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ABSTRACT 

Detailed studies of v tic and w No interactions at 10. S 

GeV/c have been ca r r i ed out. Multiplicities. cor re la t ions , ant) 

Inclusive momentum and rapidity apectr* for , t ° . and p 

a re reported. Avirngf mult ipl ici t ies for K° and A° production . o 

a r e a l so determined. Comparisons a rc made to resul t s I m m Bp 

interact ions. Relative to up collision** pion prodticfioti is enhanced 

iri the target f ragmentat ion region but not in the central or project i le 

fragmentation regions. Many of the pion production propert ies can 

be understood in termu of a simple kinrmaticM model in which the 

effect ive t j r g o t m a s s is g r ea t e r than 4 nucleon m a s s . A surpr is ing 

number of energet ic protons a r e observed (laboratory momentum 

>l» i GcV/c). For shower- t rack mult ipl ici t ies "" R, the produced 

nucit'ODH a r e found to carry away an average of 40% of the incident 

momentum, indicating the possible existence of previously unrecognized 

mechanisms for the efficient momentum t r ans fe r to nucleons in particle* 

nucleus coll isions. 

DISTRIBUTE •IW£NT IS UNLIMITED 
n . 



I. INTRODUCTION 

During the past several years there has been a growing interest 

in badron-nucleufi collisions in the multi-GeV energy region. 1 Much of 

this interest s tems f rom the possibility that a nuclear target , having a 

thickness of several fair might nerve as an analyzer Ior the space- t ime 

development of hadronic s tates passing through nuclear mat te r . The 

possibility also exists that the experimental study of these collisions 

might yield new information, not readily accessible in hadron-nucluon 

interact ions, concerning the internal s t ruc ture of hadrons. 

A great deal of experimental information on hadron-nucleus 

collisions has been gathered over a period of 25 or more years . In the 

early years o( this period, most of this work was accomplished using 

cosmic rays incident on photographic emulsions. ' Recent experimental 

work) using proton and pion beams f rom acce le ra to rs , has been donu by 

means of emulsion,^ ^ bubble chamber ,* and electronic techniques. ' ^ 

In these experiments, par t ic les over a wide range of inrjrient energy have 

been used to s tr ike targets having atomic numbers from A to A -

Several important features of those collisions have been established, 

among which a re : R ^ (defined as the rat io of mean multiplicity's 

lor p-A or t - A interactions to that for p-p or v-p interactions) is a smalt 

number that depends only weakly on the incident energy, (£) U^ grows 

very slowly with A, (3) had ron-nucleus interactions rxhibit an Approxi-

mate scaling of the Koba-Nielscn-Olesen type, (4) tbr mean flhuwrr 



m u l t i p l i c i t y g r o w s n e a r l y l i n e a r l y with the m u l t i p l i c i t y of i den t i f i ed p r o -

t o n s , (S) s e v e r a l e n e r g e t i c nuc leona a r e s o m e t i m e s e j e c t e d f r o m the 

c o l l i s i o n , anil (fa) p a r t i c l e p roduc t i on , r e l a t i v e to that f r o m h a d r o n - n u c l o o n 

i n t e r a c t i o n s , is approximately 1111 changed in the p r o j e c t i l e f r a g m e n t a t i o n 

r eg ion but is 9 igni ( icant ly enhanced in the t a r g e t f r a g m e n t a t i o n r e g i o n . 

A v a r i e t y of t h e o r e t i c a l and phenomeno log ica t i dea s have been 

a d v a n c e d iu a t t e m p t s to u n d e r s t a n d h a d r o n - n u c l e u s c o l l i s i o n s . One v e r y 

s i m p l e s c h e m e s u p p o s e s tha t p a r t i c l p s a r c p roduced i m m e d i a t e l y a t po in t s 

of co l l i s ion and that t h e s e p a r t i c l e s c a s c a d e independen t ly a s they p r o c e e d 

18 19 th rough the n u c l e u s ; ' h o w e v e r , t h i s mode l is c o m p l e t e l y r e f u t e d by 

the e x p e r i m e n t a l r e s u l t s on m u l t i p l i c i t i e s . The p a r a m e t e r i z a t i o n s p r o -

>.0 21,1, 
posed by the e n e r g y - f l u x - c a s c a d e m o d e l and the c o h e r e n t - t u b e mode l 

liotli en joy s o m e s u c c e s s in expla in ing the ex i s t i ng d a t a , a l though the 

ph i lo soph ie s of t h e s e two m o d e l s a r c qui te d i f f e r e n t . The need to inc lude 

the e f f e c t s of s p e c i a l r e l a t i v i t y in t h e s e c o l l i s i o n s l ias long been r e r o g -

n i ic i l , ^ In p a r t i c u l a r , one e x p e c t s that a had ron ic s t a t e p roduced 

a t the f i r s t co l l i s i on should behave a p p r o x i m a t e l y <is a s ing le p a r t i c l e a s it 

p r o c e e d s th rough the r e m a i n d e r of the n u r l e u s , p rov ided that it h a s a 

m e a n decay leng th , y e t , which is l a r g e c o m p a r e d to the n u c l e a r d i a m e t e r . 

It i s i n t e r e s t i n g that t h i s idpa a lone accoun t s i jua l i ta t ive ly fo r many of the 

ultHerved e x p e r i m e n t a l f a c t s . H o w e v e r , a c o m p r e h e n s i v e . quan t i t a t ive 

t r e a t m e n t of t h i s c o m p l e x s u b j e c t d u e s not a p p e a r l ikely in the n e a r f u t u r e . 
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In the present experiment we have made a thorough study uf sNc 

interaction* at 10. 5 GeV/c uni i f the full analyzing power of a bubble 

chamber . We note several advantage* of llie bubble chamber over other 

method*: a single nuclear target (Ne) may be studied; the charge and 

momenta ol produced t rack* can be determined in the magnetic field; 

t rack* can be detected over the full 4 * s teradian*. track density Infor-

mation i* available; v ray conversions and V° decays can be observed. 

Pre l iminary accounts of portions of this work may be found in Hefs. I1 

and 26. The outline of llie paper is a* fallows: in Sect. II, a brief sum-

m a r y i* given of Ihe experimental techniques and analysis methods used; 

in Sect. HI. multiplicit ies and correlat ions lor «" and a r e presented; 

in Sect. IV* the production propert ies of * , and p a r e covered; in 

Sect. Va resul t s on e", K°, and A° production a r e pre*unteri; and in Sect. 

VI. a brief summary and conclusions a r e given. We trust that this com-

prehensive experimental investigation using one nuclear target at on** bom-

barding energy will prove helpful in the attempt to improve the understanding 

of complex inelastic liadron-nucleus interactions. 
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U. KXPKHIMKNTAL. TECHNIQUES AND METHODS Of ANALYSIS 

A. Hubble C h a m b e r E x p o s u r e anil Pi on D r a m 

T a b l e I p r e s e n t s a s u m m a r y ol the da ta Sample s tud ied f o r th i s 

p a p e r . The S t a n f o r d L i n e a r A c c e l e r a t o r C e n t e r 112-inch bubble c h a m b e r 

M l f i l l ed with a m i x t u r e of U r n o l a r p e r c e n t Ne and 6 8 m o l a r p e r c e n t 

U^ , and e x p o s e d \ o i ' and i b e a m s hav ing c e n t r a l m o m e n t u m v a l u e s 

28 

of 10. I f . GeV f r and 10. 37 G e V / c . r e s p e c t i v e l y . T h e H^Ne rnWture 

had a r a d i a t i o n length of 12$ c m . 

It . Scann ing and M e a s u r i n g P r o c e d u r e s 

The f i lm was s c a n n e d fo r any i n t e r a c t i o n of a b e a m t r a c k in the 

u p s t r e a m t w o - t h i r d * of tlie bubble c h a m b e r . Scanned e v e n t • w e r e t l a s s i -

( icd by the n u m b e r s . n , N^) , w h e r e N^ i s t h e n u m b e r of v i sua l l y 

idenl i l ivd heav i ly i on i s ing p r o t o n t r a c k s , n i* the n u m b e r of nega t ive ly 

c h a r g e d t r a c k s . .ind n^ i s flip n u m b e r of pos i t i ve ly c h a r g e d t r a c k s which 

r e m a i n when a l l v i s u a l l y iden t i f i ed p ro lon t r a c k s a r e r e m o v e d T h r 

n u m b e r ol " s h o w e r t r a c k s " I t n^ : n ( t n . A s s o c i a t e d v e r i t i e s , a r i s i n g 

e i l l i c r f r o m y c o n v e r s i o n s o r f r o n t I he decay of K° or A ° p a r t i c l e s , w e r e 

a l s o r e c o r d e d . 

F i v e p e r c e n t uf lite f i l m was independent ly r e s c a n n e d to d e t e r m i n e 

s c a n e l l i c i e n c i r a : ' M S f o r e v e n t s with two o r m o r e c h a r g e d t r a c k s ; W X 

lo r e v e n t s Willi O u r i c h a r g e d t r a c k ; 9 1 % l o r a s s o c i a t e d s e c o n d a r y 

v r r l i r r s . Tlirae r l f i r i e n c y f a c t o r s liavp been u s e d lo c o r r e c t a l l mu l t i p l i c i t y 
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dal* presented in this paper . We note that iNe • l a i l i c scattering events 

a r r elfectively (included Iron) detection b c t e i n t ot the very tniall m l l c r m i 

angle involved. 

Both ap and aNe t ract ion* occur . The expected numbers of each 

kind of interaction a r e given in Table I. F rom the a u n information. an 

approximate separation of event* into *p and "Mr categories W41 made. 

An event was classif ied a* "hydrogenic" if N(i < t and if the net charge 

was consistent with a sp collision; otherwise, an event was classif ied as 

"nconic ." The resul t s of these classif icat ions a r e shown in Table I. We 

find that approximately tO*A of the sNe interactions a r e classif ied as 

hydrogenic by this procedure. These excess hydrugenic event* a r i s e f rom 

pion interaction* with a tpiASl-free nudeun in She Ne nucleus, where llir 

remainder of the nucleus act* a* a " spec t a to r . " Because wo find these |Kii|>ti-

c ra l collision* to be s imi la r to sp collisions, appropriate fract ions of the Ityilro-

genic events have been added to the neonic event* in order to provide an 

inclusive sample of "aNc interaction*.11 Throughout Hits paper, wr will 

use the t e r m s "«Ne interact ions" and "*p mlera t l ions" l>r drnule ihe property 

reiiorinalised samples , wherea* "neonic" and "hydrugenic*' wall he used 

to denote ihc categoric* defined alxive. 

A sample of **7%00 events were nipasnrril on Ihc »puii-auloiiM<ir 

measur ing syslein, KIPI'I.K. All measured events were retained fur 

analysis even though many events liad one ur more I r a i k i wlmh (.11!I'll 

in measurement o r ill re t onblrucliuti. For track* longer than 10 rm in 

cpace. the average probability for r'ici*ra»fiit measurement ami recon-
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s t r u c t i o n w a s 0 . 9 2 . T h i s p robab i l i t y iie|H>nilcd suim-what on mu l t i p l i c i t y , 

r ang ing I roni 0.9fc f u r t w o - p r o n g e d e v e n t s t o 0 . 8 7 f o r t w e l v e - p r o n g e d e v e n t s . 

