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"ihe reaction e p ~ e' p 7r ° has been measured at W = 2.55 GeV and a fixed electron scattering angle of 10.3 ° . Two 
magnetic spectrometers and a lead glass hodoscope were used to detect all four final state particles. Electroproduction 
cross sections in the t range -0.15 to -1.4 (GeV/c) 2 at q2 = -0.22, -0.55 and -0.85 (GeV/c) 2 are presented. Above 
I tl = 0.6 (GeV/e) 2 the cross sections are considerably smaller than those for photoproduction. 

The measurement of electroproduction cross sec- 
tions as a function of  the mass of  the virtual photon 
can provide a stringent test for models of high energy 
reactions. A comparison with real photons can only 
be made for the transverse part of  the electroproduc- 
tion cross section. Charged pion production has been 
studied for both real and virtual photons over a wide 
kinematical range. In this reaction, however, the lon- 
gitudinal contributions are large and no data are avail- 
able for the transverse part alone. In neutral pion elec- 
troproduction the Born terms and unnatural parity ex- 
changes and therefore the longitudinal contribution 
are expected to be small, so that a direct comparison 
between electro- and photoproduction might be at- 
tempted. Neutral pion photoproduction has been well 
measured, but so far no comparable data on the elec- 
troproduction have been available. In this letter we 
report the first data on neutral pion electroproduction 
above the resonance region. 

In the one photon approximation the electropro- 
duction cross section can be written [1 ] 
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where 

a E '  M 2 - W 2 I 
F = W2 = q2 +M 2 +2vM, 

2~r2 E 2Mq2 1 - e '  

q2 = - 4 E E '  sin 2 (0e/2) = _Q2,  v = E - E ' ,  

e = [ l+2 (Q  2 + v2)Q -2 tan 2 (0e/2)] -1 , 

dop/dt  = ½ (doll [dt  - doi /d t ) ,  

1 (dol I /dt  + d o i / d t ) ,  do U/dr  = 

is the angle between the electron scattering plane 
and the reaction plane, 0 e is the electron scattering 
angle, t is the four momentum transfer to the proton. 

At high energies do I / d  t receives contributions on- 
ly from natural parity [2], doll ]dt  and d o L / d t  only 
from unnatural parity exchanges in the t-channel. 
Neutral pion photoproduction is strongly dominated 
by do i / d  t. Since pion exchange is absent the same 
may be expected for 7r ° electroproduction. To sup- 
press the contributions from the other terms and to 
maximize the data rate, we choose ¢ equal to 90 ° for 
this experiment. 

467 



Volume 58B, number 4 PHYSICS LETTERS 29 September 1975 

o,° o/z e l . . ~ l  f - J ' e -  

Target ~ / - 1 4  SEM 

SIDE VIEW y-Detector 
of e- and y-Detector 

y - Detector ~ "  . . . . . . . . . . . .  
lOP VIEW 

gnets 

~m 

Fig. 1. Experimental  layout. 

For ¢ equal 90 °, the interference term vanishes and 
d2o v/d t de is a sum of positive quantities. 

do L d2°v ( i + e )  d°z  + ~ d O $ $ + e  (3) 
2n dtdq~ = 2 d t  2 d t  d t  ' 

Thus our measurements represent an upper limit 
to do±/dt if no further assumptions are made. In this 
experiment e was between 0.6 and 0.85. 

The experiment was done at DESY at a center of  
mass energy lg = 2.55 GeV. Data were taken at three 
values of  q 2 = - 0 . 2 2  (GeV/c) 2, -0 .55  (GeV/c) 2 and 
-0 .85  (GeV/c) 2 for t between -0 .15  (GeV/c) 2 and 
- 1 . 4  (GeV/c) 2. All four final state particles from the 
reaction e p - e' p 7r ° were observed, the charged par- 
tides with magnetic spectrometers, and the two pho- 
tons from the 7r ° decay in a lead glass hodoscope. The 
experimental layout is shown in fig. 1. 

A well defined electron beam with an energy 
spread of-+ 0.25% and a typical intensity o f  5 × 1011 
electrons/sec was focussed onto a liquid hydrogen 
target 12 cm long. The beam intensity was measured 
using a secondary emission monitor (SEM) behind 
the target. The calibration of  the SEM was frequent- 
ly checked against a Faraday cup. 
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Fig. 2. The difference of electron and photon flight times for 
e p "r 7 events. The zero of the time scale is arbitrary. 

Beam electrons that scattered approximately 10.3 ° 
upward were detected in the electron spectrometer, 
which consisted of  three half quadrupoles powered in 
series. The momentum and the angle were determined 
by three hodoscopes H 1, H 2 and T1. The resolution was 
-+ 2.5 mrad in angle and -+ 1.5% in momentum. 

Electrons were identified using two threshold 
Cerenkov counters and a iron-scintillator shower 
counter. The solid angle A ~  was 0.9 msterad; a total 
of  40% in momentum was accepted. For the final anal- 
ysis, however, only events with a centre-of-mass energy 
14/between 2.4 and 2.8 GeV were used. 

Protons were bent vertically by a wide aperture di- 
pole magnet. The particle trajectory was determined by 
three proportional chambers with a total o f  2300 wires 
mounted at the magnet exit and a 80 X 450 cm 2 Gray 
code hodoscope with 450 channels, mounted about 7m 
away from the target. Protons were identified by time 
of  flight and energy loss. The acceptance in t varied be- 
tween/x t = 0.25 and 0.7 (GeV/c) 2 depending upon q2. 
The resolution in angle and momentum varied over the 
acceptance, but was typically + 7.5 mrad in horizontal 
angle, + 3.5 mrad in vertical angle, and 1.2% in momen- 
tum. 

