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ABSTRACT 
The role of t h e  s e m i - l e p t o n i c  n e u t r a l  c u r r e n t  
i n t e r a c t i o n  as a probe of  nuc leon  s t r u c t u r e  is 
examined. P r e v i o u s  measurements of n e u t r a l  c u r r e n t  
x - d i s t r i b u t i o n s  are  r ev iewed ,  and new resul ts  from 
t h e  Fermilab - N I T  - MSU c o l l a b o r a t i o n  are  
p r e s e n t e d .  

1 .  I n t r o d u c t i o n  

The studies of deep i n e l a s t i c  e l e c t r o n ,  muon, and charged 
c u r r e n t  ( C C )  n e u t r i n o  s c a t t e r i n g  have r e v e a l e d  much abou t  t h e  
s t r u c t u r e  of t h e  nuc leon .  S u b t l e  d i f f e r e n c e s  are e x p e c t e d  t o  e x i s t  
between t h e  nuc leon  s p - u c t u r e  f u n c t i o n s  as de te rmined  by t h e  two weak 
gauge boson p r o b e s ,  W- and Z o .  The c h a r g e d  c u r r e n t  
t r a n s f o r m  t h e  c h a r g e  of  t h e  s t r u c k  q u a r k ,  whereas t h e  neutral  c u r r e n t  
i n t e r a c t i o n  is b e l i e v e d  t o  be a f l a v o r  "d i agona l "  i n t e r a c t i o n  and 
therefore does n o t  c o u p l e  d i f f e r e n t  qua rk  f l a v o r s .  I n  a d d i t i o n ,  
there c o u l d  be  a n  a s  y e t  unobserved qua rk  s t r u c t u r e  i n t e r a c t s  
p r e f e r e n t i a l l y  w i t h  t h e  weak n e u t r a l  c u r r e n t .  I t  is n a t u r a l  
therefore t o  a s k  whether t h e  a n a l y s i s  o f  deep  i n e l a s t i c  n e u t r a l  
c u r r e n t  (NC)  n e u t r i n o  s c a t t e r i n g  d a t a  c o n f i r m s  o u r  p r e s e n t  
u n d e r s t a n d i n g  of t h e  s t r u c t u r e  of  the  nuc leon .  

inter&$ion m u s t ,  ' 

which 

The  d i f f e r e n t i a l  c r o s s - s e c t i o n  for  n e u t r i n o  deep  i n e l a s t i c  
s c a t t e r i n g  is g i v e n  by: 

( d 2 0 ) / ( d x d y )  = G'ME V / T I  [ ( 1 - y + y 2 / 2 ) F , ( x ) a ( y - y z / 2 ) x F ,  ( x ) ]  (1) 
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where t h e  ( - > +  is f o r  ! a n t . i ) n e u t r i n o  s c a t t e r i n g .  Equa t ion  ( 1 )  makes 
t h e  normal  a s sumpt ions  of s c a l i n g  and t h e  v a l i d i t y  of t he  
Cal lan-Gross  r e l a t i o n ,  2xF , (x )=F , (x ) .  The x-dependence 
c r o s s - s e c t i o n  is o f t e n  w r i t t e n  i n  terms of t h e  s t r u c t u r e  
F + ( x )  as: 
-. 

d o / d x  = G'PIE /(2n) F+(x) 
V - 

where a g a i n  t he  ( - ) +  is f o r  ( a n t i ) n e u t r i n o  s c a t t e r i n g .  The 
f u n c t i o n s  F ( x )  a re  combina t ions  of the s t r u c t u r e  f u n c t i o n s  

-t - 
XF, ( X I .  

I n  t h e  c o n t e x t  of t h e  quark-par ton  model t h e  s t r u c t u r e  
are  r e l a t ed  t o  t h e  momentum f r a c t i o n  d i s t r i b u t i o n s  of the  
t h e  nuc leon .  The CC s t r u c t u r e  f u n c t i o n s  are:  

F , ( x )  = x q ( x >  + x ~ ( x )  
x F , ( x )  = x q ( x )  - x ~ ( x )  k ~ [ x s ( x ) - x c ( x ) ]  

where t h e  ( - I +  is f o r  ( a n t i ) n e u t r i n o  s c a t t e r i n g ,  and where: 

and where a symmetrical sea-quark d i s t r i b u t i o n  is assumed: 

The NC s t r u c t u r e  f u n c t i o n s  have d i f f e r e n t  c o n t r i b u t i o n s  
s t r a n g e  and charm sea i n  a d d i t i o n  t o  b e i n g  m o d i f i e d  by 
c o u p l i n g  c o n s t a n t s :  

