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The reaction yyp ~ p7r+7r' was studied in the W, Q2 region 1.3 to 2.8 GeV,0.3to 1.4
GcV2 using the streamer chamber at DESY. An analysis of A++(1232) and A0(1232) pro-
duction vig yyp — An is presented. The W degendcnce, production angular distribution and
decay distribution of A*" in the channel A*¥7 ™ is similar to that found in photoproduc-
tion. At small momentum transfers the @“ dependence of att production follows that of
the p propagator as predicted by VDM; at large momentum transfer there is little Q2 depen-
dence. The W dependence of A" production and its ratio with respect to A** production
is similar to that found in photoproduction.

1. Introduction

In this paper we present final results on A(1232) production by virtual photons
via the channels

Ywpoa At (1)
Ywp=>atAl. ()

The experiment, which used the DESY streamer chamber to study inelastic elec-
tron-proton scattering, covered hadron c.m.s. energies, W, between threshold and
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2.8 GeV, and values of the photon mass squared, —Q?, from —0.3 to —1.4 GeV?2. Fi-
nal results on p and w production, and on inclusive 7* production have already been
published [1-3]. We have also reported studies of reaction (1) near threshold in
which we have determined the Q% dependence of the y,p - A™* 7~ contact interac-
tion and the Q2 dependence of the nucleon axial-vector form-factor [4,5].

Here we present our experimental results on channels (1) and (2) and compare them
with photoproduction. Photoproduction of A* 7~ states below W = 1.8 GeV is
known to be dominated by a ypAn contact interaction and by s-channel resonance
formation [6]. At higher energies the photoproduction process has the characteris-
tics of one-pion exchange; that is one finds an £ dependence of the production
cross section [7] and dominance of unnatural parity exchange in the #-channel [8].
In the framework of vector dominance (VDM) it is assumed that the above processes
are mediated by incident virtual rho mesons. If VDM holds both for photo- and
electroproduction, we expect the cross section to vary like the rho propagator,

(mf) + 0?)72,as Q? changes. However, to the extent that longitudinal photons can
be neglected, other characteristics of A™* electroproduction, such as the production
angular distribution and the decay distribution, would be the same as in photoproduc-
tion. In this paper, we study the Q% dependence of the A cross section, and its angu-
lar distribution, with the object of testing whether this vector-dominance approach is
in agreement with our data.

The paper is organized as follows: first we review the experimental procedure (sect.
2). In sect. 3 we discuss resonance production in the reaction y,p - pn* 7. In sect.
4 we give the A" production cross section as a function of W, Q% and ¢, and we dis-
cuss the A™* decay distribution. The characteristics of A? production are given in
sect. 5 and a summary of A production in sect. 6.

2. Experimental procedure

A detailed description of the setup and the event analysis has been given in refs.
[9,10]. A 7.2 GeV electron beam traversed a 9 cm long liquid hydrogen target inside
a streamer chamber. The streamer chamber, of 1 m length, was in a magnetic field
of 1.8 T. Two arrays of trigger counters, lucite Cerenkov counters and lead scintilla-
tor sandwich shower counters detected the scattered electron. About 70% of the data
were taken with a proportional wire chamber added to each of the two detector arms
[11]. With the proportional chambers the average measurement error of the scattered
electron’s momentum was Ap = +p? /[pyipm With pypu = 250 GeV/c; the error on
the scattering angle was about *1 mrad.

Approximately 360 000 pictures were taken with a total flux of 3.3 - 1012 elec-
trons incident on the target. The event analysis was similar to that used in bubble-
chamber experiments. A total of ~9100 elastic and ~46 700 inelastic ep scattering
events were obtained *.

* 2.prong events were analyzed on 50% of the film only.



