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Abstract

The electroproduction of a #' -meson and of the ﬁ0(1236) nucleon resonance on
hydrogen, e p > e' ﬂ+AO(1236), was investigated by measuring the scattered

+ . . , .
electron and the produced w -meson in coincidence. The differential cross

4 » 2
sections as functions of S, » 4 > t—tm.

+ .
or © , and ¢ were determined
in mq g

in the following kinematical region:

s, = (1 + 892 =44 - 6.3 cev?
lq2] = |te = e")2] =0.2 - 0.8 GeVZ/c2
e - tminf =0 - 0.1 Gev?/c?
iq = 0% - 20°
6 =0 - 360°



Introduction

1n experiments on inelastic electron proton scattering, the total cross section
for the absorption of virtual photons on protons has been measured.! The results
show two outstanding features: This cross section as a function of the four-

momentum transfer q2 drops much less rapidly with rising iqzl than the cross
section for elastic electron proton scattering. The contribution of longitudi-

nally polarized photons to the cross section is small,

Experiments on inelastic electron scattering, detecting distinect final hadronic

states, can shed more light on this behaviour.

Measurements of the electroproduction of single ﬂ+"mesons on protonsz’3’l¥ show
that the cross section for this reaction is dominated by a large contribution
of longitudinally polarized photons in the region of small momentum transfer to
the recoil nucleon. This béhavicur can be described® by pion exchange in the t-
channel within the Electric Born Term Model and by the Vector Dominance Model.
To get further information we investigated another final state, the electropro-

duction of a 7 -meson and of the A%(1236) nucleon resonance, e p+e'ﬂ+ﬂo(1236)

(for illustration see Fig.l1).

. . +
By detecting coincidences between the scattered electron and the produced = -~

meson the cross section has been measured as a function of the following

variables;

the four-momentum squares

of the 7 A° system 5, = (H+ + A0)2 s
. 2 _ N EY A
of the virtual photon q" = (e - e") R
of the nucleon recoil t-t ., t = (p - 4%)2 , t ., = minimum momentum
min min
transfer,
the production angle of the n*-meson G:Q in the (ﬂ+ﬁo) CMS with respect to the
» 4 * + L .
direction of the virtual photon g , and the azimuthal angle ¢ﬁq J ¢nq is the

. . -+ -
angle between the polarization plane, subtended by e and e' , and the produc-
3 “} . - ]
tion plane, subtended by at  and #° , as defined ir Fig.!l.
+ . . ,
e, e', 7 4 D, A° are the four-momenta of the participating particles: The
primary and the scattered electron, the n+—meson, the target proton and the

recoil nucleon resonance.



Results have been obtained in the following kinematical region:

4.6 5 s £6.3 GeV?
0.2 < [¢®] < 0.8 Gev2/c2
0 <lt-t . | £0.1 Gev2/c2
min
0° < o < 20°
q
0 < ¢ < 360°
g
32 ee! )71
The transverse photon polarization ¢ = [l + 2 tg? J varied in the
lq?] 2
range of
0.655 ¢ <0.8 .

Assuming the validity of the one-photon exchange, the general form of the differen-—

tial cross section for electroproduction of hadrons can be written as:®
b - M2
dho a ! (s, Mp)
= *
2 - 2 2 . 2 . 2 -
dsO dq“ d{(t tmin) d¢ﬂq &(2m) Ee Mp lq21 {1 £)
x [c (s - 2, t-¢ Yy Yeo (s, q", t-t . ) +
u'Sgr 94 min L o’ : min
+ & o.,(s 2 t-t . Jcos2d £
T 352 40 min Tq
+ V2e(e + 1) o.(s 2 t~t ) cosd ) D)
1'% 4 min mq '

The cross section is separated into parts due to the two transverse and the longi-
tudinal components of the virtual photon polarization. o, is the differential
cross section for unpolarized transverse virtual photons. Therefow it can be also
‘written as the sum of the two cross sections Glland 9 for transverse photons being
polarized parallel and perpendicular to the production plane. In the limit q2 =0
it has to approach the cross section for unpolarized real photons. The term

£ * Oy cos2¢ﬂq is the modification to the cross section due to the transverse
linear polarization. Ty is the difference between‘fhe two cross sections 0”

| % is the differential cross section for photoproduction with longitudinal
p;larized photons. The term VEE??‘?TTS” a

a

I cos¢ﬂq takes account for the inter-—

ference between the transverse and longitudinal components 0” and 27 of the virtual



photon polarization,

By measuring the azimuthal dependence of the cross section we have separated the

components 9, e o, Op and o1 and have determined their dependence on s ,

0
qz, t-t_. and 0% .
min wq
Apparatus

The apparatus is shown in Fig.2. The scattered electron and the produced m-meson
are detected in coincidence in two spark-chamber spectrometers., After being
deflected by a magnetic field both particles are detected in optical spark chambers
and identified in Cherenkov and shower counters. More detail of the apparatus

is given elsewhere.?;’ The spark chamber tracks and all counter information are

photographed. fThe pictures are analyzed automatically,®

Measurements

150 000 pictures have been taken for the reaction

ep * e'n" (additional hadrons)

at primary electron energies of 4.0, 4.9 and 5.4 GeV. By varying the energy,

data could be taken in different qz—regions keeping statistics constant.

