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All existing data on 3,vp total cross sections in the resonance region are fitted in the 
absolute value of the three-momentum transfers Iql independently for small bins of W in 
the range 1.11 ~< W ~< 1.99 GeV. The data are divided into three ranges of the polarization 
e:e>~O.9,0.9>e>O.6, e~0.6.  

Taking into account statistical and possible systematic errors, a comparison of the fits 
for different ranges of e indicate that longitudinal contributions to the cross sections in 
the resonance region are in general small. In the range 1.3 < W < 1.5 GeV for q2 > 2 GeV 2 
and above W = 1.6 GeV for q2 > 0.5 GeV 2 , up to 20% contribution of oQ is possible. 

1. Introduct ion 

The total cross section Y~ for the absorption of virtual photons on protons in the 

region of the main nucleon resonances has been determined in many inelastic elec- 

tron-proton scattering experiments [ 1-23]  where only the scattered electron is de- 

tected. Y~ is written as 

1 d2o 
~(q2, W, e) = Pt d ~  dE' - °t(W' q2) + eo•(W, q2) , (1) 

where, as usual [3], q2 is the four-momentum transfer squared, W the mass of the 
outgoing hadronic system, Pt the flux of transverse polarized virtual photons, e the 
degree of polarization of the virtual photons, and o t and o~ are the absorption cross 
section for transverse and longitudinal polarized virtual photons, respectively. 

A parametrization of the q2 dependence of the total cross section by a fitting pro- 
cedure applied to all existing data allows one to study its behaviour with the best 
available statistics. As the total cross section G consists of two parts a t and o~ a 
parametrization of the measured cross sections E has to take into account their vari- 
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ation with e. We have divided therefore all data with respect to different regions of  e 
and have applied fits to these different sets of  cross sections. As a result one gets in- 
formation of  the contributions of  a~ to the total cross section. 

First fits of  the type presented in this report have been shown earlier [24] *. Now 
some more inelastic ep scattering data in the resonance region have become available 
[9 -12 ,  16-18] .  Also, more data [9,10,12,18,20] are now available between q2 = 0 
and q2 = 0.5 GeV 2, a region in which, earlier, there was generally a lack of data as 
only a small portion of  data from refs. [2,6,7] belonged to this range. Furthermore, 
photoproduction data [25] can now be used for q2 = 0 in place of  the SLAC photon- 
proton cross sections (used earlier in I) obtained from inelastic electron-proton scat- 
tering cross sections by extrapolation to the limit of  zero four-momentum transfer 
[8]. We have, therefore, done the fitting of  the entire electroproduction data avail- 
able in the resonance region and present the results obtained therefrom in this report. 
It must be noted however that data for small values of  e are still very scarce and that 
there is a need for more measurements. 

2. The procedure of  fitting 

The procedure of fitting is the same as used in (I), which is given below. 
The cross section ~ from early results shows the following behaviour [2 -6 ] :  

= G2(q 2) o A ( W ) "  Iql b(w) , (2) 

where G2D(q 2) = dipole form factor of the nucleon, q = three-momentum transfer to 
the hadronic system in the lab frame and A ( W )  and b(W) are parameters dependent 
only on W. 

For the validity ofeq.  (2), Iql must be small as for large values of  Iql, Z has val- 
ues smaller than those obtained from the above equation. If  the outgoing hadronic 
system gets a definite total angular momentum, eq. (2) represents the threshold be- 
haviour of  Z for Iql ~ 0. A plot of  log ( E / G  2 )  versus log Iql gives a straight line; 
quadratic or higher powers of log Iql may be introduced to account for deviations 
from this behaviour at high momentum transfers. One additional term is found to 
be sufficient (I) and, therefore, the following equation is used to fit the data: 

log(I;/G 2)  = a(W) + b (W)  " log ( Iq l / IqoI  ) + c (W)  " I log(Iqi /IqoI) ld(W) , ( 3 )  

where Iq01 is the value of Iql at q2 = 0 for the same W. 
The fits done in this work enable us to study the dependence of  ~ on e. The data 

with e ~> 0.9 are taken from refs. [ 6 - 1 2 , 1 7 - 1 9 ]  while those with e ~< 0.6 from refs. 
[3-5,8,9,11,19,20].  For the fit in the range 0.6 < e < 0.9, the relevant data from 
the above mentioned references as well as from ref. [2] are used. In W the fits were 

* This references will henceforth be referred to as (I). 
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restricted to the range 1.11 ~< W <~ 1.99 GeV. The Daresbury photoproduction cross 
sections [25], having I¢ in the relevant range, have been included in all e ranges as o~ 
is zero at q2 = 0. We have used two bin sizes for W, one, AW = 0.015 GeV, across the 
bumps of  the resonances up to I¢ = 1.755 GeV, and the other, AW = 0.020 GeV, for 
1.770 ~< W ~< 1.990. 

