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Results on the reaction ep --, e'pn ° are presented in the mass range 1.355 • 1¢ • 
1.745 GeV at q2 ~ 1 GeV 2 and in the range 1.415 • ~¢ • 1.595 GeV at q2 ~ 0.6 
GeV 2. From the angular distribution of the n o meson the polarization terms o U + eeL, 
Op and a I have been determined in a range of production angles from 0" > 50 ° up to 
0 ~ = 180 °. Results on the total "/vP :" n°P cross section are given. 

1. In t roduct ion 

We have reported on an experiment  on electroproduction o f  T/mesons [1 ] and 
Ir + mesons [2] in the resonance region. Now we report  on the data o f  the reac- 
tion ep -* ep~r0 taken at the same experiment.  

There exist data on rf0 product ion from Daresbury at q2 ~ 0.4 and 0.6 GeV2 

[3] in the second resonance region and some data from DESY [4] in the third 
resonance region and above in a l imited angular range. The present experiment 
covers the second resonance region (q2 ~, 0.6, 1 GeV2) and the third resonance 
region (q2 ~ 1 GeV2). The angular distributions obtained have been analysed in 

terms o f  the polarization terms o U + e o L ,  op and a i .  
In a recent mult ipole analysis of  the existent data on pion product ion Devenish 

and Lyth [5] described the resonance region in terms of  11 resonances. These 
authors also used a preliminary subset o f  the present data. It is the purpose of  
the present experiment  to allow for a determination of  the couplings of  the rele- 
vant resonances in the covered kinematic range. 
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2. Notation 

We express the cross section in terms of the virtual photon absorption cross 
section do/d~2~ in the c.m.s, of  the final hadrons which is related to the dif- 
ferential coincidence cross section dSo/dE ' d~2 e d~2:0 by the virtual photon flux 
factor Pt (clef'meal as usually [6]): 

d 5 o do 
dE' dftedn* 0 = Ft dI2* 0 (I) 

The polar and aximuthal production angles (fig. I) in the c.m.s, are denoted by 
0* and ~b. The ~b dependence of the angular distribution in the c.m.s, can be written 
explicitly as [7]: 

da = 
d ~ : o  a U + eo L + e cos 2~b ap + x/2x/2x/2x/2x/2x/2x~ + 1) cos ¢ o I . (2) 

The parameter e describes the polarization of the virtual photon (e.g. ref. [6]). The 
cross sections aU, eL, ap and a I are functions of  the invariant mass W of the final 
plr0 system, the momentum transfer q2, and the angle 0;*. 

The terms a U and o L are the cross sections of  unpolarized transverse and longi- 
tudinal virtual photons.  They can only be separated by changing the polarization 
e, not done in this experiment. Op takes account of  the transverse polarization of 
the virtual photon and a I is a transverse-longitudinal interference term. A study of  
the ~ dependence for fLxed 0* allows to separate the 3 terms o U + COL, Op and a I. 

If  in addition to one photon exchange we assume that only S, P and D waves 
contribute, with total angular m o m e n t u m / <  ~, we can express the cross section in 

~ /  ~ electron 
scattering plane 

Fig. 1. Definition of the angles. 
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terms of angular coefficients (cf. e.g. ref. [3]): 

aU + COL =-40 +A1 cos 0* +.zl 2 cos20 * +'43 c°s30*,  

Op = (C O + C 1 cos 0") sin20 * • (3) 

o I = (D O + D 1 cos 0* +D 2 cos20 *) sin 0* .  

If we allow for F waves with / = ~ the following 3 terms 

~ 4  cos40*, C 2 cos20*sin20 *, D 3 cos30 * sin 0* 

have to be added. The total virtual photoproduction cross section is then given by: 

l - -  
Oto t = 47r (A0 + 3A 2 + ~JT4)- (4) 

3. Apparatus 

The experimental set-up is described in more detail in ref. [1 ]. Only a short des- 
cription is repeated here. The measurements are done in an external e -  beam of 
DESY. The primary beam hits a 12 cm liquid hydrogen target. The intensity is 
controlled by a secondary emission monitor, which was compared many times 
during the experiment to a Faraday cup. The scattered electron is detected in a 
double focussing vertically bending spectrometer. It is identified by a threshold 
t~erenkov- and a sandwich shower counter. 

The secondary proton is detected in coincidence with the scattered e -  in a non 
focussing spectrometer consisting of a vertically bending magnet, a system of pro- 
portional chambers mounted at the magnet exit, and a scintillator hodoscope. 

4. Data analysis 

The secondary protons are distinguished from rt + mesons by time of flight [1 ]. 
Some pion background in the remaining proton sample was rejected by requirement 
of sufficient pulse height of scintillator signals. 

The reaction ep --, epTr0 was determined by the requirement of appropriate 
missing mass, computed from the detected electron and proton. An example of a 
missing mass squared distribution is  given in fig. 2. Events in the range of missing 
mass squared from -0.02 to 0.07 GeV 2 have been used to calculate the cross sec- 
tions of the reaction ep ~ epTr0. The chosen bins were AI¢= 30 MeV, Acos O* = 
0.1, A~ = 20 °. The acceptance of the electron spectrometer determines the bin size 
in q2 to z3z/2 ~ 0.07 and 0.1 GeV 2 at q2 = 0.6 and 1 GeV2 respectively. 

Acceptances and various corrections have been calculated by a Monte-Carlo si- 
mulation of the experiment. Radiative corrections have been incorporated into the 
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Fig. 2. Example of a distribution of missing mass squared computed from the detected protons 
in coincidence with eleetsons. 

simulation including internal and external radiation. In this simulation the radiation 
of the electron has been taken into account in the peaking approximation according 
to the formulas of ref. [8]. Some multipion background has also been included into 
the simulation, leading to correction smaller than 3%. 

The cross sections are corrected for empty target rate (~0.5%). nuclear absorp- 
tion (~-1.5%), dead time losses, inefficiencies, multi-track events and random back- 
ground. 

S. Results 

All data have been taken with the central electron spectrometer angle set to 15 °. 
The polarization e was always close to 0.9 (see table 1). The errors given in the 
figures are statistical only. We estimate an overall systematic error of 6%. 



Table 1 
Angular distr ibut ion o f  the  reaction ?vP -* n0p • The  errors do no t  contain an overall sys temat ic  
error o f  6%. 

