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Abstract  

The r e s u l t s  of the ana lys i s  of -1000 V events of the type 

v + N -, u- + hal rons  from the NAL dichromatic b e m  are presented. 

Q' and y - %/\ Dis t r ibu t ions  i n  terms of the sca l ing  variables x - 
2av 

are presented. The x d i s t r i b u t i o n  i s  compared with F > ~  (x) from S U C ;  

2 the Q d i s t r i b u t i o n  i s  t e s t e d  f o r  the presence of the propagator term 

2 2 
F2(x) -, F2(x) / (S+Q /,,2) ; and t h e  y d i s t r ib r t t ions  are f i t  t o  t h e  

*V" 2 
fern - = 1 -k o(1-y) . A smaller  amount of < data  w i l l  a l so  b2 

dY 
presented.  
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1 ~ 1 E O ~ ~ T I C A . L  EXPECT~~TIO?IS (EEST GIJESSES) 

hxsunption 1: V-A and Scaling -- 
The l 'heore t ica l  e ipec ta t ions  f o r  t h e  s c a t t e r i n g  of  neu t r inos  - 

from nucleons revolve around two major assumptions: V-A coupling f o r  - -  - - - 
the  wealc i n t e r a c t i o n ,  and the s c a l i n r  h y p o t G i s  f o r  hadron coupling- 
D.e tormer asscniFtion i s  very well t e s t e d  by t h e  weak decays o f  meta- 
s t a b l e  p a r t i c l e s ,  wi th  energy r e l ea ses  of a few hundred MeV. The 
sca l ing  hypothesis  was o r i g i n a l l y  found t o  work i n  t h e  measured elec-  
tromagnetic c ross -sec t ions  

- 
e -t N -' e- + hadrons 

made a t  SLAC. 
I n  t h i s  p i c tu re ,  t h e  incident  neu t r ino  of energy E emits  a 

v i r t u a l  boson propagator and w- a t  t he  upper lepton veryex. Th i s  
. p r o p a ~ a t o r  c a r r i e s  labora tory  - - -  / energy v = E -E and 

v I-I' ! i n v a r i a n t  4-momentum t r a n s f e r  
' 2 2 2 - - 2  

t ~ q  = - Q  =(E - E  ) - (PV-pU) 
! 

v U 
1 A t  momentum t r a n s f e r s  where t he  a I , r e s t  mass ( A )  o f  t h i s  propa- 

2 > h a d p ~ n 3  g a t o r  becomes important ( Q 2 r h  ), 
an apparent v i o l a t i o n  of  s ca l ing  

.- - " w i l l  be  observed. 
92 The sca l ing  (dimensionless) var iables  a r e  defined as  x = - and 

y = vIEv with M = nucleon ( t a rge t )  mass. A t  h igh energi$%!y t h e  
sca l ing  va r i ab l e s  have a k i n e ~ a t i c  range 0 < x < 1, 0 < y < 1. I n  
kinematic reg ions  where Q2 + m, v 4 , but  t h e  r a t i o  remains f i n i t e ,  
one expects t h a t  t he  d i f f e r e n t i a l  c ross -sec t ion  f o r  t he  process  
v + N -.u- + hadrons w i l l  be of t he  form 

U 

dav ,< 2 - = { F2(x) ( i -y)  + 2.xPl(x) y 7 xF3(x) y ( 1 - 3 )  dxdy 71 - 
2 2 

... ..itere F,, F,, F, a r e  3 s t ruc tu re  funct ions  descr ib ing  t h e  hadronic  
+ d 

vertex.  ~ h z  i ~ i n o r t a n t  ~ o i n t  i s  t h a t  t he  ( V - A I - ? ~ ~  s c a l i n z  h v ~ o t h e s e s  

v 
o r  s c a l ' n  o r  both. For e x a ~ p l e ,  t he  f i n i t e  mass propagator 

d . g >  ~ ~ , h t  r e s u l t  i n  the  modification: 
- 

aov>" doV'V - -, -- 1 
dxdy dxdy -:z)' 



