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ABSTRACT 

Preliminary r e s u l t s  from an a n a l y s i s  of 102 GeV/c proton-proton 
c o l l i s i o n s  using t h e  NAL 30 inch bubble chamber a r e  d iscussed.  Single  
p a r t i c l e  inc lus ive  spec t ra  f o r  t h e  reac t ions  pp + p + ... and 

i 
pp + li- + ... a r e  presented,  and comparisons a r e  made wi th  corres-  
ponding d a t a  from other. high energy experiments c a r r i e d  out both 
using NAI, and lower energy accelerators. 

INTRODUCTION 

The opening talks at t h i s  conference a r e  a l l  based on s t u d i e s  of 
proton-proton c o l l i s i o n s  c a r r i e d  out us ing t h e  PTAL 30 inch bubb1.e cham- 
ber .  To d a t e ,  exposures have been made a t  t h r e e  d i f f e r e n t  energies :  
102 GeV/cl, 205 ~ e ' ? / c ~ ,  and 303 GeV/c3, and a f o u r t h  is  scheduled f o r  
405 G ~ v / c ~ .  I n  order t o  minimize dup l ica t ion  i n  t h e s e  t a l k s ,  it has 
been informally decided among t h e s e  speakers t o  p resen t  t h e  a v a i l a b l e  
d a t a  by physics t o p i c ,  r a t h e r  t h a n  energy-by-energy. Consequentl.y, 
i n  t h i s  t a l k  I w i l l  not only be  d i scuss ing  r e s u l t s  obta ined a t  102 
GeV/c (Table I l i s t s  t h e  p h y s i c i s t s  con t r ibu t ing  t o  t h i s  experiment) ,  
but I w i l l  a l s o  be present ing some d a t a  obtairicci i n  t h e  o t h e r  two 
NAL 30 inch bubble chamber proton-proton exposures. It should always 
be .c lea r  t o  which experimental group each r e s u l t  presented should be 
a t t r i b u t e d .  

Table I L i s t  of  Contr ibut ing P h y s i c i s t s  

102 GeV/c pp C o l l i s i o n s  

Universi ty of Michigan Univers i ty  of Rochester 

J. Chapman C .  Bromberg 
N. Green D. Cohen 
B. Roe T. Fe rbe l  
A. S e i d l  P. S l a t t e r y  
J. Vander Velde 

THE REACTION pp + p + . 
The u t i l i t y  of t h e  30 inch bubble chamber f o r  s tudying t h e  re-  

ac t ion  pp + p + ... may most conveniently be d iscussed by means of  
Pig. 1. I n  t h i s  f i g u r e  a r e  displayed contours of cons tan t  proton 
l a b  momentum p l o t t e d  versus t h e  cm v a r i a b l e s  x = 2~;/& and P:. 
* 
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Fig. 1. Contours of constant  
proton l a b  momentum. 

contours displayed i n  Fig.  1 a r e  
moreover only weakly energy de- 
pendent a s  i l l u s t r a t e d  by t h e  
extremely s l i g h t  v a r i a t i o n  
occurring between 102 and 405 
GeV/c . 

Except i n  t h e  v i c i n i t y  of 
x = 0, t h e  squared mass (M') 
r e c o i l i n g  from t h e  i d e n t i f i e d  
proton i s  r e l a t e d  t o  x by 
M~ = m2 + s ( 1  + x ) ,  where P 
s - 2mp (Pine + m  ) ,  mp is  
t h e  proton mass, 'and Pinc 
is t h e  magnitude of t h e  
beam momentum. Using t h i s  
re la t ionship , 'mass  squared 
s c a l e s  have a l s o  been drawn 
on Fig. 1 f o r  var ious  values  
of Pinc p e r t i n e n t  t o  t h i s  
t a l k .  A s  can r e a d i l y  be 
seen, i n  t h e  NAL energy 
range, experimental b i a s e s  