Weights lia>'r been app l i ed to Ihe fi l ial s a m p l e t o c o m p e n s a t e fo r t h e s e t r a c k 

l u s s e s and a l s o t o a s s u r e tha t Ihe m u l t i p l i c i t y d i s t r i b u t i o n f r o m m e a s u r e d 

e v e n t * c o r r e s p o n d s lo that of t h e s c a n n e d e v e n t s , f ' r o lon t r a c k s hav ing v e r y 

low m o m e n t u m w e r e p r o c e s s e d r a t h e r i ne f f i c i en t l y . A v e r a g e d o v e r Ihe i n -

t e r v a l 0. I S < p < 0. 2% C e V / c , a p p r o x i m a t e l y 45*/e of the s c a n n e d p r o t o n s 

f a i l ed m e a s u r e m e n t u r r e c o n s t r u c t i o n . D e c a u a c t h e s e l o s s e s a r e conf ined 

t o w e l l - d e f i n e d k inc i i ia l ica l regio<>*. we have m a d e no c o r r e c t i o n s f o r ihc in 

in the d i s t r i b u t i o n s p r e s e n t e d in t h i s p a p e r . T h e s e c o n d a r y n e u t r a l v e r t i c e s 

(y , K° . A " ) f r o m t h e s e e v e n t s w e r e m e a s u r e d s e p a r a t e l y on a convent iona l 

i m a g e p l ane d i g i t i z e r . All t r a c t ' * w e r e s p a t i a l l y r e c o n s t r u c t e d u s i n g the 

p r o g r a m TVlSH, which w a s m o d i f i e d t o dea l with the H^Nu m i x t u r e . 

Whenever p o s s i b l e , c u r v a t u r e , r a n g e , and t r a c k d e n s i t y i n f o r m a t i o n 

h a v e been u s e d l o s e p a r a t e » ( t r a c k s f r o m pro ton t r a c k s . T h i s m e t h o d i s 

<piite r e l i a b l e below-* 0 . 9 G e V / c , but is not u s a b l e above " I . 3 G c V / c f o r 

the p r e s e n t I I^Nr m i x t u r e . Consequen t ly , N^ o f t e n i s s m a l l e r t han ttn- t r u e 

n u m b e r ol p r o t o n s and n ( o l t r n inc ludes s o m e p r u t n n s . On a s t a t i s t i c * ! 

b a s i s , t h i s ambigu i ty be tween ** and pro ton can b e r e s o l v e d by Ihe i sosp in 

i 
s y m m e t r y of the s Nr and • Ne i n t e r ac t i on* (»•-.- below), t h e r e f o r e , in the 

mul l ip l i t i ty and inc lus ive p. i i tul<- d i s t r i b u t i o n s , a s e p a r a t i o n be tween T' 

a n d |> i . in b e m a d e . The p r e s e n c e ol k ' t r a c k s h a s been ignored in 

th i s s tudy. T h i s I* j u s t i f i e d Ix-cause Ihe r a t i o of K ' / • " is only a p p r o x i -

m a t e l y ) . • > % . a s d e t e r m i n e d by o u r s tudy of k " p roduc t ion ( s e e Sec t ion V). 



C. Isospin Symmetry ul a Nr. ami a*Ne Interactions 

We liave made use of Ihe isospin cymnieiry of «'N« and • Ne 

system* in order to untangle the ambiguities lielween s* and proton 

distributions. Under reversa l of Ihe third component of isusptn, we 

have i " , p n, and Ne Ne |Ne is an 1 - 0 nuclcusl. For 

example, the following relations (and s imi la r relations) must hold: 

< V ) . » N e * . N e 

<N„).»Ne ' <Nn>.Ne 

where, e . g , , ( N ^ I ^ is the average number of protons produced in 

**NC collisions. More generally, we have Ihe relation 

f<n f . n n N , N ) i = f(n . , • , , n H , N I a* • »c p n a r Ne • s r • n p i Ne 

where f|- • • ) ( t N e r ep resen t s any 'unction of Ihe produced par t ic les for 

s*Ne collisions. Fur ther details of our use of isospin symmetry a r e 

given with the presentation of Ihe data in Sections Iff-Vf. 

1). Weights and Correct ions for y, K°, and A° I ' a r lUI - s 

Each observed y conversion (or decay of It" or A u | was weighted 

by a factor w ; P where P is Ihe probability for observation: 

In this expression A is the conversion (nr decay) length, and . 

| L ) is the minimum (maximum) allowable neutral track length. In 
.nax 
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o r d e r t o avoid confus ion wi th t r a c k * I ron t Ihc p r i m a r y i n t e r a c t i o n , 

I . « j i chiuien to be 2 c m . F o r y c o n v e r s i o n * . I . was c h o s e n 
m i n m a x 

t o b e the s m a l l e r «( 120 c m o r I) ,- w h e r e I) i s the m a x i m u m m a x m a x 

potent ia l length t o Ihe edge of the f iduc ia l vo lume . F o r k J ' o r A ° d e c a y s , 

I. w a s i h o s e n to be the s m a l l e r of 2. •> A o r D T h e a v e r a g e 
m a x m a x 

p r o b a b i l i t y of a n e ' e ( invers ion wi th in the f iduc ia l v o l u m e is a p p r o x i -

m a t e l y II 20 
I -

A p p r o x i m a t e l y H % o l the e e p a i r s w e r e r e j e c t e d a f t e r m e a s -

u r e m e n t on the b a s i s of puint ing t e s t s o r h r e m s s t r a h l u n g o r i g i n t e s t s . ^ 

A p p r o x i m a t e l y 6 % of the K ° and A ° p a r t i c l e s a l s o fa i l ed a point ing t e s t . 

C o r r e s p o n d i n g c o r r e c t i o n s h a v e been m a d e t o the we igh t s of the s u r -

v iv ing p a i r s o r decays -

C o r r e c t i o n s f o r r a d i a t i v e l o s s e s l o r Ihe r ' e p a i r s w e r e a l s o m a d e . 

The lypir . i l c o r r e c t i o n • • in tbe e n e r g y of Ihe p a i r s . 
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111. CHARGED PARTICLE MULTIPLICITIES ANI) CORRELATIONS 

A. Averaged Multiplicities of Charged Par t ic l ra 

The averaged part icle multiplicit ies a r e given in Table J|. In 

obtaining these averages , it has been assumed that the charged par t ic les 

a r e »*, * . or p (tliat is , K~, SI*, p, etc , have been ignored). Applying 

the requirement* of charge symmetry , we then (ind Ihe following re la-

tions: 

< V > . 4 N e = < V > . * N s ' < " - > s f N . • 

and 

Thus we a r e able to f i n d < u n d ^ " p ^ ( o r both reacliuns hy 

measuring the quantities ^ n ) , ^ n ^ , and ^ N ^ ) for both reactions. 

In TalXe III, we summar ize Ihe values for ^ n ^ - ^ i i ^ , ^ • 

the average number of pions produced in inelastic «*Ne interactions, and 

the values of R, defined as 

R -

»P 

we have R N e - i . 08 t 0. 03. 

Much attention lias been given to the rat io It in lid 'I run -mil I I'llH 

interactions. The resul t s of many experiments have shown th.it K is 

smal l , grows very slowly W i l l i increasing utonur number, anil IH nearly 
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independent uf b o m b a r d i n g e n e r g y f o r t ixed a t o m i c n u m b e r . ' 

Tiieue f ac t a c l e a r l y r u l e out m o d e l a in which a l l p r o d u c e d p a r t i c l e s a r e 

a l lowed to c a s c a d e independent ly in the n u c l e u s . H o w e v e r , the 

behav io r of R can be a c c o m o d a t e d by s e v e r a l qui te d i f f e r e n t m o d e l s in 

which the evolut ion t i m e of the s c a t t e r e d p r o j e c t i l e f r a g m e n t s i s c o m -

p a r a b l e to o r l onge r than the t i m e be tween s u c c e s s i v e c o l l i s i o n s i n s i d e 

20 
the nuc l eus . In the " e n e r g y flux c a s c a d e " mode l of G o t t f r i e d , 

R — I t a ( ( f } - I ) , w h e r e } / i s the n u m b e r of co l l i s i ons of the p r o j e c t i l e 

s y s t e m in p a s s i n g th rough the n u c l e u s , and w h e r e the usua l va lue of the 

p a r a m e t e r a Is a p p r o x i m a t e l y 1 /3 . F o r «Ne i n t e r a c t i o n s , wi: have 

< V > N e = A " i n e l ( " p , / ' i n e l ( " N e ) - ' T h r P " 6 " ' 1 r e » u U - R
N e = 1 ° 8 ' 

t h e r e f o r e i m p l i e s tha t a — 0. 12, which i s s o m e w h a t l o w e r than the con -

vent ional va lue . The " c o h e r e n t t u b e " m o d e l of H e r l a d , D.ir , and E i l a m " 

predic tB K - w h e r e the eva lua t ion of depends to suine 

extent on the a s s u m e d n u c l e a r s h a p e . Tak ing Ihe nuc l eus to be a u n i f o r m 

s p h e r e , we find that ' a g r e e m e n t with the 

d a t a , p rov ided that a va lue of I . is u s e d . 

Wc note that the m o d e l s d i s c u s s e d in the p r e v i o u s p a r a g r a p h a r e 

d e s i g n e d for h i g h - e n e r g y c o l l i s i o n s , and t h e r e f o r e m a y not be wholly 

a p p l i c a b l e a t e n e r g i e s a s low a s 10. S GcV. At th is r e l a t i v e l y low e n e r g y , 

a c o m p l e t e ties1'* lpt ion uf hadro i i -nuc lcug co l l i s ions would have to c o n s i d e r 

the e f l c i t uf u l jborpt iun and would have to account fo r Burn*' independent 

c a s c a d i n g of the w i d e - a n g l e p a r t i c l e s . 
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6 . Multiplicity Distributions Corrected for Ambiguities 

between p and 

The observed scanned events lor t ^ N e interactions pruvide mult i-

plicity distributions in Ihe variables n^, n . and Nh< These distributinns 

a r e denuted by g " ( n f , n , N^ ). We now discuss the procedure used to 

determine the corresponding distributions, h~(n i , n N |. These lat ter 
' s T * p 

distributions will he called the "cor rec ted" distr ibutions. 

In Table IV we present the experimental distr ibutions, G ^ ( n ( , n_| . 

where 

G"(n , n . ) S £ g-(n . n , N.) 
N h t - h 

That is, U ' fn^ , n ) Is just the distribution of positively and negatively 

charged shower t r acks , summed over N^, [I all produced protons had 

been classif ied among the N^ hesvily ionising par t ic les , then we would 

expect to find n < f and n - n ^ . . As a consequence of isospin requi re-

ments , we wuuld then expect to find G* (n^,n.J = G~(n , n^>. However, 

it is evident f rom Table IV that this relation is pourly satisfied by 

the raw scan data. We a re therefore forced to conclude that a significant 

fraction of the positively charged shower t racks a r e protons. The number 

of these "fas t knockout" protons in an event is N, = N - N. . From Table II, f p h 

we find <N{") = 0. 78 f 0 .1 J for «*Ne and = 0. 4(. i 0. U for « 'He . 

