
CHARGED PARTICLE PRODUCTION AT THE CERN-ISR 

G .  GIACOMELLI 

INTRODUCTION 

The CERN Intersecting Storage Rings ( ISR) give us a unique oppor
tunity to investigate proton-proton coll i s ions up to  52 GeV in the 
centre-of-mass system, corr�sponding to 1500 GeV = 1 . 5  TeV for a pro-
ton beam col l iding with a stationary proton . One can thus s tudy 
phenomena in a completely new energy region , which could only be 
glimpsed until  now in cosmic rays . In about one year of operation 
the ISR has yielded s igni ficant results in elastic  s cattering and in 
the s implest parti cle production reacti ons . 

In thi s  lecture I shall f irs t  give a brief review of the 
characteri st ics of the CERN-ISR and o f  the experiments being perfonned 
there at present . Then I shall give the experimental results on the 
product ion of charged particles at the ISR and compare them with lower 
energy data and with the predictions of some theoret ical models . The 
production of neutral particles at the ISR and a review of the cosmic
ray data are discussed in these Proceedings by Schubert and Levecque 
respectively 1 • 2 ) . 

THE ISR 

Figure 1 shows the general layout of the ISR. The protons ac-
celerated by the CERN Proton Synchrotron (PS) are s tored first  in one 
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r i n g  and then in t h e  o t h e r .  The two r _t_ n g s  i n t e r s e c t  e i gh t  t i me s ; 

the exp e r imen t s  may b e  p e r f o rmed around t h e s e  e i g h t  i n t e r s e c t i ng 

r e g i o n s . Tab l e  1 gives s ome of t h e  ma i n p a r ame t e r s  o f  the l S R , 1n 

p a r t i c u l a r  t h o s e  q u ant i t i e s  wh i ch are i mp o r t an t  f o r e xpe r i me n t a l i s t s . 

Tab l e  1 

Some p a rame t e r s  o f  t h e  CERN- I S R  

Max imum ene r gy o f  e ac h b e am 

/\ve r<l!�l' r ;H\ i u s o f  l' < l rh  r i ng 

Numbe r  u [  i 1 1 t c r ,; c c t i u11 s 

l n t e r s l' C t i o n  an g l e  a t  c ro s s i ng re g i o ns 

Lengths o f  l on g  s t r a i gh t  s e c t ions 

D e s i gn v a l u e  o f  b e am c u r r e n t  
i n e a c h  r i n g  

P re s e n t  v a l u e  o f  b e am c u r r e n t  
i n e a c h  r in g  

D e s i gn l umino s i t y 

M�ximum lumino s i t y  a c h i eved so f a r  

P r e s en t  c o l l i s i on r a t e  i n e a c h  r e 0 1 o n  

Ave r age p r e s s u re in I S R  

P re s sure i n i n t e r s e c t i ons { h o r i zo n t al 
Transv e r s e  b e am d i mens i o n s  

ve r t i c a l  

B e am l i f e t ime 
{ a t  2 A 

at 6 A 

Max . magne t i c  f i e l d  at e q u i l i b r i um o rb i t  

Rad i o f re q uency 

Harmon i c n umb e r  

2 8  C e V  

1 5 0 m 

8 

1 4 . 7 9 ° 

1 6 . 8  Ill 

20 A 

3 - 7  ,\ 
4 x 1 0 3 0  cm- 2 s e c- 1 

5 x 10 2 9  cm- 2 s e c- 1 

2 x 1 0 4 i n t e r a c t i on s / s e c  

< 1 0 - 9 T o r r  

1 0- 1 1 - 1 0- 1 2  To r r  

'\, 7 cm 
'\, cm 

'\, 1 mo n th 
'\, 1 day 

1 2  kC 

9 . S J '. 1 J l z  
3 0  

T h e  two b e ams h ave a r i b b on s h a pe ,  7 cm h o r i ;;,o n t il l  a n d  0 . 5- 1  cm 

ve r t i c a l ; t h e r e f o r e  t h e  i n t e ra c t i on n · ; •, i on i s  " d i arnond s h a1wJ" ( i n 

p ra c t i c e , cons i d e r i n g  t h e  non - uni f o r m  p o p u l a t i o n o f  the  r i bbon , 