For checking the calibration of the apparatus, data on elastic electron proton
scattering were also taken. The measured cross sections were consistent with

the published values within 57,10

Data Analysis

a) Identification of ﬂ+A0-Events

The recorded events contain the following reactions:

ep > e % on

ep * e nt A°

+

ep > e m (more hadrons)

To separate the different reactions the mass M of the sum of all unobserved
. , +

hadrons in the final state has been calculated for each event: M2 = (etp~e'-n )%,

A typical missing mass spectrum is shown in Fig.3. The excitation of the

A°(1236) nucleon resonance shows up as a bump around M = 1236 MeV/cz.



b) Calculation of the Cross Sections

The calculation of the differential cross sections is done in a manner described

elsewhere,?;%,% only adding the further variable M .

To get the cross sections d’ d'o for a
4 - H 7z [3
dso dq- d{(t tmin) d¢ﬂq ds0 dq deﬂq d¢ﬂq
given region AM , we have to integrate the fivefold differential cross section
with respect to M . This procedure results in the formula
i
d"s (V) ML (W) s ROV

= j E(V;,M) dM

Ne N, N . (AV)

dq® ds, d(e-e ;) dd T e

™ AM

with AV = Aq? As  A(t-t .

ln) A¢ﬁq MM five dimensional region of data taken

in)i’ ¢nq. } a point in the four dimensional space

V, = {qi, $o10 (t-t
1

Gl

N_ = total number of primary electrons

N, = proton density of the target

T
Syic = constant density of produced events in a Monte-Carlo calculation
N, = number of accepted experimental events in AV
NMC = number of accepted Monte-Carlo events in AV

and F(V) + f£(V,M), a function describing the shapes of the cross section.

¢} Separation of the 7 4° Cross Section

Within the mass region of the A°~bump, in addition to mt4%-events the radiative
tail of single ™ -meson production contributes as well as multipion production.
The contribution of 7 A° was separated by fitting the mass distribution weighted
by the acceptance. This fit was made for bins Ag? Aso A(t—tmin) assuming a
relativistic Breit-Wigner formulall for the A°-resonance, a radiative tail for
single at production and a polynomial including a term for the s-wave threshold

behaviour of the phase-space for two-pion production.



The mass fits were done for the full mass region 1.0 S M < 1.7 GeV/cz, covered

by this experiment in order to separate the Breit-Wigner contribution of m'aA°

from the background as cleanly as possible. A typical example is shown in Fig.4.
Thus the contribution of the  A° 1in the resonance region is obtained for different
parameter bins, and the cross section behaviours of 7 A° and the background are
separated. For further analysis of the reaction 7 4° data were used from a limited
missing mass interval around the Ao—bump with 1,14 £ M < 1.34 GeV containing

9000 events. The sum of all events in this resonance region leads to a behaviour

of the cross sections which combines the dependence of the reaction #A°  and

the dependence of the background reactions on the parameters. In the kinematic
region of q2, S, » t_tmin of this experiment, the contribution of = 4° to

the measured cross section as a function of the parameters for fixed primary
energy in the resonance region stays constant within 37%. To check this behaviour
of the cross sections, we also investigated for the same intervals of the para-
meters the cross section dependences in the higher mass regions, which are mainly
made up of the background reactions. For different mass intervals from

M= 1.14 GeV/c2 up to M = 1.54 GeV/c2 the cross section dependence on the different
parameters exhibits a very similar behaviour. This fact agrees well with the
constant contribution of = 4A° found in the mass fits. To show the comparison
between the cross section in the mass intervals 1.14 <M < 1,34 GeV/c2 and

1.34 <M £ 1.54 GeV/cz, their dependence on Sy t—tmin and q2 are given

in Figs.5a, b, ¢. For better comparison of the dependences the data from
different mass intervals are normalized in absolute height to each otherrby eye

in order to overlap each other.