COS 0" G U + eo L Op G I 

~b/sr) 

8 1 . 3 5 5  GeV ¢" 0 , 9 3  q2, 1,05 GeV 2 
- 0 . 9 8 5  0 . 8 8  * -  0 , I I  

- 0 . 7 5 0  1 . 1 6  * -  0 . 0 9  - 0 . 2 0  * -  0 . 1 3  ~ 0 . 0 2  * -  0 . 0 6  
- 0 . 6 S 0  1 . 3 5  * -  0 . 0 9  - 0 . 4 0  * -  0 . 1 6  - 0 . 0 6  * -  0 . 0 7  
- 0 , 5 5 0  1 . 7 3  * -  0 . 1 1  - 0 . 7 0  + -  0 , 1 9  - 0 , 2 1  * -  0 . 0 8  
- 0 , 4 9 0  1 , 8 8  ÷ -  0 , 1 2  - 0 . 6 2  * -  0 . 2 2  0 , 0 9  * -  0 , 0 9  
- 0 , 3 5 0  2 , 1 3  * -  0 , 1 5  - 0 ; 9 0  *- 0 , 3 0  0 . 0 3  * -  0 , 1 3  
- 0 , 2 5 0  2 , 6 2  *-- 0 . 2 1  - 0 . 3 1  + -  0 , 4 1  - 0 . 2 1  * -  0 , 1 7  
- 0 , 1 5 0  2 . 6 7  * -  0 . 2 8  - 1 . 1 3  * -  0 . 5 7  - 0 . 0 8  * -  0 , 2 2  
-O,OSO 2 , 5 0  +-- 0 , 2 1  - 0 , 8 4  * -  0 , 3 8  - 0 , 0 6  * -  0 . 1 6  

0 , 0 5 0  2 , 2 5  ~ -  O . l ?  - 0 . 9 0  * -  0 . 3 3  - 0 . 0 3  + -  0 . 1 5  
0 , 1 5 0  2 , 6 0  * -  0 . 1 9  - 1 . 1 8  * -  0 . 3 4  - 0 , 0 4  * -  0 . 1 8  
0 , 2 5 0  2 . 0 2  ~ -  0 , 1 7  - 1 . 3 0  * -  0 . 3 3  - 0 . 1 3  * -  0 . 1 7  
0 , 3 5 0  2 , 4 8  * -  0 , 2 1  - 0 . 9 9  * -  0 . 3 7  - 0 . 1 1  * -  0 . 1 9  
0 , 4 S 0  1 , 9 3  * -  0 , 1 8  - 1 , 2 8  * -  0 . 3 3  - 0 . 1 5  * -  0 . 1 8  
0 . 5 5 0  1 , 6 3  4-- 0 , 2 0  - 1 . 1 0  * -  0 , 3 1  - 0 . 2 3  * -  0 . 1 9  
0 , 6 5 0  1 , 5 8  * -  0 . 2 9  - 0 . 1 8  * -  0 . 3 5  - 0 . 2 2  * -  0 . 2 5  

M - 1 . 3 8 5 G E V  c 8 0 , 9 3  q~8  L . 0 4  GeY 2 
- 0 . 9 8 5  0 . 5 0  . -  0 . 0 6  
- 0 , 8 5 0  0 . 5 6  ~ 0 . 2 2  - 0 . 2 5  * -  0 . 2 4  - 0 , 2 2  * -  0 . 1 9  
- 0 . 7 5 0  0 . 8 4  + -  0 , 0 6  - 0 o 1 7  ~ -  0008  - 0 , 1 2  * -  0 , 0 5  
- 0 , 6 5 0  1 . 0 2  * -  0 , 0 6  - 0 , 1 4  * -  0o10 - 0 , 1 4  * -  0 , 0 5  
- 0 , 5 5 0  1o49 ~ -  0009  - 0 . 4 0  + -  0 . 1 6  - 0 . 1 2  * -  0 . 0 8  
- 0 , 4 5 0  h 2 9  * -  0 , 0 9  - 0 , 4 6  ~ 0 , 1 9  O.OS + -  0 . 0 9  
- 0 , 3 5 0  1 , 5 0  *-- 0 , 1 3  - 0 , 2 8  + -  0 . 2 5  - 0 . 1 3  + -  0 . 1 3  
- 0 , 2 5 0  1 . 9 4  *-- 0 . 1 2  - 0 . 5 7  * -  0 , 2 2  - 0 . 0 4  * -  0 . 1 0  
- 0 , 1 5 0  2 , 0 5  * -  0 , 1 2  - 0 0 6 6  * -  0 , 2 1  0 . 1 0  * -  O.Oq 
- 0 , 0 5 0  1 . 9 3  + -  0 , 1 2  - 1 . 0 3  * -  0 , 2 2  - 0 . 0 1  4-- 0 . 1 1  

0 , 0 5 0  1 , 8 9  ~ -  0 , 1 2  - 0 , 5 5  4-- 0 , 2 2  0 . 0 8  * -  0 . 1 1  
0 , 1 5 0  1 ; 6 6  + -  0 , 1 2  - 1 . 0 3  * -  0 , 2 3  - 0 . 0 5  * -  0 , 1 1  
0 . 2 S 0  1 . 7 T  ~ 0 . 1 4  - 0 , 6 T  * -  0 , 2 4  0 . 0 2  * -  0 . 1 3  
0 , 3 5 0  1 , 7 1  * -  0 , 1 3  - 0 , 8 1  * -  0 , 2 6  -O,OT.  vo  0 , 1 3  
0 , 4 S 0  1 , 5 4  * -  0 , 1 3  - 0 , 3 5  * -  0 , 2 4  - 0 , 0 8  * -  0+12 
0 , 5 5 0  1 . 6 1  4-- 0 . 1 6  - 0 . 5 3  * -  0 , 2 3  ©,01  + -  0 , 1 4  
0 , 6 5 0  0 , 9 2  ~ -  0 , 1 7  - 0 . 5 9  ~ -  0 , 2 3  - 0 , 2 9  * -  0 , 1 5  

N u 1 , 4 1 5  OeV c =  0 , 9 3  q 2  1 .03  GeV 2 
- 0 . 9 8 5  O. SO * - , 0 . 0 6  
- 0 . 9 3 5  0 . 6 2  * -  0 . 1 0  0 , 2 0  * -  0 . 1 3  -O.OS * -  0 . 0 8  
- 0 . 0 5 0  0 , ~  ÷ -  0 , 1 3  - 0 , 0 5  * -  0 , 1 7  - 0 , 1 6  + -  0 . 1 1  
- 0 , 7 5 0  0 , 6 7  e-. 0 . 2 4  - 0 . 0 9  + -  0 . 2 6  - 0 , 1 0  * -  0 , 2 0  
- 0 . 6 5 0  0 . 8 5  *-- 0 . 0 6  - 0 . 1 4  * -  0 . 1 1  - O . I T  * -  0 . 0 6  
- 0 , 5 5 0  1 , 2 6  + -  0 . 0 9  - 0 , 3 4  + - 0 , 1 7  - 0 , 0 8  ~ -  0 , 1 0  
- 0 , 4 S 0  1 , 3 1  + -  0 , 0 9  - 0 . 1 8  + -  0 , 1 5  - 0 , 0 ~  + -  0 , 0 8  
- 0 . 3 5 0  1 , 5 8  * -  0 , 0 9  - 0 , 6 8  ~ -  0 , 1 4  0 , 0 3  * -  0 , 0 6  
- 0 , 2 5 0  1 , 6 5  ~.- 0 . 0 8  - 0 , 5 3  ÷ -  0 , 1 4  - 0 , 1 4  + -  0 , 0 6  
- 0 . 1 5 0  1 , 6 8  * -  o , o g  - 0 , 3 3  + -  0 , 1 5  - 0 . 0 6  + -  0 , 0 7  
-O,OSO 1 , 5 7  * -  0 . 0 9  - 0 , 3 3  * -  0 , 1 6  0 , 0 1  * -  0 ; 0 8  

