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I n  a  p r e v i o u s  l e t t e r ' ' ' ,  we h a v e  r e p o r t e d  o n  a  h i g h  s t a t i s t i c s  

m e a s u r e m e n t  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  1i2  ( x , Q Z )  a t  l a r g e  f o u r -  

-momentum t r a n s f e r  QZ i n  d e e p  i n e l a s t i c  s c a t t e r i n g  o f  muons on  a  h y -  

d r o g e n  t a r g e t .  T h e s e  d a t a  e x h i b i t  c l e a r  d e v i a t i o n s  f r o m  B j o r k c n  s c a -  

l i n g .  H e r e  we c o m p a r e  t h e  m e a s u r e d  s c a l i n g  v i o l a t i o n s  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  Quantum Chromodynamics (QCD). Thc r c s u l t s  o f  a  s i m i -  

l a r  a n a l y s i s  o f  t h e  n w l e o n  s t r u c t u r e  f u n c t i o n  m e a s u r e d  w i t h  a  c a r h o n  

t a r g e t  h a v e  b e e n  r e p o r t e d  e a r l i e r / Z ' 3 ' 4 / .  T e s t s  o f  QCI f r o m  c a r l i c r  h i $  

s t a t i s t i c s  muon a n d  n e u t r i n o  e x p e r i m e n t s  a r e  r c p o r t c d  on  i n  R c f ~ . / ~ - ~ ~ !  

I n  t h e  f r a m e w o r k  o f  p e r t u r b a t i v c  QcD"~' ,  s c a l i n g  v i o l a t i o n s  a r c  

d u e  t o  t h e  Q Z e v o l u t i o n  o f  q u a r k  a n d  g l u o n  d i s t r i b u t i o n s  w h i c h  c a n  b e  

d e s c r i b e d  by t h e  A l t a r c l l i - l ' a r i s i  ~ ~ u a t i o n s ' ~ ~ '  o r ,  a l t c r n a t i v c l y ,  b y  

t h e  QZ d e p e n d e n c e  o f  t h e i r  m o m e n t s / 1 5 / .  I l i g h c r  t w i s t  c o n t r i b u t i o n s  t o  

F 2 ,  w h i c h  a r c  n o t  d c s c r i b e d  by t h c s c  c q u a t i o n s ,  v a r y  l i k c  powcr s c r i c s  

i n  1/Q / 1 6 /  a n d  a r e  c x p c c t c d  t o  h c  s m a l l  o v c r  mos t  oT t h c  ? Z  r a n g c  

o f  o u r  d a t a .  F u , - t h c r m o r e ,  t h c  d a t a  c x t c n d  up t o  x = 0 . 7 5 ,  t h u s  requiring 

o n l y  l i t t l e  extrapolation t o  c a l c u l n t c  t h c  c v o l u t i o n  i n t e g r a l s .  Our 

m c a s u r c m c n t  i s  therefore w c l l  s u i t c d  t o  a  p r c c i s c  t e s t  of p c r t u r h a t i v c  
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S c v c r ; i l  numerical mcthods  h a v c  h c c n  p r o p o s c d  t o  f i t  t h c  QCD p r c d i c -  

t i o n s  t o  c x p c r i m c n t a l  d a t a .  Wc h a v c  m a i n l y  cmployed  two 

which  h n v c  h c c n  d c v c l o p c d  w i t h i n  o u r  c o l l a b o r a t i o n .  Thcy a l l o w  t o  

T i t  t h c  T l a v o u r  s i n g l c t  a n d  n o n s i n g l c t  c v o l u t i o n  e q u a t i o n s  b o t h  i n  a  

l c a d i n g  o r d c r  (LO) p c r t u r b a t i o n  c x p a n s i o n  a n d  i n  a  n e x t - t o - l e a d i n g  o r -  
- 

d c r  c x p a n s i o n  i n  t h c  MS r c n o r m a l i z a t i o n  s c h c m e .  F o u r  q u a r k  f l a v o u r s  

w c r c  assumcd  t h r o u g h o u t  t h c  QCD a n a l y s i s .  