Assumption 2: Callen-Gross Relation 

I f  we pos tu l a t e  t h a t  neutr ino s c a t t e r i n g  from nucleons be11aves 
as i f  t he  nucleons consisted of predominantly sp j , n l /2  consei tuents ,  .--- 

then t h e  Callen-Gross r e l a t i o n  would hold: cgi(&) = 2x FI( :>)~ The 
e .~ . .. 

d i f f e r e n t i a l  cross-sect ions  t&e  a somwhat s impler  form: 

- 
doV 2 
-= -  ' { .i(x) ( l - y ~ ~  + i ( x )  1 dxdy 71 

p2(x) - x P3(x) F2(x) + x F3(x) 
where q(x )=  2 = , 2 

In  t h e  par ton model, these  func t ions  have a  very simple physical  
i n t e r p r e t a t i o n .  For example, q(x) = x fq(x) ,  where x  i s  t h e  f r a c t i o n  
of  t h e  t o t a l  nucleon momentum c a r r i e d  by the  nucleon cons t i tuen t  
which engages i n  t h e  s c a t t e r i n g  and fq(x)  dx i s  t h e  normalized proba- 
b i l i t y  f o r  f ind ing  quark cons t i t uen t s  with t r a c t i o n a l  momentum 
between x_d&_d& The func t ion  q(x) i s  s i m i l a r l y  r e l a t e d  t o  the  
anti-quark component of the-nucle.~~&.-The d i e e r e n t  dependences on y 
a r e  a r e f l e c t i o n o f  t h e  d i f f e r e n t  h e l i c i t y  s e l ec t ions  i n  t h e  V-A 
theory between p a r t i c l e  and a n t i - p a r t i c l e  a t  v e l o c i t i e s  approaching c. 

Assumption 3: Small Anti-quark Component 
I f  w e  assume q(x) << q(x) f o r  x>O, t h e  d i f f e r e n t i a l  cross-section 

becomes a s  follows: 

doV - cT2 wr E J  
dxdy U 

7- 
F~ ocj 

2 doV G% ( - - 4) q x) (1-Y) 
dxdy n 

ed 
with q(x) = F2(x) a F2 (x), neglec t ing  t h e  e f f e c t  of s t range  qua.&. 
Since the x-distribnt- t o  nucleon cons t i tuen ts ,  we expect 
t he  same shape t o  occur i n  neut r ino  s c a t t e r i n g  o f f  equal admixtures 
----.__I . -- . . . . . . . . . . . . . - - ----- 

neutrons an_d_protons a s  occu~s~~,in~~~s_ts_t~cccceelectron -.;--- s c a t t e r i n g  
from deuterium. The normalization of t he  two f u n c t ~ o n s  ~ST<£-, 
however, because t h e  e l ec t ron  s c a t t e r i n g  depends on t h e  charge of t h e  
constituents&ilq-neutrino scaQrinp, i s  ~ m p l e E - C n F - 0 f f f e 1 e c t r i c ~  ------ 

-.. 
m e .  
To ta l  cross-sect ions:  

In t eg ra t ing  equations (1) and (2) over y, we obtain  

2 
1 2 = 9 ~ ( q ( x )  + 3 <(x) ) dx 

- 2 
ov = % r ( l  q ( i )  -t (x) ) dx 

7r J 3  



Thus, f o r  f 6 d x  << f q dx __ . .. . , . .... ~ -- 1 
i 
I 1 G dx 

- 3 i ! 

1 . . .-..- - b." 1 
and t h e  r a t i o  of neu t r ino  t o  an t i -neut r ino  c.rps~=sf&ons i s  i d e n t i -  
c a l l y  113 i n  t he  l r m i t  o f  no anti-cpclaz1i cornp.o~~n_Lt-~n _the nuclear 
% i s  cannot be exac t ly  t r ee ,  s ince  rce expect t h a t  ;I (0) = q (0) a t  - 
exac t ly  x = 0, t o  s a t i s f y  . the  sum ru l e :  r q(x) - q(x) d x = > .  