Since protons wi th  1zb momenta 
P < 1 . 2  GcV/c can routinely be - 
i d e n t i f i e d  j.11 a bubble chamber 
v i a  v i s u a l  e s t ima tes  of ioniza-  
t i o n ,  we h.ave t h a t  t h e  region 
below and t o  t h e  l e f t  of t h e  
ou te r  curve i n  Fig.  1 may be  
s tud ied  i n  an unbiased manner 
i n  even a small  bubble chamber. 
Due t o  t h e  r a p i d  P: fa l l -o f f  
of physica l  d a t a  ( t h i s  charac- 
t e r i s t i c  i s  i l l u s t r a t e d  f o r  
t h e  102 GeV/c d a t a  i n  Fig. 2 ;  
no te  t h a t  t h e  s lope  of t h e  ex- 
perimental  p2 d i s t r i b u t i o n  
(-7.5 (Gev/cj-') does not 
appear t o  be a s t rong  funct ion 
of t h e  missing mass r e c o i l i n g  
aga ins t  t h e  i d e n t i f i e d  p ro ton) ,  
we hence ob ta in  t h e  important 
r e s u l t  t h a t  t h e  experimental 
b i a s e s  introduced by t h e  above 

.momentum cu to f f  remain essen- 
t i a l l y  n e g l i g i b l e  f o r  x 5 -.5. 
A t  high inc iden t  momenta, t h e  

Fig. 2. P$ d i s t r i b u t i o n  at  
102 GeV/c. 



only s c t  i n  f o r  very high 
M' values.  

. - 
t he  data  presented a r e  consis tent  do 
with t h e  hypothesis t h a t  what 

Fig. 3. Dis t r ibut ion of - a t  
28.5, 102, 205, and 303 

a'!' 
i s  being observed i s  t he  pro- a --, 

Figure 3 presents the  oh- m- 

served M' spectra  f o r  t h e  3 *M 

present ly  ava i lab le  NAL pp 
2m 

experiments a s  well  a s  f o r  lower 

- 
duct ion,  with an approximately t i ev~c .  

P - P - P ~  ~. 
185 ev,r 

energy independent cross  sect ion 
of 6 + 1 mb, of a low mass enhancement plus a s t e a d i l y  decreasing 
background contribution.  

energy da ta  with Pin, = 28.5 
GeV/c ( i n  t h i s  and i n  a l l  sub- 

D Z  G W l r  

sequent f igures  e l a s t i c  s ca t t e r -  
ing events have been removed). 
The unbiased d is t r ibu t ions  except a t  displayed 28.5 GeV/c, a r e  ~~n.+,  dMz % . :I 0 kI: 
where t h e  cut-off a t  high M' m5 &v,r 
values is  an e f f ec t  of t h e  re- 
s t r i c t i o n  t o  P < 1.2 GeV/c. 

:I J--O& 

0 

The 3 high energy experiments 
a r e  each characterized by low 
mass pealrs standing out c l ea r ly  

$0, GtYfC 

against re1ativel.y smooth "back- 
ground" d i s t r i bu t ions .  While it 0 

is unclear a t  each energy Jus t  IL U' ~ t ~ v ' i  

how much of these peaks t o  
assign t o  any pa r t i cu l a r  process. 

The observed widths of t he  peaks i n  t h e  3 NAL experiments are  
worthy of spec ia l  note. A t  a given value of s ,  6 M 2  is approximately 
independent of M', and var ies  l i n e a r l y  with s and consequently, a t  
these energies ,  a l s o  l i n e a r l y  with Pin,. A t  102 GeV/c, 6M2 " .7 
G ~ V '  ( t h i s  was i n  pa r t  estimated using e l a s t i c  s ca t t e r ing  events ) ,  
and therefore  a t  205 and 303 GeV/c, 6M2 = 1 . 4  and 2.1 G ~ v ' ,  respec- 
t i ve ly .  Since the bin widths i n  Fig. 3 a r e  4 G ~ v ~ ,  t h e  observed 
peak widths a r e  consequently experimentally s ign i f ican t .  Two points 
should therefore  be noted: (1) t h e  peaking is a q u a l i t a t i v e l y  d i f -  
ferent  phenomenon from what i s  observed a t  lower energies s ince it 
spans a very much wider mass range; and, ( 2 )  t he  observed broadening 
of t h e  experimental peaks with increasing beam momentum i s  genuine. 