Thc c x p c r i m c n t a l  d a t a  shown i n  F i g . 2  o f  ~ e f . " '  w e r e  u s e d  f o r  t h e  

f i t s .  Da ta  p o i n t s  w i t h  y  < 0 . 2 0  a t  x = 0 . 7 5 ,  y  < 0 . 1 6  a t  x = 0 . 6 5  a n d  

y < 0 . 1 4  i n  a l l  o t h e r  b i n s  o f  x  w e r e  e x c l u d e d  t o  r e d u c e  t h e  s e n s i t i -  
2  

v i t y  o f  t h e  f i t s  t o  s y s t e m a t i c  u n c c r t a i n t i e s .  P o i n t s  w i t h  Q  > 8 GeV a t  

x < 0 . 1 6 ,  Q Z  < 1 4  GevZ a t  0 . 1 6  < x  < 0 . 2 5 ,  a n d  w i t h  Q2 < 20 GevZ a t  
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I n  g c n c r a l ,  t h e  x 2 ' s  o f  s u c h  f i t s  d e s c r i b e  m a i n l y  t h e i r  a;<reement w i t h  

t h c  x  d e p e n d e n c e  o f  t h e  s t r u c t u r e  f u n c t i o n s  which  i s  n o t  p r e d i c t e d  

I,? t h c  t h e o r y ,  a n d  t h e  f i t s  c a n  b e  b i a s e d  by a  p r i o r i  a s s u m p t i o n s  on 

2 t h c  f u n c t i o n a l  form o f  I : 2 ( ~ , Q o ) .  A more s t r i n g e n t  t e s t  i s  o b t a i n e d  by 

compnrinfi  d i r e c t l y  t h c  x d e p e n d e n c e  o f  t h e  measured  s c a l i n g  v i o l a t i -  

o n s ,  a . c r a g c J  o v c r  Q 2 ,  t o  t h e  o n c  e x p e c t e d  from t h e  QCD e v o l u t i o n .  

h i t h i n  t h e  a c c u r a c y  o f  t h c  p r e s c n t  m e a s u r c n e n t s ,  t h i s  i s  t h c  o n l y  s p e -  

c i v i c  p r c d i c t i o n  of  p e r t u r b a t i v e  QCD f o r  d e e p  i n e l a s t i c  s c a t t e r i n g  

k h i r h  can  b c  l c s t c d  c x p c r i m c n t a l l y .  I n  t h e  n o n s i n g l e t  a p p r o x i m a t i o n ,  

t h i s  con!p ;~r i son  d r p c n d s  on A a s  t h e  s o l c  f r c e  p a r a m e t c r  w h c r e a s  

in  n s i n g l c t  a n a l y s i s  o v c r  t h c  f u l l  x  r a n g e  i t  i s  a l s o  sensitive 

t o  t h c  g l u o n  d i s t r i b u t i o n .  

Thc n o n s i n g l c t  c a s c  is  shown i n  F i g .  23 hrhere  t h e  l o ~ a r i t h m i c  d e -  

r i v : ~ t i v e s  J l n l : 2 ( x , Q 2 ) / ~ l n ~ 2  a r c  compared t o  t h e  n e x t - t o - l e a d i n g  o r -  I I 

d c r  p r c d i c t i o r .  f o r  A,= = 205 MeV. The l o g a r i t h n i c  derivatives i n  I , 
t h i s  f i g u r c  a r c  t h e  s l o p c  parameters of  s t r a i g h t  l i n c  f i t s  l n F 2  = 

= 3 . l n Q 2  + h t o  t h e  d a t a .  To c a l c u l a t e  i n  a  consistent hray t h e  

t h c o r c t i c a l  p r c d i c t i o n s  shown i n  t h e  samc f i g u r e ,  t h e  r e s u l t  o f  t h e  

2  QCD f i t ,  F:, u a s  a s s i g n e d  a t  e a c h  (x ,Q ) p o i n t  t h e  s t a t i s t i c a l  e r r o r  

of t h e  c o r r c s p o n d i n g  c x p c r i m c n t a l  F 2 .  The l o g a r i t h m i c  d e r i v a t i v e s  

d l n F ; / d l n Q 2  w c r c  t h c n  o b t a i n e d  by t h e  same s t r a i g h t  l i n e  f i t  a s  f o r  

t h e  experimental d a t a .  K i t h i n  t h e  e r r o r s ,  t h i s  l i n e a r  r e p r e s e n t a t i o n  i s  

a n  e x c e l l e n t  a p p r o x i : ~ a t i o n  of  b o t h  t h e  c x p e r i m e n t a l  a n d  t h c  p r e d i c t e d  

Q' e v o l u t i o n .  Thc mcasured  x  d e p e n d e n c c  o f  t h e  s c a l i n g  v i o l a t i o n s  i n  

Fg. 2a i s  i n  a g r e e m e n t  w i t h  t h e  p r e d i c t e d  o n e  w i t h i n  s t a t i s t i c a l  e r r o r s .  