Fur ther evidence fur the presence of protons among the shower 

t racks is seen in the average net charge of Ihc shower t racks . For each 
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(.•vent, we d e f i n e the ne t b e a m - l i k e c h a r g e of the s h o w e r p a r t i c l e s , '-Y-, 

aa fo l lows: 

A = n - n lo" n*Nr 
a + -

- n - n^ for «*Ne 

F i g u r e l a shows the dependence of the a v e r a g e d va luea ( A , aa a 

(mict ion of a h o w e r m u l t i p l i c i t y , n^ . (Reca l l tha t n g = n ( t n . ) If 

t h e r e w e r e no p ro tona a m o n g the ahowcr t r a c k s , then the v a l u e s of A ^ 

would be the s a m e fo r a*Ne and • Ne e v e n t s . The e f f e c t of the u n i d e n t i -

f ied p r o t o n t r a c k s Is r e a d i l y a p p a r e n t ; the a v e r a g e n u m b e r of such p ro ton 

t r a c k s p e r even t g r o w s f r o m ~ 0 fo r n s I to ** I f o r n^ - 8 . 

In o r d e r to d e t e r m i n e the c o r r e c t e d d i s t r i b u t i o n s , h ^ ( n f . n , N ), » a - p 

i t i s nvceitary to r e d i s t r i b u t e the n + t r a c k s f r o m the o b s e r v e d e v e n t s . 

Tha t i s , the o b s e r v e d e v e n t s in g ' (n^, n , N ^ ) m u s t c o n t r i b u t e to t h e 

e v e n t s in h ' (n, - i n , n , N . f m ) , w h e r e m = 0, I , I • • • . We have found » n 
f r o m the da t a tha t t h i s r e d i s t r i b u t i o n a p p e a r s to he independent of N^. 

Thus we de f ine 

H" (n , , n ) 5 X h - ( n n N ) . »* s* N s T a p "p 

That i s , II- Iii^j, > i s the m u l t i p l i c i t y d i s t r i b u t i o n , s u m m e d o v e r N^, 

fo r p roduc ing n ^ , pos i t ive p ionr and nega t i ve piuna. As d i s c u s s e d 

in de ta i l m Appendix A, a su i t ab l e p a r a m e t e r i z a t i o n was dev i sed tr> 
I 

di ' le r tn i i ie a l e a s t - s q u a r e s fit f o r the l l ' t ' n n ^ J d i s t r i b u t i o n s f r o m 
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Ihe G* (n^, distributions. The tit was subjected bin-by-bin to the 

isotopic spin constraint* 

H + <V' V 1 = H ~*V V 1 ' 
for O ^ n and 0 ^ n 7. The fit was fur ther constrained such that tT i 
the final averaged pion multiplici t ies, f , were consistent 

with the resul ts given in Table II. En addition, the overall net charge of 

tiie filled pion multiplicit ies were required to be consistent between **Ne 

and v 'Ne interactions. 

The fitted H ^ f n ^ , ) distributions, which a re hereaf ter called 

the "corrected" pion multiplicity distributions* a r e displayed in Table V. 

The complete three dimensional distr ibutions, n N^J, a r e 

somewhat voluminous and a r e not presented in this paper . However* in 

Table VI we do show the collapsed distributions in the variables N^ and 

n , where n = h . f n Kesults based on these corrected distributions s w if* w 

a re presented in Section HI. C below. 

The excellent agreement between l l ' l n ^ , , ) and II l*^- . n
B f ) 

in Table V at tests to the adequacy of the correct ion procedure. A further 

check of this method i s shown in Fig. ib. which is a plot of iIih average 

net charge ol the pion t racks versus n . In this figure, wr define / ^ by: 

A = n . - n _ for n t* « 
5 n - n f°r " Ne 

m « r 



Excel lent a g r e e m e n t is aga in found between the corrected r* Ne and r~ Ne 

r e s u l t s . We conclude tha t Ihe p r e s e n t c o r r e c t i o n p r o c e d u r e is quite r e -

l i ab le . U i s pe rhaps wor th s t r e s s i n g again that the s u c c e s s o( th is p r o c e d u r e 

h a s depended c r i t i c a l l y on the s t r ingen t r e q u i r e m e n t s of cha rge s y m m e t r y . 

C . Resu l t s f r o m the C o r r e c t e d Multipl ici ty Dis t r ibu t ions 

The mul t ip l ic i ty d i s t r i bu t ions in n g , the number o( cha rged shower 

p a r t i c l e s pe r event , and in n^, the n u m b e r of cha rged pions p e r event , a r e 

given in Table VII. These d i s t r i bu t ions a r e readi ly obtained f r o m Tables 

IV and V. The d i s p e r s i o n p a r a m e t e r for the cha rged pion mul t ip l ic i ty is 

| - ^ " . y ) 1 ' 2 = 1 .99 0 .03 . In Fijj. 2 , the n^ d is t r ibu t ion (averaged 

over the n* Ne and • Ne r e s u l t s ) i s d isp layed in the KNO scal ing f o r m " ' ' " 

and is compared to r ' N c r e s u l t s a t 200 G e V / c ' ' and to w'p and «"p da ta 

5 .6 .9 .11 

in t e rpo la t ed to 10. b GeV/c. The sca led • Ne d i s t r i bu t ions are in ve ry 

good a g r e e m e n t with each o the r , and a r c cons is ten t with KNO scal ing . 

Agreement with KNO sca l ing fo r p a r t i c l e - n u c l e u s in te rac t ions has been 

found p rev ious ly . The «Ne and s p d i s l r i b u l . - i s a r e a l s o s i m i l a r , although 

t he »Nc shape is c l ea r ly b r o a d e r . This broadening could be caused by 

mul t ip le col l is ion p r o c e s s e s in the nuc leus , hut it a l s o could r e su l t f r o m 

k inemat ic l imi ta t ions at the re la t ive ly low energy of the presen t expe r imen t . 

bi Fig. I d isp lay the d i s t r ibu t ion m A ^ . the net cha rge uf the pion 

t r a c k s . The n* Ne and «~Ne data have been ave raged in this plot. Multiple 
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collision* involving charge exchange can cause the net charge of the 

pions to migrate to a tinat value considerably different f rom Ihe charge 

of tile incident beam particle. However, this does not appear lo occur 

very often since only 12'/a of the events have I A r - l | > I. The hand-

drawn dashed lines show an exponential decrease proportional to 

cxp | -2 .1 • l) ) for A ^ X ) and proportional lo exp(- l . 7 l | ) for 

A„<o. 
The multiplicity distributions In N^, the number nf identified 

heavily ionising protons, and in N , the corrected number of protons, 
P 

a r e given in Table VIII. The N^ distributions a r e a lso plotted in f i g . 4. 
I 

The N distribution for r Ne Is somewhat broader than that lor * N<•, 
P 

as required by the values for ^ N ^ given in Table It. A* N^ increases, 

both spectra fall in a smooth way somewhat faster than exponentially. 

The numbers of protons produced per event ref lec ts the disruption of 

the struck nucleus, and in an average way, should measure the number 

of elementary collisions of the beam or beam fragments with Ihc nucleons 

in the nucleus. It is interesting lo observe that in ~ 1% of the events, 

nine or more protons emerge (all having laboratory momenta above—D. 15 

GeV/c); such events a r c likely to resul t f rom a combination of several 

3) elementary collisions of the beam fragments in conjunction with 

several secondary collisions of par t ic les produced at wide angles. Note 

that isospin symmetry implies that the N^ distribution for s Ne is identical 

to the neutron distribution for «*Nc, and vice-versa . Therefore the dashed 
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(sol id) h i s t o g r a m in Fig. 4 can a l s o be viewed a s (lie neu t ron mul t ip l i c i ty 

distritmli>.'.-> !ur • Ne (* Ne) in i c rac t ions . 

The c o r r e l a t i o n s between n and N a r e o( c o n s i d e r a b l e i n t e r e s t 
» P 

s ince limy a r e s ens i t i ve to the de ta i l s of the i n t r anuc l ea r c a s c a d e p r o -

c e s s e s . In Fig . 5a we p r e s e n t the s c a l e d charged pion multiplicity 

v e r s u s N^. Fo r 5, the pion mul t ip l ic i ty is found lo grow roughly a s 

<n > (N ( j »> I ( n j ) S O.B • 0. I Np (dashed Jinp). S i m i l a r c o r r e U t m s 

have been o b s e r v e d in p ro ton -nuc leus s tud ie s* " and in tr-nuclcus 

s t u d i e s . ' " T h i s l i n e a r growth is l ikely to be caused by an i n c r e a s e 

in the a v e r a g e n u m b e r ol i n t e r ac t i ons within (he nuc leus . Beyond N 5. P 

t h e r e appears la be a s a tu ra t i on in ^n^(N^)^ (hat is p e r h a p s caused by 

(he finite s i z e of the Ne nuc l eus . 

fn Fig. 5b we show, a s a function of N^, the r a t i o of (ho d i s p e r s i o n 

p a r a m e t e r divided by a v e r a g e number of cha rged p ions . A l i nea r 

r e l a t ionsh ip is found. D(N ) / < n (N )} - 0 . 6 2 - 0 . 0 ? N . Th is m e a n s 
P ^ • p ' p 

tha t , a s a (unction of N^, the d i s p e r s i o n of the mul t ip l ic i ty grows m o r e 

slowly than the a v e r a g e mul t ip l ic i ty . Th is c f f ec t . a t l e a s t tn p a r t , may 

be caused by k inema t i c r e s t r i c t i o n s a t 10. 5 GeV/e s ince it i s d i f f icul t to 

p roduce m o r e than m 10 piona a t thi.< re la t ive ly tow e n e r g y , e spec i a l ly in 

c e n t r a l (high K^) co l l i s ions , ft would be of i n t e r e s t to rxan i ine the be-

havior uf th is r . i t io M h igher e n e r g i e s . We a l s o note that the p r e s e n t 

r e s u l t s imply thai the s a m e KNO scal ing function cannot d p s r r i b r exact ly 

the cha rged pion mul t ip l ic i ty s p r c t r a fo r a l l va lues of N (at 10. 5 GeV/c) . 
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In Fig. 6, the average number of protons per event. , 

is plotted versus n . Again, a nearly linear growth is found. Tlie results 

of Figs. 5 and b, taken together, imply that events with large values of 

n tend to have larg^ values of N , and vice-versa. In other words, as 
* P 

the violence of a particle-nucleus collision is increased, a simultaneous 

growth of n^ and N^ is found. 

