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Abstract: The generalized vector dominance model o f  Greco i s  used t o  

r e l a t e  recent e lect ron and muon deep i n e l a s t i c  scat ter ing mea- 

surements w i t h  the photoproduction cross-section. An accurate 

f i t  o f  the SLAC 4' ep and ed sca t te r ing  data f o r  w . 9 i s  obtain- 

ed g i v i ng  photoproduction cross-sections i n  good accord w i th  the 

d i r e c t l y  measured values. The same f i t  appl ied t o  our recent pp 

and pd i n e l a s t i c  sca t te r ing  measurements f o r  qL < 1, gives e s t i -  

mates o f  CI and a up t o  130 GeV. 
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2 Generalized Vector Dominance and the  Low q  pp and ~d  
I n e l a s t i c  Scatter ing a t  150 6eY 

We discuss here some new measurements o f  the  i n e l a s t i c  sca t te r ing  

o f  muons on protons and deuterons a t  150 GeV ca r r i ed  out  a t  t he  Fermi 

National Accelerator Laboratory. We l i m i t  t h i s  repor t  t o  a  discussion 

of the muon-inclusive cross-sections. We measure the two Lorentz i n -  

var iant  quant i t ies ,  -q2,= (p - p'12 and q-P - = Mv, where p  (p ' )  i s  the 

4-momentum o f  the incident.  (scattered) muon and P i s  the 4-momentum o f  

the nucleon target .  I n  the laboratory  system - P = M, the  nucleon mass and 

v = E-E' i s  the  energy loss suf fered by the muon i n  the c o l l i s i o n .  

It i s  conventional t o  summarize the  sca t te r ing  i n  terms o f  two 

2  2  s t ruc tu re  funct ions,  2MW1 (w,q ) and vW2 (w,q ); because o f  the  way 

these show how the  scat ter ing d i f f e r s  from what may be expected from 

f ree  and p o i n t l i k e  consti tuents. I n  the simple parton model, once a  

threshold value qo2 i s  exceeded, both funct ions depend only  on a  s ing le  

variable, w = 2 
2Mv ,and remain constant i n  q  . This i s  the  sca l ing  re-  -? 

gion f o r  which i t  i s  usual t o  w r i t e  

t o  emphasize the dependence on the s ing le  sca l ing var iab le  U. The char- 

a c t e r i s t i c  behavior exh ib i ted by (1) found i n  the o r i g i n a l  SLAC experi- 

ments") i s  the  cornerstone o f  the  parton idea. 

2  2 2 For q  < q , usual ly  taken t o  be about 1 GeV , i t  i s  usefu l  t o  em- 
0 

phasize the r o l e  o f  the v i r t u a l  photon i n  the sca t te r ing  by expressing 

the cross-section as a  sum o f  cont r ibut ions from i t s  transverse and longi -  

tud ina l  po la r i za t ion  states. Thus, fo l low ing   and'^), the cross-section 

i s  w r i t t en  



where r i s  a f l u x  f ac to r  which depends on the kinematic var iables o f  the 

scat ter ing and E i s  the f r a c t i o n  o f  long i tud ina l  po la r i za t ion  o f  the v i r -  

t ua l  photon, also a funct ion o f  the kinematics. The advantage o f  w r i t i n g  

the cross-section i n  t h i s  form i s  the connection i t  provides w i th  the  cross- 

section found f o r  rea l  q2 = 0 photons. Thus, 

2 l j m  oL (q ,v) = o .  
q 4 

The t o t a l  photoproduction cross-section i s  general ly parametrized as 

the sum o f  a d i f f r a c t i v e  and a Regge term (4) 

The connection w i t h  vW2 i s  given by t he  formula 
(1 1 

"L 2 where a = 1/137 i s  the f i n e  s t ruc tu re  constant. Here R = - and 0(q ) 
'='T 

i s  a step function, w i t h  value 0 for  q2 = 0 and 1 f o r  q2 > 0. We take 

R = 0.18 from the  SLAG determinations and use the  step func t ion  t o  guar- 
2 

antee the vanishing o f  R a t  q = 0. 

2 For q > 0 we expect the v i r t u a l  photon propagator t o  be dominated 

by vector meson ef fects .  The idea of generalized vector meson dominance 

i s  t o  introduce a p a r t i c u l a r  ser ies o f  vector mesons so t h a t  



1 J m  vW2(w,q 2, = constant. 
qu-  
u f i xed  

An appropriate form has been given by G r e ~ o ' ~ )  whose funct ions we 

use t o  obta in  an expression f o r  oT(v,q2) which meets the condi t ions ( 3 ) ,  

(4), and (7): 

e-d data o f  Stein 

e t  This i s  a very extensive se t  o f  data taken w i t h  high s t a t i s t i c a l  

accuracy. The measurements were taken a t  various energies from 7-20 GeV 

a l l  a t  an angle of 4'. We used the  data w i t h  W > 2.0 GeV, excluding points 

i n  the resonance region. This l e f t  a se t  o f  593 data po in ts  f o r  hydrogen, 

458 f o r  deuterium, too many f o r  economical computing and convenient p lo t -  

ing. Accordingly, we combined adjacent data po in ts  by s t a t i s t i c a l  weight- 

ing  i n t o  b ins  w i t h  AW = 0.1 GeV. We l i m i t e d  our f i t  t o  values o f  o 5 9. 