We h a v e  s e a r c h e d  f o r  h i g h e r  t w i s t  e f f e c t s  i n  o u r  d a t a  i n  t h e  r e -  

g i o n  x  > 0.25  i n  s e v e r a l  ways .  we f i r s t  d o  an e x p l i c i t  f i t  o f  h i g h e r  

t w i s t  t e r m s ,  p a r a m e t r i z i n g  F ~ ( X ,  Q 2 )  a s / 1 6 /  

L T  2  where  F2 ( x ,  Q 1 f o l l o w s  tl:e l e a d i n g  t w i s t  Q C D  e v o l u t i o n  e q u a t i o n s .  

0 I I I I I I I 

a1 
BCDMS Hz 

b l  .- acorns H Z  - 0 - - -  BCDMS C - 
(1' > 20 G ~ V '  

-0.1 - 

- 

-0.3 I I 

0 0.2 0.6 0.6 0.8 0 0.2 0.6 0.6 0.8 

X 
2  

F i g . 2 .  ( a )  The l o g a r i t h m i c  d c r i v a t i v c s  d l n F 2 ( x , Q  ) / d l n Q 2  o h s c r v c d  

i n  t h l s  e x p e r i m c n t  a t  Q 2  > 20 ticv2 a n d  x  t 0.275 .  Thc i n n c r  c r r o r  

b a r s  a r e  s t a t i s t i c a l ,  t h e  0 u : c r  c r r o r  b a r s  show s t a t i s t i c a l  and  

s y s t e m a t i c  c r r o r s  added  l i n c a r l y .  The s y s t e m a t i c  c r r o r s  a r c  s t r o n g -  

l y  correlated. The l i n c s  show n o n s i n g l c t  Q C D  p r e d i c t i o n s  f o r  

A,, = 205 hlcV a n d  f o r  t h . 0  o t h e r  v a l u e s  of  /\ . 
( b )  As ( a ) ,  comparcd t o  c a r b o n  t a r g c t  r c s u l t s  o h t a i n c d  w i t h  

t h e  same a p p a r a t u s / 3 / .  l 'hc QCU p r e d i c t i o n s  a r c  shown f o r  a  common 

v a l u c  o f  A m  = 220 FlcV. Only s t a t i s t i c a l  c r r o r s  a r e  shown. Thc 

s y s t e m a t i c  e r r o r s  of  t h e  c a r b c n  d a t a  a r c  v c r y  s i m i l a r  t o  t h o s c  of  

t h e  h y d r o g e n  d a t a  shown i n  ( a ) .  

we f i x  A t o  t h e  v a l u e  o b t a i n e d  i n  t h e  n o n s i n g l e t  f i t  ( T a b l e  1 ) .  The 

h i g h e r  t w i s t  t e r m  i i ( x )  is  f i t t e d  a s  a  s e t  o f  p a r a m e t e r s  lii = H ( x . 1  

and i s  f o u n d  t o  b e  c o m p a t i b l e  w i t h  z e r o  a t  a l l  x i .  The samc r e s u l t  

i s  f o u n d ,  a l b e i t  w i t h  l a r g e r  e r r o r s ,  when A i s  t r e a t e d  a s  a  f r c c  p a -  

r a m e t e r  i n  t h e  f i t .  li'e have  a l s o  madc p u r c  n o n s i n g l c t  Q C D  f i t s  w i t h  

d i f f e r e n t  l o w e r  c u t - o f f s  i n  Q 2 .  C u t t i n g  a t  IJ2 = 30 Gev2 and  Q' = 4 0  

G ~ L "  c h a n g e s  A by +15 MeV and -10  MeV, r e s p e c t i v e l y .  T h e r e  i s  

t h u s  no e v i d e n c e  f o ~  h i g h e r  t w i s t  e f f e c t s  i n  t h e  k i n e m a t i c  r a n g e  o f  

t h e  n o n s i n g l e t  f i t .  