" p o t a t o  s h ap e d " ) ,  wi t h  a t o t a l  l e n g t h  o f  a l mo s t 60 cm and a h e i gh t  o f  

0 . 5 - 1  c m .  /\ t  p re s en t  four ene r g ;� c s  a r c  o pe ra t i ,rn;i l : 
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2 x 1 1 . 5  GeV / c  corresponding to 2 50 GeV / c  in the l ab .  
2 x 1 5 . 3  GeV/ c  corresponding to  500 GeV / c  in the l ab .  
2 x 22 . 5  GeV/ c  corresponding to 1000 GeV / c  in the l ab .  

2 x 26 . 5  GeV/ c  corresponding t o  1500 GeV / c  in the l ab .  

The ISR s tarted operat ing one year ago . The machine i s  being im
proved cont inuous l y ;  therefore some of the values quoted in Tab l e  1 may 
rapidly  become ob solete . In part icular the machine people are sys te
matical ly  removing the pressure p ockets , whi ch s eem to be responsible  
for  the  increase in l o s s  rates with  respect to s tored beam intensities .  
I t  may a l s o  be  pos s ib l e  to  reach 2 x 3 1  GeV / c  correspond ing t o  about 2 TeV .  

The main advantage o f  the l S R  i s  connected with the l arge ener
gies  one may obtain , b ecause the c . m .  sys tem is es sent i a l ly coincident 

with  the l ab .  sys tem .  The drawb acks of  the  I SR are the  relat ively 

low col l i s i on rates and the experiment a l  l imi tations connected with  
being ab le  to s tudy only  p roton-proton col l i s ions . 

The total  col l is ion rate N in one intersection is g iven by 

N = L CJtot  ' ( 1 ) 

where CJtot  is the total  cro s s -sect ion and L i s  the  lumino s i ty ( the  
lumino s i ty is  that number which mul t i p l ied by the cross-sect ion gives 

the number of  events  per uni t  t ime) . Since otot (pp)  � 40 mb and 
L 5 x 102 9  cm-2  sec- 1 ( at present ) ,  the total  col l i s ion rate i s  
N 2 x 10 4 parti cles  per second . Thi s  value i s  about 10 5 t imes 
sma l l er than for  a conventional accelerator . At 26 x 26 GeV / c  the 
average mu l t ip l i ci ty  is larger than ten ; therefore one has more than 

2 x 10 5 par t i c les produced per  s econd in each reg ion.  

The measurement o f  the l umino s i ty i s  one o f  the mos t  crucial  

measurements  at the  l SR ,  s ince on it  depends the  knowledge o f  the 
ab solute  valu e .  The l umino s i ty i s  given expl i ci t l y  as 

L 

where 1 1  and 1 2  arc the beam currents  in r ings 1 and 2 ;  ct 

and the e f fective ove r l ap height he f f  of  the beams i s  
1 4 . 7 9° 

( 2 )  
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1 
h

e f f  

J S1 ( z ) S2  (z) dz J S 1 ( z )  dz • J S2 (z )  dz ' (3a) 

where S 1 ( z )  and S 2 (z)  a r e  t h e  norma l i zed ve r t i cal d i s tribut ions of 
each b e am .  

I n  prac t i ce h e f f  i s  measured b y  the Van Der Meer me thod 3 ) o f  

d i s p lacing the two beams ver t i c a l l y  wi th respect to one another and 
regi s te r ing the number of beam-beam co inc idences w i th a mon i to r  

(Fi g .  2) . One has 

h = l: (MM) eff (MM} max 
(3b) 

The monitor is then calibrated and used to determine the absolute 
value of the cross-sections . The monitor cons tant K is defined as 

K 

where t is the length of time for taking one point in the curve of 
Fig . 2 .  

( 4 )  

The cros s-section CT for  the production of 6N particles into the 
solid angle 6� and with the momentum band 6p is given by 

6N 
( S a )  

M • L • 6�6p 

In terms of the monitor cons tant K and with practi cal units  one has 

d2CT  -
d�dp [mb/sr (GeV/c) j 100 • 6�6p • K • MM ' (Sb) 

where 6t is the duration of the run and MM is the number of monitor 
events recorded during the time 6t . 