The var ia t ion  of t h e  M' spectra  with charged prong mul t ip l i c i t y  
f o r  each of these experiments i s  displayed i n  Fig. 4. While s t a t i s -  
t i c s  a r e  c l ea r ly  a problem, the general t rend appears t o  be for  t he  
2 prong compoccnt t o  be decreasing between 102 and 303 GeV/c 6, while 
there  i s  perhaps some indicat ion of a 6 prong peak beginning t o  de- 
velop a t  303 GeV/c. (The 4 prong component appears t o  pass through 
a minimum a t  205 GeV/c; t h i s  may merely be an ind ica t ion  of t h e  
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Fig. 4 .  Distribution of 7 versus chareed prong multiplicity at 
28.5, 102, 205, and 303 G%/c .  (see footnote 6.) 



d i f f i c u l t i e s  inherent i n  rtttfinptine; t o  draw r e l i a b l e  conclusions from 
s t a t i s t i c a l l y  l.imited data samples!) 

~. 
The peripheral  nature of t he  

observed low mass enhancement i s  
already apparent from Fig! 2. 
More detai led evidence i s  pre- P f P - P + M  

4 PRONGS ONLY 
sented i n  Pig. 5 i n  which momen- 

2 0 5  Gevlc 
turn t ransfer  d i s t r i bu t ions  for  
t h e  11 prong events from t h e  
205 GeV/c experiment a r e  pre- O L M ' < I Z  t e v *  

sented. (This experiment has 
present ly  the  highest s t a t i s -  
t i c s  of the  3 NAL pp exposures, 1 2 < ~ ~ ~ 2 2  G ~ V '  

and the 4 prong data  i s  uncon- 
taminated by e l a s t i c  s ca t t e r -  

5 
ing events.) While t h e  very Z ~ C M ' C ~ ~  GIV' 

lowest M2 sample has t h e  s teepest  
d o  9.25t t d is t r ibu t ion  (---a e- 
d t  l ,  

t he  slopes of t he  t d is t r ibu t ions  4 4 < ~ ' < 9 9  G ~ V .  

for  t he  higher M' data do not dis-  
play any strong 14' dependence 

0.1 0.2 0.3 0.4 0.5 (g a e-4t). ( p e  e f f ec t s  of I IGIV'I 
M' - mp 

tmin " ( )' a re  not 
2Pinc 

s ign i f ican t  except f o r  t he  very 
highest M2 band displayed.) Fig. 5 .  t d i s t r i bu t ion  for  4 

prongs a t  205 GeV/c. 

This combination of cha rac t e r i s t i c s :  t he  threshold nature of 
t h e  observed enhancements, t he  approximate energy independence of 
t h e i r  production, and the'ir highly per ipheral  nature,  a l l  j u s t i fy  
t h e  l abe l  "diff ract ive."  We a r e  consequently led  na tura l ly  t o  con- 
clude from these data  t h a t  t he re  e x i s t s  strong evidence f o r  a 'd i f -  
f r ac t ive  component i n  high energy proton-proton co l l i s ions .  

It is  of i n t e r e s t  t o  inquire  whether t h i s  observation i s  con- 
s i s t e n t  with t h e  previously noted onset of semi-inclusive scal ing 
i n  t h i s  same energy range7. I n  Fig.  6 i s  displayed f o r  reference 
the  current ly  published evidence f o r  t he  scal ing behavior of t he  
charged p a r t i c l e  mu l t ip l i c i t y  d i s t r i bu t ion .  The f i g w e  displays t h e  

