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Ab s t ra c t  : 

U s i n g  a s amp l e  o f  non-d i f f r a c t ive event s  f rom K+p i n t e rac­
t i on s  a t  7 0  GeV / c  in  BEBC , e x t en s ive  comp a r i s on s  a r e  made b e t ­
ween the  h ad r on i c  low p T d a t a  and r e s u l t s  f rom ha rd  j e t p r oduc­
tion  in e +e - annih i l a t i on s  and in  d e ep  inel a s t i c  v-N i n t e r a c ­
t i ons  a t  comp a rab l e  h ad r on i c  en e r g i e s .  Many s im i l a r i t i e s  a r e  
f o und b e tween l ow-p T j e t s  in  t h i s  exp e r iment and  j e t s  o b s e rved  
in  l e p t o n i c  i n t e r a c t i ons . O u r  d a t a  a r e  very  wel l  r e p r o duced  
b y  the  F i e l d  and Feynman q u a rk f r a gment a t i o n  p a r ame t r i s a t i on  
b u t  e q u a l l y  we l l  b y  a s imp l e  l o n g i tud inal  p ha s e  s p a c e  mo del , 
s u g ge s t in g  t ha t  t h e s e  s i mi l a r i t i e s  d o  n o t  p rove o r  d i s p rove  
the  un ive r s a l  charac t e r  o f  t h e  j e t f r agmen t a t i o n .  
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In recent year s , had ron p ro d u c t i o n  in  e+e - ann ih i l a t i ons  
and  in deep ine l a s t i c  l e p t o n-nuc l e o n  inte rac t i ons a s  we l l  a s  
in  h i gh transve r se  momentum hadron-hadron co l l i s i ons  have b e e n  
suc c e s s f u l l y  i n t e r p r e t e d  in t e rms o f  quark-p ar t on  mode l s . 

In l ow P r hadron-hadron c o l l i s i ons , the b u l k  o f  p ar t i c l e s  
are produced  i n  f o rward-backward  j e t s ,  a l i gned  a l ong t h e  inc i -
dent b e am d i re c t i on . S t r i k ing  s im i l a r i t i e s  have b e e n  o b s erved 
b e tween these  j e t s  and tho se  f o und in the above s o - c a l l e d  hard  
proce s s e s . They woul d sug g e s t  tha t  the quark-pa r t on  p i c ture 
could  b e  extended t o  hadron-hadron c o l l i s i ons a t  l ow P r · 

Us ing  d a t a  from an expo s ure o f  B E B C  f i l l e d  w i t�  hydrogen 
to a RF  s ep a ra ted  K+ b e am having  a nomina l momen t um o f  7 0  
GeV / c l ) , c o r re s ponding  t o  a c . m .  energy o f  1 1 . 5 GeV , w e  have 
made extens ive  compa r i s on s  b e tween the h adron i c  low P r  da t a  
and data  f r om  hard- j e t  p r o du c t i on  in  e+ e- and neu t r ino  induced  
react ions a t  compa r ab l e  ava i l a b l e  ene r g i e s 2 ) . 

The ana l y s i s  i s  b a s e d  on a p ar t i a l  s amp l e  o f  9 5 6 1  comp l e­
te  we l l  measured  even t s  having a t  l e a s t  f our  charged  o u t g o in g  
t racks . A l l charged  p ar t i c l e s  were a s sumed t o  b e  p i ons , un l e s s  
i dent i f i ed  a s  p ro tons  by i on i z a t i o n .  
i d en t i f ie d  by kinema t i c a l  f i t t i n g .  
i n c l uded i n  t h e  analys i s .  

N eu t r a l  p a r t i c l e s  were  
Al l  measured  p a r t i c l e s  were  

In o rder  t o  c omp are  our  r e s u l t s  t o  l e p t o n i c  d a t a , the  in-
f l uence o f  the d i f f r a c t j ve  c omponent in hadronic  in t e r ac t i ons  
has  b e en reduced b y  remov ing  f r om the samp l e  the event s  having  
a t  l e a s t  one  l ea d i ng p a r t i c l e  with  ! x i > 0 . 8 .  Thi s  c u t  
a f f e c t s  1 8 . 3  % o f  the  even t s , ma in ly  w i t h  4 an d  6 p ron gs . 

