
ABSTRACT 

Improved measurements of the hadronic structure function, F(x'), 

and charge r a t i o  are  presented for  the  i n e l a s t i c  scatterinp of muons by 

protons and neutrons. Correlation data between the leading and successive 

hadrons is  a l s o  presented. 
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I n  r ecen t  papersl lL we have repor ted  measurements of t h e  hadron s p e c t r a  

produced by t h e  i n e l a s t i c  s c a t t e r i n g  o f  muons from protons  and neutrons.  

We have s i n c e  doubled the  amount of d a t a  f o r  muon proton s c a t t e r i n g  a t  150 CeVlc 

and present  improved r e s u l t s  f o r  t h e  s t r u c t u r e  func t ion ,  F ( x ' ) ,  and the  charge 

r a t i o  N+/N-. The new r e s u l t s  a r e  based on 8600 and 7200 muon s c a t t e r s  

2 2 
i n  hydrogen and deuterium r e s p e c t i v e l y ,  t hese  s c a t t e r s  having q 2  0.5 (GeV/c ) . 
The r e s p e c t i v e  luminos i t i e s  a r e  4.0 x 101° muons i n c l d e n t  on 8.4 pmlcm 2 

of hydrogen and 1.84 x 10" muons i n c i d e n t  on 20.0 grn/cm2 of deuterium. 

We b r i e f l y  review the  kinematics  of muon s c a t t e r i n g  and hadron nroduction.  

I n  t h e  one photon approximation, when t h e  muon n c a t t e r s  i t  exchanges 

2 
a v i r t u a l  photon of mass -a and energv v wi th  t h e  hadronic 

system. These Lorentz i n v a r i a n t  a u a n t i t i e s  comoletelv d e f i n e  t h e  muon 

kinematics .  For t h e  hadrons i t  is  most convenient  t o  work i n  t h e  c e n t e r  

of mass system between v i r t u a l  photon and nucleon. The c e n t e r  of mass 

2 
energy is s: s = Zllv - q2 + M where M i s  t h e  nucleon mass. The hadron 

* * * 
kinematics  a r e  defined by E , PI, ' 'max 

and p , r e s p e c t i v e l y  t h e  hadron's  
T 

energy, l o n g i t u d i n a l  momentum, maximum momentum and t r ansve r se  momentum 

i n  the  cen te r  of mass system. 

The hadronic s t r u c t u r e  func t ion  F ( x l ) ,  i s  def ined  a s  

where 
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and cr is t h e  t o t a l  muon s c a t t e r i n p  c r o s s  s e c t i o n .  The hadronic  cha ree  

+ 
r a t i o  N /N- is t h e  r a t i o  of  t h e  number of p o s i t i v e  hadrons i n  a  g iven  x '  

i n t e r v a l  t o  t h e  numher of negat ive  hadrons. We d i s c u s s  both of these  

L q u a n t i t i e s  a s  f u n c t i o n s  of s and q  . 
We have used t h e  same a n a l y s i s  descr ibed  i n  t h e  e a r l i e r  papers  wi th  

the  fol lowing improvement. We have removed from t h e  d a t a  t h c  e l a s t i c  

product ion of p a r t i c l e  p a i r s  by v i r t u a l  photons. The l a r g e  ma jo r i tv  

of t h e s e  even t s  a r e  po-mesons o r  conver ted  bremsstrahlunp photons. E l a s t i c  

p a i r s  a r e  those  events  i n  which t h e  p a i r  of p a r t i c l e s  produced have 96% 

o r  more of t h e  energy l o s t  hy t h e  muon. 

F igu res  1 and 2 a r e  t h e  hadronic  s t r u c t u r e  f u n c t i o n s  f o r  t h e  neutron 

2 
and pro ton  d isp layed  a s  func t ions  of q and s. The s t r a i ~ h t  l i n e  is a  good 

r e p r e s e n t a t i o n  of lower energy d a t a a 3  We observe t h a t  a t  very low x '  , 

F(x ' )  f o r  p o s i t i v e  and nepat ive  hadrons "sca les" .  e .  g . ,  i t  does not  change 

2 
with q o r  s. For h igher  x '  t h e r e  appears  t o  be  a  d i f f e r e n c e  between t h e  

p o s i t i v e  and nepat ive  hadron func t ions .  A t  h i g h e s t  n 2  and lowest  s t h e r e  

i s  a  sugges t ion  t h a t  t h e  x '  s lope  of t h e  s t r u c t u r e  func t ion  is becominc 

more negat ive .  

The d i f f e r e n c e  between p o s i t i v e  and nega t ive  d i s t r i b u t i o n s  is  b e s t  

displayed hv t h e  c h a r ~ e  r a t i o s  i n  F i c u r c  3, p l o t t e d  a s  f u n c t i o n s  of 

2Mv 2 
w = -2-. The w i s  t h e  va111e oh ta in rd  by averaflnq over  t h e  q - s reg ions  of 

4 
Figures 1 and 2 .  !le have showl~ o t h e r  daLa4 and t h e  f i t  of nakin  and 

~ c l d m a n ~  t o  these  d a t a  us ing  t h e i r  s imple quark  model. Our d a t a  and t h e  



4 
d a t a  of Bebek st. fo l low t h e  t rend  of t h e  f i t  f o r  t h e  pro ton  bu t  a r e  

3 sys t ema t i ca l ly  below i t .  Dakin &. could n o t  remove pro tons  from 

6 
t h e i r  charge r a t i o .  Bebek e t  a l . ' s  d a t a  i s  f o r  p ions  only:  Our d a t a  i s  -- 
a t  s u f f i c i e n t l y  high energy t h a t  t h e  pro ton  c o n t r i b u t i o n  is  n e g l i g i b l e .  