On n quanti ty <n> - versus - 
<n> 

for  data a t  50, 69, 102, 205 and 303 
o ine l  

GeV/c. A s ing le  smooth curve may be drawn through a l l  of t he  data 
points  with a very sa t i s f ac to ry  X2 of 47 f o r  47 degrees of freedom. 
(The in se r t  i n  t h e  f i gu re  compares data a t  19 GeV/c with a phenomen- 
ological  curve describing t h e  higher energy da ta ;  semi-inclusive 
scal ing c l ea r ly  only s e t s  i n  a t  Serpukov energies and above.) Figure 
7 presents i n  more d e t a i l  some of t h e  consequences of assuming exact 
semi-inclusive scaling f o r  high energy charged p a r t i c l e  mu l t ip l i c i t y  



dis t r ibu t ions .  The top  curves 
show the predicted mul t ip l i c i t y  
d i s t r ibu t ions  f o r  a  few repre- 
scn ta t ive  yalues of <n>, whi le  

. SO 6eVX 
t he  lower s e t  of curves show t h e  . h9 G I V k  . I02 GIY lC  
varia t ion with <n> of t h e  p a r t i a l  

V 205 GeVIC 
303 &Vlr  cross sect ions  f o r  several  

charged prong mul t ip l i c i t i e s .  
The s ign i f ican t  point  t o  note is  

*n 
t h a t  - is  s ing le  peaked a t  

Oine? 
a l l  energlcs;  a l t e rna t ive ly ,  t h i s  

an 
requires  t h a t  - 3  0 a s  

* ine l  
<n> + m. The only way t h i s  pre- 
d ic t ion  can be consis tent  with a  
"two componentw p ic tu re  of high 
energy pp co l l i s ions ,  i n  which 
t h e  (approximately constant)  in- 
e l a s t i c  pa r t  of t h e  t o t a l  cross 

n - sect ion a t  very high energies i s  
<nr made up of f ixed f r ac t ions  of 

both d i f f r&c t ive  and non-diffrac- 
~. . . .  . t i v e  pa r t s ,  i s  f o r  both processes 

an t o  y i e ld  charged prong mult ipl i -  
Fig. 6. Dis t r ibut ion of <n>- c i t y  d i s t r i bu t ions  which change 

n  
versus - for charged partiz$gzl s i m i l & l y  with energy (otherwise, 
producein'at 50, 69, 102, 205, double peaking would c l ea r ly  have 

and 303 GeV/c. (See t e x t . )  t o  s e t  i n  a t  some value of <n>).  
The, admittedly somewhat weak, 
experimental evidence t h a t  t h e  
average charged p a r t i c l e  multi- 
p l i c i t y  f o r  events i n  t he  dif-  

f r a c t i v e  peak may 

SLLII-INCLUSIVE SCALlNG 
indeed be ipcreas- 

<",. 5 ing with energy 
may be an indica- -.., 1. 

m.. 10 
t i o n  t h a t  t h i s  is  

0.1 <".. 2 0  i n  f a c t  the  ac tua l  
, o , , s i t ua t ion .  

So f a r  I have 

0 3  
chosen t o  discuss 
t h e  reac t ion  

0.2 n . 6  pp + p + ... i n .  
dU 

0.1 terms of - dM2 - 
0 

Alternat ively,  one 
5 10 I S  20 '"> can choose t o  dis-  

play these data as  
Fig. 7. Some consequences of assuming is  done i n  Fig. 8 
exact semi-inclusive scaling.  



i n  which the  invariant cross  scc- 

i s  in tegrated over t t i o n  s- 
d!v2at 

and plot ted versus x 1 1 - M'/s. 
 h he data point's displayed i n  
t h i s  S i ~ u r e  have been calculated 
d i r ec t ly  from Fig. 3; hence, t he  
binning in  x var ies  from experi- 
ment t o  experiment. ) The s ign i f i -  
cant features  depicted i n  t h i s  
f igure  a r e  t he  f a c t  t h a t  away' 
from x 1 -1, the  high energy ex- 
periments exhibit  approximate 
scaling behavior ( t o  -15%), and 
a l so  t h a t  lower energy data  
approaches t h i s  " l i m i t "  from 
above. These observations a r e  
completely consistent with t he  
higher s t a t i s t i c s  r e s u l t s  of 
t he  Rutgers-Imperial College- 
Upsala College-Il l inois col- 
laborat ive experiment a t  
f ixed values of t (0.33 and 
0.45 G ~ v ' ) .  ' It should be 
noted t h a t  comparing data  a t  
fixed x involves comparing 
very d i f fe ren t  values of M', 
and vice-versa; t h e  points  of 
view a re  c l ea r ly  complementary, 
which one proves ul t imately  

Fig. 8. Dis t r ibut ion of 

d t  versus x a t  28.5, 

102, 205, and 303 GeV/c. 

t o  be t h e  more informative 
remains t o  be established. 

f 
THE REACTIONS pp + a + .. 