J x 
Away from x = 0, hor.~evcr, we might expect t o  be doainatcd by t h e  
t h r e e  valence quarks. Deviations from a r a t i o  of 1/3 provide a 
measure of t h i s  anti-quark component. ' m e  CCERN-Gargamelle experiment, 
f o r  example, f i n d s  

. - 
v 
-- ' - 0.38 f .02, i nd i ca t ing  perhaps a small, bu t  f i n i t e ,  
0" 

anti-quark conponent . 
Independently o f  how l a r g e  t h e  ant i -quark component is, t h e  sum 

of t h e  c ross -sec t ion  i s  

I - { 4 eJ F,(.) d x )  I t 
! 

(x) dx i s  t h e  f r a c t i o n  of t h e  nucleon momentum c a r r i e d  - 
by non-stranp.e quarks.  I n  addi t ion ,  t h i s  i n t e g r a l  i s  r e l a t e d  t o  t h e  

-Gh i l a r  quant i ty  F?"~(x)  d x  measured i n  electron-deuteron s c a t t c r -  - '. 
ing by the  mean-square charge of t h c  cons t i t uen t s  (with small  correc- 
t i o n s  f o r  s t r ange  quarks and neutron-proton excess). 

The b e s t  quark-parton model p red ic t ion ,  us ing pile SLAC d a t a ,  i s  
. . - _..__.-__ -.-.-, 
v a 4- av = 1.10 ,: crn2/~c?V.] with 54% of  t he  mo>Lenturn c a r r i e d  by 

. . - 
the  non-strange quarks. The measured value £ion CEl'd i s  



EWZRIMENTAL DATA 

3 .  Caltech-NAL 
The Caltech-NAL experiment u t i l i z e s  a  narrow band beam t o  o b t a i n  

i t s  neu t r inos .  This involves a  momentum:analyzed hadron beam t r a v e l i n g  
i n  t h e  forward d i r e c t i o n  toward t h e  apparatus.  The small angle  decays 
then g ive  neu t r inos  i n t o  t he  apparatus  a s  shovm schematical ly  i n  
f i g u r e  12 f o r  an idea l ized  case  of a  monochromatic pion and kaon beam. 
The two energy bands of neu t r i nos  correspond t o  t h e  decays of t h e  pion 
and kaons, respec t ive ly .  

I n  t h e  r e a l  beam a t  NAL, t h e  momentum spread of t h e  hadrons i s  
aboYt Events wherein t he  muon and hadron energ ies  a r c  both 
de tec ted  a1 ows us t o  recons t ruc t  t h e  i nc iden t  neu t r ino-energy  t o  about 

_The e spe r i~nen ta l  spectrum f o r  1522 observed v events  a r e  shown 
igure  13- Even with tlre o v e r a l l  r e so lu t i on  i n  de t ec t i on  and beam 





Figure 13 



presr l l t ly  a v a i l ~ t l e ,  t he  two peck s t r u c t u r e  ei:pectcd f o r  t h i s  kind of 
beim i s  observed. 

The de tec t ion  a p p ~ r a t u s  i s  depicted i n  f i gu re  14. I iectr inns  
l i?terrrct  i n  t i ! ?  t s r s e t  ca2or imzc~r ,  cons is t ing  of -160 tons of 
1.5m x 1.5m.,stccl p l a t e ,  with s c i n t i l l a t i o n  countcrs and spark - -. .. - 
chambers d i s t r i b u t e d  tyroughout. The produced muon i s  observed i n -  
spark chambers, and i t  i t s  angle i s  small enough, i t  en te r s  an i ron-  
core  spectronetcr  magnet. The angle of bend gives  the  muon momentum. 

Measurenent of t he  hadron energy i s  accomplished with t h e  scin-  
t i l l a t i o n  counters located throughout t he  t a r g e t .  The hadronic 
cascade developing downstrean of t he  i n t e r a c t i o n  poin t  i s  sampled i n  
t h e  s t e e l .  The t o t a l  pulse  height  i s  then proport ional  t o  t he  t o t a l  
energy i n  t he  hadron shower. 

