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The reaction e + p ~ e + n ° + p was measured near the one pion threshold, detecting the final electron and pro- 
ton in coincidence for values of q2 = 0.2, 0.4 and 0.6 GeV 2. The slope of the cross section at threshold is determin- 
ed. The data are compared with those of the e + p ~ e + Ir + + n reaction, measured simultaneously, and with the re- 
suits of pseudovector Born approximation and with dispersion theoretical calculations. 

We report  on an experiment ,  in which the reactions 

e + p - * e + n + n  + , 

and 

e + p ~ e + p + r t  ° , 

were s tudied at squared fo~ 

(1) s 

(2) ~.~ 
5 

• momentum transfers of  
q2 = 0.2, 0.4 and 0.6 GeV 2 and at invariant masses W 'o  
of  the pion-nucleon system between threshold and --- 
1.1 3 GeV. From the results o f  reaction (1), published 
previously [1 ], we deduced within a theoretical  frame- 
work based on PCAC and current algebra, values o f  the 
axial vector nucleon form factor. For  this analysis, the 

£ D  

Born-term-model o f  ref. [2], with pseudovector pion- o: 
nucleon coupling, was used. The same model,  without 
contact  and pion exchange term, also predicts  the cross o z 
section of  reaction (2) near threshold. The results for < 
reaction (2) therefore provide a check on the validity 
of some of  the theoretical  assumptions on which the 
model  of  ref. [2] is based. In the following we present 
the cross section o f  reaction (2) and compare the data 
with those of  reaction (1) as well as with the results of 
the pseudovector Born approximation [2] and disper- 
sion theoretical calculations [3 ,4] .  

The (nn +) and (plr °) channels were measured simul. 
taneously and the experimental  set up was identical to 
the one described in ref. [1 ].  Electrons scattered at an 
angle o f  8.5 ° were detected together with the coinci- 
dent protons,  whose flight direction was measured by  
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Fig. 1. Angular coefficients obtained from the fits to the q2 = 
0.6 GeV 2 data are plotted versus W for two different sets of 
42. The results coincide where only one symbol is plotted. The 
curves drawn are from the dispersion theoretical calculation of 
ref. [4]. The data of Alder et al. [ 11 ] are plotted for compari- 
son. 
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Fig. 2. ~ of the (nlr +) and (plr °) channels versus tp*l 2. lC is 
proportional to the slope of integrated cross section. The pho- 
toproduction values are plotted for comparison. The extrapo- 
lated threshold values are specially indicated. 

a 9 × 6 array of  large volume plastic scintillation coun- 
ters. The proton efficiency of  this counter system was 
about 90%. It was calibrated via elastic (e-p)-scattering. 
Only protons going backward in the CMS at q2 = 0.2 
GeV 2 were o f  too short range to be registered. 

As discussed in ref. [1 ] the differential cross section 
of  reactions (1) or (2) can be specified by 

d 3 o/dE' d ~  e d~2* 

WIp*I [.~0 + ,~ 1 cos0* +-42 c°s20* = P t E  ~ 

+ e sin20 * cos 2 ¢ * C  0 
(3) 

+ x/e(e + 1)/2 sin0* cos¢* (D O +D 1 cos0*)] . 

This follows from the one photon exchange approxi- 
mation and from taking only s- and p-waves of  the rt-N- 
system into account. 

The data analysis was very similar to the one des- 
cribed in ref. [1]. It was performed by fitting the rates 
calculated from eq. (3) by Monte Carlo techniques to 
the measured proton rates in each of  the various nu- 
cleon detector elements. In these calculations the angu- 
lar coefficients 4 0, 41, C 0, Do,D 1 were treated as free 
parameters. A 2 was inserted from theory, in order to 
keep the errors small. Separate fits were made for each 
W bin. 

In fig. I the angular coefficients obtained from the 
fits are plotted versus W for the q2 = 0.6 GeV 2 meas- 
urements as an example. Fits for two different sets of  
-42 values are shown.,42 = 0 and 71_2 as calculated by v. 
Gehlen and Wessel [4] are used (A 2 = 0.0, - 0 . 2 , - 0 . 6  
/ab/sr at W = 1.080, 1.10, 1.12 GeV respectively are 
the values). The coefficientsC0,D 0 and D 1 turn out to 
be independent o fA 2, and A 0 is only weakly correlated 
with A 2. The error bars in fig. 1 do not include an over- 
all normalisation error o f  about 4% and the errors due 
to the uncertainties of  the W scale. The curves shown 
in fig. 1 which are the results of  a dispersion theoreti- 
cal calculation by v. Gehlen and Wessel [4] fit the data 
quite well within the errors. The q2 = 0.2 and 0.4 GeV 2 
data show the same qualitative features. The full results 
will be published elsewhere. 