For t h e  QCD a n a l y s i s  o v e r  t h e  f u l l  x  r a n g e  o f  t h e  d a t a ,  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  i s  decomposed i n t o  a  s i n g l e t  ( S )  and a  

n o n s i n g l e t  (NS) p a r t  a s  F~ = F~~ + F US where  NS a n d  S  
F2 2  

f o l l o w  d i f f e r e n t  Q2 evolutions, t h e  e v o l u t i o n  o f  F~~ b e i n g  c o u p l e d  

t o  t h e  g l u o n  d i s t r i b u t i o n .  We h a v e  c h e c k e d  u s i n g  t h e  method o f  ~ e f . " ~ '  

t h a t  t h e  e f f e c t  of t h e  charm t h r e s h o l d  i s  n e g l i g i b l e  i n  t h e  k i n e m a t i c  

r a n g e  of t h i s  a n a l y s i s .  

The u s u a l  method t o  d e t c r n ~ i n e  t h e  g l u o n  momentum d i s t r i b u t i o n  i s  

t o  p a r a m c t r i z c  i t  a t  a  g i v c n  Q ?  and  t o  e v o l v e  i t  w i t h  Q 2 .  We h a v e  

2  c h o s c n  t h e  p ~ r a m e t r i z a t i o n  x C ( x ,  Q , )  = A (  7 + 1 ) ( 1  - x ) ?  a t  Q2=5 G ~ V !  

A more c o m p l i c a t c d  p a r a m e t r i z a t i o n  i s  n o t  j u s t i f i e d  b-\, t h e  a c c u r a c y  

o f  o u r  m c a s u r c a e n t .  The p a r a m e t c r s  \ and tl h a v e  been  f i t t e d  

S  t o g e t h e r  w i t h  a n d  w i t h  p a r a m e t r i z a t i o n s  o f  F~~~ and F2 . 
'T11c r k s u l t s  o h t a i n c d  w i t h  o u r  two i i t t i n g  programs a r e  i n  good 

agrccmcnt  and  rlrc g i v c n  i n  T a h l c  2 .  The r e s u l t s  f o r  A a g r e e  

w i t h  t h o s c  o f  t h e  n o n s i n f i l c t  f i t s .  In n e x t - t o - l c a d i n g  o r d e r ,  we f i n d  

o s o f t  g l u o n  d i s t r i b u t i o n  which j u s t i r i c s  t h c  n o n s i n g l e t  f i t s  o f  

d i s c u s s e d  : lhovc.  S y s t e m a t i c  e r r o r s  on A 
been e v a l u a t e d  a s  [or  t h e  n o n s i n g l e t  c a s e .  

'l 

2 Assuming t h e  p: lrarnctr i :at ion o f  x ( ; ( x ,  Q,) t o  bc v a l i d  o v c r  t h e  

f u l l  x  r a n g ? ,  34 e q u a l s  t h c  f r a c t i o n  o f  t h c  p r o t o n  momentum c a r r i c d  

by t h e  g l u o n s .  \<hen i t  i s  t r e a t e d  a s  n  f r c e  p a r a m e t e r  i n  t h e  f i t s ,  we 

f i n d  .A = 0 . 5 .  T h i s  i s  compatible w i t h  wl l ;~ t  i s  c x p c c t c d  from t h c  mo- 

mentum sum r u l e  \ \ h i c h  wc have  t h o r . c f o r c  imposcd i n  t h e  f o l l o w i n g  

a n a l y s i s  i n  o r d e r  t o  c o n s t r ; ~ i n  A .  The r e s u l t s  from s u c h  f i t s  a r c  

g i v e n  i n  T a b l e  3  a n d  a r c  i n  good a g r c c m e n t  w i t h  t h o s c  q u o t e d  in T a b l c  

2.  We have  a l s o  u s c d  t h e  program of  ~ c f . " ~ '  t o  c a l c u l a t e  f o r  f l x c d  

v a l u e s  of  0 t h e  X of t h e  c o m p a r i s o n  of  measured  and p r d i c t c d  

l o g a r i t h m i c  d e r i v a t i v e s  of  F2 i n  t h e  same way a s  f o r  t h e  n o n s i n g l e t  

f i t s .  I 'hese k 2 ' s  a r e  shown i n  F i g .  3a  and e x h i h i t  d i f f c r c n t  

minima f o r  t h e  l e a d i n g  a n d  n e x t - t o - l c a d i n g  o r d c r  f i t s .  