3 .  THE PRESENT EXPERIMENTAL PROGRAM AT THE ISR 

The experiments at present in progress a t  the ISR are given in 
Tab le 2 .  It may b e  interes ting to remark that about a dozen experi-
ments are going on at the same time in f ive intersections . These 
experiments may be class ified as first generation experiments even 
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,.., " \0 

I 

I I 
Intersection Code I 

1 I RlOl ' 
Rl02 

Rl03 

Tes t 

2 . R20 1  
I 

R202 

R203 
I R204 

4 R402 

Test 

Test 

I R401 

Test 

Test 

6 R60 1  

R602 
Test 

8 R801 

Tab l e  2 

Experiments in progre s s  at the CERN-ISR 

Col l aboration Experiment 

Bombay-Buchares t-CERN-Cracow Product ion of charged part i cles  
± + ± ± 

Saclay-St rasbourg Produc t ion of TI ' K- , p ' y , e ' quarks 

CERN-Co l umb ia-Rockef el ler  Search f o r  mas s ive di-l eptons 
+ -

(e e , y) 
Brookhaven-Grumman-Rome Search for magnet i c  monopoles 

+ + + 
CERN-Lancaster-Manchester Produc t i on o f  TI - K- , p ' 

+ + :'.: 
ANL-Bologna-Michigan-Saclay Production of TI 

-
K 

-
p ' ' 

± + ± 
British-Scandinavian Production of TI ' K- , p 

+ + 
British w- search (wide angle µ-) 
CERN-Munich Search for quarks 

CERN-Hamburg-Vienna Produc tion o f  y 
CERN-Hamburg-Vienna Production o f  charged particles 

CERN-Hamburg Isobar product ion (pp + p + N* ) 

CERN-Karlsruhe Production of neutrons 

Aachen-CERN-Muni ch 

I 
,,o,oo< iom ol mol < ioo<<iole•  

CERN-Rome pp + pp ,  CN-C interference 
Aachen-CERN-Genoa-Turin pp + pp , d i ffrac t i on 
Aachen-CERN-Genoa-Turin Production of charged par t i c l es 

Pisa-Stony Brook O t o t (pp) • corre l ations 

Angular Method region 

Emu l s ion Around 9 0 °  

Magnet i c  spectrometer Around 9 0 °  

Pb glass  Ce renkovs Around 90° 

Pb g l as s  Cerenkovs Around 9 0 °  

1 Magnetic  spectrometer 20-150 mrad 

Magnet i c  spectrometer 80-350 mrad 

Magnet i c  spectrometer 30°-90° 

Iron p l ates Around 90° 

Counters , dE/dx 10°-30° 

Pb glass  Cerenkovs 10°-90° 

Spark chambers 30°-90° 

Pb g l as s  Cerenkovs 10°-90° 

n-calorimeter 10°-30° 

Proj ect ion chambers Around 90° 

Counters 2-20 mrad 

Magne t i c  s pectrometer 0.04 < l t l < 0.50 
j Counters 50°-90° 

[ Counters 2 °-90°  



i f  mos t  o f  them are rather comp l ex .  The second generation experi-
ment s  should  s t art  in  19 7 3 ,  when a l arge magnet ( the  s p l i t  f ie ld  

magnet )  wi l l  be p l aced around the  intersect ion region number  4 .  
Tab l e  2 indi cates that the experimental program includes 

measurements  of the t o t a l  cro s s -sect ion , of e l a s t i c  s catter i ng and 

of parti cle produc t i on ( inc lud ing the produc t i on o f  as y e t  unobs e rved 
obj ects ) .  Es s ent i a l ly a l l  the p ar t i c l e  product i on exper iments  are 
s t i l l  s tudying the s imp l e s t  inclus ive reactions of the type 

p + p -> c + x ' 

where on ly  t l 1 e  part ic le  c i s  ob served and X deno tes  a l l  the non-
detected reac t i on p roducts . 