We deleted one po in t  a f t e r  f i nd ing  t h a t  i t  deviated by more than 5 standard 

deviat ions from the  fit. This reduced the  number o f  po in ts  we had t o  f i t  t o  

56, i n  each case, mostly w i t h  0.1 < q2 < 1.0. To avoid undue weighting 

of po in ts  w i t h  very small s t a t i s t i c a l  e r ro rs  we augmented a l l  s t a t i s t i c a l  

er rors  by adding 2% i n  quadrature. This seems reasonable i n  view o f  the  

rad ia t i ve  correct ions which cons t i tu te  an uncertainty o f  t h i s  magnitude 

t h a t  var ies appreciably over the range covered by the  data. 

2 I n  our analysis, we var ied A, B, and m f o r  a best f it. Comparison o f  



the photoproduction t o t a l  cross-sections determined i n  t h i s  way w i t h  the 

d i r e c t  measurements provides a check on the v a l i d i t y  o f  the method. 

The fo l lowing resu l t s  were obtained: 

Hydrogen Deuterium 

A 94.2 t 2.0 ub 187.7 + 0.8 lib 

B 84.2 + 2.7 ub GeV % 121.2 + 1.5 ub ~ e '  

m 2 0.766 + .006 GeV 2 
0.797 + .003 GeV 2 

x2/f 0.94 0.63 

RMS Deviation 2.6% 1.9% 

2 We obtained an excel lent  f i t  t o  the data w i t h  X / f  less  than 1 and 

an RMS dev ia t ion o f  the f i t  t o  the data o f  the same order as the  experi- 

mental error.  The values found f o r  the t o t a l  photo cross-section are i n  

very good agreement w i t h  the  d i r e c t  measurements(6) as Figure 1 shows. 

The f i t s  are shown p lo t t ed  i n  Figures 2 and 3 f o r  various bands o f  

the sca l ing var iab le  U .  Since the SLAC 4' data are not  necessari ly given 

a t  the  cent ra l  value o f  the w band represented, they are p l o t t e d  t o  re- 

f l e c t  c o r r e c t l y  t h e i r  f r ac t i ona l  dev ia t ion from the f it. I n  Figure 2a 

and 3a f o r  the  band 9 < u < 14 the  po in ts  f o r  x = 0.1 recen t l y  given i n  

(7) SLAC- MIT repor t  o f  Riordan e t  a l .  are also shown. A l l  the p l o t s  show 

the pre l iminary  data o f  our up and vd Fermilab measurements a t  150 GeV 

for  comparison w i th  the  GVD predict ions.  The e r ro rs  shown are s t a t i s t i c a l  

only and should be augmented by systematic er rors  of about 10% j n  general 

and more i n  some cases where the acceptance o f  our spectrometer i s  less  



we1 1 determined. 

We defer  t o  another paper the discussion o f  our data i n  the scal ing 
2 region, q > 1. Here we note t ha t  i n  the region q2 < 1, where the vector 

meson dominated photon behavior i s  expected t o  prevai l ,  our po in ts  f a l l  

c lose t o  the predicted curve. The agreement i s  p a r t i c u l a r l y  noteworthy 

i n  the band 240 < UJ < 600 ( ~ i ~ u r e s  2 f  and 3 f )  where the measurements 

2 reach q values considerably less than 1. This suggests t h a t  the  values 

o f  A and B obtained.from our f i t  continue t o  g ive  a good estimate o f  the 

t o t a l  photoproduction cross-section up t o  the l a rges t  values o f  v reached 

i n  our measurement, 130 GeV. 



FIGURE CAPTIONS 

Figure 1 - D i rec t  measurements o f  ar(yd) and aT(yp) from the  compilation 
(6) 

o f  G. Giacomelli . So l id  l i n e s  are drawn t o  

U ~ ( ~ P )  = 94.2 + 84.2 E -35 
Y 

~ , . ( ~ d )  = 187.7 + 121.2 Ey -% 

from the f i t  t o  the SLAC") 4' eD and ed data. 

(5) 
Figures 2a-2f- The f i t  t o  the SLAC 4' ep data (# compared t o  up a t  150 

(7 )  
GeV (I). The l a rge r  angle SLAC data i s  shown w i t h  (4). 

Figures 3a-3f- The f i t  t o  the SLAC 4' ed data compared t o  ud a t  150 GeV. 

Same symbols as f o r  Figure 2. 
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