6 

l a b l e  2 .  R e s u l t s  o f  s i n g l e t + n o n s i n g l e t  QCD f i t s  t o  F 2 ( x , Q Z )  o v c r  

t h e  f u l l  x  r a n g e  o f  t h e  d a t a ,  i n  l e a d i n g  o r d e r  ( L O )  a n d  

n e x t - t o - l e a d i n g  o r d e r  i n  t h e  KE r e n o r m a l i z a t i o n  schemc,  

w i t h o u t  impos ing  t h e  momentum sum r u l e .  K i n e m a t i c  c u t s  a r c  

d i s c u s s e d  i n  t h e  t e x t .  A and  a r e  t h c  p a r a m e t c r s  o r  t h c  

g l u o n  momentum distribution which i s  c h o s e n  a s  x C ( x )  - 

= A (  7 + 1 ) ( 1  - x ) ?  . Four q u a r k  f l a v o u r s  a r c  assumcd i n  

t h e  QCD a n a l y s i s .  Only s t a t i s t i c a l  c r r o r s  a r c  g i v c n .  

A and c o r r e s p o n d i n g  t o  t h c s e  minima c o i n c i d e  w i t h  

t h e  r e s u l t s  g i v e n  i n  r a h l c  3 .  The c o r r e l z i t i o n  bc twccn  '2 
. ~ n d  A 1 s  shohn i n  l . lg.3b and i s  wenkcr t h a n  o b s c r v c d  i n  p r e v i o u s  ex 

~ > c r i m c n t s .  T h i s  i s  a  c o n s c q u e n c c  of t h e  s o f t n e s s  o r  t h e  g l u o n  d i s t r i b u -  

t i o n  and  o f  t h c  h i g h  i ~ c c u r a c y  of  t h e  d a t a  a t  l a r g e  x  where  t h e  e f f e c t  

o r  t h e  g l u o n s  bccorncs negligible. The measured  s c a l i n g  v i o l a t i o n s  a r e  

compared i n  F i g . 3 ~  t o  n e x t - t o - l e a d i n g  o r d e r  f i t s  f o r  d i f f e r e n t  v a l u e s  

of 7 a n d  show a g a i n  v e r y  good a g r c c m e n t  w i t h  t h e  t h e o r e t i c a l  p r e d i c t i -  

on f o r  7. = 8 . 3 .  
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u s i n g  o n l y  t h c  s c a l i n g  v i o l a t i o n s  measured  a t  x  = x .  a n d  a s s u m i n g  

2  Am = 220 McV ( s c c  h c l o w ) .  The c o c f f i c i e n t s  C i  = x i G i ( x i , Q 0 )  a r e  f i t -  

t e d  separately u s i n g  t h e  same v a l u e  f o r  < . T h i s  p a r a m e t e r  i s  d e t e r -  

mined i t c r a t i v c l y  s u c h  t h a t  t h e  x  d e p e n d e n c e  o f  t h e  f i t t e d  C i l s  i s  

t w c l l  d c s c r i b c d  by a  p a r a m c t r i z a t i o n  p r o p o r t i o n a l  t o  ( 1 - x )  . I n  n e x t - t o -  

- 1 c a d i n g  o r d c r ,  t h c  b c s t  a g r e e m e n t  f o r  5 = 1 1  a s  c x p c c t e d  f rom t h e  

p r c v i o u s  method .  ,4ssuming 5 = 9  ( <  = 1 3 )  d e c r e a s e s ( i n c r e a s e s )  a l l  C i ' s  

by approximately 8 % .  l ' hc  p r i n c i p a l  i n t e r c s t  o f  t h i s  method l i e s  i n  t h e  

r c l i a b l c  c s t i m n t c  oT s t a t i s t i c a l  c r r o r s .  The c o e f f i c i e n t s  C i  f o r  5 = 1 1  

2  a r c  shown i n  F i g . 4  t o g c t h c r  w i t h  t h e  f i t s  o f  x ( ; ( x , Q , )  g i v e n  i n  T a b l e  2. 

'Thc dominant  s y s t c m a t i c  c r r o r  i s  duc  t o  t h c  r e l a t i v e  n o r m a l i z a t i o n  u n -  

c c r t a  i n t y ,  whcrcns  t h c  u n ~ c r t a  i n t y  on A m  h a s  o n l y  a  n e g l i g i b l e  e f -  

r c c t .  'l'hc t o t a l  s y s t c m a t i c  c r r o r s ,  i n c l u d i n g  t h c  u n c e r t a i n t y  on 5 , a r e  

t y p i c a l l y  h a l l  t h c  s t a t i s t  i c a l  o n e s .  