+ 
c may be  a pion or kaon or y ,  n ,  µ- , 

± ± p , e , e t c .  A f i rs t look a t  corre l a t i ons i n  inclus ive react ions 

( 6 )  

w i l l  b e  made in  the near future and i t  i s  expected that  the  sp l i t
f i e l d  magne t f ac i l i ty wi l l  br ing into fu l l  swing t h i s  type o f  measure-

ment .  

F rom an experimenter ' s  point o f  view the ISR presents  prob lems o f  
u ti l i zat ion wh ich are d i f ferent f rom those  o f  a normal accel erator . 

In fact  the experiments  and the machine are int imately intermingled 
so that beam intens i ty ,  beam pos i t ioning , beam s t ab i l i ty ,  l i fe t ime 
and background may be af fe cted ay the experimenter ' s  equipment . Al s o  
the presence o f  so  many experimenters , w i th conf l i c t i ng requi rements ,  
makes the operat i on o f  the machine a comp lex  one , whi ch prob ab ly  
would  have been i mpos s ib le w i thout the help  of  computers and advanced 
equipmen t .  

4 .  CHARGED PART ICLE PRODUCTION AT THE I S R  

The present intere s t  in the s tudy o f  inclus i ve proce s s e s  o f  
type ( 6 )  has been s ti rred up by  many theoret i cal sugge s t i ons o r  mode ls  
l ike  the  s cal ing hypothes i s  o f  Feynrnan 4 ) ,  the  l imi t ing d i s tr i but i on 
hypothes i s  o f  Benecke et a l . 5 ) and many spe c i f i c  particle  production 
mode l s . 1 re f co r  t o  the o ther t a lks  o f  these "Rencontres " and to 
the Proceed i ngs o f  recent conferences for further theore t i ca l  and 
experimental  d i s cuss ions 6 ) . 
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4 . 1 Experiments  

The three main experiment s on  charged particle  product ion at  the 

ISR  are performed in the intersecti on region number  2 .  The o ther  
experimio nt s  in  regions 1 ,  4 ,  and 6 obtain data as by-products o f  o ther 
measurements .  

F igure 3 s hows the general  l ayout  o f  the intersection region 
number 2 .  F igure 4 shows in more  det a i l  the l ayout of the medium 
ang le  spectrometer and the location o f  the smal l angle  mon i tors . 
The intersection region 2 i s  completely  crowded w i th experiment a l  

equipment for  f our  experiments  and for  t h e  common monitoring facil i

ties . The l ayout and the equipment o f  the medium angl e  spect rometer 
are s imp l e ;  the form of  the spectrometer is nevertheles s  typi cal  of 
that for any s ingle- arm s pe ctrometer  experiment at  the ISR.  Partic les  

p roduced at the  interaction "d iamond" with  a p ar t i cu l ar angle  and 

momentum are s teered by the f irs t two magnets  B 1  and B2 onto the axi s  
The momentum analys i s  

1 s  performed by  t h e  magnet B 3 , whi ch bends t h e  p ar t i c l es ver t i cal ly  

into  the  second coun ter t e l es cope S 4 S c H .  ( In prac t i ce H i s  now made 

of a three-counter hodos cope . )  A p ion i s  iden t i f ied by the co1nc1-
d� nce TI =  AC 1 C 2 , where A is the s ixfold  coincidence A =  ( S 1 S 2 S 3 )  ( S 4 S 5H) 
and C 1 ,  C2 are the o utputs o f  gas threshold  Ce renkov counters s e t  at a 
pres sure s l i ght l y  above the p ion kne e .  S imil arly  k aons and protons 

the Kaan knee . The t ime o f  f l i gh t  be tween S 1  and H i s  reco rded in  

order  to  have an extra check on the protons and to detect  heavier  mas s 
part i cles . Because o f  the large decay rates , k aons are better  
detected with  a shorter  spectrome ter (up to  S 5 ) .  The raw data have 

to be corrected for ab sorpt ion , decay , electron contaminati on ,  mul -
t i p le s cattering and beam-gas interacti ons . The background coming 

f rom beam-gas and beam-wal ls interact ions is sma l l  ( 2-20% ) , b e cause 
the spectrometer is h ighly d irect ional and becaus e of the good vacuum 

in the intersect ion .  The beam- gas background may be  measured 1;hen 
only one be :rn1 i s  circul a ting in tl1 e I SR .  