The errors as given in the various references have been increased to include pos- 
sible systematic errors, since most of  the papers give only statistical errors. Further- 
more, the final bin size in W introduces an error which is not negligible around the 
resonances where the cross section changes rapidly with IV. Finally, there may be 
differences in the absolute normalization of the measurements from different experi- 
mental arrangements. Therefore, to the errors of  the cross sections in the range 
e >/0.9 with W >1.755 GeV a 5% error has been added quadratically, to all others 
a 10% error. Using the above errors the cross sections resulting from the fits were 
practically not different from those, where only the original errors were used. 

3. Results 

Most of the additional data [9-12,17,18,20] available after the completion of  (I) 
belong to the range e f> 0.9, and therefore the results of this work for the range 
e ~< 0.6 are not very different from the corresponding results given in (I). 

3.1. The parameter d 

For the range e ~< 0.6 the amount of data is not sufficient to determine the four 
parameters in eq. (3) for each W bin. Further, b and c cannot be separated i fd  is 
around 1. This happens for some W bins in the case e ~< 0.6, when cross sections for 
high values o f q  2 are missing or when the errors are too large. Therefore in a first 
step d was left free for e >~ 0.9 only. From these fits an average value of d = 3.0 for 
all bi" .~ of  lg and all ranges of  e was taken for the final fits. The choice o f d  turned 
out not to be critical for the cross sections resulting from the fits. 

3.2. Coefficients a, b and c 

The values of the coefficients a, b and c as well as their errors and correlations as 
determined from the least squares fits of eq. (3) are given in tables 1,2 and 3 for the 
three ranges of  e. Also given are the weighted average values of e for each I¢ bin, the 
×2 per degree of freedom and the number of  degrees of freedom. 

3.3. Behaviour o f  the f i ts  as a function o f  I q 12 

In figs. 1 - 6  the measured values of ~/G 2 are shown as a function of  Iql 2 sepa- 
rately for the two extreme ranges of  e for six values of  W, i.e., for I4I = 1.230, 1.380, 
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Fig. l.  ~/G~ as a function of Iql 2 in a double logarithmic plot for W = 1.230 GeV. Shown is also 
the scale ofq  z. The curves are our fit with eq. (3) and the parameters in tables 1 and 3, and d = 3.0. 
For e ~ 0.9, error bars are given for extreme positions while for e < 0.6, they are given for each 
data point. 

1 .530,  1.605,  1.695, and  1 .890 GeV.  Also s h o w n  for  each W value is the  scale o f q  2. 

As m e n t i o n e d  in sect.  1, the re  are n o w  available some e x p e r i m e n t a l  da ta  for the  

range e ~> 0.9,  b e t w e e n  q2 = 0 and  q2 = 0.5 G e V  2, as can be seen f rom figs. 1 - 6 .  

Besides the  e x p e r i m e n t a l  cross sec t ions  we have also s h o w n  the fi t  for  the  two 

ranges o f  e for  each value o f  I4/in figs. 1 - 6 .  The  fits a t  W = 1.230, 1 .530 and  1.605 
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|:ig. 2. As for fig. 1, for W = 1.380 GeV. 
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Fig. 3. As for fig. 1, for W = 1.530 GeV. 

for both ranges of  e almost pass through the photoproduction experimental points 
(figs. 1,3 and 4). The fits at W = 1.380 GeV pass below, while those at W = 1.695 
and 1.890 GeV pass above the corresponding experimental points but generally 
touching or passing through the error bars. It should, however, be pointed out that 
for e ~< 0.6 there are no experimental data below q2 = 0.5 to guide the fit while for 
e/> 0.9 the expression used to obtain the fit is somewhat inadequate to account for 
a o~ contribution restricted to small values of q2. 
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Fig. 4. As for fig. 1, for W = 1.605 GeV. 
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I:ig. 5. As for fig. 1, for W = 1.695 GeV. 
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I:&. 6. AS for fig. 1, for b’= 1.890 CeV. 
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Fig. 7. As for fig. 1, for  0.6 < e < 0.9,  W = 1.230 and  1.380 GeV. 
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Fig. 8. As for fig. 7, for  W = 1.530 and  1.605 GeV.  
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Fig. 9. As for fig. 7, for W = 1.695 and 1.890 GcV. 