F:. ( X  = ( u ~ + d ~ + ~ l ~ + d ~  ) [ xq ( x  ) + x i  (x ) ] 

xF, (x)  = ( u ~ + ~ ~ - u ~ - ~ ~ ) [ X ~ ( X ) - X ~ ( X )  L L R R  J 
-(U2-d2+u2-d2 ) 2 [  XS(X>-XC(X) 3 L L H R  

of t he  
f u n c t i o n s  

(2) 

s t r u c t u r e  
F , ( x )  and 

f u n c t i o n s  
q u a r k s  i n  

( 3 )  

from t h e  
the quark  

N e u t r a l  c u r r e n t  expe r imen t s  c a n  o b s e r v e  o n l y  t h e  recoi l  hadron  
shower from a n e u t r i n o  i n t e r a c t i o n ,  and n o t  t h e  scattered l e p t o n .  
Complete k i n e m a t i c  r e c o n s t r u c t i o n  of a n  e v e n t  r e q u i r e s  knowledge of 
t h e  r eco i l  shower ene rgy  and a n g l e  i n  a d d i t i o n  t o  knowledge of t h e  
ene rgy  of t h e  i n c i d e n t  n e u t r i n o .  R e c o n s t r u c t i o n  of both  the  shower 
energy  and a n g l e  is p r e s e n t l y  p o s s i b l e  o n l y  i n  bubb le  chambers or 
f i n e - g r a i n e d  e l e c t r o n i c  calorimeters. The i n c i d e n t  n e u t r i n o  e n e r g y  
is estimated u s i n g  t h e  p r o p e r t i e s  0 f . a  narrow-band n e u t r i n o  beam. 

The s c a l i n g  v a r i a b l e  x is computed from t h e  i n c i d e n t  n e u t r i n o  
energy  ( E v ) ,  t h e  recoi l  hadron  shower energy  ( E  ) and a n g l e  ( 0  ) ,  and 
t h e  nuc leon  mass ( M )  as: H H 



E V (EH-M)sin20N 
x = _ _  

2M[ E COS 'OH- ( EH-M) ] 
V 

( 7 )  

The a m b i g u i t y  of t h e  n e u t r i n o  p a r e n t  i n  a narrow-band beam leads t o  
ai? a;?.Sig:iity i n  t h e  rl31Jt-3 rin ent 1 . 8 ~ .  T i l a  iv .? inc .n t i im sprcad a i d  

d i v e r g e n c e  of t h e  seconddry  beam, a s  well as t h e  u n c e r t 3 i n t y  i n  t h e  
secondary  decay  p o i n t ,  a lso c o n t r i b u t e  t o  an u n c e r t a i n t y  i n  t h e  
i n c i d e n t  n e u t r i n o  e n e r g y .  A n  e x p e r i m e n t ' s  a b i l i t y  t o  measure the  NC 
x - d i s t r i b u t i o n  depends upon t h e  d e t e c t o r ' s  r e s o l u t i o n  of hadron 
ene rgy  and c r i t i c a l l y  upon its r e s o l u t i o n  of t h e  hadron shower a n g l e .  

2. Columbia - R u t g e r s  - S t e v e n s  C o l l a b o r a t i o n  

The f i rs t  expe r imen t  t o  p u b l i s h  r e s u l t s  on NC x - d i s t r i b u t i o n s  a t  
low n e u t r i n o  e n e r g i e s  was performed by t h e  Columbia - Rut e r s  - 
S t e v e n s  c o l l a b o r a t i o n  u s i n g  t h e  BNL 7 - f t  bubble  chamber. '' The 
experiment  was performed i n  a narrow-band bean w i t h  p o s i t i v e l y  
charged s e c o n d a r i e s  of momentum 10 CeV/c. CC e v e n t s  were i d e n t i f i e d  
by a t  l eas t  one  n e g a t i v e  t rack l e a v i n g  t h e  chamber; other e v e n t s  were 
c l a s s i f i ed  as NC. To reduce c o n t a m i n a t i o n  from cosmic-ray and 
n e u t r a l  had ron  i n t e r a c t i o n s ,  t he  NC sample has a d d i t i o n a l  
r e s t r i c t i o n s  on t he  a n g l e  and i n v a r i a n t  mass of  t he  hadron  shower.  

After a l l  c u t s ,  23 MC e v e n t s  r ema in .  The x - d i s t r i b u t i o n  f o r  t h e  
NC e v e n t s  is shown i n  F i g u r e  l ( a ) ;  and can be  compared t o  the  
x - d i s t r i b u t i o n  of t h e  CC e v e n t s  i n  F i g u r e  l ( b ) .  The NC d i s t r i b u t i o n  
h a s  been c o r r e c t e d  f o r  c u t s  and r e s o l u t i o n .  While t h e  NC and CC 
x - d i s t r i b u t i o n s  are s imilar ,  t h e  small number of e v e n t s  p r e v e n t s  any 
q u a n t i t a t i v e  comparison.  