In other spectrome ters  i t  was found nece s s ary t o  p l ace the i r 
c ounters in coinc i dence with o ther  l arge counters s urrounding tho b e il 1 1 1  



p ipes ( in the layout of F i g .  4 they woul d  be p laced at the pos i t ion of  

the monitor counters , in p arti cular as M1 ) .  In this case beam-beam 

events are clearly s e lected and beam-gas events completely rej ected.  

In  order to really measure an inclusive proce s s  i t  i s  importan t  that 

these coinci dence coun t ers detect the l argest pos s ible f raction o f  

beam-beam events , s ince o therwise  s ome correlation i s  introduced . 

In practi ce the coincidence counters col lect between 50 and 9 0 %  of  

the interactions ; checks on the  dis tributions in different trigger 

condi t ions s eem to indicate that no s igni f i c ant. C' '" · L c tion i s  intro-

duced . Nevertheless , we shall define these  c a i •  ·1 · :ice arrangements 

as measuring "almo s t  inclus ive" reactions . 

4 . 2  Cros s-sections and variables  

As  was d i s cus s ed by many people at thi s meH:ing , many reference 

f rames and many var i ables  may be used to define inclus ive reactions . 

We shall in general plot  invariant  cros s-sections , that i s  

f (7) 

As independent variables  we shall use  (s ,x , pt) or (s , y , pt ) ; 

s i s  the s quare o f  the c . m .  energy ; p 1 and pt are the c . m .  longitu

dinal and t ransverse moment a  of the observed particle ; x is the 

Feynman var i ab l e  

x (8)  

y i s  the rapidity var i ab l e  : 

y 
1 ln [�j' - -lg tg � , 2 E - P I 

p
2>> m2 
t 

( 9 )  

where m 1 s  the mass of the observed particles . For pions the measure-

ment of  the angle is s uf f icient to determine y ,  whi l e  thi s  is  not s o  

for protons . We shall use  (y max 
- y) = y lab 

in our graphs . 

The s cal ing hypothes i s  wil l  be wri tten as 

2fl 2  

f (s , x , pt ) - f (x , pt ) . 
s >> 

(10)  



4 . 3  The results 

Some of the mos t s ignificant experimental results ob tained so far 
at the ISR on charged particle production are shown in Figs . 5-10 . 

Mos t  of  these resul ts have still  to be cons idered as preliminary , 
b ecause they are based on f irs t-order corrections only . A few words 
on experimental errors may be in order . The s tatistical errors are 
typically 4-10% for pious and protons and 10-25% for kaons and anti-
protons . The corrections add point-to-point errors of about 5-10 % .  

Therefore point-to-point errors are typical ly 7-15% for pious and 
protons , 10-20% for kaons and antiprotons . To these  errors a sys te-
mat ic scale error , which may be estimated to be about 5-10% , has to 
be added . (This error arises mainly from the knowledge of the lumi-
nosity . ) For comparison it is worth mentioning that the typical 
over-al l errors of the lower energy data are about 10-15%  7 ) 

Figure 5 shows the invariant cross-sections as a function of x ,  
keeping pt a s  a parameter 8- 1 0 ) . The points indicate measurements at 
different ISR energies , whi le the shadowed bands and/or the solid lines 
represent interpolations at lower energies 1 1- 1 4 ) . 

Figure 6 shows the negative pion data of Fig .  5 9) plotted versus 
the difference in rapidity (y - Y ) = Y1 b '  p max c a The rapidity variable 
expands and therefore allows a better study of the central region (or 
pionization region) . It is apparent that the curves look rather 
regular in the ylab variable .  Moreover the data from different 
experiments superimpose correctly . 