K. Wacker et al. | A(1232) production by virtual photons 271

A production via reactions (1) and (2) was studied in the final state
ep—>epr T . 3)

The events selected for reaction (3) were required to give a 4C fit (x> < 38) consis-
tent with the observed track ionization. For 10% of the events of reaction (3) one
track was obscured by the target box or by flares. To be accepted as reaction (3)
these events had to give a 1C fit (x? < 28). A total of 7383 events, which satisfied
these selection criteria, were found in the kinematical region 1.3 <W <2.8 GeV,
0.3<Q?*< 1.4 GeV2

Two independent Monte Carlo programs were used to determine the loss of events
due to radiation and the selection procedure. The Monte Carlo events were processed
through the geometric and kinematic reconstruction programs in the same way as
the measured events. The contamination of events from other reactions giving an
acceptable fit for reaction (3) was found to be smaller than 5%. The radiative correc-
tions were estimated in the peaking approximation. The corrections amount typically
to a +23% contribution from external and internal Bremsstrahlung and a —7% con-
tribution from vertex and propagator corrections [12] (see ref. [10] for details).

Cross sections were determined by normalizing the total number of inelastic ep
events (after correcting for acceptance and radiative effects) to the total inelastic ep
cross section measured in a single-arm experiment [13]. The errors given below are
statistical only. A systematic uncertainty of £10% has to be added which covers the
uncertainties from event selection (5%), radiative corrections (4%) and cross-section
normalization (7%).

3. General characteristics of the reaction y,p = pn*n~

3.1. Definition of the cross section

In the notation of Hand [14] the differential cross section d?o(f)/dQ? dW for
electroproduction of a final state f is expressed in terms of the cross sections o3(f)
and o (f) for production of f from scattering of transverse and longitudinal virtual
photons on protons by

do(f) _ 7 W s
szdw EE’ my Crp {OT(Q W, f) + EUL(Q2, W, f)} . (4)

where E, E' are the lab energies of the incident and scattered electron, my, is the
mass of the proton, I'r measures the flux of transverse photons,

P2 2
a E'W mg_}_“ )

szf_me2 1—€’
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with
2 2
ve+Q -1
e=|1+2—7F—= , 2>>m?, 6
R R ©
v=FE-E".

For the majority of the events the polarization parameter, €, lies in the range 0.85 —
0.95. The value of ¢ is fixed for a given Q2 and W, therefore no model independent
separation of ot and oy, can be made in this experiment. The ,p cross section is
defined as

o(Q?, W) = 01(Q%, W) +e0 (0%, W). @)

3.2. Resonance production in the reaction y,p > pn*n~

The channel cross sections and mass distributions for various Q?, W intervals for
the channel y,p - pr*7~ have been given elsewhere [1]. The mass distributions
indicate strong A**(1232) and p° production plus a small amount of A® production.
The cross sections for A**, A% and p° production were determined by a maximum-
likelihood fit to the Dalitz-plot density:

dN(MgTr+, M1%+ﬂ—) = [aA ++FA++(MW+) Wa(cos Oyp) *aAOFAO(Mpn”)
tapF (M4, ) Wp(cos Oygp) + apeFps] X AM2 4 dM2e, — . ®)

The fitted parameters, a, measure the size of the A™, A% p and phase-space contri-
butions; Fa, F,, describe normalized Breit-Wigner distributions, e.g., for the A

Fa=Bplla,
with
m T'(m)
a (m3 —m? +mAT(m)

Bp(m) =

Here m is the mp effective mass and I'(m) = Cp(g/qo)(ma/m) U, (gr)/U (gD q
and g are the # momenta in the mp rest frame at the mass m and m, , respectively,
and

%% +1
Ur(x) = %xz( 4x2

with r = 2.2 GeV™! [15].
The normalization constant /, is obtained for a given event from an integration
over the Dalitz plot

In(4x? +1) — 1)

IA =fBAWAdMgﬁ+dM1$+Tr" .
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W4 (cos 8 ) describes the A™ decay angular distribution in the helicity frame and
is given by

Wa(cos 0ya) = (G +793) + G — 3733 cos?Oya

where 0y, is the polar decay angle of the A with respect to the line of flight of the
A and the density matrix element rgg lies between 0 and 0.5. W,(cos 0,) is the
corresponding distribution for the p decay [1].

The quantity /7, describes events uniformly distributed over the Dalitz plot; it is
a constant and is normalized as described above. We have given the p Breit-Wigner
distribution elsewhere [1]; it was found that the fraction of A is insensitive to the
assumed p shape so that the details of the p analysis do not concern us here.