We est imate  our presen t  r e so lu t ions  as fol1or.r~: 
,- . 

'I 
( E : , I  s t a t i s t i c a l l y  7 21%, sys temat ica l ly  - 5% 

? L W  
~~~. ---___ 

2 
- 
E : s t a t i s t i c a l l y  15-3077, sys temat ica l ly  - 10%. 

9, E.J u 
a. D i f f e r e n t i a l  Dis t r ibu t ions  

(1) x-d i s t r i bu t ions :  P rec i se  measurement of x -d i s t r i bu t ions  
r e a l l y  requi re  extremely good reso lu t ions .  Resolution e f f e c t s  w i l l  
change t h e  shape of observed x-d is t r ibu t ions .  Figure  15 shows j u s t  
such an e f f e c t .  The curve labe l led  F2(x) i s  the  s t r u c t u r e  func t ion  
measured by SLAC-HIT with e lec t rons .  When we fo ld  i n .  t h e  experim$ntal 
r e so lu t ions  f o r  t h i s  experiment, we f ind  the expected experimental 
curve l abe l l ed  [ ~ ~ ( x )  Jsmeared. I f  we f u r t h e r  fo ld  i n  t h e  acceptance 
of t h e  apparatus, we see t h e  lower curve. 

Therefore, i t  should be emphasized t h a t  an F (x) s t r u c t u r e  func- 

I - 
- ---- ......;= f ,;-" .. - 

t i o n  of t h e  same _ f o ~ ~ - - ~ ~ a f ~ ~ b t a i n e d _ ~ ~ S ~ & F : ~ . r .  ' I result-- 
-' e q e r u n e n t a l  d i s & i ~ ~ l S E l Y  peaked near  x = OF as&&& 

a sosewhat d i f f e r e n t  f a l l o f f ,  coming from e f f e c t s  of r e so lu t ion  and 
~ - . - , -.- -- 

accept=> --I_. 

. .. .- 
Figure 16 shows the observed x -d i s t r i bu t ion  f o r  1027 events  

ins ide  our f i d u c i a l  volume vhere both t h e  muon and t h e  hadron energ ies  
a r e  observed. These da ta  were taken vlith a mean hadron beam s e t t i n g  
of 170 GeV, and an observed neutr ino energy d i s t r i b u t i o n  as shown i n  
f i g u r e  13. $he s o l i d  curve i s  t he  expected d i s t r i b u t i o n ,  assuming 
the  SLAC ~ 2 '  (x) s t r u c t u r e  function<nd with r e so lu t ions  and e f f i c i e n -  - 
c i e s ' f o l d e d  in .  The agreement with the expected d i s t r i b u t i o n  i s  q u i t e  
good. There a r e  no s t a t i s t i c a l l y  - . ---.. si-gnificant dif fckences  observable . . . - -- -- . - .. . .- 
be&eeuhe..s-diskr-ibut ions f o ~ p i o ~ ~ ~  ~c"tf_<n;o~Z-a3;d~~.oy i l n r ~ n o s .  

2 
(2) Q - d i s t r i b u t i o n s :  The d i s t r i b u t i o n  i n  Q* corrected f o r  -- 

r-Eficicncy f o r  a r e v e n t s  i s  shorin i n  the  f i gu re  17. The expected 
d i s t r i b u t i o n  i n  Q~ assumes the f l a t  y -d i s t r i bu t ion  a s  well  a s  F ~ ~ ~ ( ~ )  
f ron  SlAC. This curve i s  l abc l led  A = r-. i n  t he  f igure .  The multi-  
p l  i c a t i v e  propay,ator term [ 1 -1- q 2 f A 2 ]  - 2  , gives  a tr.uc11 s t e e p f r  f a l l o f f .  
>'or li = 10 Gc?, fox exanple, thil ca lcu la ted  curve, normalized t o  t h e  
data,  f a l l s  bcior: the da ta  a t  2.11 poin ts  be lo^,, thc f i r s t .  Figure  IS 