3. CHARM C o l l a b o r a t i o n  

The CHARM c o l l a b o r a t i o n  was the  f i rs t  t o  r e p o r t  resu l t s  on NC 
x - d i s t r i b u t i o  s a t  h i g h  e n e r g i e s  u s i n g  a mass ive  e l e c t r o n i c  
calorimeter. '' The CHARM f i n e - g r a i n e d  d e t e c t o r  was exposed t o  t h e  
CERN 200 . GeV/c narrow-band beam wi th  bo th  n e u t r i n o s  and 
a n t i n e u t r i n o s .  Due t o  t h e  i n h e r e n t  beam momentum s p r e a d  and 
ambigu i ty  be tQeen  n e u t r i n o s  from p i o n  and kaon decay ,  and l i m i t a t i o n s  
of e x p e r i m e n t a l  r e s o l u t i o n s ,  p a r t i c u l a r l y  i n  the  hadron shower a n g l e ,  
an event-by-event  k i n e m a t i c  r e c o n s t r u c t i o n  was n o t  p o s s i b l e .  
I n s t e a d ,  t h e  d i s t r i b u t i o n s  i n  t h e  measured v a r i a b l e s  were u n f o l d e d  t o  
d e t e r m i n e  the  x - d i s t r i b u t i o n .  The u n f o l d i n g  method was a p p l i e d  
s i m i l a r l y  t o  CC e v e n t s  t o  d e t e r m i n e  its v a l i d i t y .  

The aim was t o  o b t a i n  t h e  x - d i s t r i b u t i o n s  F+(x). The e v e n t  
d i s t r i b u t i o n  i n  the  obse rved  v a r i a b l e s  was r e p r e s e n t e d  as a 
c o n v o l u t i o n  of F + ( x )  w i t h  a f u n c t i o n  which i n c l u d e d  t h e  beam f l u x ,  
t h e  y-dependence, and r e s o l u t i o n s .  The u n f o l d i n g  c o n s i s t e d  of 
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d e t e r m i n i n g  t h e  F + ( x )  which y i e l d e d  t h e  best f i t  t o  t h e  measured 
e v e n t  d i s t r i b u t i o n s .  

Even t s  induced by n e u t r i n o s  from b o t h  p ion  and kaon decay  were 
used ,  w i t h  c o r r e c t i o n s  f o r  t h e i r  r e l . a t i v e  c o n t r i b u t i o n s  i n c l u d e d  i n  
t h e  u n f o l d i n g  p?Ocedii?e. Also inc luc led  were c o r r e c t i o r i v  for ?jez.;n 
background: e i t h e r  n e i l t r i n o s  produced b e f o r e  momentum s e l e c t i o n  
(wide-band background) o r  e l e c t r o n  n e u t r i n o s  produced by K decays. 
The m i s i d e n t i f i c a t i o n  o f  NC and CC e v e n t s  was a l so  c o r r e g s e d  i n  t h e  
u n f o l d i n g  p rocedure .  T a b l e  1 summarizes t h e  e v e n t  samples  and t h e  
estimated m a g n i t u d e . o f  t h e  background c o r r e c t i o n s .  

T a b l e  1 
CHARM Event  numbers and backgrounds 

NC cc NC cc 

raw e v e n t s  2352 6496 1021 2589 

-60 -8 1 -92 -1 37 
-1 34 4134 -24 +24 

- -42 - -1 91 
;I3 
cc f +Id c 

c o r r e c t e d  e v e n t s  1967 6549 863 251 6 

The un fo lded  x - d i s t r i b u t i o n s  F + ( x )  f o r  CC and NC i n t e r a c t i o n s  
are shown i n  F i g u r e  2. The- p o i n t s  r e p r e s e n t  t h e  un fo lded  
x - d i s t r i b u t i o n s ,  w i t h  t h e  . p l o t t e d  e r r o r s  c o r r e s p o n d i n g  t o  the 
d i a g o n a l  e l e m e n t s  of  the  c o v a r i a n c e  matrix. The s o l i d  c u r v e s  
c o r r e s p o n d  t o  s t r u c t u r e  f u n c t i o n  f i ts  o f  T a b l e  2 ,  and the histogi’ams 
show the  r e s u l t s  of a CC a n a l y s i s  u s i n g  the  muon measurement.  The 
agreement  of t h e  un fo lded  CC d i s t r i b u t i o n  w i t h  t h a t  o b t a i n e d  from t h e  
s t a n d a r d  a n a l y s i s  d e m o n s t r a t e s  t h e  r e l i a b i l i t y  of t he  t e c h n i q u e .  