0 . 0 5 0  1 . 5 9  4"- 0 . 1 0  - 0 . 3 ~  * -  0 . 1 8  0 . 0 4  ÷ -  0 , 0 9  
0 . 1 5 0  1 . 5 e  ~ -  0 . 1 1  - 0 , 0 9  + -  0 . 2 @  0 . 0 8  + -  0 . I 0  
0 , 2 5 0  1 , 6 8  * -  0 . 1 3  - 0 , 2 4  4.- 0 , 2 4  0 , 1 9  * -  0 , 1 1  
0 , 3 5 0  1 , 8 8  *-- O, I S  0 . 0 0  ~ 0 , 2 6  0 , 1 6  * -  0 , 1 2  
0 * 4 5 0  l . S ~  ~ -  0 , 1 4  0 , 2 9  * -  0 . 2 3  0 . 1 8  * -  0 . 1 2  
0 , 5 5 0  1 , 1 1  * - "  0 , 1 5  - 0 , 0 8  4.- 0 , 2 5  - 0 . 2 8  + "  0 , 1 1  
0 , 6 5 0  1 , 1 5  * -  0 , 4 3  0 , 0 4  * -  0 , 4 4  0 . 2 )  t ' -  0 , 3 5  



Table  1 ( con t i nue d )  

cos ~* o U + eo L op  o I 

( . b / s O  

M = 1 . 4 4 5  GeV c =  0 . 9 2  q 2 8  1 . 0 2  
- 0 . 9 8 9  0 . 2 2  * -  0 . 0 4  
- 0 . 9 3 5  0 . 6 4  * ' -  0 . 1 3  0 . 2 4  + -  0 . 1 8  0 . 0 2  
- 0 . 8 5 0  0 . 4 7  ÷ -  0 . 1 1  - 0 . 0 2  + -  0 . 1 6  - 0 . 1 8  
- 0 . 6 5 0  O . q 7  ÷ -  o . o g  - 0 . 0 1  4"- 0 . 1 4  - 0 . 2 1  
- 0 . 5 5 0  1 . 0 5  4.- o . o g  - 0 . 1 4  4"- 0 . 1 4  , 0 . 2 3  
- 0 . 4 5 0  1 . 3 5  ÷ -  0 . 0 8  - 0 . 3 0  + -  0 . 1 1  - o .  I q  
- 0 . 3 5 0  1 . 5 0  ~-- 0 . 0 8  - 0 . 3 0  ÷ -  O . I I  - 0 . 1 5  
- 0 . 2 5 0  1 , 4 7  ÷ -  0 . 0 8  - 0 . 2 9  ÷ -  0 . 1 2  - 0 . 0 6  
- 0 . 1 5 0  1 . 7 7  ÷ -  0 . 0 9  - 0 . 2 0  ~ -  0 . 1 5  - 0 . 0 9  
- 0 . 0 5 0  1 . 6 7  * -  o . o g  - 0 . 4 6  ~ -  0 . 1 7  0 . 0 0  

0 . 0 5 0  1 . 4 9  * -  0 . 1 0  - 0 . 1 2  + -  0 . 1 8  - O . O t  
0 . 1 5 0  1 . 5 9  * -  0 . 1 3  - 0 . 1 1  + -  0 . 2 3  0 . 0 8  
0 . 2 5 0  1 . 4 8  ~ 0 . 1 5  - 0 . 3 2  4-- 0 . 2 6  - 0 . 0 6  
0 . 3 5 0  1 . 7 0  ÷ -  0 . 1 8  0 . 5 2  + -  0 . 2 8  - 0 . 0 0  
O.~SO 1 . 5 9  4 -  0 . 1 8  0 . 5 3  + -  0 . 2 8  - 0 . 1 6  

M = 1 . 4 7 5 0 8 V  ¢= 0 . 9 2  
- 0 . 9 8 5  0 . 3 4  + -  0 . 0 6  
- 0 . g 3 5  0 . 4 5  4.- 0 . 0 6  0 . 1 2  4 -  0 . 1 0  
- 0 . 8 5 0  0 . 4 8  ÷ -  0 , 0 7  - o . o g  * -  0 . 1 1  
- 0 . 7 5 0  ; . 0 2  + -  0 . 2 3  0 . 3 0  + -  0 . 3 3  
- 0 . 6 5 0  1 . 0 2  * -  O . t t  0 . 0 9  + -  0 . 1 4  
- 0 . 5 5 0  1 . 2 4  4,.- 0 . 0 7  - 0 . 1 3  + -  O.Oq 
" 0 . 4 5 0  1 . 3 0  ~ 0 . 0 7  - 0 . 1 6  + -  0 . 1 0  
- 0 0 3 5 0  1 . 5 5  4-. 0 , 0 7  - 0 . 1 6  + -  0 . 1 1  
- 0 . 2 5 0  1 . q l  * -  o . o g  - 0 . 5 3  4-- 0 . 1 4  
- O . I S O  l .  TO * -  0 . 0 9  - 0 . 5 5  + -  0 . 1 7  
- 0 . 0 5 0  1 . 7 8  * -  0 . 1 1  - 0 . 6 g  v -  0 . 2 1  

0 . 0 5 0  1 . 7 9  * "  0 . 1 5  - 0 . 8 5  4 -  0 . 2 8  
0 . 1 5 0  2 . 0 6  *-- 0 . 2 0  0 . 0 3  ~ -  0 . 3 2  
0 . 2 5 0  1 . 8 2  ÷ -  0 . 2 3  " 0 . 1 2  + -  0 . 3 7  

2 
q = 1 . 0 1  

0 . 0 4  
- 0 . 1 8  
- 0 . 0 7  
- 0 . 2 4  
- 0 . 3 4  
- 0 . 2 2  
- 0 . 1 4  
- 0 . 2 2  
- 0 . 0 6  

0 . 0 4  
- O , O T  
- 0 . 2 9  
- 0 . 2 0  

q 2 =  0 . 9 9  

- O . t 2  
- 0 , Z 7  
- 0 . 2 7  
- 0 , 2 0  
- 0 . 1 8  
- 0 . 1 5  
- 0 . 3 2  
- 0 . 2 8  
- 0 . 3 2  
- 0 . 0 4  
- 0 . 2 5  