Andersson' has suggested that it should be interesting to examine 

the correlations between n^ and the number of lightly-ionizing (last knock-

out) protons, Nj, because Nj (rather than N^ or N^) might provide the bent 

measure of the number of elementary collisions of the projectile or its 

fragments with the nucleons in the nucleus. Although a fast knock-nut 

proton cannot be distinguished frnm a positive piun on a track-by-irack 

basis , the correction procedure discussed above does provide a statistical 

method for obtaining charged pion multiplicity distributions corresponding 

to various values of N .̂ The leader is cautioned that Ihe parameter N^ de-

fined in this way overestimates the number of energetic protons (p> I. o GeV/c) 

by a factor of approximately I. 5 because unrecognized low energy protons a re 

also included. In Fig. 7a and Fig. 7b, respectively, we show the averaged 

multiplicity, and the ratio, D ( N ( i / d s functions of N(. 

The s+Ne and n Ne results have been averaged in these plots. The heh.ivior 

of these quantities as functions at N^ is quite similar to their behavior .is 

functions of N^ (see Fig. 5). Apparently both Nf and N^ a re re.is>in.ililt-

•lieaaureB of the number of e l e m e n t a r y collisions. 
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IV. PRODUCTION OK CHARGED PIONS ANIJ PHOTONS 

A. Introduct ion 

In tilts sec t ion we p r e s e n t data on charged par t ic le production in 

*Ne in t e rac t ions and compare them to the r e s u l t s ol sp i n t e r ac t i ons . 

T h e s e da ta should p rov ide insight into the c h a r a c t e r i s t i c s of hadron shower 

development within a nuc leus and should be usefu l for t e s t ing mode l s of 

h a d r o n - n u c l e u s co l l i s ions . 

Fur convenience of e x p r e s s i o n , we def ine " f a v o r e d " and un favored" 

pions to be produced a s fol lows: 

w^Ne — b * X ( favored) , 

and 

si'Nr -p- **X (unfavored) . 

Tli.it i s , the favored (unlavored) pions have the s a m e (opposite) cha rge 

•is the incident p e r l u l e , T h e s e t e r m s will a l so be used to r e f e r e n c e sp 

in t e rac t ions . 

Wr iiftc the symbo l s p , p , E , and y to r e p r e s e n t , r e spec t ive ly , 
L T 

the Iuiigitudin.it m o m e n t u m , t r a n s v e r s e m o m e n t u m , energy , and rapidi ty 

v a r i a b l e s m the l abora to ry s y s t e m . .Symbols with an a s t e n s h ( e . g . , y * ) 

•tie used In r e p r e s e n t va r i ab l e s in the cen te r of maHS sybtem of the 111-

* iiintng pitin .Hid .t s ingle nucleoli. 
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Extensive use i» again made of the isospin symmetry between Ne 

and i Ne. For example, the longitudinal momentum dmirilmtiuiti of 

favored (or untivored) pions lor w* Ne and * Nc should he equal: 

de , » d* , - . 
d 7 j " V N c " d p j " \ * N e 

Thus the inclusive » ' distributions can bs found for holli reactions by 

measur ing both of the inclusive s distributions, (Note that we have assumed 

that all negatively charged track* a r e pious.) We a l so can determine Ihe 

inclusive momentum spectrum of the unidentified lightly mmiing protons 

(fast knockout protons) by subtracting the spectrum for negatively charged 

shower tracks f rom that for positively charged shower t racks. For example: 

dff . . ds . t d« . - . 
dp7 f s*Ne ~ dp7 > . » N e - d ^ ' * V Ne 1 

Lt Lt L 

where pf r e fe r* lo an unidentified proton and »* (• ) refer* to a positively 

{negatively) charged shower t rack. This subtraction technique to valid 'or 

any variable or combination of variables that do not depend upon the manses 

of the par t ic les ( e . g . , valid for momenta but not for rapidity). 

B. Charged Pion Distributions 

We find that the most significant differences between *N«» and sp 

single pion distributions occur in the target fragmentation region. This is 

shown in Fig. H, where the invariant s t ruc ture function for rliarged pions, 
I 

integrated over p ^ , is plotted versus p^ . In ovrter to faci.'ifnte the com-

pari won between wNe interactions (sulid histograms) and sp interactions 
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lil.,nhi-il h i s t o g r a m s ! , l/ir invariant s t r u c t u r e lunt Ilium lu vr tu rn d iv ided 

by the a p p r o p r i a t e mrhiftic ero»m a r c l i o n s ? * In the t a r g e t f r a g m e n t a t i o n 

reg ion ? I GrV/cf, t h e r e i s a c l e a r e x c e s s o l the a N c d i s t i ibntinn 

o v e r tlie s p d i s t r i l io l ion . I 'o r both the f a v o r e d and u n f j v o r e d p ions , the 

r a t i o ol p roduc t ion f r o m « N e to that f r o m u p is s e»n to grow f r o m ~ l 

to <v 1 a s P j is d e c r e a s e d f r o n t M I G e V / c to » e r o . T h i s l a r g e r e l a t i v e 

i n c r e a s e in pion produc t ion in the t a r g e t f r a g m e n t a t i o n region a p p e a r s to 

be a fundamen ta l f e a t u r e of h a d r o n - n u r l e u s c o l l i s i o n s . We a l s o note that 

a por t ion of th i s e x c e s s v p roduc t ion is expec ted on the b a m s of c h a r g e 

c o n s e r v a t i o n b e c a u s e the p r o c e s s i ^ n • « X (which oi r o r s i n i d f thp 

N» n u c l e u s ! is f a v o r e d r e l a t i v e lo Ihe p r o c e s s s * p * » X 

The intlutivr s i ng le p ion rap id i ty spe r ' . - a f r o m «Ne and ap i n t e r -

ac t i ons a r e shown and c o m p a r e d in F ig . 9. F o r both the f avo red and 

u n f a v o r e d pion d i s t r i b u t i o n , we f ind: ( I ) fo r y* < 0 , pion p roduc t ion f r o m 

>NP IS two o r t h r e e t i m e s a s l a r g e a s tha t I r o m up; (2) the INP and a p 

s p e c t r a c o n v e r g e n e a r y " = 0; and ( I ) the sNe and >p d i s t r i b u t i o n s r e -

m a i n n e a r l y equal fo r Ihe e n t i r e f o r w a r d h e m i s p h e r e , y* > 0. T h e s e 

t r e n d s a r e f u r t h e r i l l u s t r a t e d by the r a t i o s of t h r "Ne to ap d i s t r i b u t i o n s 

in Fig. 10. In the p r o j e c t o r f r a g m e n t a t i o n reg ion th i s r a t i o is 

a p p r o x i m a t e l y 0 . 8 for Ihe f a v o r e d p ions , and is in mi ld d i s a g r e e m e n t 

with r e s u l t s at h i g h e r e n e r g i e s w h e r e a r a t i o n e a r uni ty i s found. ' ' 

It i s p o s s i b l e that the a b s o r p t i o n of p r o j e c t i l e f r a g m e n t s is g r e a t e r at 

low e n e r g i e s than at high e n e r g i e s b e c a u s p t h e r e is m u r e t i m e fo r (lie 

p r o j e c t i l e s y s t e m to d e v e l o p b e f o r e leav ing the nuc l eus . 
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11 
The similar i ty seen in the region y* > 0 implies that the f r ag -

ments of the projecti le system must act nearly as a single part icle as 

Che system proceeds through the nucleus. That is, the evolution t ime of 

the projecti le system must be long relative to its t ransi t time across the 

uucleuSk and repeated collisions within the nucleus have little effect on the 

final projecti le f ragments . On the other hand, the target f ragments a rc 

significantly enhanced by the multiple collisions in the nucleus, and it is 

this portion of the rapidity spectrum that contributes to the r ise in mult i-

plicity from a nucleus relat ive to a nucleon. 

It Is of in teres t to ask whether there is a leading particle effect 

for the favored pions produced in wNe collisions. As is seen from Tabic 2, 

there a r e 0. 71 £ 0. 03 m o r e favored pions than unfavored pions per evoi t . 

The kinematic regions into which these excess favored pions a re produced 

are evident in Table IX, where we give the average number of w per event 

observed in various intervals of y and N^. Large excesses of favored 

pions a re found in the central and projecti le rapidity regions when N ^ I, 

but only small excesses a re seen elsewhere. Thus we can conclude that 

the leading par t ic le effect is present for the peripheral nNe interactions 

1) but not for the :ion-peripheral interactions 

Me.'iy of the propert ies of fiadron-nticieus collisions can be reJatnd 

to those f rom hadron-nucleon collisions by assuming that in a nucleus the 

incident hadron can collide conjointly with m o r e than one nucleon-

The effective mass oi' the target* and therefore the available cenlcr -of -
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m a s s e n e r g y i s i n c r e a s e d in a n u c l e a r t a r g e t r e l a t i v e to a ni icleon t a r g e t . 

2 4 , 3 5 

'I ' liese i dea s h a v e been c o n s i d e r e d fo r s o m e t i m e . ' The " c o h e r e n t 

21 22 

t u b e " m o d e l ' i s a r e c e n t e x t e n s i o n of t h e s e i d e a s . In o r d e r to m a k e 

de f in i t e p r e d i c t i o n s f o r the nNe r a p i d i t y da t a . We a s s u m e tha t the inc ident 

p a r t i c l e c o l l i d e s w i t h v n t ic leons in the n u c l e u s in s u c h a way tha t the 

e f f e c t i v e t a r g e t m a s s i s T M . w h e r e M i s the nuc leon m a s s . The p r o d u c e d 

s p e c t r u m is then a s s u m e d to be equal to tha t f o r a s i n g l e nuc leon co l l i s i on , 

but a t a n e l e v a t e d e n e r g y g iven by 
2 2 2 2 1/2 

s = m + (vM) + 2 v M j p + m ) 

* 2 v M p 

w h e r e p i s the l a b o r a t o r y m o m e n t u m of the inc ident pion and rn i s the pion 

m a s s (which m a y be i g n o r e d a t t h e p r e s e n t e n e r g i e s ) . T h e r ap id i ty d i s t r i -

but ion in y * m u s t then be boos t ed to the l a b o r a t o r y s y s t e m f o r each va lue 

of v> a s fo l lows : 

w h e r e I t- & 

^ i s the t r a n s f o r m a t i o n ve loc i ty be tween the l a b o r a t o r y and t h e c e n t e r -

o f - m a a s f r a m e s . The r e s u l t i n g r ap id i ty d i s t r i b u t i o n s can (lien be s u m m e d 

to ob(ain a de f in i t e p r e d i c t i o n f o r a p a r t i c l e - n u c l e u s co l l i s i on . 

We have t e s t e d such a p r ed i c t i on a g a i n s t o u r da ta fo r the r e a c t i o n 

n ' N c ti X. In o r d e r to a v e r a g e o v e r **p and n ' n d i s t r i b u t i o n s , we have 

s u m m e d o v e r (fata, ' a s follows: 
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» i n e l ( - N e ) d„ 
<la ( w * N e w " X ; / ) 

inel 

where the factors represent the fract ion of «Ne interactions involving 

V nucl cone. On the basis of a uniform Ne nucleus, we es t imate ~ 0 59, 

0.30, and 0. II for V - I . 2, and 3, respectively. (Contributions for V > 3 

have been ignored.) The resulting prediction, which has no adjustable 

pa ramete r s^ 7 is shown in Fig. 9b and ie in remarkablv good agreement 

with the data. 