Table 1
Reaction yyp — p7'r+1r—: percentages of A++, o, A% and phase-space production as obtained from
maximum likelihood fits to the Dalitz plot

w Q2 a A" ppo ata® Phase
(GeV) (Gev?) space
0 91+ 28 0 a) 10+ 13
1.3-1.5 0.3-05 77+ 8 6 6 17+ 10
05-08 66+ 9 0+ 1 34+ 7
0.8 -1.4 57+21 8+ 12 35+ 6
0 64+ 23 g+ 23 16+ 23 12+ 43
1.5-1.7 0.3-05 58z § 7+ 6 10+ 3 25+ 11
0.5-08 48+ 5 13z 5 18+ 4 20+ 9
0814 56% 7 17+ 15 2+ 5 6+ 17
0 32+ 2@ 49+ §H) 3z 29 16+ 49
1.7-2.0 03-05 32% 3 44+ 7 1+ 1 23+ 6
0.5 - 0.8 28+ 3 48 + 8 + 4 19+ 6
08-14 25z 3 30+ 10 4+ 2 41+ 6
0 24+ 29) 58+ 59) 1z 1% 17+ 63
2.0-2.2 03-05 26+ 5 36+ 4 8+ 3 30+ 4
05-08 16+ 4 34+ 5 5+ 2 45+ 4
08~-14 20+ 8 45+ 6 1+ 4 34+ 5
0 12: 19 68+ 49 2+ 19 18 49
2.2-2.8 03-05 10 2 52+ 5 3+ 2 35+ 4
05-08 14+ 5 53z 4 2+ 2 31+ 7
08 -14 16% 6 29+ 5 1+ 2 54+ 8

4) Results obtained from table 4 of ref. [6b] by averaging over the appropriate W interval.
) These values were determined by refitting the data of ref. [16] with a variable p shape.
©) Results from ref. [8].
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In a first set of fits the A mass and width were determined. At all energies we
obtained 'y = 110 MeV. For W< 1.7 GeV, m, = 1232 MeV,; for higher energies the
fit required m 5 = 1220 MeV. In the subsequent fits m and ', were kept at the
above values. The fitted fractions of A", A?, p© and the phase-space contribution
are listed in table 1; for comparison photoproduction results are also given. The rela-
tive contribution of A** to the channel y,p = pr™ 7~ is found to be essentially inde-
pendent of Q%; the amount of A? production is smaller by a factor 5—10 than A**
production.

4, The reaction yyp—> n~ A"
4.1. The A* cross section

We show in fig. 1 and table 2 the A** cross section as a function of W for
0.3 <Q?<1.4GeV? and for Q2 =0 [16]. The W dependence of A** production
at {Q%)= 0.7 GeV? is evidently similar to that for 9% = 0; namely it exhibits a
sharp rise above threshold to a peak between 1.4 and 1.7 GeV followed by a steady
fall with increasing energy. In fig. 2 and table 3 we give the cross section in different
W intervals as a function of Q2. To guide the eye, we draw curves of a VDM type,
o(0?) = o(0)/(1 + Qz/mz)2 . With the exception of the W interval 1.7 to 2.0 GeV
the curves fit the data points well and demonstrate the approximate W independence
of the shape of the Q2 distributions.

100 3 =
20 ¢ Q=0 ABBHHM

o % e $03<Gi<14GeV?

T |

¢ this exp. !

12 14 16 18 20 22 24 26 28
W{GeV)
Fig. L. o(yyp — n_AH) as a function of W for 0.3 < Q2 <14 GeVz(o). The open points are
ABBHHM data [16] from table 4 of ref. [6b].



Table 2

Cross sections for yyp — 7 A as a function of W for 0.3 < Q2 < 1.4Gev?

W

(GeV)

1.25 - 1.30
1.30 - 1.35
1.35 - 1.40
1.40 — 1.45
1.45 - 1.50
1.50 - 1.55
1.55 - 1.60
1.60 — 1.65
1.65 - 1.70
1.70 - 1.75
1.75 — 1.80
1.80 — 1.85
1.85 - 1.90
1.90 - 1.95
1.95 - 2.00
2.00 - 2.10
2.10 - 2.20
2,20 — 2.40
2.40 - 2.60

