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Abst rac t : -  This  paper p r e s e n t s  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  a 

deep i n e l a s t i c  s c a t t e r i n g  experimcnt us ing  100 and 150 

GeV muons inc iden t  on a l i q u i d  hydrogen t a r g e t .  

Values of t h e  proton s t r u c t u r e  funct ion  vIV2 a r e  

presented  i n  t h e  region  0.2 < q2 < 50 ( ~ e ~ / c ) ~  and 5 < v 

< 130 GcV. A l i m i t  i s  s e t  on R = a /o i n  a r e s t r i c t e d  L T 
kinematic region .  

* The d a t a  i s  combined wi th  previous deuterium meas- 

urements t o  provide a neutron-proton comparison and t o  

eva lua te  sum r u l e s .  
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lVe repor t  t h e  r e s u l t s  o f  a  pre l iminary  ana lys i s  o f  i n e l a s t i c  

s c a t t e r i n g  o f  100 and 150 GeV muons from a l i q u i d  hydrogen t a r g e t .  

IVe limit t h i s  r e p o r t  t o  p resen t ing  the  i n t e r e s t i n g  f e a t u r e s  o f  t h e  

da ta  r a t h e r  than a co~~iprehensive p resen ta t ion  over  the  e n t i r e  kinematic  

region covered by t h e  experiment. 

The d i f f e r e n t i a l  c ross-sec t ion  f o r  t h e  s c a t t e r i n g  of muons of energy 

E t o  a  f i n a l  energy E'  through an ans le  0 i s  r e l a t e d  t o  t h e  t \ 4 0  i n e l a s t i c  

s t r u c t u r e  funct ions  IV and IV by (1) 
1 2 

where v = E - E1 and q2  = 2(EE1 - pp' cose - ~ 1 1 ~ )  

The r a t i o  of the  i n e l a s t i c  s t r u c t u r e  funct ions  can b e  expressed a s  

W /W = (1 + v 2 i  2 ) / ( 1  + R) where R = a 1 2  t h e  r a t i o  o f  t h e  photo- 
(1 L/ol.' 

absorpt ion cross-sec t ions  f o r  long i tud ina l  and t r ansve r se  photons. The 

d i f f e r e n t i a l  c ross-sec t ion  may be w r i t t e n  e x p l i c i t l y  i n  terms o f  t h e  v i r t u a l  

(2) .  photo-absorption cross-sec t ions  . 
d20 
--;, dvdq = T ( E ,  E ' ,  8)  [aT(v,q2) + (E + 6) oL(v,q2)1 

where r is  the  v i r t u a l  photon f l u x  f a c t o r ,  6 = 2M (1-c)/q2 
P 

and E = l / [ l  + 
2cq2 + v2) tan a /' is the  r a t i o  o f  the  f luxes  o f  longi tudinal  
cq2 ( ~ - q ~ m i n / ~ ~ )  2 

and t r ansve r se  photons. The apparatus and i t s  acceptance, t h e  ana lys i s  

method and r a d i a t i v e  co r rec t ion  procedure have been b r i e f l y  descr ibed  

10 . . el sew he^-e(3). We p r e s e n t  he re  da ta  from 1 . 7  x 10 n ~ c l d e n t  muons a t  

100 GeV and 1.6 x lo lo  inc iden t  muons a t  150 GeV. 

Figure 1 shows t h e  proton s t r u c t u r e  funct ion  F2 = vW2 6i,q2) a s  a  

f m c t i o n  o f  q2  f o r  var ious  va lues  o f  U (&= ~ m v / ~ ~ )  us ing  only the  150 GeV 



d a t a  and assuming R = 0.18. The d a t a  e x h i b i t s  t h e  f e a t u r e s  d i sc losed  by 

previous measurements with vlV f a l l i n g  a t  low omega and r i s i n g  a t  l a r g e  omega 2 

with inc reas ing  $435'3).  I t  should b e  noted  t h a t  our  d a t a  i n  c o n t r a s t  with 

t h e  SLAC d a t a  i s  n o t  appreciably a f f e c t e d  if it i s  rcbinned us ing  w'  o r  