In Fig. 11. we plot the rapidity spectrum for the unfavored pions 

subdivided into three groups according to the number of heavily ionising 

proton tracks: I <53% of fee events), 2 < N h ^ 4 (33%of the events), 

and 10 ( 9 % of the events). Since N^ seems to bq a rough measure 

of i i t we expect that these divisions should correspond approximately to 

V - and 3, respectively. The curves imposed on the data a r e the 

component distributions which make up the prediction of Fig. 9b. 

These curves provide a qualitatively good description of the data. As -p 

is increased, the component spectra a r e broadened {because of higher 

effective cen te r -o f -mass energies) and shifted to lower rapidity (because 

of smal ler t ransformat ion velocities, The data a lso show these t rends. 

In Table X, we give the mean values of laboratory mpidity corresponding to these 
to 

selections on N^ together with the calculated boost fuctora, . 

We have also examined the rapidity distributions for the following 
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s u b d i v i s i o n s : n 6 ? n 4 8, and 9 ? n . S ince n and N. have a s s a s h 
n e a r l y l i n e a r c o r r e l a t i o n , we a l s o expec t t h e s e d iv i s i ons to c o r r e s p o n d 

a p p r o x i m a t e l y lo V - I , 2, and 3, r e s p e c t i v e l y . T h e r e s u l t i n g r a p i d i t y 

d i s t r i b u t i o n s (not shown) exhibi t t r e n d s s i m i l a r to t h o s e s e e n in F ig . I I . 

T h e m e a n l a b o r a t o r y r ap id i ty v a l u e s fo r the n g s e l e c t i o n s a r e given in 

Tab le X, and a r c in good a g r e e m e n t with the c o r r e s p o n d i n g va lues fo r the 

N, s e l e c t i o n s , h 
tt is p o s s i b l e t h a t t h e p r e s e n t a g r e e m e n t a t 10. 5 G e V / c could be 

a f o r t u i t o u s r e s u l t c a u s c d by k i n e m a t i c a l r e s t r i c t i o n s a t th i s ene rgy-

Def in i t ive t e s t s of t h e s e i d e a s a r e needed a t h ighe r e n e r g i e s , w h e r e a t p r e s e n t 

t h e r e i s s o m e c o n t r o v e r s y o v e r w h e l h e r o r nut the " c o h e r e n t t u b e " m o d e l predii i 

1 , 2 2 14 
t i o n s a g r e e wi th the ava i l ab l e d a t a . De ta i l ed c o m p a r i s o n s a r e 

d i f f i cu l t a t high e n e r g i e s both b e c a u s e of e x p e r i m e n t a l m e a s u r e m e n t 

p r o b l e m s and b e c a u s e of u n c e r t a i n t i e s in the n u c l e a r m o d e l i n g and in the 

l i ad ron - l i ad ron rap id i ty d i s t r i b u t i o n s . 

We tu rn now to the examina t ion of d i s t r i b u t i o n s in t r a n s v e r s e 

m o m e n t u m . T h e p r i n c i p a l r e s u l t i s tha t the «Ne da t a a r e n e a r l y i nd i s -

t i n g u i s h a b l e f r o m the up d a t a . In F i g . 12, we show the p ^ d i s t r i b u t i o n s , 

n o r m a l i s e d s o that the s a m e n u m b e r of t r a c k s a r e p lo t ted f o r the «Ne and 

np d a t a . lu the i n t e r v a l p ^ < I ( G e V / c ) ^ , t h e r e a r e no s i gn i f i c an t d i f f e r -

e n c e s be tween the da t a f r o m the two t a r g e t s ; thin ho lds both f o r the f a v o r e d 

and the u n f a v o r d p ions . The a v e r a g e s , ^ p . ^ and • a r e given in 

T a b l e X and a l s o show tha t the d i f f e r e n c e s be tween np and s N e a r e s m a l l . 

The v a l u e s fo r and ( p ^ a r e l a r g e r f o r the f a v o r e d p ions than 
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for the unfavored pions 1 this is true for both irNe and »p Interactions. 

We also note that the averages found (or sp a r c in good agreement with 

. M 
previously reported results. 

It might be conjectured that the t ransverse momentum spectrum 

should become broader as N^ is increased because more nucleons then 

tend to participate in the wNe collisions. In order to search for such an 

effect, we have plotted ^ P ^ a s a function of N^ (see Fig. 13). The 

surprising result is that appears to be independent of N^. for N^ ) 1; 

this is true for both the favored (solid triangles) and unfavored (solid 

circles) pions. For N^ differences between the favored and unfavored 

pions do occur; however, these ^P^.^ values a re in guad agreement with 

the corresponding sp values (open triangle and open circle). Also plutted 

in this Figure a re values of -^p^(N^)^ for the most energetic (leading) 

s~ produced in u Ne events (solid diamonds) and in w p events (open dia-

mond). The leading »" particles clearly have significantly larger ^ 

values than those found by averaging over all favored pions, but again the 

nNe values for ^ p ^ are independent of N^, and are in good agreement 

with the up value. 

We have a lso examined the behavior of ^Pr^y as a function of 

rapidity, and show these results in Fig. 14. The corresponding sNe and 

up data once more exhibit almost identical behavior. The data also reveal 

some interesting trends. Kinematical limitations apparently restr ict 

^ p ^ for very Bmall and very large rapidities. For the unfavored pious, 

is roughly symmetric about y* - 0. For yV < 0 , the values 

for favored and unfavored pious a r e similar , hut for y* y 0, they are 
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c o n s i d e r a b l y l a r g e r f o r the f a v o r e d p ions . T h e d i f f e r e n c e s s e e n f o r y " > 0 

a r c ev ident ly due to l e a d i n g p a r t i c l e e f f e c t s in both t h e xp and nNe da ta . 

bi s u m m a r y , t h e m o s t s i g n i f i c a n t d i f f e r e n c e s a t 10. 5 G e V / c be tween 

t h e i n c l u s i v e p ion d i s t r i b u t i o n s f r o m nNe and xp i n t e r a c t i o n s o c c u r in the 

t a r g e t f r a g m e n t a t i o n r e g i o n . The e n h a n c e m e n t of c h a r g e d pion p roduc t ion 

in t h i s r eg ion s t e m s f r o m e v e n t s which have l a r g e N^ v a l u e s and which 

g e n e r a l l y involve m u l t i p l e c o l l i s i o n s wi th in the n u c l e u s . T h e s e f e a t u r e s a r e 

c o m p a t i b l e with the not ion tha t the inc iden t h a d r o n can u n d e r g o a n e f f e c t i v e l y 

s i m u l t a n e o u s co l l i s ion with two o r m o r e n u c l e o n s in the n u c l e u s . T h e r e a r e 

no s i gn i f i c an t d i f f e r e n c e s found be tween the t r a n s v e r s e m o m e n t u m s p e c t r a 

f o r sNe and s p i n t e r a c t i o n s . M o r e o v e r , the t r a n s v e r s e m o m e n t u m d i s t r i -

bu t ions f o r sNe appear to be independen t of N^, f o r I , 

C. P r o t o n D i s t r i b u t i o n s 

It i s of c o n s i d e r a b l e i n t e r e s t t o e x p l o r e the p r o t o n p roduc t ion in 

h a d r o n - n u c l e u s i n t e r a c t i o n s . At l e a s t two d i s t i n c t p r o c e s s e s f o r p ro ton 

p roduc t ion f r o m a n u c l e a r t a r g e t a r e expec t ed : ( I ) r e c o i l p r o t o n s f r o m sp 

o r i n c o l l i s i o n s i n s i d e the n u c l e u s {having l a b o r a t o r y m o m e n t u m , p ? i . 5 

CicV/c), and (2) " s p e c t a t o r " p r o t o n s e j e c t e d by F e r m i mo t ion (having p v 0. 3 

G e V / c | . Whether o r not o t h e r p ro ton p roduc t ion m e c h a n i s m s a c t in h a d r o n -

n u c l c u s c o l l i s i o n s i s a n i m p o r t a n t ques t ion . Wc note tha t the p r e s e n c e of 

( f a s t - k n o c k - o u t ) p r o t u n s a m o n g the s h o w e r t r a c k s ( s e e Sect . HI. B) d o e s 

s u g g e s t that such m e c h a n i s m s m u s t e x i s t . 

7'he r e a d e r i s r e m i n d e d that t h e r e a r e substantial lasses of low m o -

m e n t u m p ro ton t r a c k s lielow about 0 . 2 5 G e V / c ( s e e Sec t . II. I)). Although 
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no correct ions have been made for these losses , they a r e confined to well-

defined kinematical regions. 

In order to examine proton production, it is necessa ry to determine 

the character is t ics of the unidentified energetic protons as well as those of 

the identified protons. Throughout this section, the isospin subtraction 

technique discussed in Sect. IV. A is used to determine the proton d i s t r i -

bution of interest . fn Fig. 15, for example, we display the p. distributions 

for the positive and negative shower par t ic les (denoted by b* and s~, 

respectively). The difference between these distributions is equal to the 

pB distribution for the unidentified protons. It can be seen in these plots it 

that the p distribution for protons extends out to d m 5 GrV/c; this occurs L L» 
both for v*Ne p X and for w'Ne pX. 

T h e i n c l u s i v e p r o t o n d i s t r i b u t i o n s i n a r e s h o w n i n F i g . 1 6 , a n d 

Ihe values for ^ P ^ and a r e given in Table XI. The tr*Ne and 

« Ne resul t s agree within the experimental uncertainties. 

In Fig, 17, we display the inclusive proton rapidity distributions. 

These distributions have been extracted from the p and pjf data. In (he h T 

region y < 0 , which is entirely in the target fragmentation region, the 

distributions r i se very sharply <vith y, approximately as d r / d y f e . For 

y > 0 , the distributions fall more slowly, approximately as d i r / d y - e 5 

We also note that 6 J; 2 % of the protons a r e produced with a rapadity 

corresponding to y * > 0. 

In Fig. IB we show the inclusive proton spectrum for laboratory 
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m o m e n t u m , p , s u m m e d o v e r a l l p roduced p r o t o n s . The s u b - h i s t o g r a m s 

f o r ident i f ied p ro tons a r e shaded . The d i s t r i bu t i ons fo r both r ea c t i ons 

fal l rapidly with i n c r e a s i n g m o m e n t u m , but the pro ton t r a c k s p e r s i s t out 

to •»» 5 G e V / c . Fo r p < I G e V / c , t h e r e a r e m o r e p ro tons p roduced in w*Ne 

i n t e r a c t i o n s than in ir He i n t e r a c t i o n s , ft i s p robab le that t h i s d i f f e r e n c e 

a r i s e s f r o m a combina t ion at v -nucleon r e a c t i o n e f f e c t s . Such a s d i f f e r i n g 

r a t e s f o r product ion and c h a r g e exchange fo r w^p. Or. the o the r hand, 

f o r p > 1 G e V / c , the p ro ton s p e c t r a f r o m the two r eac t i ons a r e the s a m e 

within the e x p e r i m e n t a l u n c e r t a i n t i e s . 