M = 1 . 5 0 5  Gev ¢= 0 . 9 2  
- 0 . g 8 5  0 . 3 0  + -  0 . 0 6  
- 0 . 9 3 5  0 . 5 4  + -  0 . 0 7  0 . 1 3  + -  0 . 1 3  
- 0 . 8 5 0  0 . 7 0  * -  0 . 0 8  - 0 . 0 3  ÷ -  0 . 1 .  
- 0 . 6 5 0  1 . 0 8  ÷ -  0 . 0 8  - 0 . 0 6  * -  0 . 1 0  
- 0 . 5 5 0  1 . 2 3  ÷ -  0 . 0 7  - 0 . 0 6  * -  o . o q  
- 0 . 4 5 0  1 . 5 3  ÷ -  0 . 0 ?  - 0 . 1 4  + -  0 . 1 0  
- 0 . 3 5 0  1 . 7 6  ~ 0 . 0 8  - 0 . 5 8  ÷ -  0 . 1 4  
- 0 . 2 5 0  l . q 5  ÷ -  0 . 1 0  0 . 0 2  + -  0 . 1 6  
- O . L S O  2 . 0 8  ÷ -  0 . 1 2  - 0 . 4 5  ÷ -  0 , 2 1  
-O.OSO 1 . 9 9  v -  0 . 1 7  - 0 . 4 3  + -  0 . 2 7  

0 . 0 5 0  2 . 1 1  + -  0 . 2 2  - 0 , 1 2  * -  0 . 3 2  
0 . 1 5 0  2 . 2 6  ~ -  0 . 3 5  0 . 1 2  ÷ -  0 . 4 7  

M = 1 . 5 3 5  GeV 
- 0 . g 8 5  0 . 4 3  4-- 0 . 0 8  
- 0 . 9 3 5  0 . 5 5  ~ -  0 . 0 6  
- 0 . 8 5 0  0 . 5 9  ~ -  0 . 0 8  
- 0 . 7 5 0  0 . 7 4  * -  0 . 0 7  
- 0 . 6 5 0  0 . 8 7  ÷ -  0 . 1 0  
- 0 . 5 5 0  0 . 9 1  ~ -  0 . 0 6  
- 0 . 4 5 0  1 . 2 6  ~ -  O.OT 
- 0 . 3 5 0  1 . 4 4  4 - 0 . 0 8  
- 0 . 2 5 0  1 . 4 1  4 -  0 . 1 0  
- 0 . 1 5 0  1 . 6 8  4-- 0 . 1 5  
- 0 . 0 5 0  1 . 8 5  ÷ -  0 . 2 5  

0 . 0 5 0  2 . 0 5  * -  0 . 4 4  

c= 0 . 9 1  q2 = 0 . 9 8  

- 0 . 0 2  ~ -  0 . 1 1  
- 0 . 1 2  ÷ -  0 . 1 2  
- 0 . 0 8  + -  0 . 1 2  
- 0 . 2 6  + -  0 . 1 8  
- 0 . 0 0  * -  0 . 0 8  
- 0 . 1 2  + -  0 . 1 0  
- 0 . 1 0  + -  0 . 1 2  
- 0 . 6 3  ÷ -  0 . 1 6  
- 0 . 3 0  + -  0 . 2 0  
- 0 . 6 4  ~ -  0 . 3 2  
- O , O g  + -  0 . 5 1 .  

- 0 . 0 6  
- 0 . 0 6  
- 0 . 1 8  
- 0 . 2 3  
- 0 . 1 6  
- 0 . 1 4  
- 0 . 2 2  
- 0 . 0 1  
- 0 . 3 0  
" 0 . 1 3  
- 0 , 2 1  

GeV 2 

+ -  0 ,1 .0  
+ -  0 , 1 0  
+ -  0 , C 9  
÷ - 0 , 0 9  
+ -  0 , 0 5  
* -  0 , 0 5  
+ -  0 , 0 5  
~ -  O.OT 
* -  0 , 0 7  
* -  0 . 0 8  
* -  0 . 1 0  
* -  0 . I I  
+ -  0 , 1 2  
+ -  0 , 1 2  

GeV 2 

+ -  0 . 0 5  
+ -  0 , 0 5  
÷ -  0 , 1 1  
÷ -  0 , 1 0  
'~-  0,0.5 
4 -  0 . 0 4  
÷ -  0 . 0 5  
÷ -  0 . 0 6  
÷ -  0 . 0 7  
* -  0 . 0 8  
* -  0 . 1 2  
* -  " 0 . 1 5  
* -  0 . 1 6  

GeV 2 

* -  0 . 0 6  
* -  O . O S  
* -  0 . 0 7  
* -  0 . 0 5  
* -  0 . 0 5  
* -  0 . 0 6  
* -  0 . 0 8  
÷ -  O.  tO 
~ -  0 . 1 4  
* -  0 . 1 7  
+ -  0 , 2 5  

GeV 2 

÷ -  0 , 0 5  
÷ -  O.OT 
4-- 0 . 0 6  
* -  0 . 1 1  
+ -  0 . 0 4  
* -  0 . 0 5  
* -  0 . 0 7  
* -  o . o g  
+ -  0 . 1 3  
* -  0 , 2 2  
* -  0 . 3 5  
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Table 1 (continued) 

cos O* o U + eo L op o I 

(pb/sO 

W " 1 . $ 6 5  GeV c .  0 , 9 1  
- 0 . 9 8 5  0 . 2 3  ~ -  0 . 0 4  

- 0 . 9 3 5  0 . 4 6  ÷ -  0 . 0 3  - 0 . 0 3 1  ÷ -  0 . 0 5  
- 0 . 8 5 0  0 . 5 q  * -  0 . 0 5  - 0 . 1 3  + -  0 . 0 7  
- 0 . 7 5 0  0 . 5 7  *-- 0 . 0 3  0 . 0 0  +- 0 . 0 6  
- 0 . 6 5 0  0 . 7 6  ÷ -  0 . 0 ~  - 0 . 0 5  ÷- 0 . 1 0  
- 0 . 5 5 0  O . e 3  ÷- 0 . 0 4  - 0 . 0 4  ÷ -  0 . 0 6  
- 0 . 4 5 0  o .  eo ÷ -  0 . 0 4  0 . 0 4  +- 0 . 0 6  
- 0 . 3 5 0  1 . 1 4  ÷ -  0 . 0 6  - 0 . 0 7  + -  0 . 0 9  
- 0 . 2 5 0  1 . 3 1  ÷ -  0 . 0 8  - 0 . 1 4  + -  0 . 1 2  
-0.150 1.41 ÷- 0. I I  - 0 . ~  ÷- C.15 
- 0 . 0 5 0  1 . 3 3  ÷ -  0 . 2 1  - 0 . 3 3  ÷ -  0 . 2 4  