The absolute value of the cross section for ﬂ+Ao is then obtained as the cross

section of the resonance region, multiplied by the percentage of the A%-contribu-

tion P,, and further multiplied by a factor FBW which cancels the loss of
A°  due to the missing-mass cuts of the resonance region
a3 = g ..Po'F
1t A Res.Reg. A BW
with
1.8 1.34

FBw = j BW dM/ J BW dM
1.07 1.14



and BW(M) = shape of the A°-resonance
BH(M) = M * L ()
o 2 M2y 2 272
(2 - M2)2 + M2T2()
qa|’fan?+ ¢2 M
ran = r) |~ |—= | |-
q, an2+ q2 M
2 ~ 2 _ 2 .
Mo = 1,236 GeV/ce™ , F(MO) = 0,12 GeV/e” , a =2.2 ¢~ , B = pion mass
q , q, = momentum of 7w in CMS for M, Mo .
The lower limit of the integral M = 1.07 GeV/c2 is given by the pion threshold,

the upper limit by the fact that the phase of A° is passing 180° at
M= 1.8 Gev/c”.

Corrections

The cross section data are corrected for efficiency loss in the trigger, Cherenkov
and Shower counters, for pion—interaction and pion-decay. All these corrections
sum up to a value of 10%Z #3%Z. From the total number of pictures taken, 65% were
successfully analyzed by the automatic data analysis procedure and could be used
for further data analysis. Rejection was mainly caused by missing sparks. It

has been checked that no bias was caused by this rejection of a part of the events.

Two kinds of radiative corrections have to be considered, the radiative tail from
single . production and the loss by radiation. The contribution of the radiative
tail is taken into account in the missing mass fitting procedure according to a
behaviour {(m - mn)“1 . The second kind of radiative corrections was calculated
using the method of de Calan and Fuchs.!? These corrections do not influence the
measured ¢ﬂ ~-dependence of the ecross sections. Therefore, o, €0 Oy and

Oy can be corrected by the same percentage. In this experiment this part of the
radiative corrections vary between 7% and 117 of the measured cross sections in
different bins. The uncertainty of all these corrections including the uncertainty

of the intensity of the primary beam add up to an systematiec error less than 5Z.



The main error is caused by the uncertainty of the determination of the A°
contribution in the missing mass fit due to the unknown missing mass shape of the

background. We estimate this error to be about 20%.

Results

The measured cross sections for fixed values of q2 » 8o ETE L and M are
different up to a factor of 1.5 for different primary electron enmergies. For
electron energies of 4.0, 4.9 and 5.4 GeV the contributions of the A°-resonance
to the cross section in the resonance region 1.14 <M < 1,34 GeV/c2 amounts to
42%, 33% and 277, with an error of about %77, This different percentage leads

. . + .
to a continuous dependence of the cross section of 7 A® with respect to the

parameters q2 and 8,

The above mentioned differences in the measured cross sections are, therefore,
caused by the background and may be partially due to the fact that the measurement

at different energies implies different photon polarizations € .

. + . \
The cross sections for m A° according to (1), (Uu+e OL), o1 and Op, are given as

. 2 % . .
-t . 8’ . -t .
functions of Sy0 @ 5 7L Lo 1q’ respectively. We have chosen t toin 28 @ variable

instead of t because t depends strongly on q2 and M, Taking a definite bin At causes

restrictions to the recoil mass M. Both restrictions don't occur when choosing b=t s

or, alternatively, qu. The dependences of the overall cross sections on S, q2 and
Sl S in the mass intervalls 1.14 <M = 1,34 GeV/c2 and 1.34 <M < 1,54 GeV/c2 are
shown in Fig.5a,b,c. Their behaviour is already discussed in a previous chapter.

SO—Dependence of mTA°

The so-dependence is given in Table | and Fig.6 for a fixed t—tmin—value and

three different q2 . The cross section is dominated by (Gu + e GL). It shows

13

a so—dependence slightly steeper than 9, in photoproduction'” as indicated in

Fig.6. op is small compared to (Uu + g OL), and O is compatible with zero.

Keeping the comparison of the cross sections (Figs. 5a, b, c) in different missing

mass regions in mind, the behaviour of o1 and Op could be strongly influenced

by the background.

+
t-t_. -Dependence of 7 A°
min

The t—tmin—dependence (Table 2 and Fig.7) is presentéd for a fixed sowvalue and
two different qz-values. Again (ou + € GL) is dominating and showing a flat

decrease with ](t—t )|. For comparison the cross section for photoproduction

min



of ntAC 1B (q2 ="0) 1is also displayed. These values were scaled from

W= Vé; = 5,56 to W= 2.35 GeV with an energy—-dependence like (W2 - mp)_z.