2,60 - 2.80
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or teay,
(ub)
0.2+0.2
1.1+0.7
8.7+23
14,2 + 2.1
154=+29
11.5+2.8
13.5+2.2
134 +1.8
11.6 + 2.1
8.3+ 1.3
8.1x1.0
5.1+0.8
75+1.4
3.6+1.2
2.0=+0.6
3.3+£0.7
2.5+0.6
1.1 £0.3
0.7+ 0.2
0.6 + 0.2
Yyp —T o™
1001 L B e s e e L
5 e W:13-15GeV 1
F aW :15-17 GeV b
[« "W :17-20Gev ]
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Fig. 2. o(yyp — 1r_A++) as a function on2 for different W regions. The Q2 = 0 points werc
interpolated from table 4 of ref. [6b].
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Table 3
Cross sections for yyp - w*AH as a function of Q2 for different W intervals
W 0? aT * €0y, a)
(GeV) (Gev?) (ub)
1.30 - 1.50 0.3 —-04 23.0+ 3.1
04 -0.5 16.1+1.9
0.5 -0.65 11.7+ 1.8
0.65 — 0.80 7.2+3.2
0.80 - 1.40 6.9+3,0
1.50 — 1.70 0.30 — 0.50 20.8+ 2.0
0.50 — 0.80 113x14
0.80 — 1.30 9.8+ 1.6
1.70 - 2.0 0.30 - 0.50 9.9:+1.0
0.50 - 0.80 6.4+ 0.8
0.80 — 1.30 3.7+0.6
2.0 — 2.20 0.30 — 0.50 56+ 1.1
0.50 — 0.80 2.5%0.6
0.80 — 1.30 2.0+0.8
2.20 — 2.80 0.30 — 0.50 0.9+0.2
0.50 — 0.80 1.0+ 04

0.80 — 1.30 0.6 £ 0.2
) The cross sections given in table 3 and fig. 2 have been renormalized by 5-20% to match the
averaged cross sections of table 2 and fig. 1; i.c., we enforced
LAW(W) _2a0%0(0%
SaW  |ube2  £aQ?

table 3

The summation was performed in each of the five W intervals of table 3. This renormalisation
has not been applied in ref. [10].

4.2. A* production angular distribution

The differential cross sections do/d€2 and do/dt were determined by separate Da-
litz-plot fits for each interval of cos 8 cyg and ¢ (here Ocps is the A™ production
angle with respect to the proton direction in the y,p c.m.s. and ¢ is the four-momen-
tum transfer squared from proton to A). The results for do/d$2 are given in fig. 3
for different W intervals. In all W intervals shown the production angular distribu-
tion is anisotropic with a forward peak; the anisotropy increases with increasing W.
Also shown in fig. 3 are the photoproduction differential cross sections [16] (open
points) scaled down by a factor four. In general, the shapes of the photo- and electro-
production angular distributions agree, which indicates that the A** production
mechanisms are similar at 0% = 0 and in the region 0.3 < 0% < 1.4 GeV?, Fig. 4 and
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Fig. 3. Differcntial cross sections dg/d§2 for y,p — 7~ a™" for different W regions. The ozpen
points are photoproduction cross sections scaled down by a factor 4. We obtained the 9“ = 0
cross sections by refitting the data of ref. [16] in appropriate W intervals using the fitting pro-
cedure of subsect. 3.2.

table 4 give dg/dr for photo- and electroproduction for the region 1.7 < W< 2.0
GeV* and 2.0 < W <<2.8 GeV. The figure shows that the slope of the forward peak
is lower in electroproduction than in photoproduction. At large [¢[, the electropro-
duction and photoproduction cross sections are equal within errors, in agreement
with a previous measurement [17].

4.3. The A decay angular distribution

In order to determine the spin dependence of the A** production mechanism, we
have studied the decay angular distribution of the A™* using the formalism given in
detail in the appendix.

* The difference between the photoproduction and the electroproduction do/d2 and do/dr plots
tor l.’é < W < 2.0 GeV may be understood in terms of the change of ¢,j, and #,x with W
and Q“.
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Fig. 4. do/dt for yyp —» = At A2 1.7 < W<2.0GeV,(b)2.0 < W < 2.8 GeV. The open points
are photoproduction data from refs. {8,16]. We obtained the Q = 0 cross section in fig. 4a by
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O

The A™ decay was studied in the Gottfried-Jackson system which is also used in
the analysis of A*™ photoproduction [6,8,16]. The incoming proton direction in the
A rest frame is taken as the z direction, the normal to the production plane as the
y direction. The A™" decay is described by the polar and azimuthal angles 0 and ¢
of the decay proton with respect to these axes. We also use the angle & of the
polarization vector of the transverse photons in the hadron c¢.m.s., which is the
angle between the A** production plane and the electron scattering plane.