W : 1 . 5 9 5  GeV e = 0 . 9 0  
- 0 . 9 8 5  0 . 2 5  ÷ -  0 . 0 4  
- 3 . Q 3 5  0 . 4 1  ~ -  0 . 0 3  - 0 , 1 0  ÷ -  0 . 0 §  
- 0 . 8 5 0  0 . 5 6  ÷ -  0 . 0 5  - 0 . 0 5  ÷ -  0 . 0 8  
- 0 . 7 5 ~  0 . 5 6  ÷ -  0 . 0 3  - 0 , 0 2  ÷ -  0 . 0 5  
- 0 . 6 5 0  0 . 6 2  ÷-  0 . 0 4  0 , 1 4  ÷ -  0 . 0 8  
- 0 . 5 5 0  0 . 6 8  ÷ -  0 . 0 4  - 0 . 0 3  + -  0 . 0 5  
- 0 . 4 5 0  0 . 6 8  ÷ -  0 . 0 4  - 0 . 0 3  + -  0 . 0 6  
- 0 . 3 5 0  0 . 8 6  +- 0 . 0 6  - 0 . 0 5  ÷- 0 , 0 8  
- 0 . 2 5 0  0 . 9 4  ÷ -  0 . 0 8  0 . 0 3  ÷ -  0 . 1 0  
- 0 . 1 5 0  1 . 1 0  ÷ -  0 . 1 3  - O . O T  + -  0 . 1 5  
- 0 . 0 5 0  0 . 9 5  ÷- 0 . 1 q  - 0 . 4 6  * -  0 . 2 2  

W - 1 . 6 2 5  GeV ¢ = 0 . 9 0  
- 0 . ~ 8 5  0 . 3 0  * -  0 . 0 4  
- 0 . 9 3 5  0 . 4 5  + -  0 . 0 4  - 0 . 0 4  ÷ -  0 . 0 6  
- 0 . 8 5 0  0 . 5 1  ÷ -  0 . 0 3  - 0 . 0 9  ~ -  0 . 0 4  
- 0 . 7 5 0  0 . ~ 2  ÷ -  0 . 0 3  - 0 . 0 7  ÷ -  0 . 0 5  
- 0 . 6 5 0  0 . 5 4  ÷ -  0 . 0 3  - O . O S  ~ -  0 . 0 6  
- 0 . 5 5 0  0 . 5 2  ÷ -  0 . 0 4  - 0 . 0 3  + -  0 . 0 6  
- 0 . 4 5 0  0 . 6 6  ÷ -  0 . 0 5  0 . 1 2  ÷ -  0 , 0 7  
- 0 . 3 5 0  0 . 7 7  ÷ -  0 . 0 6  - 0 . 0 3  + -  0 . 0 8  
- 3 . 2 5 0  0 . 8 5  ÷ -  O.Oq - 0 . 0 5  ÷ -  0 . 1 1  
- 0 . 1 5 0  0 . 7 8  * -  0 . 1 4  - 0 . 2 7  * -  0 . 2 5  
- 0 . 0 5 0  0 . 8 1  * -  0 . 3 4  - 0 . 3 0  * -  0 . 3 3  

N - 1 . 6 5 5  GeV ¢ - 0 . 9 0  
- 0 . 9 8 5  0 , 4 4  * -  0 . 0 4  
- 0 . 9 3 5  0 . 5 8  ~ -  0 . 0 7  - 0 . 1 9  * -  0 , 1 1  
- 0 . 8 5 0  0 . 6 3  ÷ -  0 . 0 3  - 0 . 2 7  + -  © . 0 4  
- 0 . 7 5 0  0 , 5 1  ÷ -  0 . 0 3  - 0 , 0 5  * -  0 . 0 4  
- 0 . 6 5 0  0 . 5 8  * -  0 . 0 3  0 . 0 8  * -  0 . 0 7  
- 0 . 5 5 0  0 , 6 0  ~'- 0 . 0 6  - 0 . 0 3  * -  0 . 1 0  
- 0 . 4 5 0  0 . 6 2  4-- 0 . 0 5  0 , 0 2  ~ -  0 , 0 7  
- 0 . 3 5 0  0 . 7 8  * -  0 . 0 8  O.Oq * -  0 . 1 0  
- 0 . 2 5 0  0 . 6 T  ÷ -  0 . 1 3  - 0 , 2 4  ~ -  0 . 1 3  
- 0 . 1 5 0  1 . 0 2  * -  0 . 3 2  0 . 0 1  ÷ -  0 , 2 7  

q 2  C.97GeV2 

- 0 . 0 4  ÷ -  0 . 0 2  
- 0 , 0 6  * -  0 . 0 4  
- 0 . 0 4  * -  0 . 0 3  
-O ,OS * -  0 . 0 5  
- 0 , 0 9  * -  0 . 0 3  
- 0 . 0 5  * -  0 . 0 3  
- 0 . 1 G  * -  0 . 0 5  
- 0 . 1 3  ÷ -  0 . 0 8  
- 0 , 1 0  + -  0 . 1 0  

0 . 0 5  * -  0 . 1 8  

q2 = 0 . 9 5  GeV2 

0 . 0 2  + -  0 . 0 2  
- 0 . 0 3  * -  0 . 0 5  
- 0 . 0 1  + -  0 . 0 2  

0 . 0 5  * -  0 . 0 4  
- 0 . 0 5  * -  0 . 0 3  
- 0 . 0 3  * -  0 , 0 4  
- 0 . 0 4  * -  0 , 0 5  
- 0 . 1 1  * -  0 . 0 7  
- 0 , 0 9  ~ 0 . 1 2  

G,06  * -  0 . 1 6  

q 2  0 . 9 4  GeV2 

0 , 0 1  * -  0 . 0 3  
0 . 0 7  * -  0 . 0 2  
0 . 0 6  ~ -  0 . 0 2  
0 . 0 0  ~ -  0 . 0 3  

- 0 , 0 4  + -  0 . 0 3  
* 0 . 0 7  * -  0 . 0 4  
- 0 , 0 8  * -  0 , 0 6  
- 0 . 0 2  * -  0 . 0 9  
0 . 0 5  * -  0 . 1 2  
0 . 0 1  * -  0 . 2 q  

q2 s 0 . 9 3  GeV 2 

O,OT * "  O*OT 
0 . 1 2  * "  0 . 0 2  
0 . 0 9  * -  0 . 0 2  

- 0 . 0 4  * -  0 . 0 3  
- 0 . 0 0  * -  0 . 0 4  

*-O.OS * -  O.OS 
- 0 . 1 2  * -  0 . 0 8  

0 . 0 3  * -  0 . 1 2  
- 0 . 1 9  ~ -  0 . 2 8  



Table 1 (continued) 

cos e* aU + ee L ap ai 

(~b/sr) 