silows the confidence l eve l  f o r  2 f i t  t o  t h i s  propa,?nto;- tent. $.hove - 15 G ~ v / c ~ ,  ve have no s e n s i t i v i t y ;  the  f i t  i s  cqual ly  l i k e l y  a t  
fi. = 10.3. Thel:cforc, ve place a SO.;.; coiifidence on a propagator mass 
f o r  thc term !.:c l l ~ v i :  included: 

I 
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(3) y-d i s  t r i b u t i o n s :  The y - d i s t r i b ~ ~ t i o n s  a r e  morc cf f e c t e d  by 
. . - . -. -~ . -- 

.,... , -  ;lcci:ptnncc  tion on t h n n  by ' i :c~o?~~-.  The 35:;..2ti: curve s?ljrm i n  -- 
f i g u r e  19 a  i s  t l ? ~  expected y-d is t r i .bs t ion  observcd i n  ou r  appara tus  
i o r  v i n t c r a c t i c n s :  e f f ec t ive ly ,  i t  corresponds t o  t h e  e f f i c i e n c y  of  
t h e  appara tus  i n  y. Th* da ta  a r c  a l s o  shown with t h e  app ropr i a t e  
s t a t i s t i c a l  e r r o r .  Figure  19 b  sho1.7~ t h e  same d i s t r i b u t i o n  i n  a  l og  
p lo t .  The systculnt ical ly  high po in t s  f o r  y  > 0.6 occur i n  a reg ion  
where t h e  e f f i c i e n c y  has  f a l l e n  b e 1 . o ~  10%. Belo& t h i s  value, t h e r e  
nre  nc sys tcmat ic  depar tures  from t h e  expected f l a t  d i s t r i b u t i o n  f o r  

. neutr inos .  
Figure  20 a  shor~s  a l l  t he  neutr ino events,  with y  < 0.6, correc- - 

> . 
ted f o r  e f f i c i e n c y  and p lo t t ed  vs. y. wari.th 
t he  expected f g ~ ,  distr&&&oOn, To ob ta in  a  numerical e s t ima te  of 
t&s consistency, we have f i t  t o  a  func t ion  of  t h e  form 

t ~ h e r e  C i s  cons t ra ined  by the  o v e r a l l  normalization,  and a i s  a f r e e  
parameter. It could be thou&t-9f,~.e1lresent.ing.an.-wkxage~a-nf~i~ 
quark component i n  t h e  nucleon. Figure  20 b  shows t h e  r e s u l t :  
-.-.4 

_^ _.<_.--I__ - ---. - . . 

- -. -- /. - 
cons i s t en t  w i th  zero, and c o n s ~ s t e n t  wi th  t h  verage ant i -quark - 
component daund -. - i n L h e  low e n e r g  CE&NA-&a. - 

Summarizing these  preliminary r e s u l t s  of t h e  Caltech-NAL group 
on t h e  unnormalized d i s t r i b u t i o n s :  

(1) The d a t a  with  muon t r ave r s ing  t h c  magnet a r e  c o n s i s t e n t  
w i th  t h e  ~ ~ ~ ~ ( x )  shape observed by t h e  SLAC-MIT group- 

I 
(2) The s a - e  da t a  f i t  t h e  expected d i s t r i b u t i o n  i n  Q without 

a n  a d d i t i o n a l  propagator term. The d a t a  a r e  i n c o n s i s t e n t  
2 with  propagators of masses l e s s  than 10.3 G ~ V / C  . That 

i s ,  1, > 10.3 G ~ V / C ~  (90% confidence). 

I 
(3) From 1027 V events wi t11  mcasured muon momentum, a  f i t  t o  

c o n s i s t e n t  with the expected f l a t  y - d i s t r i b u t i o n  f o r  v 
eve11ts. 

(I;) Therf appc.,?rs no obvious ~?i.pcn:lencc on T: i n  e i t h e r  x o r  y 
dir;tril .uLions for  na:tri~?:>:;. v 





. . 

Figure 20 