Figure 9 dramatically i l l u s t r a t e s  t h e  value of a bubble nhamber 
f o r  disentangling a highly complex in te rac t ion .  The event depicted 
has 18 charged prongs emanating from the  production ver tex ,  a 
neutron-induced 3 prong secondary, and a v i s i b l e  K O  decay. A l l  
charged t racks  can be c l ea r ly  dist inguished, and whi1.e i t s  analysis  
was somewhat tedious,  t h i s  event has been completely measured and 
geometrically reconstructed i n  space: I n  t h i s  sect ion of my t a l k  I 
w i l l  be discussing a sample of -500 such events,  spanning a l l t o p o -  
l og ica l  c lasses ,  which have been completely measured and s p a t i a l l y  
reconstructed.' (Corrections have been made for  t he  very small num- 
ber  of events f o r  which an unambiguous reconstruct ion could not be 
achieved.) Before presenting t h e  experimental r e s u l t s  on the  re- 
act ions  pp + nk + . . . , however, I w i l l  begin by f i r s t  discussing 
the  impact on these measurenicnts of t he  experimental resolut ion 
which can be achieved using jus t  t h e  bare 30 inch chamber a t  these 
very high energies. 



I w i l l  u l t i -  
mately be discuss- .. 
ing  the  inc lus ive  Y .. . - 

q::, pion spectra  i n  . . 
terms of t h e  ra-  \.\.., 
p id i ty  var iab le  100 GeV Proton- Prota, 

E + P ~ J  1 - 1 Y = - c- 
PL . . 

. -.iy...,, . . 
Figure 10 . .-' - . .  -.: =.. .: --__ --- ............... ..:=.....:....... . f.-. ...... . swmnarizes most of . . . . .  --.* <=:--.~. <-.~. = ~+-~>*-. . - . ? ~ .  -- ..-....... -. . - 

. -  . p:; .. 
. -.;--;c .:-..-----?., . . . . . . . . . . . . .  t h e  kinematics -..-.... ..-- :-/,< > ~ . *  > E x ~ ! ' : . $ - - - r  p 
............. - -._, . - ;*:r?-..- - -;-<>-.,. ~- 

.......................... which w i l l  be i m -  - ... ..*- .-~. 
,..<' 

portant i n  t h e  - -.::.-<\ . . . ,_. .-. , 
present d i s c ~ s s i o n .  \ , ,. 
In t h i s  sketch,  /' . \ .  
t h e  momentum of  a . 
r e l a t i v i s t i c  Fig. 9 .  High mul t ip l i c i t y  event photographed 

particle is rep- i n  NAL 30 inch bubble chamber. 
resented by a 
rectangular paral le lepiped with edges of lengths PL, PT and m. As 
shown i n  t h e  sketch,  t he  f ron t  face  diagonal of such a f igure  has 'TZ---2. 
length /pL + PT = P (she momentum of t he   article); t h e  end face 
diagonal has length &,$ + m' = l~ ( t he  "transverse mass" of 
t i c l e ) ;  and t h e  body diagonal of t h e  f igure  has length 
( the energy of t h e  p a r t i c l e ) .  By trigonometric manipulation it can 

E + PL 
be shown t h a t  y = %log(E - PL 1 
i s  a l so  equal t o  -log ( tan  $I/2), 
where 6 i s  t h e  angle be- 
tween the  body diagonal (E )  and 