We analysed the A*" decay distribution W(cos 0, ¢, ®) in terms of the A density
matrix in the Gottfried-Jackson system [9,20]. The density matrix elements were
determined by the method of moments weighting each event with the maximum-
likelihood weight factor WZ o aAFA(m’I')Tﬁ); for details of the method see refs. [10,
18]. We estimate that the effects of background lead to systematic uncertainties
that are less than the statistical errors. The density matrix elements, 7%, are given
in fig. 5 as a function of the production angle for different W intervals with 0.3 <
0% < 1.4 GeV2. In fig. 6, the r°% clements are given as a function of production
angle for different W and Q7 intervals. The remaining density matrix elements are
small and are given in ref, [10]. The traces of the matrices r! and #° are given in
table S as a function of W.



Table 4
Reaction yyp — 7~a™": differential cross sections for 0.3 < Q2 < 1.4 Gev?

1.7< W< 2.0GeV 2.0< W< 2.8GeV
It] do/dt (At whH | do/dt a5
(GeV?)  (wb/GeV?)  (GeVE)  (Gev) | (Gev? (ub/GeV?)  (GevE)  (Gev?)

0.1-0.2 5924 0.078 0425 | 0.05-0.15 3.2+04 0.070 0.480

0.2-03 4.3+0.6 0.095 0.463 0.15-0.25 24+0.6 0.098 0.491
03-04 64=x0.7 0.098 0463 | 0.25-0.35 1303 0.1 0.526
0.4-05 48+1.5 0.1 0.511 0.35-045 1.1:04 0.1 0.529
0.5-06 54+08 0.1 0.523 0.45 - 0.60 0.6 0.3 0.15 0.506
0.6 -0.7 39=+1.2 0.1 0.518 0.60 — 0.80 0.2+ 0.2 0.2 0.538
0.7-08 29zx0.7 0.1 0.552 0.80 -1.00 0.3+0.1 0.2 0.530
0.8-0.9 33:0.6 0.1 0.525 1.00 - 1.40 0.4 +0.1 0.4 0.566
09-10 29=x0.8 0.1 0.539 1.40 —2.00 0.2+0.1 0.60 0.585
1.0-12 20+04 0.2 0.574 2.00 — 0.04 = 0.04 1.472 0.597
12-14 23205 0.198 0.572
1.4-20 09=+0.2 0.501 0.662
2.0 - 0.1+0.3 0.455 0.781
— ++
Yyp—T A

03<Q? <1.4GeV?
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Fig. 5. At density matrix elements in the Gottfried-Jackson system as a tunction ot cos 6 omsg
tor different W regions and 0.3 < Q:2 < 1.4 GeVZ,
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Fig. 6. a* densny matrix elements in the Gottfried-Jackson system as a function of cos 8y g
for different Q and W regions,

In summary we find:

(a) At threshold (1.3 < W< 1.5 GeV) r°4 =0.31 £ 0.02; it is independent of pro-
duction angle and Q2. For comparison, a pure contact term would give ro4 =0375*
while pure pion exchange would give r04 =0. Absorptlon corrections to one-pion
exchange would increase the expected value of 9 r

(b) With increasing energy r decreases For W> 1.7 GeV, r3 becomes Q2 depen-
dent, increasing as Q2 increases, and is dependent upon the production angle (fig. 5).
This indicates the increasing importance of one-pion exchange at small Q%(0.3 < Q?
< 0.8 GeV?).