A q u a n t i t a t i v e  comparison of t h e  NC and CC x - d i s t r i b u t i o n s  was 
made by f i t t i n g  a p a r a m e t e r i z a t i o n  of t h e  v a l e n c e  and sea qua rk  
d i s t r i b u t i o n  f u n c t i o n s :  

( x )  = [ 3 / 8 ( a , b + l ) ]  g a (1-x> b 

%a1 ( x )  = c ( c + l )  (1-x) q s e a  

where B ( a , b + l )  is t h e  E u l e r  beta f u n c t i o n  used t o  p r o v i d e  t h e  
n o r m a l i z a t i o n  I(qval /x)dx=3 p r e d i c t e d  by the  Gross - L l e w e l l y n  Smith 
sum r u l e .  The pa rame te r  C is the i n t e g r a l  o v e r  t he  sea-quark c o n t e n t  
of t h e  nucleon, and was used t o  calculate  t h e  r e l a t i v e  a n t i q u a r k  
c o n t e n t  q / ( q + q ) .  The s h a p e  of t he  sea -qua rk  d i s t r i b u t i o n  was f i x e d  by 
s e t t i n g  t h e  1 ::ameter c=6.18. The r e m a i n i n g  p a r a m e t e r s  were found by 
s i m u l t a n e o u s  r’its t o  n e u t r i n o  and a n t i n e u t r i n o  d a t a .  The r e s u l t s  fo r  



the s t a n d a r d  CC a n a l y s i s  and for  the unfo ld i r ig  analyses of CC and NC 
are shown i n  T a b l e  2. The agreement  of  t h e  CC a n a l y s e s  a g a i n  
v e r i f i e s  t h e  u n f o l d i n g  t e c h n i q u e .  The agreement  of  t h e  CC and NC 
p a r a m e t e r s  i n d i c a t e s  t h a t  t he re  is no s i g n i f i c a n t  d i f f e r e n c e  i n  
nuc leon  s t r u c t u r e  a s  found i n  CC or NC r e a c t i o n s .  

Table 2 
CHARM F i t  r e s u l t s  

I - 
CC w i t h  muon CC from NC from Systematic 

Parameter measurement u n f o l d i n g  u n f o l d i n g  errors 

a 0.47k0.02 0.45-10.05 0.44+0.05 -10.05 
- b 2;71+0;11 2;97-0;16 2;79+0;24 -10;09 

- 

Orl4+0;005 0;17-e0;03 0 ;13+0;03  -10;02 
. .  . .  . .  

q/ ( q + i )  

4 .  Columbia - Rutge r s  - BNL C o l l a b o r a t i o n  

The r e s u l t s  o f  a bubble  chamber s t u d y  o f  h i g h  ene rgy  NC 
i n t e r a c t i o n s  have r e c e n t l y  been p u b l i s h e d  by a Columbia - R u t g e r s  - 
DNL c o l l a b o r a t i o n . 3 1  The Fe rmi l ab  1 5 - f t  bubble  chamber was exposed t o  
a narrow-band n e u t r i n o  beam wi th  selected secondary  momenta o f  125 ,  
1 4 0 ,  165 ,  200, and 250 GeV/c. An i m p o r t a n t  f e a t u r e  of t he  a n a l y s i s  
was the event-by-event  kinematic r e c o n s t r u c t i o n  u s i n g  t h e  measured 
h a d r o n i c  shower p r o p e r t i e s  and t h e  ene rgy  - r a d i u s  c o r r e l a t i o n  of t h e  
narrow-band beam. 

The h a d r o n i c  energy  was corrected f o r  t h e  c o n t r i b u t i o n  of 
u n d e t e c t e d  n e u t r a l s .  The c o r r e c t i o n  was 1 1 %  for h a d r o n i c  ene rgy  l ess  
t h a n  20 G e V ,  and rose l i n e a r l y  t o  35% a t  100 G e V .  The  c o r r e c t i o n  for  
NC e v e n t s  b e i n g  i n c o r r e c t l y  i d e n t i f i e d  as CC e v e n t s  because  of p i o n  
punchthrough was ( 8 + 3 ) % .  An identified n e u t r a l  hadron  background 
s u b t r a c t i o n  of 57 e v e n t s  was made from t h e  208 NC c a n d i d a t e s .  The 
r e s i d u a l  c o r r e c t i o n  fo r  u n i d e n t i f i e d  n e u t r a l  hadron  i n t e r a c t i o n s  was 
(15+3)% of the  NC sample.  

The i n c i d e n t  n e u t r i n o  ene rgy  was c a l c u l a t e d  t o  a b o u t  10% u s i n g  
t h e  e n e r g y  - r a d i u s  c o r r e l a t i o n  of t h e  narrow-band beam, b u t  was 
ambiguous between t h e  two v a l u e s  p r e d i c t e d  for p i o n  or kaon decay .  
To r e s o l v e  t h i s  ambigu i ty ,  t h e  n e u t r i n o  p a r e n t a g e  was a s s i g n e d  on the  
b a s i s  of the  ineasured h a d r o n i c  ene rgy ;  i f  t he  h a d r o n i c  e n e r g y  was 
smaller ( g r e a t e r )  t h a n  1 .1  times t h e  p r e d i c t e d  n e u t r i n o  e n e r g y  
assuming t h e  p i o n  decay  h y p o t h e s i s ,  t h e n  e v e n t s  were a s s i g n e d  the  
p i o n  (kaon)  decay h y p o t h e s i s .  A n a l y s i s  of CC e v e n t s  i n c l u d i n g  t h e  
muon i n f o r m a t i o n  showed t h i s  a s s ignmen t  t o  be c o r r e c t  a t  t he  90% 
l e v e l .  

