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+ -  - Q2 The reaction 3'vP ~ prr rr was studied in the IV, region 1.3 to 2.8 GeV, 0.3 to 1.4 
GeV 2 using the streamer chamber at DE SY. An analysis of A ++ ( l 232) and A 0 (1232) pro - 
duction via 3'vP --* ATr is presented. The W dependence, production angular distribution and 

• . . + . + q -  . . . . .  

decay distribution of A m the channel A rr Is similar to that found m photoproduc- 
tion. At small momentum transfers the Q2 dependence of A++ production follows that of 
the p propagator as predicted b~ 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 p resen t  f inal  resul ts  on  A ( 1 2 3 2 )  p r o d u c t i o n  b y  vi r tual  p h o t o n s  

via t he  channe l s  

7vp  ~ r r - A + +  , (1)  

% p  ~ ~ "+A° . (2)  

The e x p e r i m e n t ,  wh ich  used the  D E S Y  s t r eamer  c h a m b e r  to s tudy  inelast ic  elec- 

t r o n - p r o t o n  sca t te r ing ,  covered  h a d r o n  c.m.s, energies,  W, b e t w e e n  th re sho ld  and  
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2.8 GeV, and values of  the photon mass squared, _ Q 2 ,  from -0 .3  to - 1.4 GeV 2 . Fi- 
nal results on p and co production, and on inclusive n -+ production have already been 
published [1 -3 ] .  We have also reported studies of  reaction (1) near threshold in 
which we have determined the Q2 dependence of  the 7vP -+ A++n- 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++n- states below W ~- 1.8 GeV is 
known to be dominated by a 7pAn 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 E~ -2 dependence of  the production 
cross section [7] and dominance of  unnatural parity exchange in the t-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, 
(m~ + Q2)-2 ,  as Q2 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 Q2 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 "/vP ~ P/T+'/r-- In sect. 
4 we give the A ++ production cross section as a function of  W, Q2 and t, 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 Cerenk°v 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 = +-p2/PMD M with PMDM -~ 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. 
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A production via reactions (1) and (2) was studied in the final state 

ep ~ epTr+Tr - . (3) 

The events selected for reaction (3) were required to give a 4C fit (X 2 < 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 2 < 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 < Q2 < 1.4 GeV 2. 

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 "tvP ~ P n+n- 

3.1. Definition o f  the cross section 

In the notation of  Hand [14] the differential cross section d2a(f)/dQ 2 dW for 
electroproduction o f  a final state f is expressed in terms of  the cross sections oT(f) 
and oL(f) for production o f  f from scattering of  transverse and longitudinal virtual 
photons on protons by 

doff)  ~ w 
F T (or(Q 2, W, f) + eOL(Q 2, W, f) } , (4)  

dQ2dW E E '  m o 

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

Ot E ' W  2 2 1 
- m Y -  (5) 

• FT 4n 2 E mpQ 2 1 - e '  
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with 

I Q2 > >  rneZ (6) 
I) 2 + Q2 

e =  1 + 2 4 E ~ r _ - O 2  ~ , 

v = E - E '  

For the majority of  the events the polarization parameter,  e, lies in the range 0.85 - 
0.95. The value of e is fixed for a given Q2 and W, therefore no model independent 
separation of o T and o L can be made in this experiment. The 7vP cross section is 
defined as 

o(Q 2, W) = OT(Q 2, W) + eOL(Q 2, I4/). (7) 

3.2. Resonance production in the reaction 7vP ~ P rr+rr- 

The channel cross sections and mass distributions for various Q2, W intervals for 
the channel 7vP -+ P rr+n- have been given elsewhere [ 1 ]. The mass distributions 
indicate strong A++(1232) and po production plus a small amount of  A ° production. 
The cross sections for A ++, ,5 o and po production were determined by a maximum- 
likelihood fit to the Dalitz-plot density: 

dN(Mp2~r+, M ~ % - )  = [azx ++F~x++(MpTr+ ) WA(COS 0HA ) + aLxoF~o(Mp,- ) 