(c) The trace of r',ie., 2(r}, + rés), is energy dependent, being ~0 at threshold

* Strictly speaking this holds only in the forward direction where the longitudinal contribution
vanishes.
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Table 5§
Reaction yyp — a”a% trace of density matrices ! and 73 in the Gottfried-Tackson system
for 0.3 < Q2 < 1.4 GeV?

i

W(GeV) Trr Trr»

1.30 - 1.50 0.0 *0.05 0.01 2 0.02
1.50 - 1.60 0.0 *0.05 —0.03 = 0.02
1.60 ~ 1.70 -0.04 = 0.05 ~0.09 £ 0.03
1.70 — 1.80 —0.04 + 0.06 —-0.06 = 0.03
1.80 — 2.00 -0.15 £ 0.06 —0.04 £ 0.03

2.00 - 2.80 —0.17 £ 0.07 —0.10 £ 0.03

and becoming negative at higher W (see table 5). Since for transverse photons,

t

t_“n
P0“0t+0t
n u

t
g gy

=2p}, +053) =21+ R)(r], +135),
where o,(0,) are the cross sections for A production through natural (unnatural)
parity exchange in the #-channel, the values of tr 7! imply o, ~ 0, at threshold and
0y > 0, for W> 1.8 GeV. This is consistent with dominance of a contact term at
threshold and of one pion exchange at higher energies.

(d) The value of tr r> measures the longitudinal-transverse interference cross sec-
tion oy, through the relation

trrd=— 201 .
or t €0y,
At small W, tr ® is compatible with zero; for W> 2.0 GeV, tr > =—-0.10+ 0.03, in
agreement with other measurements [19].

In general, the density matrix elements discussed above agree with those found
in photoproduction [6,16]. Thus the A™ decay angular distributions, like the pro-
duction angular distributions, indicate that the same mechanisms are important in
electro- and photoproduction.

5. The reaction y,p - n* A°

It has been found in photoproduction that strong A™"-A® interference occurs at
low W [6]. Consequently the maximum-likelihood fit to the Dalitz plot density (eq.
(8)) was modified by the addition of an interference term between the A production
amplitudes (for full details see ref. [10]). This introduces two new parameters: «;, the
degree of coherence between the A™ and A® amplitudes, and ¢, the phase difference
between the amplitudes. In all fits the statistical significance of the interference is
weak and therefore we present our results both with and without interference; for
W > 1.8 GeV the overlap between the A bands is small, so the interference can be
neglected. At all energies the effect of the A% on the A** quantities (such as the
cross section and density matrix elements) is negligible.
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Fig. 7. Reaction yyp ~ 77 4% (4% ~ 77p) for 0.3 < 0% < 1.4 GeV2. (@) a(yyp » 77 4% asa
function of W, (b) oyp — A Y o(yyp ~ =AY as a function of W. The full and the open
points in fig. 7a, b were obtained from fits with and without interference, respectively. (c), (d)
the a*" _ A0 interference parameters, a, ¢ as a function of W. Also shown are the photoproduc
tion values from ref. {6] (open squares).

In fig. 7a we show the cross section for v,p - 7" A®(A® — pr~) as a function of
W. We find a maximum between 1.5 and 1.7 GeV followed by a strong fall-off at
higher energies. The ratio, Rz, of the A? and A*™ cross sections is given in fig. 7b.
Figs. 7¢ and 7d give the fit parameters « and ¢ together with those from photopro-
duction [6] (open points). Within errors, our results agree with those from photo-
production,

Fig. 8 shows the Q2 dependence of the A® cross section and of R 5 in different
W intervals. With the exception of the region 1.5 < W < 1.7 GeV where there is a
trend for A? production to be less O dependent than A** production, A® and
A™ production have similar 02 dependences. The full squares in figs. 7b, 8 are
data points from ref. [19] at  — #1;,, = 0.04 GeV?2. They are consistent with our
data.
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Fig. 8. Cross section o(yyp = n A") and cross section ratio o(nr A°)/a(m A" ") as a function of

Q< for three W regions. The points at Q2 are from ref. [6]. The meaning of the full and open
points is the same as in fig. 7a and b. Also shown is a measurement from ref. [19] (w).

6. Summary

We have studied the reactions y,p > 7~ A" and y,p = 7" A® in the kinematic
region 0.3 < 0?2 < 1.4 GeV?, W < 2.8 GeV. We find that:

(a) The cross section for A™ production shows a W dependence which is similar
to that found in photoproduction (fig. 1).

(b) The dominating forward A** cross section depends on Q? approximately as
1/(1 +Q%/m2)?, i.e., it shows a stronger Q* dependence than the total inelastic
YyP Cross section. This 0? behaviour is also observed in the total A** production
cross section in nearly all W intervals (fig. 2). In contrast A™* production at large
|t| shows a weak Q% dependence for W> 2 GeV.