It i s a l s o i n t e r e s t i n g to look f o r a c o r r e l a t i o n between the shower 

mul t ip l i c i ty , n g . and the total m o m e n t u m c a r r i e d away by n u d e o n a in a 

wNe co l l i s ion . A s ign i f ican t c o r r e l a t i o n of th is type i s expected in view of 

the o b s e r v e d mul t ip l i c i ty c o r r e l a t i o n s between n and N (Bee Sec t . III). 
» p 

The a v e r a g e s of the longi tudinal momen tum p e r event c a r r i e d by c h a r g e d 

Bhower p a r t i c l e s (s and ident i f ied s tow p ro tons (P a ) . a s a func t ion of n^ , 

a r c d i sp layed in Fig. 19. The r e q u i r e m e n t s of c h a r g e d s y m m e t r y imply that 

the a v e r a g e longi tudinal m o m e n t u m p e r event c a r r i e d by p ro tons i s given by: 

Th is e x p r e s s i o n iB s t r i c t l y t r u e only for inc lus ive a v e r a g e s ( i . e . , when 

s u m m e d o v e r n^) , but it i s a p p r o x i m a t e l y valid f o r each n^ ca t egory prov ided 

that the a v e r a g e n u m b e r of e n e r g e t i c p ro tons p e r event is equal to the a v e r a g e 

n u m b e r uf e n e r g e t i c n e u t r o n s p e r event , a condition which is r easonab ly 

s a t i s f i e d f o r n $ 1 



31 

T*bl« XII gives Ihe resul ts for the partition of longitudinal momen-

tum per event ca r r i ed by ir*. w • w°, p. n, A° , and K°, a s obtained by (he 

method outlined in the preceding paragraph. The fraction of longitudinal 

momentum taken away by protons, shown in Pig. 20, is seen to grow d r a -

matically from 5 t 1% for n^ = 2 to 21 fc Z% for n^ = 9. It seems r e m a r k -

able that an average of approximately 40% of the incident momentum is . 

acquired by the produced nucleons in high multiplicity ( n a ~ B) collisions. 

It is c lcar that in many individual cases the fraction received by the produced 

nucleons must substantially exceed this average. These spectacular col-

lisions certainly mer i t fur ther experimental and theoretical investigation. 

We find that the spectrum of momentum t rans fe r to nucleons ob-

served in wNe interactions cannot bu understood in t e rms of a sum of 

independent ir-nucleon collisions inside the nucleus. On the basis of the 

w+p data near 15 GeV/c of P i s e l l o ^ and Delay el al . we have deduced 
41 

a nucleon momentum spectrum for w-nuclcon collision at 10. 5 GeV/c. 

From this spectrum, we est imate that one, two, o r three independent 

collisions inside the nucleus would t ransfer an average total of 0 .7 , 1.4, 

or 2. I GeV/c to the struck nucl eons, respectively. For Ihe low multiplicity 

events S) which a re presumably dominated by cases of one or two 

collisions, this procedure es t imates that an average of 0 .9 (ii'V/c should 

be t r ans fe r red to the nucluons, whereas 1.7 GeV/c is observed. For tlu* 

high multiplicity events 5) which a r e presumably dominated by cases 

of two or m o r e collisions, we est imate th.it an average of 1.7 GeV/c should 
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b e t r a n n f c r r e d tu t l ie n u c l c o n s , w h e r e a s 3 . 8 G u V / c i s o b s e r v e d . Our e s t i -

m a t e s a r c p robab ly o v e r - e s t m a t e s of the p r o b a b i l i t y of t r a n s f e r r i n g a g iven 

a m o u n t of m o m e n t u m s i n c e we do not t a k e into a c c o u n t the l o s s of p r i m a r y 

e n e r g y by the p r o j e c t i l e in s u c c e s s i v e c o l l i s i o n s . In add i t i on , the high 

m u l t i p l i c i t y e v e n t s c o m p r i s e n e a r l y 3 0 % of t h e to ta l s a m p l e w h e r e a s the 

independen t co l l i s ion p r o c e d u r e e s t i m a t e s t h a t the p r o b a b i l i t y of t r a n s f e r r i n g 

m o r e than 3. t) G e V / c i s only 2 . 5 % . 

We can only s p e c u l a t e on the m e c h a n i s m s f o r e f f i c i en t ly t r a n s f e r r i n g 

m o m e n t u m to the n u c l e o n s . B e c a u s e the i n t e r a c t i o n s of p ions wi th nuc l eons 

in a n u c l e u s a r e a l w a y s in s o m e s e n s e m u l t i - n u c l e o n c o l l i s i o n s , t h i s migh t 

give r i s e to l a r g e r than a n t i c i p a t e d m o m e n t u m t r a n s f e r s . It i s a l s o p robab le 

that t h e r e i s s o m e type of c a s c a d i n g v * tch e n h a n c e s nuc leon p roduc t ion a t 

wide a n g l e s in the l a b o r a t o r y . Ano the r p o s s i b i l i t y i s tha t the p r o j e c t i l e 

" f i r e b a l l " m a y have quau tum n u m b e r s tha t would m a k e it e a s i l y a b s o r b a b l e 

by tlie n u c l e o n s . U is a l s o p o s s i b l e t ha t the q u a r k s t r u c t u r e uf the p r o j e c t i l e 

i s a l t e r e d and i s a p p a r e n t in the s h o r t - t i m e i n t e r v a l of the t r a v e r s a l of the 

n u c l e u s . C l e a r l y , t h i s phenomenon w a r r a n t s f u r t h e r i nves t iga t ion . In th i s 

r e g a r d , we note that a combined study of ir*d and i» d i n t e r a c t i o n s , us ing the 

i so sp in s y m m e t r y r e q u i r e m e n t s d i s c u s n e d above , would a l low a c o m p l e t e 

m e a s u r e m e n t of the i nc lu s ive pro ton p roduc t ion in i r ' p i n t e r a c t i o n s . It wuuld 

be of n . t i ^ c u l a r i n t e r e s t to e x p l o r e , a s a func t ion of A and of beaut e n e r g y , 

the p r o p e r t i e s of p ro t o n s p roduced with m o m e n t a above " 2 G e V / c . 
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V. NEUTRA1. PARTICLE PRODUCTION 

A. Neutral Pion Production 

We have studied I ° production in iiNe interaction! by examining 

the e ' e * pair* converted from y-r»ys. A* di*cu**cd in Section It. each 

y conversion i* assigned a weight based on the chamber geometry and Ihe 

convcrainn length in llie II^Ne mixture. Further detail* of Ihe analyii* 

techniques uaed may be found in Refa. 2b and 30. In what follows. M assume that 

all obaerved y raya a r e produced by the decay of t ° mesons, and we have 

combined Ihe a° data from Ihe isospin-symmetric rcactiunfl. «^Ne a°X. 

The a multiplicity distribution is shown in F ig .2 l . This d i s t r i -

bution has been extracted from the obaerved y-ray multiplicity distributions 

in Ui« reactions: 

a^Ne n^y t anything, 

where n ia the number of y-ray converaiona observed in the event (n Y Y 
in the preaenl experiment). The inclhoda uaed to extract » |n> 0) from 

a r e outlined in Refa. 2b and <0 . For comparison, we also show in Fig. 21 

the multiplicity distributions far charged pions in aNc interactions. Tlx 

behavior of *<n>(>> versus n < 0 appear* to be inlermediale between that of the 

favored and unfavored charged pion multiplicites. The average number of 

a° mesons produced per *Ne interactions. : 1.77 J 0. OS, may be 

compared to the corresponding averagea for favored pion*, Z. 08 I 0.112, 

and unfavored piona, 1.37 I 0.02 (flee Table If). Wc therefore observe 
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an a p p r o x i m a t e equa l i ty , ( n ^ — I / 2 ( ( n ^ ^ i ( n ^ . ^ ), a a l ias been 

noted p r e v i o u s l y in s ~ C i n t e r a c t i o n s 8 and in s p i n t e r a c t i o n s * in tliis 

o 
e n e r g y r eg ion . The r a t i o of a v e r a g e » m u l t i p l i c i t y f r o m »Ne to that 

f r o m ».? i s R(w°l = ^ " s 0 \ p = " ' " ° t ' ' * v a l l , c w h , , : h i s 

in good a g r e e m e n t with the c h a r g e d pion m u l t i p l i c i t y r e s u l t ( l e e T a b l e 111). 

T h e i nc lu s ive s i n g l e -t>° d i s t r i b u t i o n s h a v e been d e t e r m i n e d f r o m 

the inc lus ive s i n g l e -y p r o c e s s e s : 

w^Ne —*• y I any th ing . 

In F ig . the longi tudinal m o m e n t u m d i s t r i b u t i o n of the p r o d u c e d y - r a y s 

i s d i s p l a y e d . The so l id c u r v e i m p o s e d i s the r e s u l t of a fit m a d e to ob ta in 

44 
a s m o o t h r e p r e s e n t a t i o n of the d a t a . T h e d a s h e d c u r v e s p r o v i d e u p p e r 

and l o w e r u n c e r t a i n t y e s t i m a t e s f o r th i s s m o o t h r e p r e s e n t a t i o n . Fol lowing 

4b o 
the m e t h o d of G l a s s e r , we have d e t e r m i n e d the * longi tudinal m o m e n t u m 

' p e c t r u m by d i f f e r e n t i a t i n g t h i s s m o o t h c u r v e . T h e r e s u l t i s shown a s the 

so l i d c u r v e in F ig . 23. T h e c o r r e s p o n d i n g c h a r g e d pion p d i s t r i b u t i o n s L 
a r e a l s o inc luded fo r c o m p a r i s o n . It ia i n t e r e s t i n g to note t h a t , o v e r 

n e a r l y the e n t i r e p r e g i o n , t h e d i s t r i b u t i o n l i e s below that of Ihe L, 
f a v o r e d pinna hut ab ove tha t of the u n f a v o r e d p ions . 

A c o m p a r i s o n be tween the r a p i d i t y d i s t r i b u t i o n s f o r the n e u t r a l and 

c h a r g e d p ions ib shown in F ig . Z4. The s ° r ap id i ty s p e c t r u m i s a p p r o x i -

m a t e and h a s been r j t e r m i n e d f r o m the p . d i s t r i b u t i o n t o g e t h e r with 

a s s u m p t i o n tha t ( fo r c a c h p . bin) the p * d i s t r i b u t i o n s (or n m t r a l p ions and 
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unfavored pion* a r e identical . We again s e e that the dis t r ibut ion ia 

bracketed by the charged pion d is t r ibut ions . 