Thc f i n a l  sample of e v e n t s  c o n s i s t e d  of 151 NC and 683 CC 
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i n t e r a c t i o n s .  The  d i s t r i b u t i o n s  of  t he  s c a l i n g  v a r i a b l e  x are  shown 
i n  F i g u r e  3. The d i s t r i b u t i o n s  are c o r r e c t e d  f o r  t h e  e f f e c t s  of t h e  
background c o r r e c t i o n s ,  t h e  cu t s ,  and  the m i s a l l o c a t i o n  o f  e v e n t s  
between t h e  p i o n  and kaon decay h y p o t h e s e s .  

'i'he CC d i s t r i b z t i o n  iliakc3 u s e  o r  t he  i:ifcrir.atvioli f ro!n t he  
o u t g o i n g  muon. The NC d i s t r i b u t i o n  is c o r r e c t e d  fo r  t h e  e f f ec t s  of 
r e c o n s t r u c t i n g ' t h e  o u t g o i n g  n e u t r i n o .  The c o r r e c t i o n  was made by 
comparing t h e  r e c o n s t r u c t e d  o u t g o i n g  l e p t o n  i n  t h e  CC e v e n t s  t o  t he  
measured muon. Both d i s t r i b u t i o n s  are a l s o  c o r r e c t e d  f o r  t r a c k  
measurement r e s o l u t i o n s .  The r e s o l . u t i o n  i n  x a f t e r  b o t h  c o r r e c t i o n s  
is o ~ 0 . 0 9 .  x . .  

The s t r u c t u r e  f u n c t i o n  F+(x) was o b t a i n e d  u s i n g  t h e  obse rved  NC 
t o  CC c r o s s - s e c t i o n  r a t i o  of 0.29rt0.04 and the  p r e x 5 g u s l y  measured CC 
t o t a l  cross s e c t i o n  of o/E; = .(0.62+0.05)*10 c m 2 / G e V .  The 
d i s t r i b u t i o n s  of  F+(x) are  shown i n  F i g u r e  4. ' T h e  shapes o f . t h e  NC 
and CC d i s t r i b u t i o n s  are obse rved  t o  be c o n s i s t e n t  w i t h  each o t h e r .  

5. F e r m i l a b  - M.I.T. - M.S.U. C o l l a b o r a t i o n  
. .  

The f i n e - g r a i n e d  calorimeter of t h e  Fermilab - K.I.T. - M.S.U. 
c o l l a b o r a t i o n  r e c e n t l y  was exposed t o  t h e  narrow-band beam ' a t  
F e r m i l a b .  The d e t e c t o r ' '  c o n s i s t s  of a c a l o r i m e t e r  w i t h  608 f l a s h  
chamber p l a n e s  i n  t h ree  views and 37 p r o p o r t i o n a l  t u b e  p l a n e s ,  and a 
muon s p e c t r o m e t e r  o f  i r o n  to ro ids  and  p r o p o r t i o n a l  t u b e  p l a n e s .  
F i g u r e  5 shows a CC e v e n t  i n  t he  de tec tor ,  d e m o n s t r a t i n g  t h e  f i n e  
g r a n u l a r i t y  of t h e  sampl ing  of the  shower development .  The 
r e s o l u t i o n  of t h e  r e c o n s t r u c t e d  a n g l e  of t he  hadron shower has been 
measured i n  a hadron t e s t  beam t o  be o(OFi )p ro j  = 0.007 + 
1.008/EH(GeV) r a d i a n s .  

The analysis goal was an event-by-event measurement of t h e  
s c a l i n g  v a r i a b l e  x for b o t h  NC and CC e v e n t s  by u s i n g  t h e  i n f o r m a t i o n  
from the  hadron  shower and the  n e u t r i n o  ene rgy  - r a d i u s  c o r r e l a t i o n  
of t he  narrow-band beam. To a c h i e v e  t h i s  g o a l ,  a k i n e m a t i c  regime 
was selected 
r e c o n s t r u c t i o n .  
i n f o r m a t i o n  from 
i n  t h e  k i n e m a t i c  

t o  enhance NC i d e n t i f i c a t i o n  and k i n e m a t i c  
NC and CC e v e n t s  were a n a l y z e d  i d e n t i c a l l y ;  t h e  

the  muon was used o n l y  t o  i d e n t i f y  CC and  as checks 
r e c o n s t r u c t i o n .  We have a l s o  examined the  r a t i o  

. -  

(do /dx ) NC 
R(x) = 

as cp means of r e d u c i n g  s e n s i t i v i t y  t o  s y s t e m a t i c  errors.  