The d a t a  have a l s o b e en  compared  t o  the p r e d i c t ions  o f  two 
mo d e l s  : a F i e l d  and Feynman mo d e l  ( FF ) and a s imp l e  unco r r e l a -
C e d  l on g i t u d i n a l  p h a s e  s p a c e  mo d e l  ( LP S ) . The p a r ame t e r s  in  
the se  mo d e l s  were  ad j u s t e d  in  such a way  that  the gene ra t e d  
even ts  r eproduce  t h e  mul t i p l i c i ty and P T d i s t r i b u t i ons  o b s e rved  
i n  our  expe r imen t . 

In the  FF  s imul a t i on , two b ack  t o  b ack  quark j e t s  have 
been  gene r a t ed b y  a l l ow i ng on ly  one v a l ence quark f rom each o f  
the c o l l i di ng p ar t i c l e s  t o  f r agment i n t o  hadrons . The oq para­
meter wh ich  a c c oun t s  f or  the  quark i nt r i n s i c  P r d i s t r i b u t i o n  
h a s  b e e n  extended  f r om  i t s  o r i g ina l  v a l u e  o f  2 5 0  MeV / c  t o  

0 



3 0 0  MeV / c 3 ) . The FF Mon t e  C a r l o  r e p r oduce s  q u i t e  we l l  the mea -
s ured charged  p a r t i c l e  mul t i p l i c i t y .  

I n  t h e  L P S  mo del , n-p a r t i c l e  exc lu s ive  reac t i o ns were  g e­
nera t ed  a c c o rd i ng t o  the  ma t r ix  el ement 

n 
1T 

i = l  

where mT i  i s  the  t r ansvers e ma s s  o f  p a r t i c l e  ( i )  c a l c u l a t e d  
w i t h  r e s p e c t  t o  the  b e am d i r e c t i o n .  B ( y i ) a re  r a p i d i t y  depen­
dent  p a rame t er s  t aken  f rom t h e  exp e r i mental  inc lus ive  s i n g l e  
p a r t i c l e  d i s t r i b u t i ons . 

+ 
The v a r i ou s  ex c lu s iv e  channe l s  c on-

ta in ing  TT- , p , n , K 0 and 'JT 0 p a r t i c l e s  were  p r o p e r l y  w e i gh t e d  u s ing  
the  measured  average  charged  a'nd  neutral  mul t i p l i c i t i e s . 

All  genera t e d  even t s  were  ana l y s e d  i n  the  s ame way a s  the  
experimental  d a t a . 

The d a t a  have b e en  analy s e d  i n  t e rms o f  the  s pher i c i ty , 
thrus t and  sphe r o c i t y  v a r i a b l e s 4 ) . In p r i n c ip l e , the  s phe r i -
c i ty , thrus t and s pher o c i t y  axes  s h ou l d  c o i n c i d e . I n  p r a c t i c e , 
they  do n o t  and the  average  angle  b e tween t h e s e  axes  i s  a mea­
s u r e  of the p r e c i s i o n  w i t h  whi ch e i th e r  of them can  b e  d e t e r-
�ined  e xp e r imen t a l l y . T h i s  average  angle  i s  about  1 0 ° . I t  i s  
i n t e r e s t in g  t o  no te  t ha t  the  average  angle  b e tween the  j e t axe s 
and the  b e am d i re c t i o n  ha s  a l s o  a b ou t  the  s ame value . A l s o  o f  
i n t e r e s t  i s  the  f a c t  t ha t  the  above m o d e l s  a ccount  q u i t e  wel l 
f o r  t h i s  o b served  s p read  i n  t h e  d i r e c t i on o f  t h e  j e t axe s . 

In F i g . I ,  the  norma l i z e d  s phe r i c i ty , thrus t and sphe r o c i ­
ty  d i s t r ib u t i o ns are  r epre s en t ed  and compared  t o  e + e- and v-N 
da t a ,  a s  wel l  as w i t h  t h e  FF and L P S  p r e d i c t i ons . In  F i g .  2 ,  
the  ave r a g e  value s  <s> , <T> < s ' >  are  c omp ared  w i t h  l e p t o n i c  
d a t a  p l o t t ed  over  a w i d e  rande r a n g e  o f  energy . 
g o o d  a g r e ement b e tween the  v a r i ou s  s e t s  o f  d a t a . 