¥ -Dependence of ﬁ+A°
Tq

The qu— dependence (Table 3) exhibits a rather small decrease with increasing
angle in the region covered by this experiment.

In Table 4 and Fig.8 the qz—dependence is shown for Sy = 5.5 GeV2 and

E-t .= - 0.05 GeVz/cz. The cross sections for q2 = —O.E? and -0,35 GeVzlc2

are measured at /?; = 2,2 GeV and have been scaled to /;; = 2,35 GeV according

to the so—dependence found in this experiment., For illustration a cross section
behaviour according to the Vector Dominance Model 1/¢( mgﬂqz)2 and to the Dipole fit

1/(0.71 - qZ)A is shown as dotted and dashed curves, respectively.

, , . . 2 .
(Uu + e UL) decreasges monotonically with increasing lq [ . For comparison the
photoproduction cross section at q2 = 0 1is also shown. The measured values of

(Gu + € UL) match with the photoproduction cross section for q2 =0 .t

This qz—behaviour is very different compared to the behaviour observed in single
w+—e1ectroproduction,2 where a dominating contribution of g leads to a cross
section (Uu + g OL) increasing from the photoproduction limit up to
]q2]“0.5GeV2/c2. We therefore conclude that in n+AO—production the contribution
of oL is much smaller than in the reaction = m .

Assuming a qz—dependence of ¢, as predicted in the Vector Dominance Modell®
like o, t/(q2 - mg)2 , the ratio UL/UU has a maximum of about 0.8 around

q2 = - 0.4 GeV2/c2 and drops to zero at q2 = 0.8 GeVzlcz.

. , . + .
Numerical calculations for electroproduction of = A° are not yet available.

Therefore the results can be discussed only qualitatively.

As already mentioned above, the measured values of the transverse term Up are

compatible with zero. Oop is the difference between the two transverse components

\ + . . .
of the cross section for o -production in a plane paraliel and perpendicular to

the polarization plane: Op = %{Gfi" Ul)' This implies that o is equal to



o} This isotropy is compatible with the measured results in photoproduction of

1
o 16 . . 17 . .

wtAT, In the gauge invariant expanded Born-term Model this means that in

this region of fairly small energies the contact term dominates the one-pion

exchange term (OPE).

. . + . . . . . .
In this frame for single 7 -electroproduction it is the OPE which gives rise to
the large longitudinal contribution o5 ¢ Keeping this in mind, the absence of
. . , . . . +,0 : .
a dominating oy contribution in electroproduction of 1w A might be explained

by the minor contribution of OPE to the cross section,
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Table Captions

1) s ~dependence of cross sections for fixed q2 and t-t .

(ou(so) + € cL(so), UI(SO), GT(SO)]

Values of the parameters:

t-t . = -
min

1)

and q2

resp.q2

H]
1

resp.q?

0.05 GeVZ/e?,
0.3 GeV2/c?,
0.5 GeV?/c2,

0.67 Gev2/c?,

- 43 -

t—tmin—const.

q?=const.

data interval

- 0.10 < t-t_,
- mi

- 0.40

- 0,65

- 0.80

n

<

<

JA

0

- 0.20

- 0035

- 0.55

2) t-tmin-dependence of cross sections for fixed q2 and 8,7

[Gu(t-tmin)

€ 0 -
+ L(t t

Values of the parameters:

8, = 4,85
and g2 = - 0.3
5 = 5.52
o
and q2 = - 0.5
S, = 5,52

and q2 = - 0,67

GeV2,

Gev2/c?,

Gev2,

Gev2/c?,

Gev2,

GeV2/c?,

in

GI(t_tmin)’

g
T

"“min

)

GeV2/c2
Geve/c2
GeVZ/c2

Gev2/e?

q2=const.

s _=const,
o]

data interwval

b4

- 0.40

4,85

- 0.65

4,85

- 0.80

| A

| ~

<

<

|A

fA

| »

5.3

- 0.20

6.25

- 0.35

6.25

- 0.55

Gev?

Gev2/c?

Gev?2

Gev2/c2

Gev2

GeV2/e2
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3) B:q-dependence of cross sections for fixed q2 and ¢

+ + + +
(au(eﬂq) e o (8 ), o6 ), UT(eﬂq))q2=const.

8 =¢onst.
o

Values of the parameters:

data interval

s = 4,85 Gev2, 4.4 < s < 5,3 Gev?
o - "o hl
and q% = - 0.3 Gev?/c?, - 0.U0 < g2 < - 0.20 GeV2/c?
s = 5,52 Gev?, 4.85 < s < 6,25 Gev?
and q2 = - 0.5 GeVZ%/c?, - 0.65 < q?2 < - 0.35 GeV?/c?
s = 5,52 GeV2, - 4,85 < s < 6,25 Gev?
o - o] -
and q? = - 0.67 GeVZ/c?, - 0.80 < q2 < - 0.55 GeV?/c?