(c) At all energies the A*" production angular distribution is anisotropic with a
forward peak (with respect to the incoming proton in the hadron c.m.s.) which
narrows as W increases. The shape of the production angular distribution is simi-
lar to that found in photoproduction (fig. 3).

(d) For W> 1.8 GeV unnatural parity exchange dominates over natural parity
exchange in the ¢-channel as expected for one-pion exchange.

(e) For A® production, the W dependence of the cross section, the ratio to A**
production, and the phase angle between the A and A*™* production amplitudes,
are similar to the corresponding quantities found in photoproduction.

In conclusion, our observations for small momentum transfer, |¢], are compatible
with A electroproduction occurring through the same mechanisms as in photopro-
duction with the Q2 dependence of the cross section being determined by a VDM-
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like p propagator. At large momentum transfers A™* production shows a weak Q2
dependence.
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Appendix
Decay angular distributions and density matrix formalism for A decay

The A decay is analyzed in the Gottfried-Jackson system. The z axis of this system
is taken as the direction of the incoming proton, p, in the A rest frame, the y axis as
the normal to the production plane. As the analyser of the A decay we use the decay
proton p'; thus the decay of the A is defined by the polar and azimuthal angles 6, ¢
given by

'

cosf =22
lpilp'|
cos ¢ S0 X)) BXp) exXp)
lye X7~ llp Xp'l °
. ((wXa)Xp)-(p Xp)
sin ¢ = —

[(yy X 77) Xplip Xp'l

where the symbols represent the 3 vectors of the corresponding particles in the A
rest frame.

The decay distribution can also depend on the angle ® of the polarization vector
of the transverse photons in the hadron c.ms.; & is given by the angle between the
A production plane and the electron scattering plane

(ry X77) - (e Xe

cos P = .
lyy X717 ]le Xe€'|



K. Wacker et al. | A(1232) production by virtual photons 285

(O XT) X (e XN 7
sin @ =~

lyy X7~ lle Xe'llyyl

3

where the symbols represent the 3 vectors of the corresponding particles in the had-
ron c.m.s.; e, e’ are the incident and scattered electron.

The A decay angular distribution, W(cos 8, ¢, @), can be expressed in terms of the
A density matrix using the formalism of ref. [20] by:

W(cos 6, ¢, ) = — 1,_ [WO(cos 8, ¢) — € cos 2 W'(cos 8, ¢)

— € sin 2& W2(cos 0, ¢) + eRW*(cos 0, ¢)
+/2e(e + 1) /R {cos ® W3(cos 8, ¢) +sin ® WS(cos 8, ¢)}] ,
where

0L(7vp ~ A" )

Cor(yp o ATTET)

and
3
W*(cos 6, ¢) = {p33 sin20 + (3 — p%3)(3 + cos?0)

2 .
——=Re p%, cos ¢ sin 20 —= Re p§_, cos 2¢sin*6}

V3
fora=0and 4,

2

V3
3 2 .

W%(cos 0, ¢) g (p%5 sin6 + p%, (% + cos?6) *VERe p5, cos ¢ sin 20

2
———-Re p% . cos 2¢ sin?0
\/3 3—-1
fora=1andb,
2 2
W(cos 8, 9) =~ 7 Im p%, sin ¢ sin 26 * Im p%_, sin 2¢ sin?6
fora=72and 6.

Since R is not known, p° and p* cannot be separately determined. Thus we deter-
mine only the combinations

0 4
0a _ Pix TR Piy
K 1+eR
Similarly we can measure only the quantities
pozk

r?‘k—i—R, fora=1and?2,
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o _ VR

rik:mp?k, fora=5Sand6.
€

From the density matrix elements we can derive two quantities of particular
interest in the experiment, namely Pf,, which measures the mixture of natural and
unnatural parity exchange cross sections, g,, 0y, in the t-channel for transverse
photons, and ¢; which measures transverse-longitudinal iriterference.

P! is given by [21]

t t
t_% — - i 1y = 1 1
Pl ——(—71; : otu =2(py; T033)=2(1 +eR)(ryy t733),
n u
and
oy = —strr’(op +
1 3 o teor).
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