The narrow-band beam was se t  for  n e u t r i n o  p r o d u c t i o n  a t  three 
d i f f e r e n t  s e c o n d a r y  momentum s e l e c t i o n s  (+165,+200,+250 G e V / c )  and  
for a n t i n e u t r i n o  p r o d u c t i o n  a t  one s e l e c t i o n  (-165 GeV/c). Data from 
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each secondary momentum selection were analyzed independently to 
demonstrate the variations of backgrounds and the consistency of 
results. The final fits to the quark distribution parameters were 
performed simultaneously to the complete data set. 

I’tJe c:it:. or! thc datd a rc  I n o t i v a + . r d  by the g~ i l of dc’cacatc c v m t  
identification and reconstruction. The first cut on tne data was a 
requirement of 10 GeV in visible hadron energy. This cut is 
conservatively above the trigger energy threshold for both NC and CC 
events. The next requirement is that the scaling variable y be less 
than 0.8 ,  where y is computed from the measured hadron energy and the 
neutrino energy (found using the energy - radius correlation assumins 
pion decay) as y=E /E This cut strongly enhances the separation of 
NC and CC events! 2; can be seen by the slight remaining 
misclassification of events indicated in Table 3. 

Table 3 
Fermilab-MIT-MSU NC - CC classification efficiencies 

V Identified as: 
- 

NC cc 
Actual: NC .98 .02 

cc .02 i 98 

-___ --- 

- 
V Identified as: 

NZ cc 

Actual: NC .98 .02 
.01 * 99 -- cc 

For the CC interaction the ambiguity between incident neutrinos 
from pion decay and those from kaon decay can be largely resolved by 
examination of the total (hadron plus muon) visible energy of the 
event. For NC interactions the identification of the neutrino parent 
must be accomplished with only the information from the hadronic 
shower and the event vertex radial position. To enhance the 
probability of the correct identification of the neutrino parent, we 
have chosen to examine the region dominated by neutrinos frorn pion 
decay. We thus require the vertex of the event to be within 1.0 
meter of the beam center and require tho hadron shower energy to be 
less than the mean energy of a pion-parent neutrino at the measured 
radial position. Table 4 lists the remaining contaminations of 
neutrinos from sources other than pion decay. The reconstruction of 
the event kinematics then proceeds with the pion decay hypothesis. 
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T a b l e  4 
Fermi1 ab-MI'T-MSU N e u t r i n o  decay  p a r e n t s  -- -- I---- 

Secondary momentum 
Decay +165 +ZOO +%50 -1 65 

71 .a93 . a58 ,808 .917 
K k12 .083 . l o 2  ,135 .063 

K " .014 .028 .04 1 .014 

-_I__ 1_ __I__--_- --_I - 

K V 2  .003 -005 .006 .002 

W E 2  .007 .007 .010 .003 --- 

T a b l e  5 g i v e s  t h e  numSer of e v e n t s  af'ter a l l  c u t s .  K inemat i c  
r e c o n s t r u c t i o n  is i d e n t i c a l  fo r  b o t h  NC and CC e v e n t s .  The  
d i s t r i b u t i o n s  of t h e  measured s c a l i n g  v a r i a b l e  x are  shown i n  F i g u r e  
6 for. each of t h e  beam s e c o n d a r y  momenta. The data  p o i n t s  and t h e  
v e r t i c a l  a x i s  scales  are fo r  t h e  NC e v e n t s . '  The h i s t o g r a m s  show the  
CC d i s t r i b u t i o n s ,  no rma l i zed  t o  e q u a l '  number of e v e n t s .  The 

m i s c l a s s i f i c a t i o n  between NC and CC e v e n t  t y p e s .  R a d i a t i v e  
c o r r e c t i o n s  t o  t h e  CC d i s t r i b u t i o n s  have n o t  been made, b u t  are 
e x p e c t e d  t o  be small. The NC and  CC x - d i s t r i b u t i o n s  a re  s e e n  t o  be  
i n  e x c e l l e n t  q u a l i t a t i v e  agreement .  The r a t i o s  of t h e  measured 
x - d i s t r i b u t i o n s ,  R ( x ) ,  are  p l o t t e d  i n  F i g u r e  7 f o r  each of the beam 
s e c o n d a r y  momenta. 

x - d i s t r i b u t i o n s  are c o r r e c t e d  o n l y  f o r  the e f f ec t s  of 

T a b l e  5 
Fermi 1 ab-MIT-MSU F i n a l  event, numbers 

NC cc Secondary 
Mom en t urn 

+165 873 2766 
+200 590 1992 
+250 548 1784 
-1 65 597 1563 

A q u a n t i t a t i v e  a n a l y s i s  of the  r a t i o  R(x ) -  can  be made by 
p a r a m e t e r i z i n g  t h e  s t r u c t u r e  f u n c t i o n s  F2(x) and xF, ( x )  as 

F,(x) = xq($ + x i & x )  