4) q?-dependence of cross sections for fixed s, and t-t . .:

(0,(a®) + € 0,(a®), o.(a?), onla®))]

=const.
o
t—tmin=const.
Values of the parameters:
data interval
- = - 2702 - - 2,2
t tmin 0.05 GeV</c~, 0.10 < t tmin < 0 GeV<4/c
and s_ = 4.85 GeV?, b4 < s < 5.3 Gev?
resp.s = 5.52 GeV?2 4.85 < S, < 6,25 Gev?2
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Figure Captions

1) Diagram of the reaction ep enta®

2) Experimental layout

3) Spectrum of the mass M = V(e+p—e'-w+)2 for the reaction
e+ptett i (additional hadrons) obtained with a primary

electron energy of 4,8 GeV.

4) Spectrum of the mass M = v‘(e+p——e'—n+)2 for the reaction
etpret 7t + (additional hadrons) obtained with a primary

electron energy of 4,9 GeV in the data interval:

- 0,55 < q2 < - 0.35 GevZ/c?
4.75 < s, % 6.25 Gev?

- 0. - < . 24,2
0.10 < t-t . < 0.0 GeV</c

Results of the fit to this distribution for A°  and background are included,

5) Comparison of the cross sections in the different mass regions
1.1% <M < 1.3% GeV  and

1.34% < M < 1.54 GeV.

al so—dependence

Values of the parameters: data interval

- _ 2/7n2 _ - 21,2
t-t .= - 0.05 GeV¥/c 0,10 < t=t . < 0.0 Gev?/c
and q? = - 0.5 GeVZ/c? - 0.65 < q? < - 0.35 GeV2/c?
resp.q? = - 0.67 GevZ/c? - 0.80 < q2 < - 0.55GeV?/c?
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b) t-tmin—dependence

Values of the parameters: data interval

s, = 5.5 Gev? 4.85 < s < 6.25 Gev?
and g% = - 0.5 Gev?/c? - 0.65 < g% < - 0.35 Gev%/c?
resp.q? = - 0.67 GeVZ2/c? -0.80 < g2 < - 0.55 Gev?/c?

¢) g?-dependence

Values of the parameters: data interval

H]

t-t - 0.05 GeV?Z/c? - 0.0 S t-t . < O Gev2/c?

min in

5.5 GeV? 4.85 < s < 6,25 @Gev?

and s
o

6) s -dependence of the cross sections

. . 2 =
o, T €9 g, and o, for fired q° and t tmin

L? I T

Values of the parameters: data interval

t-t . = - 0.05 GeV?/c? - 0.10 ¢ t-t . < 0  GeVZ/c?
and q? = - 0.3 GeV?/c? - 0.40 < g2 < - 0.20 Gev2/c?
resp.q? = - 0.5 GeVZ/c? - 0,65 < q% < - 0,35 GevZ/c?
resp.q? = - 0,67 GeV2/c? - 0.80 < g2 < - 0.55 Gev2/c?

Dashed lines show comparison with the so-dependence in photoproduction

{normalized arbitrarily).

7) t-t_; -dependence of the cross sections

o] and o

» 2
oL I T for fixed q° and S,

g + €
u

Values of the parameters: data interval

5o = 4.85 Cev? b4 < s, < 5.3 Gev?
and q2 = - 0.3 Gev?/c? - 0.40 < q2 < -0.20 GeVZ/c?
s, = 5.52 Gev? 4,85 < s ¢ 6.25 Gev?
and q2 = - 0.5 GevZ/c? - 0.65 < g2 < - 0.35 Gev?/c?
s, = 5.52 Gev? 4.85 < s, < 6.25 GeV?
and q2 = - 0.67 GeV2/c? -0.80 < g% < - 0.55 GevZ/c?
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8) q®~dependence of cross sections

o, t e Ops Ops Op for fixed s, and t"tmin

Values of the parameters: data interval

- = - 24,2 - - 27a2
t tmin 0.05 GeV4/c 0.10 < t toin 2 0.0 GeV</c
and s, =  4.85 Gev? B o< s, <5.3 Gev?

resp.s_ =  5.52 Gev? 4.85 < s < 6.25 Gev?

For illustration a behavior according to the Vector Dominance Model

m ) 0.7 \"
—L | and to the Dipole Fit |—=-=——] is shown as dotted and
mZ - 2 q° - 0.71

o
dashed curves, respectively.