The lead glass hodoscope was made of  a central unit 
of  thirty-six 7 X 7 X 28 cm 3 counters surrounded by a 
square of  sixteen 14 X 14 X 28 cm 3 counters. It was 
situated 3.4 m from the target, giving an angular resolu- 
tion better than 20 mrad. The gain of  the counters was 
continuously monitored using light emitting diodes. 
The absolute energy calibration was determined by 
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Fig. 3. Number of events surviving all e' p n ° cuts as a func- 
tion of missing mass squared computed from the electron 
and the proton. The background estimate (see text) is shown 
in black. 

measuring elastic e p scattering, detecting electrons in 
the lead glass and protons with the proton spectro- 
meter. For 3 GeV incident energy, the energy resolu- 
tion (FWHM) was 11%. 

All events with an e p coincidence were written on 
tape. zr ° events were extracted by demanding two 
photons, each with an energy above 300 MeV, in 
coincidence with the scattered electron and proton. 
This requirement excluded Compton scattering and 
wide angle bremsstrahlung. The two photon effective 
mass distribution calculated from the measured pho- 
ton angles and energies showed a very pronounced 
peak at the rr ° mass, In fig. 2 the time of  flight spec- 
trum for the photons measured against the scattered 
electron is shown. Events within a time of  flight inter- 
val of-+ 7.5 nsec around the peak were accepted. The 
small remaining background consists of  accidental 
coincidences and events where two or more pions 
were produced. This background was reduced further 
by comparing the direction and energy of  the 7r ° com- 
puted from the measured photons with that evaluat- 
ed using the momenta and angles of  the scattered elec- 
tron and proton. Events where energies and angles 
determined by these two methods agreed within 
+- 17% in energy and 35 mrad in angle were accepted. 
It is estimated that less than 2.5% o f  the events were 
lost due to these cuts. 

The distribution o f  the surviving events as a func- 
tion of  the missing mass squared computed from the 
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Fig. 4. The cross section [2/(1 +e)] 2n d2ov/dt d¢~ for ep~ e'pzr c 
at ¢~ = 90 ° is plotted as a function of t for various values of 
q2. The cross section do±[dt for real photons is shown as the 
solid line. 

scattered electron and proton is plotted in fig. 3. A 
clear peak centered at a mass squared of  0.02 (GeV/c2) 2 
is seen. It should be noted that the acceptance limits 
of  the spectrometer system are at + 0.6 (GeV/c2) 2. 
The remaining background was estimated from events 
where the difference in rr ° angles, determined as 
above, was between 35 mrad and 70 mrad. This back- 
ground, properly normalized, is plotted black in fig. 3. 
The background was subtracted individually for each 
t and q2 bin. The data were corrected for radiative ef- 
fects; the correction varied between +5% and 18%. 
Further corrections were made for counter inefficien- 
cies (I .03 +0.02) and deadtime (I .09 to 1.14 +0.04). 
Further systematic errors come from the acceptance 
calculations, the reproducibility of  the detector and 
the measurement of  the beam intensity. From all 
these effects we estimate a total systematic uncertain- 
ty of  10%. 

We have evaluated a cross section 27r (d 2 o v[d t d cI,) 
at • = 90 °. For comparison with the photoproduc- 
tion data we have plotted [2/(1 +e)] 2n(dov/dtdcb ) as a 
function of  t in fig. 4. This cross section (eq. 3) 
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represents an upper limit to dal/dt and is equal to 
do I ~tit if doll/dt and doL/dt are negligible. The pho- 
toproduction cross section for photons polarized nor- 
mal to the production Plane, shown as the solid line 
in fig. 4, was obtained by combining cross section 
data [3] at W = 2.88 GeV with the available data on 
the photon asymmetry [4]. The cross section so deriv- 
ed was extrapolated to W = 2.55 GeV using the effec- 
tive trajectory [4] a(t) = 0 .19+0.27-  t .  For small ]t], 
the electroproduction cross section falls exponential- 
ly, however note that the slope is less than the slope 
observed in the photoproduction data. In contrast to 
photoproduction the electroproduction cross section 
continues to decrease exponentially to t = - 0.9 
(GeV/c) 2, and there it flattens out rather than form- 
ing a second maximum. Between q2 _,__0.22 and 
q2 =_0 .85  (GeV/c) 2 the size o f  the cross section for 
large values of  t varies little compared to the factor 
of  9 change between q2 = 0 and q2 = -0 .22  (GeV/c) 2. 
Since in this experiment only an upper limit to do±/dt 
is determined, a possible dip in do I / d  t might have 
been washed out by contributions from doff ~dr and 
do L[d t. At small and fixed [ t [-values the cross sec- 
tion varies roughly as the first power of  the p-propa- 
gator. At large values o f  It[ the cross section decreases 
only slowly with q2 beyond q2 = -0 .22  (GeV/c) 2. 

Harari [5] has suggested that a comparison of  lr ° 

photo- and electroproduction could be in principle dis- 
tinguish between the various proposed dip mechanisms. 
It seems difficult to reconcile the present data with a 
weak absorption model where the dip is caused by a 
wrong signature nonsense zero. A strong absorption 
or dual absorption model might be able to fit the data. 
However, even in such a model the rapid decrease in 
cross section from q2 = 0 to q2 = -0 .22  (GeV/c) 2, 
and the slow variation above -0 .22  (GeV]c) 2 is sur- 
prising. 

We wish to acknowledge the invaluable support of  
our technicians and the DESY Hallendienst. 
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