RAPIDITY t he  long edge ( P ~ )  of the  f igure  
(tan$ = p/pL). For very t h i n  
f igures  ( i . e .  f o r  m << PT), 
c l ea r ly  6 = 8, where .8 i q  t h e  
angle between the  f ront  face 
diagonal (P)  and the  iong edge 
(P ) of t h e  f igure  (tan8 = 
PT7PL). This y ie lds  t he  famil- 
iar approximation of t h e  t r u e  
r ap id i ty  by the  "cosmic cay 
var iable" ,  r7 = -log(tan8/2).  
For small values of PT, however, 

m (corresponding t o  para l le lep i -  

E + P, 
peds with widths comparable t o  

y = f  irr (-) = - & ( t o n + / 2 1  t h e i r  th icknesses) ,  where t h e  
E-P, cross  sect ions  a r e  t h e  l a r g e s t ,  

t he  replacement of y by rl alwa,ys 
leads t o  an overestimate of y 
( i . e .  t h e  angle $I is  always 
grea te r  than t h e  angle 8 ) .  

Fig. 10. Diagram i l l u s t r a t i n g  geo- 
met r ica l  d e f i n i t i o n  of rap id i ty .  



This can b e  a  se r ions  problem as  
can be seen from Fig. 11 i n  which 
a re  p lo t t ed  Monte Car1.0 generated 
curves f o r  pions d i s t r i bu ted  
accordj.ng t o  t h e  function 

1 0 0 -  
e  

1 0 2  GIV/S 

log(s/h$) and b  = 160 MeV/c. 
The sol1 curves a r e  t he  gen- 
erated r a p i d i t y  d i s t r i bu t ions ,  
while t h e  dashed curves a r e  t he  
corresponding n d i s t r i bu t ions .  
Clearly, t he  e f f ec t  of replacing , % , \ 

y by n i s  t o  s ign i f i can t ly  \ \ 
\ \ 

f l a t t e n  t h e  r e su l t i ng  d i s t r ibu-  RAPIDITY \ \ \ \ 

t son,  and even t o  introduce a  I log ( I a n  8/21 I 

cen t r a l  d i p  a t  very high momenta. \ \ 

Since one of  t h e  i n t e r e s t i ng  
questions concerning t h e  r ap id i ty  
d i s t r i bu t ion  i s  whether it i s  
Gaussian o r  f la t - toppedlO,  it . O 1 . l ' l f l l  1 > 1 1 1 , 1  

-6  - 4  - 2  o 2 4 6 

c l ea r ly  is s ign i f i can t  which y=n 

variable  is being measured. 

- - 
Fig. 11. Comparison between 
t r u e  r ap id i ty  and -log(tan8/2).  

The quant i ty  n only depends 
CONTOURS OF on the  angle of t h e  t r ack  i n  

CONSTANT PION LAB question; t o  ca lcu la te  y  from 
T), however, requires  a  measure- 
ment of t he  t r a c k ' s  momentum. 
Figure 12 displays  contours of 
f ixed l a b  r ap id i ty  versus' the  
l a b  quan t i t i e s  PL  and^$. Since 

- - 
'lab 'ern + 3il0g(---- i r , where 

6 defines t h e  transformation 
from the  l a b  t o  t h e  cm frame, 
t h e  given contours a l so  repre- 
sent fixed cm r a n i d i t i e s .  Due 
t o  t he  ove ra l l  symmetry of pp 
co l l i s ions ,  it suf f ices  for  
t h i s  react ion t o  measure 

0' .2 .4 .6 .8 la r a p i d i t i e s  only up t o  ycm = 0, 
Pi (GeVlsl' which occurs fo r  yl = 2.69, 

3.04, 3.24, and 3.3g fo r  
P = 102, 205, 303, and 405 

inc 
GeV/c, respect ively.  A s  can 

Fig. 12. Contours of constant 
pion l a b  r ap id i ty .  