What is s t r i k i n ~  is t h a t  over  t h e  wide range of e n e r g i e s  of t h e  va r ious  

experiments t h e  da ta  is c o n s i s t e n t  w i th  a  charge  r a t i o  dependent only  

on w .  These da ta  suppor t  t h e  na ive  quark model and its d e s c r i p t i o n  of t h e  

2 
hadronic s t r u c t u r e  func t ions  over  a  widc range of q and s .  

I 
Many people have proposed t h e  idea  t h a t  t h e  hadronic  d i s t r i b u t i o n s  

observed i n  l ep ton  s c a t t e r i n g  and i n  l a r g e  t r a n s v e r s e  momentum hadron-hadron 

i n t e r a c t i o n s  a r e  e s s e n t i a l l y  t h e  same phenomena. To provide  more t e s t s  

of t h i s  idea  we have analyzed hadronic c o r r e l a t i o n s  i n  t h e  fol lowing 

2  
manner. For events  wi th  s > 100 GeV we have p l o t t e d  t h e  q u a n t i t y  P(z2)  

1 1 ALL d z  J1,2 - dzdz2 

where z  = Eh/v is t h e  f r a c t i o n  of t h e  photon 's  l a b  energy c a r r i e d  by a 

hadron ( z  i s  a l s o  a  Lorentz i n v a r i a n t ) .  z 2  i s  .the f r a c t i o n  of t h e  remaining 

energy c a r r i e d  by a  remaining hadron: 



For t h i s  a n a l y s i s  we have combined t h e  neut ron  and p ro ton  d a t a .  

Figure 4 shows P(z2) f o r  v a r i o u s  s i g n  combinations. There is  c l e a r  

symmetry between t h e  oppos i t e  s igned p a i r s  and between t h e  l i k e  s igned 

p a i r s .  Opposite s igned second p a r t i c l e s  have h ighe r  z2  on average .  Ne 

have removed " e l a s t i c "  even t s  (0' product ion and bremsstrahlung conversion)  

by demanding t h a t  t h e  t o t a l  z  of t h e  two p a r t i c l e s  be  l e s s  than  0.96 and 

t h a t  t h e  mass of p a i r s  (assuming both a r e  p ions)  is g r e a t e r  than  .35 GeV 

These even t s  would appear a s  a peak a t  z 1 i n  t h e  P(z2)  d i s t r i b u t i o n s .  2 

To compare these  d a t a  wi th  some expec ta t ions  we have p l o t t e d  t h e  

fol lowing curves:  

(a) The i n c l u s i v e  d i s t r i b u t i o n  f o r  nega t ive  p a r t i c l e s  ( t h e  p o s i t i v e  

d i s t r i b u t i o n  is i d e n t i c a l ) .  This  is t h e  f u l l  l i n e  i n  F igure  4 .  

(b) The uncorre la ted  p r o b a b i l i t y  f o r  z2 us ing  t h e  i n c l u s i v e  z  

d i s t r i b u t i o n .  I n  e f f e c t  given we have a  p a r t i c l e  wi th  z  > 112 we r e c a s t  1 - 
2 

t h e  i n c l u s i v e  z d i s t r i b u t i o n  i n  terms of z2 = - and p l o t  i t  f o r  va lues  
1 

of z  < 1 - z  This  is the  dashed l i n e .  
1' 

The oppos i t e  s i ~ n e d  p a i r s  fo l low t h e  t rend  bu t  a r e  lower than t h e  

uncorre la ted  d i s t r i b u t i o n  f o r  z2. The l i k e  s igned p a i r s  fo l low t h e  t rend  

of t h e  s i n g l e  i n c l u s i v e  d i s t r i b u t i o n .  I n  approximate terms t h e  l i k e  s igned 

second p a r t i c l e  appears  to  s h a r e  t h e  remaining enerEy much a s  a l l  p a r t i c l e s  

sha re  t h e  i n i t i a l  energy. F igu re  5 shows t h e  mass d i s t r i b u t i o n s  and 

r e l a t i v e  azimuthal  a n z l e s  of t h e  hadron p a i r s .  The u n l i k e  p a i r s  show 

enhancement a t  t h e  p' mass bu t  t h i s  i s  not  a  l a r g e  p a r t  of t h e  spectrum 



I n  both cases  the  azimuthal  ang le  d i s t r i u b t i o n  i s  f l a t .  These r e s u l t s  

are very  s i m i l a r  t o  c o r r e l a t i o n  d a t a  from high t r ansve r se  momentum hadron- 

8 
hadron c o l l i s i o n s  and lends  weight t o  the  idea  t h a t  these  hadrons have 

s i m i l a r  o r i g i n s .  

We thank the  s t a f f s  of Fennilab,  our home i n s t i t u t i o n s  and the  

Rutherford Lab whose he lp  made t h i s  work poss ib le .  
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FIGURE CAPTIONS 

L 1.. Structure  functions f o r  the proton for  various q -s ranges. The 
dashed l i n e  is 0.35 exp (-3 .25~' ) .  

,. 2 
2. Structure  functions f o r  the  neutron for  various q -s ranges. 

3. Charge r a t i o s  f o r  proton and neutron. 

1 do 
4.: P(z ) f o r  various s ign combinations. The s o l i d  l i n e  i s  ;- f o r  2 negative hadrons. The dashed l i n e  is the uncorrelated z2 i f s t r i b u t i o n  

derived from J& . 

5. a) Mass dis t r ibu t ions  f o r  p a r t i c l e  pa i r s .  b) Relative azimuthal 
angle d i s t r i bu t ion  for  p a r t i c l e  pa i r s .  
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