2 + aoFo(Mn+n- ) Wp(cos 0Ha ) + apsFps] X dMp27r+ dMn+ n-  . (8) 

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

F a  : , ~ / I ~  , 

with 

m r ( m )  
S A ( m )  = 

q (m~x - rn2) 2 + m~r2(m)" 

Here m is the 7rp effective mass and F(m) = FA(q/qo)(ma/m) U1 (qr)/Ua (qor); q 
and qo are the 7r momenta  in the 7rp rest frame at the mass m and rna,  respectively, 
and 

1 2/2X2 + 1 2 1) 
UI(X)---~X- [ 4 - -~y - - ln (4x  + 1) - 

t 

with r = 2.2 GeV -1 [15]. 
The normalization constant IA is obtained for a given event from an integration 

over the Dalitz plot 

--  2 +  2 IA - - / B A  WAd-Mpr / d-MTr%r- . 
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Wa(cos 0HA) describes the z5 ++ decay angular distribution in the helicity frame and 
is given by 

W~ (cos 0H~ ) = (¼ +r°34) + (3 _ 3 r °4) cos20r~  33 

where 0He x is the polar decay angle of  the A with respect to the line of  flight of  the 
A and the density matrix element r°~ lies between 0 and 0.5. Wp(cos 0Ha) is the 
corresponding distribution for the p decay [ 1 ]. 

The quantity Fps 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 "/vP ~ W r+rr-: percentages of  A ++, p, 2~ 0 and phase-space product ion as obtained from 
m a x i m u m  likelihood fits to the Dalitz plot 

Ill Q2 n - A H -  po Phase 
(GeV) (GeV 2) space 

a) a) 0 91-+ 2 a) 0 10_+ 1 
1 .3 -1 .5  77-+ 8 6_+ 6 17-+ 10 0.3 - 0.5 

0 . 5 - 0 . 8  66 + 9 0 +  1 34_+ 7 
0 . 8 - 1 . 4  57_+21 8_+12 35_+ 6 

0 64_+ 2 a) 8_+ 2 a) 16_+ 2 a) 12_+ 4 a) 
1 . 5 - 1 . 7  0 . 3 - 0 , 5  58_+ 5 7+  6 10 + 3 25_+11 

0 , 5 - 0 . 8  48_+ 5 13+ 5 18_+ 4 21-+ 9 
0 . 8 -  1,4 56_+ 7 17_+ 15 22_+ 5 6_+ 17 

0 3 2 -  + 2 a) 49_+ 5 b) 3-+ 2 a) 16+ 4 b) 
1 . 7 - 2 . 0  0 . 3 - 0 . 5  32+  3 44-+ 7 1_+ 1 23-+ 6 

0 . 5 - 0 . 8  28_+ 3 48-+ 8 6_+ 4 19_+ 6 
0 . 8 -  1.4 25_+ 3 30+- 10 4-+ 2 41_+ 6 

0 24-+ 2 a) 58-+ 5 a) 1_+ 1 a) 17-+ 6 a) 
2 . 0 - 2 . 2  0 . 3 - 0 . 5  26-+ 5 36_+ 4 8_+ 3 30_+ 4 

0 . 5 - 0 . 8  1 6 -  + 4 34-+ 5 5_+ 2 45_+ 4 
0 . 8 - 1 . 4  20-+ 8 45-+ 6 1_+ 4 34_+ 5 

0 12-+ 1 c) 6 8 -  + 4 c) 2_+ 1 c) 18-+ 4 c) 
2 . 2 - 2 . 8  0 . 3 - 0 . 5  10_+ 2 52_+ 5 3_+ 2 35_+ 4 

