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A c c o r d i n g  t o  r q u a t i o n  ( 1 )  t h e  m e a s u r e d  c r o s s  s e c t i o n  d e p e n d s  

o n  t h e  two f u n c t i o n s  R = 6L/6T a n d  F 2 .  Both  f u n c t i o n s  c a n  b e  

s e p a r a t e d  by c o m p a r i n g  c r o s s  s e c t i o n s  a t  t h e  same v a l u e  o f  x  a n d  

y 2 ,  m e a s u r e d  a t  d i f f e r e n t  beam e n e r g i e s .  I n  t h i s  a n a l y s i s  we h a v e  

c h o s e n  t o  compare t h e  v a l u e s  o f  f o u r  t e s t  F Z T s ,  c a l l e d  F 2 ( R ) ,  

o h t a i n c d  a t  t h e  f o u r  beam e n e r g i e s  a s s u m i n g  t r i a l  v a l u e s  f o r  R. 

The e x p e r i m e n t a l  v a l u e  o f  K was t h e n  o b t a i n e d  t o g e t h e r  w i t h  t h e  

p a r a m e t e r s  o f  a  common p h e n o m e n o l o g i c a l  p a r a m e t r i z a t i o n  o f  F2 b y  

m i n i m i z i n g  t h e  x2 o f  t h e  Four  F ; (R)  w i t h  r e s p e c t  t o  t h i s  p a r a -  

m e t r i z a t i o n .  T h i s  was done  s e p a r a t e l y  i n  e a c h  b i n  o f  x u n d e r  

t h e  a s s u m p t i o n  t h a t  R ( e q . 2 )  is i n d e p e n d e n t  o f  Q2 i n  o u r  k i n e -  

m a t i c  r a n g e ,  a s  s u g g e s t e d  by QCD c a l c u l a t i o n s  which p r e d i c t  o n l y  

rl weak ( l o g a r i t h m i c )  v a r i a t i o n  o f  t h e  l o n g i t u d i n a l  s t r u c t u r e  f u n -  
2 / l o /  
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x 
where d s ( Q Z )  i s  t h e  r u n n l n g  c o u p l l n g  c o n s t a n t  o f  QCD. The t h c o -  

r e t i c a l  p r e d i c t i o n  RQCD was computed  f rom e q u a t i o n s  ( 2 )  and  ( 3 )  

2  
a s s u m i n g  a  g l u o n  momentum d i s t r i b u t i o n  xG(x,Q,)  = 4 . 5  - ( 1 - x )  

8 

2  a t  Q, = 5  CeV and a  QCD mass s c a l e  p a r a m e t e r  A = 220 b l e ~ ' ~ ' .  I n  

t h e  k i n e m a t i c  r n n g c  o f  o u r  e x p e r i m e n t ,  t h i s  p r e d i c t i o n  d o e s  n o t  

depend  s t r o n g l y  o n  t h e  g l u o n  d i s t r i b u t i o n  a s s u m c d .  E q u a t i o n  ( 3 )  

d o e s  n o t  a c c o u n t  f o r  c f f c c t s  o f  t h e  charm q u a r k  mass a n d  f o r  t a r g e t  

mass c o r r e c t i o n s  which  v c r c  i n c l u d e d  f o l l o w i n g  ~ e f s . / ~ ~ ' a n d / ~ ~ / ,  

r e s p e c t i v e l y .  The e x p e r i m c n t n l  r e s u l t s  f o r  R a r e  ~ i v e n  i n  T a b l e  2 

and a r e  compared  t o  t h e  QCD p r e d i c t i o n  i n  F i g . 1  t o g e t h e r  w i t h  

e a r l i e r  h y d r o g e n  d a t a  i n  a  s i m i l 7 r  k i n e m a t i c a l  r a n g e  by t h e  E u r o -  

p e a n  Muon Collaboration I F . \ , c ) / ~ ~ / .  At x > 0 . 2 0 ,  t h e  measured  v n l -  

T a h l e  2.  R e s u l t s  f o r  R=GL/cT a s  a  f u n c t i o n  o f  x .  I< i s  a ssum-  

c d  t o  b e  i n d e p e n d e n t  o f  Q2 i n  e a c h  b i n  o f  x .  
x <Q'> R statistical systematic 