We conclude that the p rope r t i e s of puniu^tion a r e s i m i l a r to, 

but in termedia te between, those of the favored and unfavored charged 

pions in «Ne in terac t ions . The re la t ionship between neu t ra l and charged 

pion production in wHe interact ions is thus s i m i l a r to that found for * p 

in teract ions in th is energy r e g i o n . 1 0 ' 

B, Neutral St range P a r t i c l e Product ion 

We have de te rmined the average mul t ip l ic i t ies of K°(or K°) and 

A ° (or pa r t i c l e s by observing the i r decays in flight. The r e s u l t s p r e * 

sented he re a r e based on a sample of 214 V° decays . As d i scussed in 
Q 

Section U, each accepted V was weighted for detection eff ic iency in Ihe 

f ini te chambe r . Cor rec t ions have a l s o been applied fo r decay modes in -

volving ail neutra l pa r t i c l e s . No separa t ion was a t tempted between A ° 

and 23° hyperons . 

The average neut ra l s t r ange par t i c le mult ipl ic i t ies found in this 

exper iment a r e given in TableXIII . Within the r a the r l a rge uncer ta in t ies , 

the K° production f r o m sNe appea r s to be equal to that f r o m np . The A ° / £ ° 

production f r o m «Ne if somewhat l a r g e r than that f r o m trp, although (hp 

uncer ta in t ies a r e again r a t h e r la rge . 

The r a t io s of (K° * K°) / (» + • * " ) production, given in Table JCIV 

a r e in ag reemen t between the r p and irNe in teract ions . These va lu r s a l so 

a g r e e well with previously repor ted r e s u l t s in *"p in teract ions in this uiicrgy 47 region. 
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Note that kBnspin s y m m e t r y imp l i e s that 

e ( s"Ne -*• K*X) = e ( s J N e K°X», 

and , 
Ne K*X) = e ^ N c — K°X». 

T h e r e f o r e the r a t i o s of (K* • K~)/(** * s " ) f o r sNe a r e a l s o given by 

Tab le XIV. Sincc t h e s e r a t i o s a r e • m a l l , we can now jus t i fy o u r p rev ious 

neg lec t of cha rged kaona among Ihe cha rged pious ( s e e Sect ion ll.fi.). 
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VI. SUMMARY AND CONCLUSIONS 

We have undertaken a study of sNe interactions at 10. f. GttV/c 

covering a wide range of part icle production topics. Multiplicities and 

correlat ions for charged pions, neutral pions, protons, and neutral s trange 

par t ic les have been examined in some detail. The inclusive production 

proper t ies of charged pions, neutral pions, and protons also have been 

thoroughly investigated. Dy studying both ir*Ne and w Ne interactions, 

we have been able to apply the principle of isospin symmetry as a powerful 

tool to untangle the troublesome ambiguities of part icle identification be-

tween protons and positive pions. Where possible, the xNe resul ts have 

been compared with the corresponding wp resul ts . 

Below, we list and comment on a number of resul t s found in this 

work: 

I . The rat io of the average number of charged pions produced in 

inelastic sNe collisions compared to that produced in vp 

collisions is B ^ ( i ^ ) - I . OR i 0 .03 . For neutral pion produc* 

lion, a s imilar resul t i s found, R ^ l i 0 ) = 1.09 f 0 ,06. 

i.. The charged pion multiplicity distribution, when expressed 

in a KNO scaling form, is consistent with the distribution 

f rom 100 GeV/c wNe interactions (Fig. I 

3. A positive correlat ion between ( N ^ and ^ n ^ ) is found 

(Figs. 5-7). 
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The inclusive production of charged pious in rNe is two 

or th ree t imes a s l a rge a s that for sp in the t a rge t f r a g -

mentat ion region, but is near ly equal to the »p resu l t in 

the centra l region and the pro jec t i l e f ragmentat ion region 

(Fig. 8-10) . 

The enhancement in the target f ragmentat ion region a r i s e s 

mainly f rom events with l a rge values of Nh (Fig. I I ) . N^ 

(or N ) t he re fo re appear s to be a m e a s u r e of the number at 
P 

s t ruck nucleuns inside the nucleus and a m e a s u r e of the 

overal l violence of the coll ision. 

The leading pa r t i c l e effect is seen in sNe interact ions but 

it is l imited to pe r iphera l col l is ions having N( < I ( T j M t IX). 

The t r a n s v e r s e momentum dis t r ibut ions of charged pions a r e 

near ly identical fu r vNe and «p ( r i g s . 12,14, T ' -e XI). 

F u r t h e r m o r e , thii values of ( p , ^ show little dependence an 

N h <F ig . I I ) . 

'f'.i p rope r t i e s of i ° production a r e s imi l a r to, but in termediate 

between, » f and »" production in wNe interact ions (Figs . 21-24). 

Many of the qualitative f ea tu res of inclusive pinn production 

can be understood in t e r m s of a s imple kinematical model in 

which the effect ive target m a s s is taken In be I , 2, or 3 nucleoli 

m a s s e s in 59%, 30%, and l l % o f the sNe col l is ions , respect ively 

(Figs . 9, I I ) . In this model, the enhancement of the ta rge t 



19 

fragmentation region a r i s e * f rom events involving multiple 

collisions within the nucleus. 

10. Our study of inclusive proton production covers the com-

plete Idneniatical region, exccpt for p<£ 0. 25 GeV/c. A 

ra ther la rge fract ion of the produced protons a r e too energetic 

in the laboratory ( p $ l . 3 GeV/c) to be visually identified by 

t rack density ( r i g s . 1, 15-18). 

11. The average fract ion of the incident momentum that is car r ied 

away by nucleons r i s e s sharply with the shower- track mult i-

plicity, f rom approximately 10% for 2 to approximately 

4 0 % for " 8 (Figs. IV-*0, Table XII). Such large momentum 

t r ans f e r s a r e not expectcd on the basis of known rp interaction 

proper t ies . This effect mer i t s further investigation. 
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A P P E N D I X A. D e t a i l s of the F i t t ing P r o c e d u r e Used to Find the C o r r e c t e d 

Mul t ip l i c i ty D i s t r i b u t i o n s 

In Ib is Appendix , we p r o v i d e d e t a i l s of the f i t t ing p r o c e d u r e ou t l ined 

in Sec t ion III. B. (n o r d e r to s j—ol i /y th« notation, we u s e 

i - . . f . 

J s v • 
and 

k = n = n . 
» 

O t h e r no ta t ion , u n l e s s d e f i n e d h e r e , i s Ihe s a m e a s in Sec t ion III. 

In the l e a s t - s q u a r e s f i t we h a v e d e f i n e d a s fo l lows: 

X* •Xf'TLf'Z? . 
wher 

X * = JS s ( " V * • A> j i v 6HU.M ) 

** "<»„> J f l — — I ' 

6 If ( j , k | = s t a t i s t i c a l e r r o r <//> II* (j , k> - J l ' f k . j ) , 

6 ( n ^ = s t a t i s t i c a l e r r o r on ^ n ^ , 

and . . . . — I 
" A : s t a t i s t i c a l e r r o r on fl {»~Ne) . H x 

We note tha t X ^ e n f o r c e s the c o n s t r a i n t s of c h a r g e s y m m e t r y , / t ^ c o n -

s t r a i n s the c o r r e c t e d d i s t r i b u t i o n s to be c o n s i s t e n t with ^ n y of T a b l e f i t . 

and Alj^ f o r c e s the a v e r a g e net b e a m - l i k e c h a r g e to lie c o n s i s t e n t between 
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Ihe t*Ne and »~Ne distributions. 

The parameterization used lor II* (j, k) is 

. 'ma* 
£ T (L i. fcl G (f. k) . 

where T ' ( i . j . k ) is a binomial coctflcient: 

T* M = j! 0-j)> (pt k)f*' (' ' pt <*• k')i • 
and where P ^ l . k ) Is the probability that a positive shower track is a proton. 

P " | i , k ) is parameterized as follows: 

P* (i. k )=»* + i t a * iZ • a * k • a , ' kZ 

This formulation therefore required 10 parameters . However, in practice 

it was found necessary to allow more freedom in the fit, and the five 

probability elements. pNi.O). pf(2,0|jp*(2, Î P'd.O). and P ( l . 11 were 

allowed to vary independently from the functional Iarm. 

There were 52 non-sera bins in the final fl* (J, k) distributions for 

1 and 0 5 7 (i. e . , 12 of the 64 possible bins had less than 1 event). 

A total of 55 Quantities (52 for 7f ̂ > 2 for X ^, and I for A ^ ) were thus 

fitted <vith 15 parameters . The final was 38 .1 for 40 degrees of freedom. 
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Table 1. Summary of Data Sample 

Beam Particle 
¥ 9 * 

Avg- beam momentum (GeV/c) 10. 46 10.39 

Number photographs analyzed 26,600 25.800 

Number events observed 13,360 16,268 

Number wNe events expected2 9,620 12,225 
(72 ) (7l'/» ) 

Number s p events expected3 3,740 4,043 
(28»A>) (29-A ) 

Number of events classified 7,752 8,904 
a s nconic h (58 'A) (55.A ) 

Number of events classified 5,608 7,364 
as hydrogenic b (42'A) (45 <7,) 

a. The liquid mixture in Ihe bubble chamber consisted of 

32 molar percent Ne and 68 molar percent H^. The inelastic 

vNe cross section is taken to be 270 mb (See lief. 27 ). 

b. A scanned event was classified as "hydrogenlc" if it had 

0 or 1 identified proton track and net charge consistent with a s p 

collision. Otherwise it was classified as "nconic. " As noled in 

the text, some collisions involving a peripheral proton front a Ne 

nucleus were classified as hydrogenic. 



Table II. Ave raged cha rged p a r t i c l e mul t ip l i c i t i e s in ir" Ne i n t e r ac t i ons a t 10. 5 G e V / c 

| React ion 
i | 

A v e r a g e s 
| React ion 
i | < N h > < n c h > < V > ' < V 
i 
| „ Ne 2. 8e + 0. 04 1 . 3 7 ; 0 . 0 2 1 .71 * 0. 09 5 . 9 4 + 0 . 1 0 2 . 0 8 + 0 . 0 2 1. 37 + 0. 02 2. 49 ; 0 . 10 

1 . 
; ir Ne 

i 
1 . 8 3 * 0 . 0 2 2. 08 + 0. 02 1 .50 + 0 . 0 8 5. 41 09 1. 37 + 0. 02 2 . 08 + 0. 02 1 .96 + 0 . 0 9 

a . It i s a s s u m e d that { n ^ - (j1-^) The va lues lor ^ n ^ and ( j * t h e n fol low f r o m 

n o t o p i c spin s y m m e t r y ( see text) . 



Table III. Charged-pion-multiplicity distribution parameters 

for inelastic sNe interactions and comparison to inelastic 

up interactions at 10. 5 GeV/c. 

/ n v Dispersion . 
Heactton < n .> R . - — - n / > -

w"Ne 3.45 t O . OS 1.99 1 0 . 0 3 

» + p C 3 .33 + 0 .0? 1.04 i 0.03 

r " p c 3.12 1 0 . 0 7 1.11 tO . 03 

a. Elastic events have been removed from nil interactions. 

b. Proton tracks hare been removed from the wNc data by 

the requirements of charge symmetry, as discussed in the text. 

Proton trffeks have been deleted from the s p data by assuming an 

average of 0 .65 or 0. 60 proton per inelastic n*p or s*p interac-

tions, respectively. 

c. Interpolated from the compilation of Ref. 31. 



