e  due  only t o  t h e  s t a t i s t i c a l  f l u c t u a t i o n s  i n  

t h e  number of protons counted. 
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