(GV') enur error I 

I 

F l f i . l .  R  = /6 measured  i n  t h i s  e x p e r i m e n t  fI$CDEIS) a s  a  f u n c -  - 
t i o n  01- x .  .\$so xhown i s  t h e  measurement  hy t h e  Ilid(: on a  h y d r o g e n  
t a r g e t / l 3 / .  I n n e r  e r r o r  b a r s  a r c  s t a t i s t i c i ~ l  o n l y ,  o u t e r  e r r o r  h a r s  
a r e  s t a t i s t i c a l  a n d  systematic e r r o r s  comhincd  l i n e a r l y .  The s o l i d  
l i n e  i s  t h e  n e x t - t o - l e a d i n g  o r d e r  QI:D p r c d i c t i o r ~  u s i n g  oM5= ill) 

ElcV and  a  g l u o n  d i s t r i b u t i o n  x G ( x , Q : ) = 4 . 5 (  1 - X I '  a t  Q i = 5 ~ e \ ; .  

u e s  a r e  cornp3il~lc w i t h  z e r o  i n  a g r e e m e n t  w i t h  o u r  c a r b o n  t a r g e t  

m e a s u r c m c n t / 2 / .  . \ t  s m i l l l c r  x ,  t!le d a t a  show 3 r i s e  which i s  c o n -  

s i d e n t  w i t h  t h e  Q C I )  p r e d i c t i o n .  

ROC" b a s  L I S C ~  t o  compl: te  t h c  f i n a l  s t r u c t u r e  f u n c t i o n s  a t  

t h e  d i f f e r e n t  beam e n e r g i e s  which a r c  g i v c n  i n  T a b l e s  3-6 and  

a r c  s h o % n l '  i n  F i g . 2 .  

1 )  .\ v e r s i o n  o f  t h i s  p a p e r  c o n t a i n i n g  d e t a i l e d  t a b l e s  o f  F Z ( x , Q 2 j  
w i t h  s t a t i s t i c a l  and  s y s t e m a t i c  e r r o r s  i s  a v a i l a b l e  / 3 / .  



F i g . 2 .  The p r o t o n  s t r u c t u r e  f u n c t i o n  F 2 ( x , Q L l  m e a s u r e d  a t  t h e  f o u r  
beam e n e r g i e s  100 ,  1 2 0 ,  200 and  280 GeV, u s i n g  R=RQCD: A t  ~ ~ 0 . 2 7 5 ,  
F 2 ( x , ~ 2 )  h a s  b e e n  m u l t i p l i e d  by t h e  f a c t o r s  shown I n  t h e  f i g u r e .  
Only  s t a t i s t i c a l  e r r o r s  a r e  shown. 

The a g r e e m e n t  b e t w e e n  t h e  d i f f e r e n t  d a t a  s e t s  i n  t h e  r e g i o n  o f  

l a r g e  x  a l l o w s  t o  s e t  s t r i n g e n t  l i m i t s  o n  mos t  o f  t h e  s y s t e m a t i c  

e r r o r s  a s  i s  d i s c u s s e d  i n  more d e t a i l  i n  Ref.'''. The f i n a l  F2(X,C!5 

i r o m  t h e  comhined d a t a  s e t s  i s  shown i n  F i g . 3 .  

The s c a l i n g  v i o l a t i o n s  which  a r e  o b s e r v e d  i n  t h e s e  d a t a  a r e  compa- 

r e d  t o  p r e d i c t i o n s  f r o m  p e r t u r b a t i v e  QCD i n  a  s e p a r a t e  p a p e r  
/ 9 /  

A l s o  shown i n  F i g . 3  a r e  t h e  e a r l i e r  EElC d a t a  f r o m  muon-hydro-  

gen  s c a t t e r i n g / 1 3 /  a n d  t h e  SLAC-)!IT r e s u l t s  f r o m  e l e c t r o n - h y d r o -  

g e n  s c a t t e r i n g  a t  l o w e r  Q2 / I 4 ' .  The x  d e p e n d e n c e  o f  F2 f r o m  

t h i s  e x p e r i m e n t  i s  compared  t o  t h e  EMC r e s u l t  i n  F i g . 4  w h e r e  t h e  

d a t a  a r e  a v e r a g e d  o v e r  t h e  QL r a n g e  common t o  b o t h  m e a s u r e m e n t s .  

