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Abstract

Electroproduction of %° in backward direction with respect to the
virtual photon is measured in a two-arm spectrometer. Cross sections

for the reaction Y,P %p  are given as functions of q2, W and
0 in the regions

0.1 < |q?] < 0.9 Gev?

1.7 < W < 2.5 GeV

145 < 6% < 180° .



1, Introduction

In this paper we report on electroproduction of 71° on protons,
ep » e n°p (n
in backward direction with respect to the exchanged virtual photon. The cross
section was measured in the following kinematical region:
1,7 < W < 2,5 GeV
0.1 < |q?| < 0.9 Gev?
145 < 6% < 180°

0< ¢ < 360° .

The scattered electron and proton were detected in coincidence in two spark chamber
spectrometers. The electron was identified by Cerenkov and shower counters. The proton
was identified by a Cerenkov counter (which separated against high energy pions)

and a time-of-flight measurement system (which separated against kaons and low

energy pions). Details of the apparatus have been described in ref. 1.

2. Xinematics

The following notations are used:

e, e', Y,» Ps p' are the four-momenta of the particles: the primary

and the scattered electron, the virtual photon, the

target and the scattered proton.

W o= (Yv + p)2 mass squared of the Y P system.

q2 = (e - e')2 mass squared of the virtual photon Yy

0% polar angle between p and p' in the CMS.
$ azimuthal angle of the scattered proton p'.

¢ 1is the angle between the polarization plane
(subtended by e and e') and the production

plane (subtended by y = and p').



Assuming one-photon exchange one obtains the equation

d"o do dGL do
. = r { . S -+ € cos2¢ +
dg? dw? dcos6® d¢ decos8¥ dcos8* dcosb®
(2)
dGI
+ V2 e(e + 1) — cosd }
decosb®

which connects the measured cross section of the reaction ep - en%p (left hand
side of equ. 2) with the virtual photon cross section of the reaction Y P 7%p

(right hand side of equ. 2).

In the limit q2 + 0 the virtual photon cross seetion approaches the cross secktion
for unpolarized real photons. The term S, is the cross section for unpolarized
transverse virtual photons; Up is due to transverse linear polarization; o,
accounts for longitudinal photons; and o1 is the interference between the trans-
verse and the longitudinal components. I is the flux of the virtual photonsy

€ 1is the transversal polarization. In this experiment € varies in the

range 0.7 < € < 0,9, Because of the small range of =, 9, and oy, cannot

be determined separately.

Data have been taken at primary electron energies of 4.0 and 4.9 GeV, Fig. 1 shows
the regions of W and g covered by the data. One has to distinguish three kine-
matical regions corresponding to different ranges of the azimuthal angle ¢ accept-
ed by our apparatus. In region A all angles 07 < ¢ < 360° are accepted. In this
region we studied the ¢ dependence according to equ. 2. In regions B and C the
acceptance is limited to 150° < ¢ < 210° and -120° < ¢ < +120°, respectively,

In both regions B and C we averaged the cross section over the accepted ¢ inter-

val,

3. Data Analysis

66000 and 72000 events with an observed proton in the final state have been measured

at the two values of the primary electron energy Eo = 4,0 and 4.9 GeV. For events

with E, = 4.0 GeV Fig. 2 shows the spectrum of the missing mass squared M%, not
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corrected for acceptance. T production via reaction Y P + T p and p® and w

production via reactions Y,p p° and wp show up as clear peaks in the miss-

ing mass spectrum.

Events of the reaction Y 1% were identified by a cut in the missing mass
squared ~0.08 < MZ < 0,10 GeV? (for E = 4.0 GeV) and -0.08 < M2 < 0,15 GeV?

(for E0 = 4,9 GeV). In these regions 2930 resp. 605 events were found for the

two primary energies. To calculate the cross section these events have been

weighted for the acceptance of our apparatus. The cross section was corrected

for the fraction of 7° contribution in the mentioned missing mass range. The 7°
fraction was determined by a fit of a Gaussian distribution for the 1® (with a width
o = 0.02 - 0.04 GeV” depending on the kinematics) and a polynomial for the back-
ground, For different kinematical points we found different 7° fractions variing

between 50 Z and 95 %.

The cross section was also corrected for losses due to the cut in the missing

o
mass (s 5 %), for efficiency losses in the trigger, Cerenkov and shower counters
(= 6 %), for loss of events by the automatic data analysis procedure (= 10 Zy.