Thc QCII a n a l y s i s  p r c i ; c r ~ t c d  i n  t h i s  p:lpcr c a n  b c  comparcd  t o  t l ~ c  

onc  pcrCormcd OII  o u r  c : l r l  i c r  mcasurcmcnt  w i t h  ;I c a r b o n  t a r g c t / 3 / .  'Thc 

L i n c m a t i c a l  domains  i ~ s c d  l o r  t h c  n o n s i n g l c t  T i t s  a r c  a l m o s t  i d e n t i c a l  

a n d  t h c  results Tor /\ : r rc  i n  a g r c c m c n t  ~ i t h i n  s t a t i s t i c a l  c r r o r s .  

Thcy c a n  h c  combincd t o  g i b c  

c o r r e s p o n d i n g  t o  a s t r o n g  c o u p l i n g  c o n s t a n t  

Thc l a r g c s t  c o l ~ t r i h ( ~ t i o n s  t o  t h c  s y s t c m a t i c  c r r o r s  on t h c  t h o  m c ; ~ s ~ c r c  

m e n t s  o f  AMS C O ~ C  f r o m  t h c  n o r m a l i z a t i o n  i l n c c r t ; ~ i n t i c s  hctt,c.cn d a t a  

t a k e n  a t  d i f f c r c n t  h c a n ~  c ~ i c r ~ i c s .  T h c s c  i l n c c r t a i n t i c s  a r c  t o  a l a r g c  

e x t e n t  u n c o r r e l a t e d  bc twccn  t h c  c a r b o n  a n d  h y d r o g c n  c x p c r i m c n t s ,  t h u s  

a l l o w i n g  t o  r e d u c e  t h e  s y s t c m a t i c  c r r o r  f rom t h i s  c o n t r i b u t i o n  Tor t h c  

combined r e s u l t .  The s c a l i n g  v i o l a t i o n s  measured  w i t h  t h c  two d i r l c r c n t  

t a r g e t s  a r e  compared  i n  F i g . 2 b  t o  t h e i r  r e s p e c t i v e  QCD p r c d i c t i o n  f o r  

t h e  samc v a l u e  o f  A = 220 McV. D i f f e r e n t  s c a l i n g  v i o l a t i o n s  i n  h y d -  

r o g e n  a n d  c a r b o n  a r c  p r e d i c t e d  by t h e  e v o l u t i o n  e q u a t i o n  f rom t h c  d i f -  

f c r e n t  x  d e p e n d e n c e  o f  F2 measured  on p r o t o n  and  i s o s c a l a r  t a r g e t s .  

Such a  d i f f c r e n c e  i s  o b s e r v e d  i n  t h e  d a t a  w i t h  a  good s t a t i s t i c a l  s i g n i -  

f i c a n c e :  t h e  p r o b a b i l i t y  P (  x 2 )  o f  t h e  ,:arbon a n d  h y d r o g e n  d a t a  t o  a g -  

r e e  w i t h  t h e i r  r e s p e c t i v e  QCD p r e d i c t i o n  i s  4O%, w h e r e a s  t h c  combincd 

probabi l i ty  of  the  carbon data t o  agree with the hydrogen p r e d i c t i o n  a n d  o f  t h c  

h y d r o g e n  d a t a  t o  a g r e e  w i t h  t h e  c a r b o n  p r e d i c t i o n  i s  l c s s  t h a n  0.3:. 

We e s t i m a t e  t h e  l a t t e r  p r o b a b i l i t y  t o  a  fcw p c r c c n t  when s y s t c m a t i c  c r -  

r o r s  a r e  t a k e n  i n t o  a c c o u n t .  The f a c t  t h a t  d i r f c r c n t  p a t t e r n s  o f  s c e l i r g  

v i o l a t i o n  a r e  c o m p a t i b l e  w i t h  a common v a l u c  o f  Am i s  a n  a d d i t i o n a l  

c o n f i r m a t i o n  o f  t h e  r e m a r k a b l e  consistency be tween  o u r  d a t a  and  t h c  

QCD p r e d i c t i o n s .  

I n  c o n c l u s i o ~ ,  we f i n d  t h a t  s c a l i n g  v i o l a t i o n s  o b s e r v e d  i n  o u r  h i g h  

s t ; , t i s t i c s  measurement  o f  t h e  p r o t o n  : ; t r u c t u r c  f u n c t i o n  F ~ ( x , Q ~ )  a t  h i g h  

Q2 a r e  i n  q u a n t i t a t i v e  a g r e e m e n t  w i t h  p r c d i c t i o n s  f rom p e r t u r b a t i v e  QCL). 