f i e  a g r e e m e n t  i s  p o o r ,  e s p e c i a l l y  a t  s m a l l  x  where  FZ m e a s u r e d  

i n  t h e  p r e s e n t  e x p e r i m e n t  i s  l a r g e r  b y  up  t o  1 5 % .  I n  t h e  l o w e s t  

b i n  o f  x ,  a b o u t  4 %  o f  t h i s  d i f f e r e n c e  i s  d u e  t o  t h e  f a c t  t h a t  

t h e  EMC r e s u l t  was o b t a i n e d  u s i n g  R  = 0 .  A  s i m i l a r  b e h a v i o u r  

L . ......I . . ...... I . I I., . . ,..... . . . . .  1 ..., I , I 
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v Kiev) C' fGcV'1 
F i g . 3 .  The s t r u c t u r e  f u n c t i o n  F:(x,Q ) f r o m  t h i s  e x p e r i r n c n t  f o r  

a l l  beam e n e r g i e s  c o m b i n e d ,  u s i n g  R = R Q C ~ .  A l s o  shown n r r  d a t a  Crom 

t h e  E M C / ~ ~ /  and  S L A C - M I T / ~ ~ /  e x p c r i r n e n t s .  Il'here n c c c s s a r y ,  t h e  BI.'C 

and  SLAC d a t a  were  i n t e r p o l a t e d  t o  t h c  x  b i n s  o r  t h i s  e x p c r i m e n t  

a t  e a c h  v a l u e  o f  Q L  u s i n g  a  t h i r d  o r d e r  p o l y n o m i a l .  Notc t h a t  thc rc .  

a r e  n o  SLAC d a t a  i n  t h e  l o w e s t  x  b i n .  'Thc r e l a t i v e  n o r m a l i z a t i o n s  

b e t w e e n  t h e  e x p e r i m e n t s  h a v e  n o t  b e e n  a d j u s t e d .  A t  x<O.255 ,  a 1 1  d a -  

t a  h a v e  b e e n  m u l t i p l i e d  by t h e  f a c t o r s  i n d i c a t e d  i n  t h e  f i g u r e .  On- 

l y  s t a t i s t i c a l  e r r o r s  a r e  shown. '11 
F i g . 4 .  The r a t i o  o f  t h e  p r o t o n  
s t r u c t u r e  f u n c t i o n s  F2 ( x )  f rom 
t h i s  and  f rom t h e  EMC e x p e r i -  
m e n t / l 3 / .  I n  e a c h  b i n  o f  x ,  t h e  
d a t a  a r e  a v e r a g e d  o v e r  t h e  Q~ 
r a n g e  common t o  b o t h  m e a s u r e -  
m e n t s .  Only  s t a t i s t i c a l  e r r o r s  
a r e  shown. S y s t e m a t i c  e r r o r s  a r e  4- - - - -  

d i f f i c u l t  t o  v i s u a l i z e  b e c a u s e  o f  
c o r r e l a t i o n  e f f e c t s  b u t  c a n  be  
f o u n d  i n  d e t a i l  i n  ~ e f . / 3 , 1 3 / .  
The s y s t e m a t i c  e r r o r s  e s t i m a t e d  
f o r  t h i s  e x p e r i m e n t  do n o t  e x -  
p l a i n  t h e  o b s e r v e l  d i s c r e p a n c y .  o 

0.2 ,( 0.L 0.6 0.8 

was o b s e r v e d  i n  o u r  measurement  on a  c a r b o n  t a r g e t " '  which i n d i -  

c a t e d  a  s t e e p e r  x d e p e n d e n c e  o f  F2 t h a n  measured  i n  e a r l i e r  

e x p e r i m e n t s .  A q u a n t i t a t i v e  c o m p a r i s o n  t o  t h e  SLAC d a t a  i s  d i f f i -  

c u l t  a t  s m a l l  x  where t h e  e x p e r i m e n t s  c o v e r  d i s j o i n t  r a n g e s  o f  

Q2.  At l a r g e  x ,  t h e  two e x p e r i m e n t s  a g s e e  w i t h i n  t h e  s y s t e m a t i c  

e r r o r s .  
7 