be seen from Fig.  12,  t o  go 



much bevond these  values of l a b  
r ap id i ty  increasingly involves 
measuring rnany high momentum 
t racks  f o r  which accurate 
momentum determinations a r e  not 
possible i n  a chamber a s  small 
a s  t he  30 inch. This would 
appear t o  severely limit the 
usefulness of the  device a s  f a r  
a s  non-symmetric react ions  such 
as  vp a re  concerned. Fortun- 
a t e ly ,  the kinematic character 
of the  rap id i ty  var iable  counter- 
a c t s  t h i s  po ten t ia l  d i f f i c u l t y  
a s  can be seen from Fig. 1 3  i n  
which contours of constant nlab 
ar'e plot ted versus ylab and 
Plab. We note t h a t  except for  
low values of Plab, which a re  - 
measured very well i n  the  30 
inch chamber, ylab for  fixed 
])lab values i s  very insens i t ive  
t o  Plab SO even a crude momen- 
tum determination suff ices  t o  
ca lcu la te  ylab from nlab with 
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Fig.  13. Contours of constant 
-log(tan8/2) i n  l a b  frame. 

very high accuracy. (As a rep- 
resen ta t ive  numerical example, 
fo r  nlab = 3.5 and Plab = 5 
GeV/c, even a 5% momentum deter- 
mination suf f ices  t o  determine 
y t o  b e t t e r  than .01. ) 

Figure 14 presents  an 
i l l u s t r a t i o n  of t h e  type of 
momentum resolut ion which i s  
a t ta inable  for  high momentum 
t r acks  i n  t h e  30 inch chamber. 

RESOLUTION ESTIMATION USING SAGITTA Depictcd i n  t h i s  f igure  i s  t he  
d i s t r ibu t ion  of measured k 2 l / p  

L I ~  L IZ  values for  a sample of 102 GeV/c 
s cpl = f 9' :'kc-C~-/G.V/CI beam t racks .  (The minimum 
, I ~ 8 s  length cutoff of 30 cm corres- 

P T % F  ponds approximately t o  the  l i m i t  

imposed on secondary t racks  by 
t h e  f iduc ia l  volume anployed i n  
t h i s  experiment. ) For purposes 

Fig. 1 4 .  Distribution of curvatures 
f o r  measured b e m  t r acks  a t  102 GeV/c. 



of comparison, a  f i r s t  order estimate of 6p/p i n  terms of t he  sagi l t t !  
i s  a l so  outlined i n  F ~ E .  1.h; ( fo r  6s = S O U ,  H = 27 kG, and L = 45cm, 
we liave 6p/p = 0.25, which is  approximately t he  width of t h e  experi- 
mental k  d i s t r ibu t ion .  ) Since f o r  high momentum t racks  6p/p p ,  
t he  r e s o l u t i o n f o r  t yp i ca l  seconda.ry t racks  i s  much b e t t e r  than t h i s ,  
and i s  c lear ly  e n t i r e l y  adequate f o r  an dccurate determination of 

We may summarize t h i s  discussion of resolut ion as  follows: The 
slopes f the  curves shown i n  Fig.  13 a re  given by the  formula 

1 = 
) A t  high momenta t h i s  var ies  a s  1 ; co~sequently,  

' 8 1  
t he  net dependence of 6y on p f o r  high momentum t racks  decreases as  
l / p  ( i f  angle e r rors  a r e  ignored). bJe therefore  conclude t h a t  t he  
resolution achievable using the  bare 30 inch chamber i s  per fec t ly  
adequate for pion r ap id i ty  measurements; when one a l so  takes i n t o  
consideration the  excell-ent pa t t e rn  recognition capab i l i t i e s  of t h i s  
chamber and i t s  good resolut ion f o r  low momentum t r acks ,  it emerges 
t h a t  t h i s  device i s  i n  f a c t  almost i dea l ly  su i t ed  for  pion r ap id i ty  
measurements ! 