N o n p e r t u r b a t i v e  e f f e c t s  a r e  n o t  r e q u i r e d  t o  e x p l a i n  s c a l i n g  v i o l a t i o n s  

i n  t h e  k i n e m a t i c  r a n g e  o f  t h i s  e x p e r i m e n t .  Thc n o n s i n g l e t  a p p r o x i m a t i o n  

a n d  t h e  c o m p l e t e  s i n g l e t  and  n o n s i n g l c t  f i t s  t o  t h e  d a t a  g i v e  consistent 

r e s u l t s  f o r  A which a r e  i n  a g r e e m e n t  w i t h  o u r  e a r l i e r  r e s u l t  f rom a  
&is 

c a r b o n  t a r g e t .  Combining t h e s e  m e a s u r e m e n t s ,  we o b t a i n  a  v a l u e  A m  = 

= 220 t 15 t 50 MeV. The g l u o n  d i s t r i b u t i o n  o f  t h e  p r o t o n  h a s  b e e n  d e t e r -  

mined f rom s i n g l e t + r . o n s i n g l e t  f i t s  i n  n e x t - t o - l e a d i n g  o r d e r  QCD i n  t h e  

r a n g e  0 .06  6 x < 0 . 3 0 .  
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B ~ P O T O H H O ~ ~  C T P Y K T Y P H O ~  @ Y H K ~ W H  F, ( X  Q e  ) npW 6onbwnx Q e  

Bunonnet4 ananns c ~ p y ~ ~ y p n o f i  o y n ~ q n n  npoTona F, ( x .  Q,  1,  n3nepenun KO- 

~ o p o k  npoeoannncb ~onna6opaqnefi 6UAMC c e u c o ~ o i  c ~ a ~ n c ~ n u e c ~ o f i  T O W O C T ~ D  

B 3KcnepnnewTax no rny6o~oneynpyrony paccennno MOOHOB Ha e o ~ o p o ~ n o k  nnulenn. 
Ocyqec~eneno cpaenenne napytuennfi c~e f innnra  e c ~ p y ~ ~ y p n o f i  oyn~qnn  npoTona 
c npeAcKa3annm.w nep~ypba~nenof i  noaenn KXA. Ha6noaaeTcu npeeocxoanoe cornacne 
3KCnePHMeHTanbHUX pe3ynbTaTOB C UHCneHHUMH PeUeHHUMH 3BOnDqHOHHUX ypaenen~k 
B nnanpyaqew n B cneayoqen K nnanpyweny nopuartax Teopnn eo~nyqennk. ~ T H  aan- 
Hue n c n o n b 3 0 ~ a ~ u  anR onpeaenennu ~ a c u ~ a 6 ~ 0 r o  napaneTpa A noaenn KXD KaK 
B noaxone necnnrneTnoro no aponaTy npn6nnmenuu, TaK n npn nonoqn nonnoro 
CnnrneTnoro + necnnrneTnoro no aponaTy noaxoaa. Bunonnena oqenKa rnaonnoro 
pacnpeaenennn B npoTone. 

Pa6o~a Bunonnena B na60pa~opnn BUCOKHX 3neprni OWRW. 
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Benvenuti A.C. e t  a l .  E 1-89-541 
Test o f  QCD and a Measurement o f  A from Scal ing V l o i a t l o n s  
I n  the Proton S t ruc tu re  Funct ion F, ( x , Q e )  an Hlgh 

Scal ing v l o l a t l o n s  I n  the proton s t r u c t u r e  func t ion  Fe ( x , Q e )  measu- 1 red w i t h  .high statistics i n  deep i n e l a s t i c  s c a t t e r i n g  o f  muons on a hydrogen 
ta rge t  a r e  compared t o  p red ic t ions  o f  pe r tu rba t l ve  QCD. Exce l len t  agreement 
i s  observed w i t h  numerical so lu t ions  o f  the evo lu t lon  equations i n  leading 
and next - to- leading order. The QCD mass scale parameter A i s  dqtermlned 
from these data both I n  a f lavour  nonslnglet  approxlmatlon and w i t h  a comp- 
l e t e  f l avour  s i n g l e t  and nonslnglet  treatment. An est imate o f  the gluon d l s -  
t r l b u t l o n  I n  the proton i s  given. 
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