The corresponding results for 0.6 "< e < 0.9 are shown in figs. 7 to 9. The behav- 
iour of  the fits for the three ranges of  e is practically the same. Also, the inclusion or 
non-inclusion of  the photoproduction data does not affect the behaviour of  the fits 
in any appreciable manner. 

3.4. Dependence of  ~ on Wand q2 

In figs. 10 -18  we show the cross section ~ for fixed values o f q  2, i.e., q2 = 0.1, 
0.3, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 GeV 2 across the range 1.110 ~< W~< 1.990 
GeV as computed from out fits. Whereas for q2 < 0.5 GeV 2 we only show results 
for e >~ 0.9, in the figures for q2 ~ 0.5 GeV 2 the values of :C are compared for the 
two extreme ranges of  e. The errors are calculated with the complete error matrix 
of  the coefficients a, b and c according to the following expression: 

(AZ)2 = (Aa)2 .  (6~'~2 + (Ab)2 " (6~12 +(Ae)  2" [/~,[2 _ 2Cab 
\Sa ] \6b] \6cf  

87£, 8~ 8Z 8~ 
× 6~ ~-~fib + 2 C a c ' 6 a  6c 2 Cbc 6b" -6c ' 

where/Xa, Ab, Ac, Cab , Cac and Cbc are the coefficients of  the error matrix as given 
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Fig. 16. As for fig. 12, for q2 = 4.0 GeV 2. 
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Fig. 18. As for fig. 17, for q2 = 6.0 GeV 2. 

in tables 1 -3 .  We think that the fits are not sufficient to calculate cross sections be- 
yond q2 = 4.0 GeV 2 for e ~< 0.6 and beyond q2 = 6.0 GeV 2 for e >i 0.9. 

The results show the faster decrease of the first resonance with increasing q2 com- 
pared to the non-resonant background around this resonance and compared to the 
two other bumps of  resonances around 1.5 and 1.67 GeV. The second bump on the 
contrary increases slightly in relation to the background at the same energy with in- 
creasing q2 whereas the third one stays practically constant. The position of  the 
third bump moves to higher energies with increasing q2 as has been noticed earlier 
[ 1 8 ] .  

3.5. The ratio R = o~1o t 

The difference between Ne~<0.9 and E e >/0.6 is a direct measure of  o~ and is very 
close to ~ oQ (eq. (1)), since the average values of  e in the two cases are close to 1.0 
and 0.5 (tables 1 and 3). Therefore, the comparison of  E for the two ranges of  e in 
the figs. 1 2 - 1 5  allows one to determine oQ. There are systematic differences outside 
the error bars between the two sets of cross sections. For q2 = 0.5 GeV 2 with 
W < 1.5 GeV the difference E> 0.9 - E< 0.6 has unphysical values. This is most like- 
ly due to the uncertainty of  the fit for e < 0.6 for small values of  q2 because of  lack 
of data. It also may show the problem of estimating systematic errors for the differ- 
ent set of measurements, measured with different experimental arrangements. The 
same conclusion could be made for 14' >1 .6  GeV and small q2 values, where l~ e ~ 0.6 
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is systematical ly smaller than 2~. >_ 0 9. However  there the difference stays on to 

larger values o f  q2 up to 3 GeV~,~n(iicating a possible longitudinal  cont r ibut ion  o f  

about  10 -20%.  This is consistent  with a direct de terminat ion  of  R at q2 = 1 GeV 2 

[11]. 

For  l # <  1.6 GeV and 0.5 < q2 < 2 GeV 2 no difference outside the error bars be- 

tween the two sets of  measurement  is visible except  for a small effect  on the sides 

o f  the first resonance,  which might  be due to uncertaint ies  in the energy W. A 10% 

cont r ibu t ion  of  o~ at the first resonance around q2 = 0,5 GeV 2 is indicated by direct 

de terminat ions  [20,21]. Above q2 = 2 GeV 2 and for 1.3 < lg < 1.5 GeV a longitudi-  

nal cont r ibut ion  of  about  20% is not  excluded.  
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