Table 1 
Threshold values ~thr as a function of q2. The total errors are split into uneorrelated errors and errors which are correlated be- 
tween both channels. The latter are mainly due to the uncertainty Of the Wscale. 

q2 (GeV 2) e + p _ + e + n + n +  e+p . . , e+p+~r  ° 

thr error (#b/sr) lcthr error (ub/sr) 
I;(#b/sr) uncorrelated correlated (#b/sr) uneorrelated correlated 

0.2 6.55 + 0.82 ± 0.70 0.09 ± 0.66 ± 0.50 

0.4 2.50 + 0.50 ± 0.50 0.15 + 0.31 ± 0.60 

0.6 1.91 ± 0.38 ± 0.40 0.36 ± 0.27 + 0.50 
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Fig. 3. The threshold value ~thr and the slope B of ~ deter- 
mined from the ~r ° data of the present experiment versus q~. 
The full errors are shown. Results of the experiments at Fras- 
cati [101 and Daresbury [9] are also shown as well as the pho- 
toproduction value [5-8]. The curves drawn are the results 
obtained from the Born terms only, using pseudoscalar (PSBA) 
and pseudovector (PVBA) pion nucleon coupling. 

The integrated cross section for each channel is 
given by 

d2o WIp*I 
d--E--~e F t 4rr E,yM (4) 

=30 +~ 3  z . (5) 

The quantity ~ was found to be independent of 
our assumptions about 4 2 . This is to be expected since 
in the present experiment the integrated cross section 
(4) is measured almost independently of the angular 
distribution (3). The quantity ~, which is plotted ver- 
sus Ip*l 2 in fig. 2 (p* is the pion momentum in the 
CMS of the outgoing hadrons), is therefore proportion- 
al to the slope of the integrated cross section. For com- 
parison the Z values obtained from the lr + data [1] are 
shown in fig. 2 together with those from positive [5, 6] 
and neutral [7, 8] pion photoproduction. The error 

bars shown include the statistical and normalisation 
errors except for the error due to the uncertainty of  
the W scale, which is correlated for both channels and 
is listed separately in table 1. Threshold values were 
obtained by fitting a straight line 

= Z thr + B IP "12 , (6) 

to the data points. The numerical values of Z thr are 
listed in table 1. The q2 dependence of ~thr and B for 
the (cr°p) channel is shown in fig. 3. Also shown are 
the photoproduction values [7] and the results of the 
Frascati [10] and the Daresbury [9] experiments. In 
the latter the (pcr°)-channel was not measured directly 
but the data were obtained by subtracting the (nlr+) - 
channel from the total cross section. The curves shown 
are calculated in Born approximation using pseudo- 
scalar (PSBA) and pseudovector (PVBA) pion nucleon 
couplings and proton form factors given by the rela- 
tions 

GP(q2)/lap = G~(q 2) = (1 +q2/0.71)-2 • 

Summarizing our results we conclude the following: 
a) The slope of the rr ° cross section at threshold 

ME,~ d2o 
Ntht = lim 

Ip*t~0 47rPtWIp*l d~2edE' ' 

b) Near threshold the ratio Z 7r° / E ~r+ increases with 
increasing q2. The data even indicate that ~ ~r° near 
threshold rises with increasing q2 reaching a maximum 
at about q2 = 0.3 GeV 2. 

c) Within the errors the dispersion theoretical cal- 
culations of  v. Gehlen and Wessel [4] fit the cr° data 
quite well. The pseudovector Born approximation re- 
sults are consistent with the values of Ethr measured 
in the present experiment. Therefore its application is 
justified for the case of 7r + electroproduction. 

In preparing, running and evaluating the experiment 
we enjoyed the whole-hearted support of  the floor ser- 
vice, synchrotron and computer groups. We want to 
thank Dr. D. Harms and P.E. Kuhlmann for their help 
in the early phases of the experiment and Messrs. H. 
Bebermeier, R. Ehrenfort, E. Gadermann, J. Gauwerky 
and K. Sauerberg for their assistance during the meas- 
urements. The authors are grateful for advice given by 
Prof. G.V. Gehlen, Dr. F. Guthrod and Dr. B.J. Read 
concerning theoretical questions. 
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