+ J X 2 )  t h c  Georgi-Poli tzer  va r i ab le (6 )  where 1 /5  = - (1 
2 - - 

qLwL 
1 Figure 2 shows t h e  same da ta  p l o t t e d  as a  funct ion o f  X (= /to) 

f o r  va r ious  va lues  o f  q2.  The d a t a  is shown combined with t h e  p r e c i s e  low 

energy e l e c t r a  s c a t t e r i n g  measurements from SLAC"). The smooth curves a r e  
5 i 

t h e  r e s u l t s  of  f i t s  t o  t h e  da ta  us ing  t h e  form F2(x) = i;3 a i ( l -x)  . 
Figure 3 shows the  r e s u l t a n t  f i t s  f o r  a l l  da t a  s e t s .  If  t h e  f i t s  a r e  used 

t o  e x t r a p o l a t e  i n t o  reg ions  n o t  covered by t h e  d a t a  p o i n t s  then 

1 lo F2(x)dx = 0.18 t 0 . 0 1 ' ~ )  f o r  each q2 region.  

Figure 4 shows the  t o t a l  photo-absorption c ross - sec t ion  oT + EU L 

measured a t  100 and 150,GeV i n  t h e  reg ion  o f  q2 from 1 t o  6 ( G ~ v / c ) ~  and 

1'~~(=2mv - q2 + W 2,  from 100 t o  144 Gev2. We f i n d  f o r  q2 from 1 t o  2 
P 

( G ~ V / C ) ~  R = -0.10 + 0.27 and f o r  q2  from 2 t o  6 ( G ~ v / c ) ~  R = 0.02 c_ 0 . 3 0 . ,  

The e r r o r s  quoted a r e  s t a t i s t i c a l  and no allowance has  been made f o r  

sys t ema t i c  e r r o r s .  These r e s u l t s  a r e  compatible with t h e  lower energy 

measurements of  R(') and i n d i c a t e  no s u b s t a n t i a l  r i s e  of  R with inc reas ing  w. 

An a t t r a c t i v e  and complete explanat ion o f  t h e  behaviour o f  t h i s  d a t a  i s  t o  

be found i n  renormalizable f i e l d  theor ies") .  The observed bchaviour o f  
I 

F2(x) a s  a  funct ion  of q2 ,  t h e  constancy o f  t h e  i n t e g r a l  Jz2 (x) dx a s  

a funct ion  o f  q2 a r e  p red ic t ed  by these  t h e o r i e s .  

We s i n c e r e l y  thank t h e  Fermi l ib  and t h e  suppor t  s t a f f  a t  Chicago, 

Harvard, I l l i n o i s ,  Oxford and t h e  Rutherford Laboratory f o r  t h e i r  inva luable  

con t r ibu t ion  t o  t h i s  experiment. 
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Figure l a  t o  f 

VW*' as  a funct ion  "f q2  f o r  var ious  w bins .  The t r i a n g l e s  

(5) i n d i c a t e  d a t a  measured a t  SLAC by Riordan e t  a l .  

Figure 2a t o  d 

F (x) = vw2' a s  a funct ion o f  X f o r  var ious  q2 b ins .  The 2 

t r i a n g l e s  i n d i c a t e  da ta  measured a t  SLAC by Riordan e t  al.(')The 

s o l i d  curves a r e  f i t s  t o  t h e  co~nbined data.  

Figure 3 

F (x) as  a funct ion o f  X showing the  f i t t e d  curves f o r  t h e  data.  
2 

The a rea  under t h e  curves remains constant .  

Figure 4 

uT + €oL as  a funct ion  o f  c ,  f o r  var ious  q2 b ins  i n  the  region 

lV2 = 100 - 144 GeV. 













I . .  . , ,L & I ,  r, . . is. ,\' 











40 

36 

32 

28 

CJT * EUL 

IJ. barn 
24 

20 

16 

12 

0 

4 

0 

I I 

w2 = 100-lf+4 GEL'? 

- 

- 
E = I00 G e v  

E = 150 G e v  - 

I cq2 = 1.0 -1.5 

- 

- 1 q2= 1.5-2.0 

- 

1 q2 ~ 2 . 0  -3.0 

- 

P q2=3.0 -4.0 
- 

1 q2=4.0-5.0 

- 
C I. ' r  q2r5.0 -6.0 

- 

- 
I I 

0.0 0-5 1 SO 
E 