• 1 . 6 8 5  GeV c s ,  O . 8 q  q2 . 0 . 9 1  GeV 2 
- 0 . 9 8 5  0 . 8 0  +-  0 . 0 6  
- 0 . 9 3 5  0 . 5 3  * -  0 . 1 7  - 0 . 2 6  + -  0 . 2 3  0 . 3 2  + -  0 . 1 2  
* 0 . 8 5 0  0 . 5 4  4-- 0 . 0 3  - 0 . 1 5  * -  0 . 0 4  0 . 1 9  * -  0 . 0 2  
- 0 . 7 5 0  0 . 4 7  * -  0 . 0 3  - 0 . 0 8  * -  0 . 0 4  0 , 1 !  ~ -  0 . 0 2  
- 0 , 6 3 0  0 , ~ 1  * -  0 . 0 3  - 0 . 1 1  * -  0 , 0 7  0 , 0 4  * -  0 . 0 3  
0 0 . 5 5 0  0 . 4 9  * -  0 . 0 6  - 0 0 1 0  4'- 0 . 1 1  - 0 . 0 3  * -  0 . 0 4  
- 0 . 4 5 0  0 . 6 3  * -  0 . 0 7  0 . 0 2  * -  0 o 0 8  - 0 . 1 0  4.- 0 . 0 6  
- 0 . 3 5 0  0 . 6 5  * -  0 . 1 1  0 . 0 1  * -  0 . 1 0  - 0 . 0 7  , .  0 . 1 0  
- 0 . 2 5 0  1 . 2 9  * -  0 . 3 0  0 . 2 4  ÷ -  0 . 2 4  * 0 . 5 6  * -  0 . 2 6  
- 0 . 1 5 0  1 . 1 7  * -  0 . 3 7  0 . 1 8  4-- 0 . 2 8  - 0 . 4 ~  * -  0 . 3 1  

N - 1 . 7 1 5  GeV ¢ -  0 . 8 8  q2 . 0 . 9 0  GeV 2 
- 0 . 9 8 5  0 . 6 5  * -  0 . 0 6  
- 0 . 9 3 3  0 . 4 2  t *  0 . 0 4  - 0 . 1 3  * -  0 . 0 7  0 . 0 8  * -  0 . 0 4  
- 0 . 8 5 0  0 . 3 4  ÷ -  0 . 0 2  -O .OS ÷ -  0 . 0 4  0 , 1 1  * *  0 . 0 2  
- 0 . 7 5 0  0~33  ÷ -  0 . 0 2  - 0 . 0 8  * -  0 . 0 4  0 . 0 7  * -  0 . 0 2  
- 0 . 6 5 0  0 . 3 4  ÷ -  0 . 0 3  - 0 . 1 0  * -  @,06 0 . 0 2  t -  0 . 0 3  
- 0 . 5 5 0  0 . 4 2  " -  O.OS 0 . 0 4  * -  0 . 0 8  - O . O S  * -  0 . 0 4  
- 0 . 4 5 0  0 . 4 5  * -  0 . 0 7  0 . 0 4  * -  0 . 0 8  - 0 . 1 2  + -  0 . 0 6  
- 0 , 3 5 0  0 . 4 6  * -  0 . 1 0  0 , 0 2  * -  0 . 0 9  - 0 . 1 1  ~ -  O .Og  
- 0 . 2 5 0  0 . 5 5  ÷ -  0 . 2 9  - 0 . 0 1  4"- 0 . 2 2  - 0 . 0 9  * -  0 . 2 5  

M • 1 . 7 4 5  GeV c .  0 . 8 8  q2 8 0 . 8 8  GeV 2 
- 0 . 9 8 5  0 . 5 8  * -  0 . 0 7  
- 0 . 9 3 5  0 . 3 4  * -  0 . 0 4  - 0 . 1 1  * -  0 . 0 6  0 . 0 1  4.- 0 . 0 3  
, 0 . 8 5 0  0 . 2 0 ÷ -  0 . 0 2  - 0 . 0 7  * -  0 . 0 3  0 . 0 2  * -  0 . 0 1  
- 0 . 7 5 0  0 . 2 4  * -  0 . 0 2  - 0 . 0 6  * -  O.OS 0 . 0 1  ~ -  0 . 0 2  
- 0 . 6 5 0  0 . 2 0  * -  0 . 0 3  0 . 0 1  ~ -  0 . 0 5  - @ . 0 1  ~ -  0 . 0 3  
- 0 . S 5 0  0 . 3 0  * -  0 . 0 6  0 . 0 9  * -  O.Oq - 0 . 0 0  4.-- 0 . 0 5  

W 8 1 . 4 1 5  GeV ¢ - 0 . 9 2  q2 . 0 . 6 3  GeV2 
- 0 . 9 8 5  0 , 7 3  * -  0 . 1 4  
- 0 . 7 5 0  1 . 2 2  * -  0 . 1 5  - 0 . 5 7  ÷ -  0 . 2 3  - 0 . 1 1  - *  0 . 1 3  
- 0 . 5 5 0  1 . 8 8  ÷ -  0 . 1 7  - 0 . T 7  * -  0 . 2 4  - 0 . 2 2  * -  0 . 1 0  
- 0 . 4 5 0  2 . 4 1  ÷ -  0 . 1 9  - 0 . 9 1  * -  0 . 2 7  - 0 . 1 3  * -  0 . 1 0  
- 0 . 3 5 0  2 . 4 8  * -  0 . 2 0  - 0 . 8 6  ÷ -  0 . 3 6  - 0 . 2 0  * -  0 . 1 3  
- 0 . 2 5 0  3 . 1 4  * -  0 . 2 4  - 1 . 0 3  + -  0 . 5 3  - 0 . 2 0  * - 0 . 1 8  
- 3 . 1 5 0  2 . 8 8  * -  0 . 2 5  - 2 . 1 4  ~ -  0 . 7 4  - 0 . 4 0  * -  0 . 2 1  
-O.OSO 2 . e l  * -  0 . 3 4  - 1 . 5 3  * -  0 . 8 4  - 0 . 0 0  * -  0 . 2 6  

3 . 0 5 0  2 . 1 4  * -  0 . 3 9  - 2 . 7 3  * -  h O T  - 0 . 4 7  + -  0 . 3 0  

W : 1 . 4 4 5  GeV c • 0 . 9 2  92= 0 . 6 2  GeV 2 

- 0 . 9 8 5  0 . ~ 3  * -  0 . 0 8  
- 3 . 9 3 3  0 . 4 7  ÷ -  0 . 3 7  0 . 0 6  * -  0 . 1 3  " 0 . 2 2  * -  0 . 0 6 "  
- 3 . 8 5 0  0 . 9 0  * -  0 . 2 0  0 . 0 4  ~ -  0 . 2 5  - 0 . 1 6  4 "  0 . 1 7  
- 0 . 6 5 0  1 . 3 2  ÷ -  0 . 0 8  0 . 0 1  * -  0 . 1 2  - 0 . 3 3  ~ -  0 . 0 6  
-O.SSO 1 . 5 7  ÷ -  0 . 0 9  - 0 . 5 3  ~ -  0 . 1 3  o 0 . 2 1  ÷ -  0 . 0 4  
- 0 . 4 5 0  1 . 8 4  + -  0 . 0 9  - 0 . 3 9  ~ -  0 . 1 5  - 0 . 2 2  ~ -  O.OS 
- 3 . 3 5 0  2 . 1 1  ÷ -  0 . 1 0  - 0 . 7 1  4"- 0 * 2 0  - O . I T  ~ -  0 * 0 6  
- 0 . 2 5 0  2 . 4 6  * -  0 . 1 3  - 0 . 4 5  ~ -  0 . 3 3  - 0 . 1 1  * -  0 . 1 0  
- 0 . 1 5 0  2 . 2 3  + -  0 . 1 5  - 0 . 4 3  t -  0 . 3 6  - 0 . 0 8  * -  0 . 1 1  
- 0 . 0 5 0  2 . 3 9  + -  0 . 2 2  - 0 . 3 8  * -  0 . 4 7  0 . 0 4  * -  0 . 1 6  
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Table 1 (continued) 