There i s  very  

The average  mul t ip l i c i ty f or  non  d i f f r a c t ive events  w i th 
nc > 4 i s  7 . 0 7 ± 0 . 0 3 ,  a v a lue wh i c h  a g r e e s  q u i t e wel l  w i t h  
l e p t o n i c  r e s u l t s  a t  the  s ame h a d r o n i c  energy2 ) . In  F i g .  3 ,  
the  mu l t i p l i c i t y  d i s t r i b u t i on i n  a KNO p l o t  i s  c omp ared  t o  

+ -e e r e s u l t s . We o b s e rve a g o o d  a greement  w i t h  t h e s e  d a t a  when 
the d i f f r a c t ive  component is remove d ,  whe r e a s  the  c o r r e s p ond ing  
d i s t r i b u t i c n  f o r  the  comp l e t e  s amp l e  e xh i b i t s  a q u i t e  d i f f erent  
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shape  ( fu l l  l in e ) . 
F i g . 4  shows the n o rma l i z e d  2 d "  " b  . 1 . h P T i s t r i  u t i o n  r e  a t ive t o  t e 

I t  a g r e e s  we l l  w i t h  the e +e- d a t a  f o r  2 pT<o . s .  sph e r i c i ty ax i s . 
2 At  h i gher  PT ' the  TAS SO  d a t a  are  s l i g h t l y  above  o ur d a t a .  Thi s 

e f f e c t  i s  m o s t  p r o b a b l y  due t o  the h i gh e r  ene r gy u s e d  f o r  the 
comp a r i s o n .  

The norma l i z e d  rap i d i t y  d i s t r i b u t i o n  o f  t h e  cha r g e d  p a r ­
t i c l e s , in  the o ve r a l l  c . m .  s y s t em ,  eval ua t e d  w i th r e s p e c t  t o  
the thru s t  ax i s , i s  s hown i n  F i g .  5 . T o  avo i d  the a s ymme t r y  
d u e  t o  t h e  b a ckward  i d e n t i f i e d p r o tons , w e  u s e  o n l y  p a r t i c l e s  
p r o duc e d  f o rward in the t o t a l c . m .  The TAS SO  r e s u l t s  a t  
IS = 1 3  G eV  a r e  r e p r e s e n t e d  a l s o  f o r  c ompar i s on . B o th d i s t r i -
b u t i o n s  are  c ompa t i b l e  w i th each  o t h e r  and have a c l ear  p l a t e au  
p r a c t i c a l l y  a t  the s ame h e i ght  a t  y c l o s e  t o  0 .  Th e  i n s e r t  
shows t h a t  the K+p d a t a  are  i n  ag reement w i t h  t h e  l inear  d e-

. + -p endance  o f  the he i gh t  o f  the p l a t e au on  lnE cm f o un d  in e e . 
The ave rage  p T and pL a s  we l l  a s  the ave rage  pL eval uat e d  

by  c on s i de r ing  o n l y  s e condary  p a rt i c l e s  w i th X > 0 . 1 t o  s u p­
pre s s  t h e  non  s c a l ing  p a r t  o f  the s in g l e  p ar t i c l e  d i s t r i b u t i o n  
a r e  rep r e s en t e d  on  F i g .  6 t o ge th e r  w i t h  PLUTO d a t a  p l o t t e d  a s  
a func t i on o f  IS .  B o th  s e t s  o f  d a t a  a r e  h e r e  a l s o  i n  v e r y  g o o d  
agreemen t .  

In  c o n c l u s i on , we f ind g o o d  agr eement b e tween the  c o l l e c ­
t ive p r o p e r t i e s  o f  l o w  p T " j e t s " i n  non  d i f f r a c t ive K+p i n t e r ­
a c t i on s  a n d  o f  j e t s i n  l e p t o n i c  induced  r e a c t i o n s  a t  t h e  s ame 
ava i l a b l e  energy . In p a r t i c ul ar , the  average  charged  p a r t i c l e 
mul t i p l i c i t y  and p� d i s t r i b u t i on s  a re  very s im i l a r . 

Furthe rmore , b o th Mon t e -C a r l o  mode l s  ( LP S and FF )  d e s c r i ­
b l e  t h e  d a t a  e qua l l y  we l l  and y i e l d  v e r y  s im i l ar p r e d i c t i on s . 
Th i s  i s  n o t  unexp e c t e d  s i n c e  the input  t o  the mo de l s  i s  e s s en­
t i a l l y  the  s ame , name l y  the ave rage  charged  p a r t i c l e  mu l t i p l i -
c i ty  and t r ansve r s e  momen tum d i s t r ib u t i on . We c on c l u d e  that  
these  two  f e a t u r e s  a l one a c c o unt  for  many of  the s imi l a r i t i e s  
o b s e rv e d .  
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