Table 1

- i 3 2 -
S, Dependence of Cross Sections o, + ¢ Ors 97 and o for Fixed g* and t toin
E £ - g% [t-tminl /E;' o, t €0 stat. fraction BW s teo stat.| rad.
error +,0 factor +,0 error| corr.
fo of wA (m a7)
(7 A + background) (rad. corr. included)
Gev? Gev? ub P, r ub
GeV o2 =z GeV GevZ A . BW Gov? %
I
4.0 | 0.78 0.05 2.13 4.2 1.6 JH2 1.39 15.1 1.0 7.2
0.72 0.05 2.1¢9 23.5 2.5 14,7 1.8 7.1
4.9 | 0.80 . 0.05 2.20 15.8 1.3 .33 1.39 8.0 0.7 9.5
0.78 . 0.05 2.25 13.6 0.9 6.8 0.4 9.3
0.75 . 0.05 2.30 10.7 0.8 5.4 0.4 9.2
5.4 | 6.80 | 0.67 0.05 2.25 10.7 1.0 .27 1.39 b4 0.4 | 10.7
0.77 | 0.87 0.05 2.32 7.8 0.5 3.2 0.2 | 10.5
0.72 | 0.87 0.05 2.43 4.3 0.2 1.8 0.1 | 10.1

-8‘[..



Table 1 continued

E € - q2 It-tmin] ﬂ%; o1 stat. fraction BW oT stat. rad.
error +,0 factor +,0 error corr.
o of mA (m'2a7)
(n'A” + background) (rad.corr.included)

Gev? Gev? ub P F o
eV = = GeV =T A BW -G-L%z %
4.0 | 0.78 | 0.3 0.05 2.13 9.5 3.8 W42 1.39 5.9 . 2.3 7.2

0.72 | 0.3 0.05 2.18 0.8 6.2 0.5 3.9 7.1
k.8 | 0.80 | 0.5 0.05 2.20 3.2 .33 1.39 1.8 9.5
0.78 | 0.5 0.05 2.25 . 2.1 3.5 . .
0.75 | 0.5 0.05 2.30 . 2.0 2.5 . .
5.4 | 0.80 | 0.867 0.05 2.25 2.2 2.4 .27 1.39 0.9 1.1 10.7
0.77 | 0.67 0.05 2.32 3.6 1.2 1.5 0.5 10.5
0.72 | 0.67 0.05 2.43 3.6 0.3 1.5 0.2 10.1
Or °r
4.0 | 0.78 | 0.3 0.05 2,13 | - 1.4 3.3 2 1.39 - 0.9 2.1 7.2
0.72 | 0.3 0.05 2.19 3.3 3.8 2.0 2.3 7.1
4.9 | 0.80 | 0.5 0.05 2.20 1.3 2.4 .33 1.39 0.7 1.2 9.5
0.78 | 0.5 0.05 2.25 0.7 1.8 0.35 1.1 2.3
0.7% [ 0.5 0.05 2.30 0.7 1.7 0.35 0.8 9.2
5.!"’ 0-80 0067 0‘05 2-25 - 0-3 1.7 027 1039 - 0012 O-s 10.7
0.77 | 0.67 0.05 2.32 o.4 1.1 0.17 0.5 10.5
0.72 | 0.87 0.05 2.43 | - 0.5 0.3 - 0.22 0.2 10.1

—6'E_



Table 2

t—tmin-Dependence of Cross Sections for Fixed q? and S,

+
cross section for = A°+background

. +. 0
cross section for w A

E!i e - q2 |t—tmin| f;; o, teo; |stat.| o.|stat.| o,|stat. f?ac— BYW o, teo, |stat.| o, |stat. ap [stat. rad.
errvor error error |tion |fac- error error error | corr.
of |tor
2 2 +f_\°