cos O* a U + ea L o F a I 

(~b/sr) 

kl = 1 . 4 7 5  GeV ¢ = 0 . 9 1  q 2 .  0 o 6 1  GeV2 
- 0 . 9 8 S  0 . 4 6  * -  0 . 0 7  
- 0 . 9 3 5  0 . 5 2  ÷ -  0 . 1 6  - 0 . 0 0  e -  0 . 2 3  - © . 2 3  " -  0 . 1 4  
- 0 . 8 5 0  0 . 8 3  e -  0 . 1 3  0 . 1 1  * -  0 . 2 0  - 0 . 1 2  * °  0 . 0 8  
- O .  T50 1 . 4 3  + -  0 , 2 4  0 . 4 9  + -  0 . 3 0  0 . 0 0  e -  0 , 2 0  
- 3 . 6 5 0  1 . 6 4  * -  0 . C 8  - 0 . 1 3  + -  0 . 1 1  - 0 . 4 9  ÷ -  O*OS 

- - 0 , 2 2  ÷ -  0 . 1 3  - 0 . 4 6  e -  O.OS 
-0.450"0"550 2.071"82 ÷-• o.ogO'O9 - Q ~ 4 3  e -  0 . 1 6  - 0 . 5 3  ~ -  0 . 0 6  

- 0 . 3 5 0  2 . 3 3  • -  0 . 1 1  ~ . 0 0  * -  0 . 2 3  - 0 . 5 0  * -  O.Oq 
- 0 . 2 5 0  2 . 6 8  ÷ -  0 . 1 5  - 0 . 1 0  + -  0 . 3 4  - 0 * 4 0  + 0 0 . 1 3  
- 0 . 1 5 0  2..90 • -  0 . 2 5  - 0 . 1 1  • -  0 . 5 1  - 0 . 4 5  ÷ -  0 . 1 9  
- 0 . 0 5 0  2 . E 7  • -  0 . 4 0  - 0 . 3 1  ÷ -  0 . 7 1  0 0 . 2 7  + -  0 . 2 0  

W ffi 1 . 5 0 5  Gev ¢ " 0 . 9 1  q2 GeV 2 - 0 . 6 0  
- 0 . 9 8 5  0 . 4 7  ÷-  0 . 0 7  
- 0 . 9 3 5  0 . 8 0  ÷ -  0 , 0 6  3 . 0 6  + -  0 . 1 1  - 0 . 2 4  + -  0 , 0 5  
- 0 . 8 5 0  1 .C3  ÷- 0 . 1 3  - 0 . 0 4  * -  0 . 2 1  - 0 . 3 3  ÷-  0 . 0 9  

- 0 . 7 5 0  1 . 2 4  ÷ -  0 . 1 9  - 0 . 0 6  ÷ -  0 . 2 6  - 0 . 2 8  ~ -  0 . 1 9  
- 0 . 6 5 0  1 . 6 2  • -  0 . 0 9  - 0 . 1 7  • -  0 . 1 1  - 0 . 4 5  ÷ -  0 . 0 6  
- 0 . 5 5 0  1 . 9 2  ÷ -  0 . 0 9  - 0 . 2 6  ÷ -  0 . 1 4  - 0 . 5 5  ÷ -  0 . 0 6  
- 0 . 4 5 0  2 . 1 7  • -  0 . 1 1  - 0 . 4 6  ÷-  0 . 2 1  - 0 . 4 5  ÷ -  O.Oq 
- 0 . 3 5 0  2 . ~ 2  • -  0 . 1 4  - 0 . 4 8  • -  0 . 2 7  - 0 . 5 6  * -  0 . 1 2  
- 0 . 2 5 0  2 . ~ 2  • -  3 . 1 7  - 1 . 1 9  ÷ -  0 . 3 9  0 . 0 0  ~ -  0 . 1 5  

" 1 . 5 3 5  GeV ¢ - 0 . 9 0  q 2 0 . 5 9 G e V  2 
- 0 . 9 0 5  0 . 5 3  ÷-  0 . 0 8  
- 0 . 9 3 5  0 . ~ 5  +-  0 . 0 8  - 0 . 0 2  • -  0 . 1 2  - 0 . 1 8  ~ -  0 . 0 ?  
- 3 . 8 5 0  0 . 8 9  • -  0 . 0 7  - 0 . 1 8  ÷ -  0 . 1 1  - 0 . 1 4  ÷ -  0 . 0 6  
- 0 . 7 5 0  1 . 1 5  +-  0 . 1 0  - 0 . 3 1  ÷ -  0 . 1 8  - 0 . 2 6  ÷ -  0 . 1 1  
- 0 . 6 5 0  1 . 5 8  ÷ -  0 . 1 9  0 . 1 4  ÷ -  0 . 2 8  - 0 . 2 0  * -  0 . 1 8  
- 0 . 5 5 0  1 . 6 3  ÷ -  0 . 0 9  - 0 . 5 4  e -  0 . 1 6  - 0 . 2 7  ~ -  O.OT 
- 0 . 4 5 0  1 . 8 8  ÷~ 0 . 1 1  - 0 . 2 8  ÷ -  0 . 2 4  - 0 . 2 6  ~ -  0 . 1 1  
- 0 . 3 5 0  1 . 7 3  ÷- 0 . 1 4  0 . 1 6  * -  0 . 2 T  - 0 . 2 1  * - . 0 . 1 3  
- 0 . 2 5 ~  2 . 4 3 4 " -  0 . ~ 2  - 0 . 5 7  ÷ -  0 . 5 0  * 0 * 2 4  ~ -  0 . 2 7  

H ffi 1 . 5 6 5  GeV ¢ - C . 9 0  q 2 0 . 5 8  GeV 2 
- 3 . 9 8 5  0 . 4 3  • -  0 . 0 ?  
- - 3 . 9 3 5  0 . 6 1  ÷ -  0 . 1 2  - 0 . 3 6  + -  0 . 2 0  0 . 1 1  + -  0 . 1 0  
- 3 . 8 5 0  0 . 8 1  • -  9 . 0 5  - O . l g  ÷ -  0 . 0 8  - 0 . 0 6  e -  0 . 0 4  
- 0 . ? 5 0  0 . 8 6  ÷-  0 . 0 8  - 0 . 3 7  ÷ -  0 . 1 6  - 0 . 2 3  ~ -  0 . 0 ~  
-O .bSO 1 . 3 6  ÷ -  0 . 1 7  3 . 2 2  ÷ -  0 . 3 1  0 . 0 4  + -  0 . 1 4  
- 0 . 5 5 0  1 . 2 5  +.  O.CB - 0 . 2 4  ÷ -  0 . 1 8  - 0 . 1 5  ~ -  0 . 0 8  
- 3 . 4 5 0  1 . 2 b  • -  0 . 1 1  - 0 . 4 9  ÷-  0 . 2 9  0 * 0 9  ÷ -  0 . 1 3  