(10) 
= A x (1 -X)  + C ( c + l )  (1-x)' 

s u c h  t h a t  xF,(x) r e p r e s e n t s  t h e  v a l e n c c  quark d i s t r i b u t i o n  and F,(x) 
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r e p r e s e n t s  t h e  sum of v a l e n c e  and sea d i s t r i b u t i o n s .  The pa rame te r  
C ,  t h e  i n t e g r a l  o v e r  t h e  sea -qua rk  c o n t e n t  of t h e  n u c l e o n ,  is used t o  
c a l c u l a t e  t h e  r e l a t i v e  a n t i q u a r k  c o n t e n t  { / ( q + q ) .  T h e  CC s t r u c t u r e  
f u n c t i o n s  of Equa t ion  ( 3 )  d i f f e r  from the f by t h e  s t r a n g e  and charm 
sea c o n t r i b u t i o n s .  Th-? NC s t r u c t u r e  funi.:tior!s of E q u a t i o n  ( 6 )  d i f f e r  
a l s o  by the  c o u p l i n g  constants. I n  the f i t s  t o  fol low GE will 
n e g l e c t  t h e  charm sea and assume t h a t  t h e  c o n t r i b u t i o n  of t h e  s t r a n g e  
sea is e q u a l  t o  20% of t h e  t o t a l  sea.  

The r a t i o  R(x) depends upon the NC and CC p a r a m e t e r i z a t i o n s  and 
t h e  NC c o u p l i n g s .  We w i l l  assume v a l u e s  f o r  t h e  CC p a r a m e t e r s  
c o n s i s t e n t  w i t h  t h e  - w o r l d ' s  da t a ,  and t h e n  d e t e r m i n e  t he  NC 
p a r a m e t e r s .  The r e s u l t a n t  NC p a r a m e t e r s  s h o u l d  t h e n  be  examined i n  
c o m p a r i s o n - t o  t h e  assumed CC p a r a m e t e r s .  C o r r e c t i o n s  for  e v e n t  
m i s i d e n t i f i c a t i o n ,  cu t s ,  r e s o l u t i o n s ,  and backgrounds a re  made w i t h i n  
t h e  f i t  p r o c e d u r e .  

To  d e t e r m i n e  thc: NC c o u p l i n g s ,  and hence s i n 2 B w ,  s e v e r a l  
a s s u m p t i o n s  are made. I n  the  c o n t e x t  of t h e  s t a n d a r d  model t h e  NC 
p a r a m e t e r s  are a s s u m e d ' t o  be t h e  same as  t h e  CC p a r a m e t e r s .  The 
s t r u c t u r e  f u n c t i o n s  g i v e n  i n  E q u a t i o n s  ( 3 )  and ( 6 )  t h e n  d i f f e r  o n l y  
by t h e  c o u p l i n g  c o n s t s n t s  p l u s  terms p r o p o r t i o n a l  t o  t h e  s t r a n g e  and 
charm sea. The c o u p l i n g  c o n s t a n t s  are  s i m p l e  f u n c t i o n s  of  s i n 2 0  . A 
f i t  t o  t h e  r a t i o  R(x) y i e l d s  t he  p r e l i m i n a r y  r e s u l t  

s i n 2 0  = .243 k -074 

where t h e  error p r e s e n t e d  is s t a t i s t i c a l  o n l y .  The s y s t e m a t i c  e r r o r .  
is c u r r e n t l y  e s t i m a t e d  t o  be e q u i v a l e n t  t o  the s t a t i s t i c a l  error. No 
r a d i a t i v e  c o r r e c t i o n s  have been made, b u t  are e x p e c t e d  t o  b e  small. 
For t h e  r ema inde r  of t h e  f i t s  we w i l l  assume tha t  t h e  c o u p l i n g s  are  
t o  be g i v e n  by t h e  s t a n d a r d  model w i t h  s i n 2 0  =.24, and w i l l  l a t e r  
.?xamine the s e n s i t i I I i t y  3f oL*r r e s u l t s  t o  t h i s  assuinptior!. 

W .  

. .  W 

W 

I n  d e t e r m i n i n g  t h e  s h a p e  p a r a m e t e r s  of t h e  s t r u c t u r e  f u n c t i o n s ,  
we n o t i c e  t h a t  t h e r e  is a s t r o n g  correlat ion among s e v e r a l  of t h e  
p a r a m e t e r s  of Equa t ion  (10) when f i t t i n g  t he  r a t i o  R(x). We w i l l  n o t  
a t t e m p t  t o  f i t  a13 p a r a m e t e r s  s i m u l t a n e o u s l y ,  b u t  w i l l  i n s t e a d  hold 
c e r t a i n  p a r a m e t e r s  f i x e d  and s o l v e  f o r  t h e  o t h e r s .  If we assume 

=7 and r e q u i r e  t h e  Gross - L l e w e l l y n  Smith sum r u l e  c o n s t r a i n t  'NC='CC 

we f i n d  

cc NC 

a .5 .53+.10 
- b 3 .  3; 1 7 3 3 8  
q / ( q + i )  .136 .13+.02 
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If we assume aNc=acc=.5 and cNC=cCC=7 we f i n d  

cc NC 

A 3.28 3 . 3 3 ~ 5 8  
- b -  3.  3.02+; 34 
q / ( q + q )  .136 ;14+;02 

. .  