F igure 7 shows the cross-section (d2CT/d�dp) around 90° plotted 
versus (-lg tg 8/2 )  1 5 ) . In these experiment s of the "almost inclu
s ive" type ,  one detected charged particles , without knowing the sign 
and type . Therefore they can only be plotted versus an angular 
variable ,  which ,  as discussed before , is essentially the rapidity 
variable for pious . Both Figs . 6 and 7 indicate that the cross-
sect ions seem to be flat as a function of y .  Previous emuls ion expe-
riments 1 6 ) disagreed with these conclusions , while new results from 
the large angle spectrometers 1 7- l 9 ) seem to confirm them . 
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Figure 8 shows the p ion , proton and anti  proton production cro s s -
sections at 8 = 9 0 °  p lotted as a f unct i on of  pt  

1 8 )  The d i s tri-cm 
but  ions are wel l  represented by exponential  functions o f  the type 

-bp 
Ae t ( 1 1 )  

Th<e s lopes are diff erent f o r  p i ons and nuc leons ( see Tab l e  3 ) . We 
shal l def ine the average transverse momentum as 

( 12 )  

where P t' means that the cro s s-sect ions considered are for a f ixed P,Q, 
value of p,Q, . One could also  def ine ',P t ' B with cross-sections at a fixed 

produc t ion angl e  and ; p� at f ixed x .  At 9 0 °  the three def init ions 
x 

coincide .  

Tab l e  3 

The resu l t s  of f i t t ing the p t-di s t r ibut ions for x = 0 a t  the 
total  c . m . energy of 5 2  GeV to formula  ( 1 1 )  1 8 )  The ave rage 

value of the transvers e momentum was computed us ing the def ini
tion ( 1 2 ) . (The errors are pure ly s t at i s �i cal . )  The Br i t i sh

Scandinavi an group 1 7 ) f inds b (11 ) 6 . 4 ,  b (p)  = 5 . 3  and b (p) = 4 . 8  

11+ 11 p p 
A 140 ± 4 1 4 1  ± 4 1 1 .  6 ± 1 .  2 5 . 6  ± 0 . 8  

b 6 . 2 6 ± 0 . 0 7 6 . 24 ± 0 . 0 7 4 . 1 6 ± 0 . 1 3 4 . 0  ± 0 . 2  

\P t '  3 5 9  ± 5 3 6 0  ± 5 6 7 0  ± 35 7 10 ± 4 5  

F i gures 9 and 10  show various par t i c le ra t ios p lotted versus  x 
for  p t = 0 . 4  GeV / c  1 0 • 2 0 )  The ratios  invo lve p ar t i c les  o f  the same 
s ig� (K / 11- , p/ 11- , K+/ 11+ , p / 11+) as we l l  as particles  and antipar t i c le s  
( '1r +/ 1T- , K+ /K- ,  p/p ) . The so l id l ines in F ig s .  9 and 10 repres ent 
interpolat ions through the 24 GeV/c  data o f  Al l aby et  a l . 1 1 ) . The 
average values of these rat i o s  are tabul ated in Tab l e  4 .  

4 . 4  D i s cus s ion o f  the ISR resu l t s  

On the bas i s  o f  the experimental  result s  shown in Figs . 5 - 1 0 , 

one may make the f o l l owing remarks :  
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Tab l e  4 

Ave rage val ues of var i ous par t i c l e  rat i o s  f o r  Pc = 0 . 4  C: cV /c  
and 0 . 1  < x < 0 . 4 .  (Errors include rough e s t imates  o[  

s y s t emat i c  unc e r t a in t i e s )  

4 .  1, . l P ions 

p/11 
-

K /1i 

K+ /1r+ 

ISR 1 0 , 20 ) 

5 . 0  ± 1 

8 . 0  ± 1 . 5  

1 2 . 5  ± 1 . 8  

24 GeV 1 1 )  

0 . 7  ± 0 . 1  

4 . 2  ± 0 . 8  

9 . 5  ± 1 .  2 

a) For 0 . 1  < x < 0 . 4  the x- and y-d i s t r ibut ions for pos i t ive  and 

negat ive p ions0 at f i xed va lues of p
t 

( a t  p
t 

= 0 . 2 ,  0 . 4 ,  0 . 8  C :cV / c )  

arc  e s s en t i a l ly independent o f  the p rimary pro ton energ i e s , for  

l ab o ra t ory energ i e s  larger than 19  GeV ( s e e  F i gs . 4 and 5 ) . Th i s  

s ta tement i s  v a l i d  w i th i n  the experimen tal error o f  about ± 1 5 % .  