Radiative corrections variing from 15 % to 20 7 have been applied.

The uncertainties in these corrections add up to an overall systematic error of
about *10 % which is not included in the errors given in the figures. The data

analysis is discussed in more detail in ref. 2.

4. Results
The differential cross sections for the reaction Y,P ﬂop as function of W,

8% and q? are shown in Figs. 3, 4 and 5.

The cross sections denoted by do/d? are the values of d(ou + ¢ GL)/dcose*,
dOP/dcose* and dOI/dcosﬁ* which have been divided by the factor 2% in order

to allow a comparison with photoproduction cross sections dcu/dﬂ.

In the kinematical region A where we accepted all ¢ angles, the ¢ dependence
of the cross section turned out to be very flat. This means that the values of
doI/dQ and dUP/dR are small (= 10 Z of d(cu + € UL)/dQ), and, moreover, they
are compatible with zero (see Fig. 5). In the kinematical regions B and C the
¢ dependence could not be studied. Therefore the cross sections do/dR averaged

over the covered ¢ interval are given in the figures.



The W dependence of the cross section do/d? is shown in Fig. 3 at |q2| =
*
= 0.35 GeVZ and a backward production angle of 8 = 150°, The values show
a resonance peak around W = 1,9 GeV, TFor comparison the photoproduction cross

180° 1is given, which also shows a significant reso-

section3 measured at ©
nant structure around W = 1,9 GeV. 1In photoproduction of ©N states the exci=-
tation of a nucleon resonance with mass around 1.9 MeV is assumeda, with a do-
minating amplitude X = 1/2 for the initial helicity which results in an in-

¥
. . . O
creasing ﬂop cross section when 8 increases to 1807,

* . . . . . ; . .
The & dependence found in this experiment is given in Fig. 4 for two W regions.
According to the resonance structure seen in Fig, 3 data below and above W = 2.1
GeV are analyzed separately. In both W regions the cross section increases to

the backward direction.

In Fig. 5 the cross section dofdf is given as a function of q? for two kine-
matical points (W = 1.9 GeV, 2.25 GeV; ¥ = 165°, 170°). At these values of

W and ot no photoproduction measurements exist. Therefore the photoproduction
value measured at 8‘ = 180° (ref. 3) have been scaled to the angles B* = 165°
resp. 170° assuming that the o* dependence as observed for virtual photons
(Fig. 4) is also valid for real photons. In Fig. 5 the results of the CEA-elec-
troproduction experimentS at a somewhat different kinematical point (1.9 < W <
< 2.0 GeV, 6" - 1670) are also shown. The results of both electroproduction
experiments show the general tendency of a decreasing cross section with in-
creasing ]q2|. For eyeguidance the prediction of a simple VDM (~(m§ - qz)mz),
scaled to the photoproduction value, is given by the curve in Fig. 5. If one
assumes VDM to be correct and doI/dQ and ch/dQ to be neglectable, the con-
tribution of dOL/dQ is small compared with dcu/dﬂ, a result which agrees with

the measurement of the total cross section in this W region.

5. Summary

© by virtual photons shows a resonance structure at

Backward production of =
. . * .
W« 1.9 GeV, The cross section increases when 0 goes to 180%. No hint for a

o contribution could be found in the data.
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Figure Captions

1} Acceptance range q” vs. W of the apparatus for two different energies

Eof the primary electron.

2) Spectrum of the missing mass squared M? obtained with a primary electron

energy of 4.0 GeV. The spectrum is not corrected for acceptance.

3) Cross section do/d? as function of W. The photoproduction values were

taken from ref., 3.
4) Cross section do/dQ as function of 8%,

5) Cross sections do/dR? resp. dou/dﬁ + £ dUL/dQ, doI/dQ and dUP/dQ as
functions of qz. For 1.7 < W < 2.1 GeV, wvalues marked as # were obtained

in kinematical region 3B, [ﬁ were measured in region A and scaled to

W= 1.9 GeV using the known W dependénce (Fig. 3), ¢ were taken from ref. 5.

For 2.1 < W< 2.4 GeV the values were obtained in kinematical region C.
Photoproduction data are based on the results of ref. 3. The curves show the

VDM prediction ~(0.58 - qz)_2 normalized to the photoproduction values.
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