Gev 7| e foe s o 7 Bpo |Bw o7 oz e 5
4.0/0.72 | 0. 0.009 2.2 | 22.7 | 1.5 | 4.2] 2.3 |-O.%| 1.7 | .42 |1.39] 14.3 | 1.0 | 2.7 2.3 |-0.25 1.7 7.4
0.72 0.031 2.2 | 27,2 .8 [-7.5]| 6. 6.7 3.3 16.9 | 2.4 |-4.,7; 5. 4.3 3.0 7.2
0.72 | O. 0.080 |2.2 | 19.8 .6 |-1.0]| 8. 3.3 k.7 12.4 | 3.5 |-0.6| 8.6 | 2.0 | 4.5 7.0
%.9/0.72: 0.5 | 0.007 |2.35| 11.1 | 0.6 | 1.7, 0.8 | 0.3} 0.8 | .33 [1.39| 5.6 | 0.3 | 0.9| 0.6 | 0.15 0.8 g.h
0.72 0.5 | 0.025 |2.35} 9.9 | 0.7 | 4.3| 1.1 | 0.5] 0.9 4.9 | 0.3 | 2.2| 0.8 | 0.25 0.6 9.2
0.72 1 0.5 | 0.047 2,35} 8.3 | 0.9 | 5.1| 1.5 {-0.3]| 1.2 4.1 | 0.4 ¢ 2.5 (1.2 |-0.15/ 1.1 9.0
0.72 0.5 | 0.072 |2.35| 9.9 1.8 |-2.6| 2.9 | 4.0! 1.8 4.9 | 0.9 [~1.3} 2.1 | 2.0 1.4 8.8
0.72 1 0.5 | 0.102 |[2.35} 9.2 | 3.0 | 0.0! 4.7 | 1.6 2.7 4.6 | 1.5 | O 3.6 | 0.78 2.0 8.6
5.4/0.76 | 0.67) 0.007 |2.35| 7.9} 0.4 { 1.0/ 0.6 | 1.9| 0.6 | .27 (1.39] &.31| 0.17| 0.4| 0.3 | 0.8 0.3 | 10.8
0.76 | 0.67} 0.027 [ 2.35| 8.4 ; 0.4 | 0.8] 0.6 |-0.3]| 0.8 3.51} 0.17| 0.3 0.3 |-0.1 | 0.3 | 10.6
0.76 | 0.67; 0.052 |2.35| 6.6 | 0.5 | 1.5| 0.8 | 0.21§ 0.8 2.8 | 0.2 | 0.6| 0.5 | 0.1 ]0.5 | 10.4
0.76 | 0.67| 0.077 |2.35} 6.1 | 0.9 | 1.7| 1.4 [-1.2]| 1.2 2.5 | 0.51| 0.61 0.9 [-0.5 0.9 | 10.2
0.76 | 0.67] 0.102 |2.35f 5.1 | 1.5 |-0.3| 1.9 | 0.5 2.1 2.1 | 0.6 [-0.1{1.2 | 0.2 1.4 } 10.0

_OZ..



*
Table 3 Bﬁq—Dependence of Cross Sections for Fixed q2 and s

O

cross section for n+A°+background cross section for w+A°
E| g - q2 eﬁq /gg cu+€cL stat. o stat. I stat. f?ac- Bw cu+ecL stat. Or stat. 2 stat. | rad.
error error error| tion |fac- erroy error error | corr.
of |tor
W+Ao
Gev ngz | e G:\l; =7 s Fao |[rw = o s %
4.010.72|0.3 2.5 2.2 ‘31.7 2.7 | 1.0} 2.8 [-2.1 42 11.39] 19.9 | 1.7 | 0.6] 2.4 |-1.6| 4.6 7.6
0.72|0.3 7.5 2.2 | 31.6 3.%  O.4| 3.6 |-0.8 . 19.8 2.3 | 0.3 3.4 |-0.4]| 4.5 7.4
0.72|0.3 12.0 2.2 | 30.1 5.0 |-3.2| 5.2 | 7.0 . 18.8 | 3.1 |-2.0| 4.8 ; 4.4{ 5.8 7.2
0.72{0.3 |16.0 2.2 | 21.9 { 6.0 | 2.8| 6.2 | 2.9 . 13.6 3.8 | 1.8/ 5.8 | 1.8} 7.2 7.0
4,9(0.72(0.5 2.5 2.35) 19.5 | 1.5 |-0.4| 1.8 6.6| 3.8 .33 11.38( 49, 0.8 |-0.2] 1.4 | 3.3| 2.8 9.5
0.72|0.5 7.5 2.35| 16.3 | 0.9 | 5.4 1.0 {-2.8| 2.3 0.5 | 2.71 0.8 |-1.4| 1.7 9.3
0.72|10.5 |12.0 2.35] 16.7 | 1.7 2.3| 2.2 | 2.0/ 3.8 . 0.9 { 1.2! 1.6 | 1.0| 2.7 9.0
0.72(0.5 [16.0 2.35] 12.6 2,0 | 2.0 2.4 | 1.3} 4.1 . 1.0 1 1.0 1.8 3.6| 3.0 8.8
0.7210.5 |21.5 2.35| 16.4 | 4.8 |-3.6] 5.7 | 4.9| 8.7 8.1 2.4 (-1.8 | 4.2 2.4} 6.4 8.5
5.4(10.76|0.87 2.5 2.35| 14.2 | 1.1 2.5 . -0.6| 3.2 .27 11.39| 5.9 | 0.5 | 1.0 0.7 |-0.2)1.9 {11.0
0.76(0.67 | 7.5 2.35| 15.4 [ 0.8 | 0.9 . 1.0 2.2 6.3 { 0.3 | 0.4} 0.6 | O.4{ 1.4 |10.7
0.76(0.87 [12.0 2.35} 13.5 | 1.0 | 3.1 1. -0.6| 2.8 0.4 | 1.3(0.8 |-0.2| 1.8 | 10.2
0.76{0.67 [16.0 2.35) 41.1 | 1.6 | 4.3 . ~3.14§ 4.4 L6 | 0.7 | 1.8 (2.1 [-1.3] 2.7 | 10.0