b )  For x < 0 . 1  and at the smal l e s t  values cf p the s i tuat i on seems 
t 

to be  more complex and prob ably there is s ome non-s cal ing b c t1 1ccn the 

b u l k  o f  the acce lerator data a t  1 2-28 GeV and the bulk o f  the ! S R 
d n t a .  A t  90° , that i s  a t  x 0 ,  the re s e ems to be an incre as e  o f  

the  d i f f e ren t i a l cros s - s e c t i on versus energy ( s e e  F i g .  6 and the 

report of  Schube rt) . 

c )  1be angu l ar d i s t r i bu t i on of  a l l  charged par t i cles in the  regi on 

around 90° may be f i t ted wi th a formu l a  

1 
J inel 

: do ' i drl I = A ( E  ) 
·. ' cm cm s in-2 8 

cm 

,_,here A ( E  ) = 0 . 2 1 s r- 1  at F. = 30 GeV and 0 . 25 at E cm cm cm 

( 1 3 )  

5 2 . 7 GeV Ei) 

d )  As regards  t h e  p t-d i s tr ibut i ons a t  f ixed values of  x ,  t he J S R  
d i s t r i bu t i ons  a rc s im i l ar t o  thos e measured a t  lowe r energ i c ,; .  lltw 
h c1 s  :; omc p rob l ems in compa r ing the average value of the t rans vl' rs c  

1 1 1omc n t um w i th  the  va lues ob ta ined  at o ther energies , because of  ; 1c t u a l  
d i f f e rences i n  d e f in i t i ons . 



e) + -The TI /TI ratio decreases with decreas ing x going from about two 
at x = 0 . 4  to one at x = 0 .  

4 . 4 . 2  Nucleons 

a) The x-distributions of protons are different from the distibutions 
of any other particle . This is clearly due to the leading particle 
effects . Also protons seem to s cale between PS and ISR energies . 
( See F ig .  5 . )  

b )  The antiproton production cross-section has increased by about 
a factor of s ix between 24 GeV/c and ISR energies (see Figs. 9 and 10) . 

The p/TI- ratio increased from about 0 . 7% at 24 GeV/c to 1-2% at 
70 GeV/c and to 5%  at the ISR. 

c) Within the experimental errors there does not seem to be any 
increase in antiproton cross-section between the . lowes t and the 
largest ISR energies (see Figs. 9 and 10) . 

d) At x = 0 the p -dis tribution of protons and antiprotons have the t 
same s lopes , smal ler than those for pions (see Fig . 8 and Table 3 ) . 

e) The p /p ratio shows a spectacular decrease with decreas ing x .  

4 . 4 . 3  Kaons 

a) The K production cross-section has increased by about a factor 
of two b'etween 2 4  GeV/c and ISR energies (see F ig .  9a and Table  3 ) . 

b )  The K+ production cross-section has probably had a s light increase 
compared with lower energy data .  

c )  Within large errors the K+/K- ratio is not too dissimilar to the 
TI+/TI- ratio .  

4 . 4 . 4  General features 

The general features of the particle production results may be 
summarized as follows : 

a) Even at ISR energies pion production is the dominant proces s .  

b )  While ,  roughly speaking , scaling seems t o  hold for pions , protons 
and probably also for K+ mesons for energies larger than 20-30 GeV/c ,  
the antiproton and K- production cros s-sections at  the ISR are larger 
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than at lower energies . On the other hand , there does not seem to 
be any real change between data at the lowes t  and the highest  ISR 
energies . This may indicate that limiting distributions are reached 
at ISR energies . The l imiting distributions (or the s cal ing regions) 
are reached at smaller energies for pions and protons than for kaons 
and antiprotons . 

c) All the particle to antiparti cle ratios of Fig . 8. decrease wi th 
x towards a value close to one at x = O .  This may indicate a kind of  
s tatistical production process in the region around x = 0 .  