Table VI. (continued) 

B. ir~ Ng In teract ions 

n TT 
0 1 2 3 4 

N 
P 

5 6 7 8 9 10 11 

0 127 44 16 9 6 4 2 1 1 

1 799 500 219 96 44 27 14 8 3 

2 580 359 239 158 75 47 28 15 5 5 

3 633 534 336 217 132 97. 57 26 13 5 1 1 

4 414 370 311 231 152 108 65 42 i 9 8 4 2 

5 205 250 251 168 147 99 74 36 19 12 6 2 

6 124 133 122 114 91 76 49 34 20 !-l 3 2 

7 40 61 63 61 53 47 34 23 15 4 3 2 

8 19 27 26 27 29 25 19 15 5 4 3 

9 6 8 • 12 15 12 12 10 5 3 3 

10 2 3 5 5 7 5 4 2 1 

11 1 1 2 2 2 2 2 1 

12 . 1 1 1 1 

13 1 



Table V. Event populations for inelastic ir-Ne interactions corrected for the 
presence of misidentified proton tracks. The w Ne results are tabu-
lated within parentheses below the corresponding w*Ne results. Both 
samples »«"c normalized to 10 900 events to facilitate comparison. 
The number of «* or v tracks per event are denoted by n ^ or 
respectively. Events arising from np interactions have been subtracted. 

L . for »*Ne n + for w ir* Ne or ("„ . for ir'Ne) 

lor »"Ne) 0 1 2 3 4 5 6 7 

0 202 
(210) 

1564 
(1627) 

402 
(419) 

76 
(87) 

12 
(14) (2) 

1 137 
(83) 

1044 
(1075) 

1812 
(1672) 

650 
(58J) 

104 
(113) 

11 
(16) 

1 
(•) 

2 29 
(18) 

308 
(287) 

910 
(1071) 

898 
(917) 

327 
(272) 

51 
(55) 

5 
(5) 

3 5 
(7) 

58 
(58) 

235 
(229) 

380 
(449) 

272 
(256) 

86 
(79) 

13 
(12) 

1 
(l) 

4 2 
(1) 

10 
(8) 

42 
(40) 

90 
(88) 

100 
(100) 

54 
(52) 

14 
(12) 

2 
(2) 

5 1 
(0) 

2 
(0) 

9 
(5) 

23 
(14) 

26 
(20) 

17 
118) 

6 
(6) 

1 
(I) 

6 1 
(1) 

2 
(2) 

3 
(4) 

2 
(5) 

1 
(1) 

0 
(11 

7 
0 

(II 
0 

(!) 



Table III. Charged-pion-multiplicity distribution parameters 
for inelastic »Ne interactions and comparison to inelastic 
»p interactions at 10. 5 GeV/c. 

Reaction 
/ n \ „, Dispersion 

, v a . b N i^TNe » 2vfc <»> H = —r </»>-<» y r 

s~ Ne 3.45 t o . OS 1.99 t 0. <13 

s + p C 3.33 + 0.07 1.04 + 0.03 

» " p c 3. 12 + 0.07 I. II f 0.03 

a. Elastic events have been removed from all interactions. 
b. Proton tracks have been removed from the nNe data by 

the requirements of charge symmetry* as discussed in the text. 
Proton tracks have been deleted from the s p data by a«3utning an 
average of 0.65 or 0.60 proton per inelastic n*p or w"p interac-
tions, respectively. 

c. Interpolated from the compilation of Ref. 31. 



Table VII. Multiplicity distributions ol charged shower particles and 

charged pions. n* is the number of shower particles per event 
uncorrected for the presence of unidentified proton tracks; n^ 
is the number of charged pions per event corrected for Ihe mis-
identified proton tracks. The distributions are normalized to 
10000 events. 

No. Uncorrected Events No. Corrected Events 

n a w* Ne s* Ne n V w* Ne w-Ne 

0 7 7 + 9 210 J 33 0 202 f 23 210 » 33 

1 1297 t 63 1400 } 70 1 1701 + 73 1710 + 77 
2 1198 t 57 1488 t 67 2 1475 i 68 1511 ±66 

3 1769 t 87 1684 t 82 3 2201 t 96 2052 t 91 
4 1604 ± 87 1617 f 84 4 1632 t 68 1726 + 74 

5 1332 1 47 1186 ± 41 5 1248 £ 46 1269 + 44 
6 1054 t 46 1033 t 42 6 761 + 33 779 t 32 
7 655 t 26 575 t 22 7 422 1 21 406 t 18 
8 455 • 23 397 i 18 8 214 t 15 199 t >3 
9 233 4 15 219 + 13 9 95 i 10 86 t 8 

10 158 ± 13 99 t 9 10 3 6 + 6 34 t 5 

11 101 + 10 60 J 7 11 10 t 3 13 t 3 
12 44 i 7 2 2 + 4 12 2 i 1 4 i 2 
13 21 t 5 6 t 2 13 1 f 1 



Table IX. Average number of favored and unfavored pious produced in 

various kinematical regions. 

Kinematical Regions 
n _ per event 

»" Ne » + Ne 

Average num 
ber excess 
favored pions 
per event 

Y<! (Wgel) 

(periplieral) 

(non-peripheral) 

K y < 2. 2 (central) 

I (peripheral) 

N ^ 2 (non-periplieral) 

y > 2 . 2 (projectile) 

N ^ 1 (peripheral) 

N^J 2 (non-periphural) 

0. 24 t 0. 01 
0. 34 t 0. 01 

0. 48 t 0. 02 

0. 3'» t 0. 01 

0.41 t 0.02 

0.23 + 0.0) 

0.16 t0. 01 
0.28 t 0.01 

0. 2H t 0. 01 

0. 33 1 0.01 

0. 18 £ 0.01 
0.14 t- 0.01 

0. 08 t 0.02 
0.06 ± 0.02 

0. 20 t 0.02 
0. Of. t 0.02 

0. 2] t 0.02 
0. 09 t 0.02 



Tabic XI. Transverse momentum averages fur sNe 

and s p Interactions at 10.5 GoV/c. 

Reaction ^ GeV/c ( p . ^ t G e V / c ) ' 

o. )09 t a. 004 0. 158 t 0.005 

, - N e - » - »*X 148 i 0.304 a. 187 I D. 01)5 

s*p s ' X 0. 106 i 0.006 o. i r> i o. 007 

»" p — t " X 0.168 t 0.006 o. i<)8 i o. oo» 

s ' N e - s - p X * 0. M5 t 0. 0UB 0. 214 J U.OON 

r'Ne-— pX* 0.401 » u. OUH 0. 2JH t 0. OUH 

a . Corrected lo include energetic, unidentified, 

protons. Tbe correction procedure uses the retpiive-

ments of isotopic spin symmetry as discussed in the taxi. 

Protons having laboratory momenta below 0. t GeV/r a re 

untitled front these averages. 



Table XIII- Average multiplicities of neutral strange particles. 

The results have been corrected for neutral decay 

modes, finite chambcr volume, and other ineffi-

ciencies^ 

•Ne «P 

Beam o -o K and K A ° a n d £ ° K°andK° A°and E° 

4 w 0. 10 tO. 02 0. 07 t 0. U2 0. OJ 10. 01 

it 0. 14 10. 03 
0. 07 10. 01 » 

0. 14 t o . 04 0. 05 10. 02 

a . Averaged over the isospin-symmetric Ne and s Ne 
interactions. 

Table XIV. Ratio ol (K°+ K°i / [* f I s" I production. 

Ueam *Ne «P 
+ 

n 0. 029 t 0- 0 0 5 0.022 ¥ 0.006 

V 0. 040 t 0. 008 0.043 h 0.010 



Fig. 3, Distribution of ti.e net charge. of the piun tracks from 

wNe interactions at 10. 5 GeV/c, averaged over w*Ne and 

« Ne interactions, and normalised to 10 000 events. A is « 

defined in the caption for Fig. I. Proton tracks have been 

removed (see text). The dashed curves illustrate an approxi-

mate exponential fa It-off for both positive and negative values 

01 A,. 

Fig. 4. Distributions of the corrected number of protons per event 

in w*Ne (solid histogram) and w Ne (dashed histogram) inter-

actions at 10. 5 GeV/c. Both histograms a re normalised to 

10 00(1 events. 

Fig. 5. (a) Average charged pion multiplicity versus N (or s Ne ( • ) 

and v~Ne |T) interactions at 10. 5 GeV/c. 

(b) Ratio of tbe dispersion parameter divided by the average 

charged pion multiplicity as a function of N^. 

Fig. 6. Average proton multiplicity versus n^ for * f Nc ( • ) and • Nr 

(Y> interactions at 10. 5 GeV/c. 

Fig. 7. (a) Average charged pion multiplicity ve r susJhe number of 

fast knockout protons. N_. 



the number of nucleonB participating in the collision. Tlic 

rapidity boosts, , between the laboratory and the center-

of-mas8 of Ihe incident pion and k nucleons a re indicated by 

the vertical arrows. See text tor a more complete explanation. 

Fig. 12. Distributions in p ^ (or uNe (solid histograms) and up (dashed 

histograms) interactions, (a) Favored pions. (b) Unfavored 

pions. The data are normalized so that equal numbers of 

tracks a r e plotted for «p and i N c , 

Fig. 13. Average values of the t ransverse momentum a s a function ol 

N^. The solid (open) symbols refer to i N e (up) interactions. 

The triangles (circles) a re for the favored (unfavored) piuns. 

The diamonds represent the values found for Ihe most energetic 

favored pion. 

Average values of the t ransverse momentum as a function of 

rapidity, (a) wNe interactions, (b) up interactions. 

Distributions in longitudinal momentum for (a) favored and 

(b| unfavored shower particles. The solid (flashed) histograms 

are far the positively (negatively) charged shower particles, 

as indicated. The longitudinal momentum distribution for unidenti-

fied protons is obtained by Ihe difference |noliil minus (lashed) 

between the plotted distributions. 

Fig. 14. 

Fig. 15. 



f ig. 21. t ° multiplicity distribution in irNe interactions at 10, 5 GeV/c 

( | ) . The charged pion multiplicity distributions at this energy 

are also shown for favored pions (^T) and unfavored plans (O). 

Fig. 22. Inclusive longitudinal momentum distribution for y-rays pro-

duced in the process «~Ne — v X ** * GeV/c, The solid 

curve is a smooth representation of the data; the dashed 

curves provide uncertainties in this smooth representation. 

Fig. 23. Inclusive longitudinal momentum distribution for * from 

r 'Ne n*X (smooth curve) compared to those for charged 

pions from w Ne « X (solid histogram) and from 

n^Ne — v X (dashed histogram). The distribution has been 

obtained from the smooth representation of the \ distribution 

(preceding figure) by using the method of Ref. 4b. 

Fig. 24. Inclusive rapidity spectrum for w° from w"Ne »°X (smooth 

curve) compared to those fur charged pious front a Ne —w X 

(solid histogram) and from w*Ne — w X (dashed histogram). 
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