-—T"z_



Table & q?—Dependence of Cross Sections for Fixed s, and t-tmin
. +,0 . t,0
cross section for w A +back$pound cross section for w A
Ele - q2 lt-t_. [ Vs |0 +eo |stat.| o_|stat.| o.|stat.|frac~| BW o +tec. istat. | o_|stat.| o© Ltat. rad.
min o l'u L T . u L T
error error error [tion | fac- error error error | corr.
of | tor
, , aTa°
GeV GeV ub ub ub FPo|F ub ub ub
GeV cZ ez |GV Gev2 Gev Gev 2 A" | BH GevZ GeV2 Geve b
4.010.73 | 0.25| 0.05 . 20.1 | 2.0 | 7.8] 3.2 | 0.7] 1.9 L2 11,39 12.6 . 4.9: 3.0 | 0.4 6.
0.70 ] 0.35] 0,05 . 19.1 | 1.2 6| 1.9 [-0.2| 1.6 12.0 . 3.5 1.8 |-0.13 1.5 .
4.9|10.77 1 0.4 0.05 2.85| 12.1 | 1.1 [ 4.4| 1.8 | 1.4| 1.2 | .33 !1.3¢| 6.1 | 0.5 [2.2] 1.4 | 0.7 1.1 8.6
0.75 0.5 ¢.05 {2,35] 9.5 | 0.4 | 4,0! 0.7 | 0.4| 0.8 4.8 | 0.2 | 2.0| 0.5 | 0.2} 0.5 9.0
0.7% | 0.6 0.0% |2.35] 6.1 | 0.5 | 1.3 0.8 |-0.2| 0.7 3.1 ) 0.2 {0.7| 0.6 | 0.1 0.5 9.3
5.4(0.77 | 0.6 0.05 |2.35, 9.1 0.5 | 3.2| 0.8 | 1.2| 0.7 | .27 [1.39| 3.8} 0.2 |1.3]| 0.5 | 0.5| 0.5 | 10.2
0.76 | 0.7 0.05 |2.35 6.7 0.3 | 1.8} 0.5 |-0.5| 0.5 2.8 { 0.1 |0.7( 0.3 |-0.2|0.3 | 10.5
C.74 | 0.8 0.05 [2.35, 4.2 | 0.5 | 0.8| 0.8 | 0.0| 0.6 1.8} 0.2 |[O.4| 0.5 | 0.0 0.3 | 10.7

_aa-



Fig. 1
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Missing Mass Spectrum
Ee=4,9 GeV

10° + 30037 Events
I e+p —e'+Tl*+ Hadron(s)

Number of Events
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Fig. 3



Fit to the Weighted Mass Distribution W

|
150- 3643 Events at Eg.=4.9 GeV
q?=-0.5 GeV¥c2 W
4‘9 SO= 5.5 GeVZ F
c 2,2 L, P
- t-tmin=—0.05 GG‘V /C /
o
o
.-‘S
< 1007
50- S Events from e+p-—se+TT*+n
P: Background from e+p—-e'+TT%M
A: Contribution of A°-Resonance
F = S + P+A
T T T T T T T T —
10 11 1.2 13 14 15 16 17
M [Gev/c?]



Comparison of Cross Sections:
sy~ Dependence in Different

. Mass Regions
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Comparison of Cross Sections:

(t-t.in) Dependence

in Different Mass Regions

q?=-0.5 GeV?/c?
S,= 5.5 GeV?2

-.O|5

~10

—O———
-0~

114=M =134 GeV /c2 9
134=M=154 GeV /c? ¢

q*>=-0675 GeV?/c?2
Se= 5.5 GeV?

9

C

0

> ¢

g 104

:

<t

G'U+€G'L
5_....
0
5_

t ~t min [GeV2/cZ]—

il
<
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Arbitrary Units

GU + EGL

Comparison of Cross Sections:
q2-Dependence in Different

Mass Regions
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Cross Sections

k?%J s,~-Dependence
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Cross Sections
t-t.,Dependence
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Cross Sections

b g*-Dependence
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