COMPARISON WITH THEORETICAL MODELS 

Over mos t  of the measured range the hypotheses of s caling and of 
limiting dis tributions predict s imilar results . Both hypotheses 
agree with the bulk of the data at ISR energie s .  
extends t o  lower energies for pions and protons . 

The agreement 

Figure 1 1  shows the comparison of the negative pion data with the 
s tatistical model of Hagedorn et al . 2 1 ) : the agreement is quite good . 
The model predicts  only approximate s caling , which cannot be tes ted 
with the present data .  The agreement of the Hagedorn model with the 
ISR data is valid also for all the other particles including anti-
protons and kaons . The comparison of experimental data with the 
Hagedorn model is particularly appealing to the experimental ists for 
the practical reason that this is the only model which has been 
carried out as far as to give complete numerical tables of predict ions . 

Most  of  the semi-empirical formulae found in the literature are 
ruled out by the present ISR results . These formulae fail to predict 
scal ing and fail to predict kaons and/or antiproton production . As 
an example ,  Fig . 12 shows a comparison of  the negative pion data with 
th e mod e l  of Cocconi2 2 ) , which represents a modification of the or.i.-

ginal CPK formula.  The absolute normalization of the Cocconi formula 

was ach i eved b y  arb i trarily us ing a value of oinel = 30  mb and 
as suming o ( 'rr--p roduc t i on) = 10 rnb . I t  is p robab l y  p o s s ib l e  to re

arrange t h i s  and the o ther f o rmulae t o  incorporate the ISR r e s u l ts , 

but i t  i s  c: l e.<u- t hat the. f 0rmu l ae may be u s eful only f o r  interpolat ing 

d a t �  at variot1s energ i e s . 
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F igure captions 

Fig .  1 

F ig .  2 

F ig .  3 

Fig .  4 

Fig .  5 

F ig .  6 

F ig .  7 

General layout of the CERN-ISR. The figure shows the 
Proton Synchrotron, the transfer lines , and the two s tor
age rings with their eight intersection regions . 

"Luminosity curve" obtained by recording the MM monitor 
rate (see F ig .  4) versus the relative displacement of the 
ISR beams . 

Layout of the experiments in intersection region number 2 .  
The figure indicates the location o f  the small angle 
spectrometer (where particles are bent vertical ly) , of 
the medium and large angle spectrometers , and of the muon 
detector . 

The layout of the medium angle particle production experi-
ment in intersection region number 2 r o ) . 
bending magnets , S 1 -SG and H are scintillation counters , 

, C 1-C3  are gas threshold Cerenkov counters . B 1 is a 
septum magnet des igned so as to give a perturbation as 
small as pos s ible to the c irculating pro ton beams . The 
time of flight is measured between counters S r  and H 
(Q, = 3 3 .  8 m) . 

The invariant cross-section E (d3cr/d 3p) p lotted versus x,  
keeping p as a parameter ; for (a) negative parti cle9 • 1 0 ) 

t 
and (b) pos itive particles) production .  The shadowed 
reg ions represent interpolations through data at 
19-28 GeV/c I I- I � ) , while the points are ISR measurements . 

The invariant cros s-section E (d 3cr/d 3p) plotted versus the 
rapidity y - y = ylab for TI- production 1 0 ) . p max c 

Angular distributions in the c .m .  system for all charged 
particles produced at large angles 1 5) . 
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F i g .  8 

F i g .  9 

F i g .  1 0  

l' i i; .  l l  

Fig . 1 2  

2 9 2  

T h e  i nv a r i an t  c r o s s - s e c t i on E ( d 3 o / d 3 p )  p l o t t e d  ve r s us p
t 

f o r  x = 0 ( 9 0 °  d a t a )  
1 7 ,  1 fl ) . 

P ar t i c l e  t o  an t i p ; n t i c l c  r a t i o s 1 0 , 2 0 l . T h e  s o l i d l i n e s  

a r e  i n t e r p o l a t i o n s  o f  t h e  d a t a  a t: 2 4  C eV / c 1 1 )  

P a r t i c l e  r a t ios : ( b ) l;
+
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+

;md 

The s o l i d  l i n e s  are i n t l• r p o l a t i u n s  of t h e  

d a t a  � t  2 4  C e V / c  1 1 ) 
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