N ffi 1 . 5 9 5  GeV c - C . 8 9  q2 . O.5T GeV 2" 
- ~ . 9 8 5  0 . 3 8  * -  0 . 1 1  
- 3 , 8 5 0  O,E8 ÷ -  0 . 0 8  - 0 . 2 6  • -  0 . 1 4  0 . 0 3  * -  0 . 0 6  
- 0 . 7 5 0  1 . 3 5  ~-  0 . 1 5  0 . 2 4  ÷ -  0 . 2 6  0 . 3 5  + -  0 . 1 3  

The measu red  angular d i s t r ibu t ions  range f rom fo rward  to  backward  p r o d u c t i o n  

angles in some cases. The polar iza t ion  te rms  a U + eaL,  ap and a I have been  deter-  

m i n e d  by  least  squares  fits o f  the d i f ferent ia l  cross sect ions  at f ixed I4/, q2 and  cos 0 "  
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do (ub/sr) 

1.5 

yv p ÷ Op, 0~o: 180 ° 

1.0 

0.5 

0.0 
1.35 " 

(uWsr) 

1.5 . . . .  

14( GEV ) 

ONPL QXX2:0.6 o 

DESY QXX2=0.6 • 

I I i I , 

1.55 I .65 

I . . . .  I . . . .  I . . . .  I . . . .  

1.0 

0.5 

0.0 

• OESY QXX2=0.6 
a DESY Qxw2=I.0 

I 
, , ' , - I i i i i i i i i i 1 1 1 1 , i  . . . .  

.3 l .q  1.5 1.6 1.7 1.8 

W( ~V ) 

Fig. 3. Backward n 0 production cross sections as a function of W at q2  = 0.6 GeV 2 from 
DNPL [3] and at q2 = 0.6 and 1 GeV 2 from this experiment. 

according to the @ dependence of  eq. (2). Results of  these fits are given in figs. 6 
to 8 and table 1 only if a range in @ of  at least 100 ° is covered. This is the case essen- 
tially in the backward hemisphere. The backward cross sections o U + eo L (fig. 3) 
have been obtained by averaging over all events of  a given t¢, q2 bin with cos 0* 
< -0 .97 .  

We estimated the total cross section ato t OfTvp ~ lr0p in some range of  W, where 
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the angular coverage was sufficient. (rto t was computed according to eq. (4) from 
the angular coefficients which were determined by least squares fits to all differen- 
tial cross sections of  a given W, q2 bin. For I¢' < 1.565 GeV eq. (3) has been used. 
For larger W values the coefficients A 4, C 2 and D 3 have been included. The curves 
in figs. 4 to 7 represent the cross sections according to these fits. The results on 
Oto t are given in table 2 and in fig. 9 together with the results [9] o f  a previous ex- 
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Table 2 
Estimates of trto t of ~'vP "-* 7r°P from the fitted angular coefficients (see text). 

W [GeV] o~ot[~b] 2 otot [ub] 
q ~ 1 GeV q2 ~ 0.6 GeV 2 

1.325 30.9 e 2.7 
1.355 22.2 e 0.6 
1.385 16.4 ± 0.4 
1.415 14.2 ± 0.4 
1.445 14.3 ± 0.4 
1.475 15.8 ± 0.6 
1.505 18.4 e 1.0 
1.535 18.2 ± 1.5 
1.565 13.2 ± 1.5 
1.595 15.0 ± 3.4 
1.625 16.6 ± 4.1 
1.655 10.5 ± 5.1 
1.685 10.1 ± 6.6 
1.715 13.9 ± 7.4 

22.5 ± 4.1 
21.0 ± 2.9 
18.2 ± 4.3 
16.4 ± 4.9 
18.6 ± 7.0 

The errors are statistical only (e, q2 as in table 1). 

periment [6]. Due to lack of  acceptance at small 0* there may be considerable 
errors at q2 = 0.6 GeV 2 and at I~ > 1.6 GeV at q2 = 1 GeV 2. Total 7vP ~ X cross 
sections are shown for comparison. 

We have compared our results with the data of  Shuttleworth et al. [3] and 
Driver et al. [4]. In general we find that our differential cross sections are consis- 
tent with both experiments. A comparison with the Dareshury data [3] is shown 
in figs. 3 and 4. Our results on total cross sections at q2 = 0.6 GeV 2 (table 2) are 
below these from ref. [3] by about 25%, which is of  the order of  uncertainties to 
be expected due to the lack of  acceptance mentioned above. A complete list o f  
all measured differential cross sections will be given elsewhere. 

The backward cross sections (fig. 3) show considerable structure in the third 
resonance region indicating the presence of  resonant amplitudes of  total helicity 

of  the ingoing virtual photon and proton. In the second resonance region helicity 
excitation seems to be more important than helicity 2 l excitation: at t¢ about 1.5 

GeV the backward cross sections are very small and show no significant resonance 
structure (fig. 3) and the angular distributions (figs. 4 to 7) are similar to those ob- 
served in photoproduction. It is one of  the results of  the multipole analysis of  
Devenish and Lyth [5], that helicity ~ excitatio_n increases in relative importance 
as q2 changes from zero to a few GeV 2. Moreover this increase seems to occur more 
rapidly at F15(1688 ) than at D13(1525). In this analysis [5] some preliminary dif- 
ferential cross sections of  the present experiment with ~ close to 90 ° had been 
used. 

As shown in a recent experiment [10] the angular distribution of  the reaction 
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Fig. 8. a U + ea L (V), ap (v) and oI (o) as a function of W at different values of cos 0 * at q2 = 1 
GeV 2. 

ep -*  eplr0 at W ~. 2.55 GeV changes rapidly going from photoproduction to space- 
like four momentum transfers. It was remarked by Moorhouse [11] that this 
change may be foreshadowed in the region of  F15(1688 ) just as the dip at t ~ - 0 . 5  
GeV 2 and the subsequent hump first appears in this region in photoproduction. 
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The present data cover the range from t ~ - 0 . 5  GeV 2 up to the backward direc- 
tion at W > 1.688 GeV. It is interesting to note that  the cross section at q2 = 1 
GeV 2 (fig, 5) essentially decreases from t = :-0.5 GeV2 (cos 0* ~ 0.65) to t = - 1 . 4  
GeV 2 (cos 0* ~ - 0 . 1 5 )  or even up to t ~ - 2  GeV 2 (cos 0* ~ - 0 . 6 5 )  without  the 
strong rise observed at q2 = 0 at Itl ) 0.5 GeV 2. 
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