If w e  assume ANc=AEc=3:28, aNC=a =.5, b =b = 3 ,  cNC=cCC=7,  and  
s o l v e  f o r  o n l y  the r e  a t i v e  antiquarf?contentN!e f!nd 

cc NC 
- 

.14+.01 
. .  . . 

q / ( q + q )  .136 . .  

We c o n c l u d e  t h a t  t he  quark  momentum f r a c t i o n  d i s t r i b u t i o n s  as 
By 
CC i n t e r a c t i o n .  

probed  
the NC i n t e r a c t i o n  are c o n s i s t e n t  wi th  t h o s e  as de te rmined  by t h e  

The a n a l y s i s  of the r a t i o  R(x) r e d u c e s  the e f fec t  of s y s t e m a t i c  
errors. f i n d  t h e  above  p a r a m e t e r i z a t i o n  f i ts  t o  be unchanged by 
s y s t e m a t i c - c h a n g e s  of up t o  10% i n  the  n e u t r i n o  e n e r g y ,  10% i n  the 
hadron  e n e r g y ,  10% i n  t h e  hadron  a n g l e ,  or  v a r i a t i o n s  i n  s i n 2 0  
between 0.22 and 0.25. We a l s o  f i n d  t h a t  an  i n c r e a s e  i n  the hadro; 
a n g u l a r  of up t o  20% would n o t  a l t e r  f i t  p a r a m e t e r s ,  b u t  
would i n c r e a s e  f i t  e r r o r s  by a similar 20%. 

We 

r e s o l u t i o n  

The a n a l y s i s  of t h e  Fe rmi l ab  - MIT - MSU data d e m o n s t r a t e s  t h a t  
a n  event -by-event  measurement of the NC x - d i s t r i b u t i o n  is p o s s i b l e  i n  
a l a r g e  f i n e - g r a i n e d  e l e c t r o n i c  d e t e c t o r .  R e s t r i c t i v e  c u t s  and a 
selected k i n e m a t i c  reg ime enhance  . e v e n t  i d e n t i f i c a t i o n  and  
r e c o n s t r u c t i o n ,  and  minimize background c o r r e c t i o n s .  The a n a l y s i s  of 
the r a t i o  R(x) allows comparison of NC t o  CC with r e d u c e d  s e n s i t i v i t y  
to  s y s t e m a t i c  effects. 

6 ,  C o n c l u s i o n s  

The u s e  o f  the cha rged  c u r r e n t  n e u t r i n o  i n t e r a c t i o n  as a p r o b e  
of nuc leon  s t r u c t u r e  is well es tabl ished.  Four  e x p e r i m e n t s  with 
d i f f e r i n g  detectors and a n a l y s i s  t e c h n i q u e s  have p r e s e n t e d  r e s u l t s  on 
t he  s t u d y  of the  nuc leon  s t r u c t u r e  u s i n g  t h e  n e u t r a l  c u r r e n t  n e u t r i n o  
i n t e r a c t i o n .  The bubb le  chamber e x p e r i m e n t s  have  d e m o n s t r a t e d  t h e  
q u a l i t a t i v e - a g r e e m e n t  of the n u c l e o n  x - d i s t r i b u t i o n s  as p robed  by the  
NC and t h e  CC i n t e r a c t i o n s ,  b u t  are h i n d e r e d  from making q u a n t i t a t i v e  
s t a t e m e n t s  because  of the l i m i t a t i o n s  of small e v e n t  s amples  and  
s u b s t a n t i a l  c o r r e c t i o n s ,  The e l e c t r o n i c  detector e x p e r i m e n t s ,  w i t h  
s u b s t a n t i a l l y  l a r g e r  e v e n t  s a m p l e s ,  have  t a k e n  d i f f e r e n t  a p p r o a c h e s  
t o  the s t r u c t u r e  f u n c t i o n  a n a l y s i s .  The CHARM c o l l a b o r a t i o n  a n a l y s i s  
re l ies  on an u n f o l d i n g  t e c h n i q u e  t o  e x t r a c t  t h e  NC s t r u c t u r e  
f u n c t i o n s .  C o r r e c t i o n s  for  e v e n t  c l a s s i f i c a t i o n ,  n e u t r i n o  p a r e n t a g e ,  
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and backgrounds are made in the unfolding process. The Fermilab - 
MIT - MSU collaboration makes an event-by-event measurement of the NC 
x-distribution, making cuts which enhance event identification and 
minimize backgrounds. The ratio of the NC x-distribution to the CC 
x-distribution is examined to minimize sensitivity to systematic 
error. In fits to the structure functions, both experiments observe 
no significant difference in the nucleon structure as probed the 
weak neutral current or the weak charged current. The expectations 
of the standard model are confirmed. 

by 
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