mis-interpreted as pions, and 
subtracted fr6m the r+ dis t r ibu-  

Figure 1 5  presents t he  ( folded)  r ap id i ty  d i s t r i bu t ions  f o r  
both pos i t ive  and negative pions produced i n  102 GeV/c pp co l l i s ions .  
( ~ e f o r e  folding,  each of these d i s t r i bu t ions  was symmetric t o  with- 
i n  s t a t i s t i c s . )  The d i s t r i -  
butions shown have been corrected 
for  p' and K' backgrounds; these  
correct ions  were car r ied  out a s  

t i o n  shown i n  Fig. 15. This "tab 
was the  l a rges t  such correction 
applied ( ~ 1 0 % ) .  The smaller 
and K' corrections were s imi la r ly  
determined except t h a t  Gaussian Fig. 15 .  Laboratory r ap id i ty  
rap id i ty  d i s t r ibu t ions  were d i s t r ibu t ions  f o r  pos i t ive  and 
assumed for  these pa r t i c l e s ;  negative pions at 102 GeV/c. 

follows. Low momentum protons 
were iden t i f ied  by ionizat ion 
(as  discussed i n  t he  f i r s t  p a r t  
of t h i s  t a l k ) .  These t r acks  
were removed from t h e  sample = 

E - 
( i . e .  they a re  not included i n  - 

& 
Fig. 1 5 ) ;  a l l  other t racks  u 

were assumed t o  be pions. Using 
t h e  sample of iden t i f ied  proton 2k lo- 

UlCl 

t racks  plus t h e  required symmetry + 
of t he  overal l  d i s t r i bu t ion ,  an -It 

approximate, normalized, proton 
r ap id i ty  d i s t r ibu t ion  was de- 
termined. Protons were generated 
according t o  t h i s  d i s t r i bu t ion ,  

K X ) - ~  , l ' l ' l ' :  - 
O " $  - 

+ +  + - 
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the  normnlizations f o r  these distribuLions were estimated on the  
bas i s  of t he  observed cross  sect ions  f o r  K O ,  A o  and xo production a t  
102 GeV/c. The e r ro r  bars shown on the  points  i n  Fig. 15 include 
our estimates for  t h e  uncer ta in t ies  i n  a l l  of tliese correct ions .  
The surplus of pos i t i ve  pions over negative pions i n  t h i s  f igure  i s  
bas ica l ly  a  r e f l ec t ion  of t h e  amount of neutron production i n  pp 
co l l i s ions .  

Figure 16 compares t he  s ing le  p a r t i c l e  inclusive r ap id i ty  
spectra  fo r  t h e  reac t ion  pp + n- + . . . a t  28.5, 102, and 205 G ~ V / C .  ' '  
(NO corresponding data a t  other energies was avai lable  f o r  t he  re- 
action pp + n+ + . . . .) The 
data  a r e  plot ted i n  t he  l a b  
frames a t  each of these energies 
and within s t a t i s t i c s  a r e  seen 
t d  sca le  i n  the  t a r g e t  fragmen- 
t a t i o n  region. The data  a t  noLl , 

. 

205 GeV/c do appear t o  exhibi t  - 
some evidence f o r  a  possible 
plateau near ycm = 0, but t h e  
e r ror  bars  shown do not permit w e  

a Gaussian shape t o  be excluded 
a t  present.  - 285 ~ev /c  

PP-r-+-.. .  1 I02 Gev/ '  

I n  keeping with my p r io r  + 205 Gevc: - 
agreement with t h e  next speaker, i t ;  

- 
- 

J i m  Whitmore, 1 w i l l  leave t h e  Y C ~ = O . O  - - 
remainder of t h e  discussion of 
t he  sing1.e p a r t i c l e  inclusive 
pion spectra  t o  him. It has 
been my primary in t en t  here  t o  
simply present the  new data -10 00 1.0 2 0  30 

along with enough of t h e  ex- . ybb 

perimental d e t a i l s  t o  provide 
a  background f o r  h i s  discussion.  

I wi.sh t o  thank J . Hanlon, 
Fig. 16. Laboratory rapidi ty  

J. Whitmore, and F. T. Dao, 
d i s t r i bu t ions  f o r  negative 

along with t h e i r  col laborators ,  
fo r  making avai lable  t o  me un- 

pions a t  26.5, 102, and ,205 

published pp data  a t  20.5, GeV/c. 

205, and 303 GeV/c, respect ively.  
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