0 . 5 - 0 . 8  14_+ 5 53-+ 4 2-+ 2 31_+ 7 
0 . 8 -  1.4 16_+ 6 29_+ 5 1 -+ 2 54_+ 8 

a) Results obtained from table 4 o f  ref. [6b] by averaging over the appropriate W interval. 
b) These values were de termined by refi t t ing the data of  ref. [ 16] with a variable p shape. 
c) Results f rom ref. [8]. 
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In a first set of  fits the 2x mass and width were determined. At all energies we 
obtained P/, = 110 MeV. For W <  1.7 GeV, m a = 1232 MeV for higher energies the 
fit required mA = 1220 MeV. In the subsequent fits mA and Pzx were kept at the 
above values. The fitted fractions of  A ++, A °,  p ° and the phase-space contr ibution 
are listed in table 1; for comparison photoproduct ion results are also given. The rela- 
tive contr ibution of  A ++ to the channel YvP -+ Pn+n-  is found to be essentially inde- 
pendent  of  Q2; the amount of  A ° product ion is smaller by a factor 5 - 1 0  than A ++ 
production.  

4. The reaction ~tvP ~ rc-A++ 

4.1. The A ++ cross section 

We show in fig. 1 and table 2 the A ++ cross section as a function of  14/for 
0.3 < Q2 < 1.4 GeV z and for Q2 = 0 [16]. The W dependence of  A ++ production 
at (Q2) = 0.7 GeV 2 is evidently similar to that  for Qz = 0; namely it exhibits a 
sharp rise above thresl:told 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(Q z) = 0(0)/(1 + QZ/rnZp)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 t 2 
00 9 Q =0  A B B H H M  : 

[ o °~, :  b '~ 0 3":Q2<1& GeV 2 
i ,o ~ 0% • " th is  e x p  ! 

30~ o ¢ 
L % 

b , • t 

] ± 

i 

0 fl 

Q 

I 

J 
~2 ~, ~6 ~8 20 22 24 26 z~ 

w ( G e V )  

Fig. 1. O(TvP -+ rr--A++) as a function of W for 0.3 < Q2 < 1.4 GeV2(e). The open points are 
ABBHHM data [16] from table 4 of ref. [6b]. 
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Table  2 
- - k q -  

Cross sect ions  for  7vP -+ zr ~ as a f u n c t i o n  o f  W for  0.3 < Q2 < 1.4 GeV 2 

14/ o T + c a  L 
(GeV)  (ttb) 

1.25 - 1 .30 0,2 -+ 0.2 

1 , 3 0 -  1.35 1.1 ± 0,7 

1,35 - 1 ,40 8,7 ± 2.3 

1.40 - 1.45 14,2 4-_ 2,1 

1,45 - 1,50 15,4 ± 2.9 

1.50 - 1.55 11.5 ± 2,8 

1.55 - 1 .60 13.5 ± 2.2 

1.60 - 1.65 13.4 -+ 1.8 

1.65 - 1 .70 11.6 + 2.1 

1.70 - 1.75 8.3 -+ 1.3 

1.75 - 1 .80 8.1 -+ 1.0 

1.80 - 1.85 5.1 -+ 0.8 

1.85 - 1 ,90  7.5 -+ 1.4 

1.90 - 1.95 3.6 ± 1.2 

1.95 - 2 .00  2.0 ± 0,6 

2 ,00  - 2 .10  3.3 ± 0.7 

2 .10  - 2 .20  2,5 -+ 0.6 

2 ,20  - 2 .40  1.1 ± 0.3 

2 ,40  - 2 .60  0.7 ± 0.2 

2 .60  - 2 .80  0.6 -+ 0,2 

Yv P ~ r ~ - b * *  

~®~ . . . . .  ' ' . ' w : l ; - l ~ o e v '  ' ' 

~W:15-17  OeV 
L ~ . ~  mW : IT-20GeV 
J \ oW 2.0-22 GcV 

~ , vW : 22-2gOcV 

b C 1 * - 

T 

1 

( 1 + ~ 1  ? 

0 05 I0 15 
Q2(GeV 2) 

Fig. 2. o( ' rvP --+ r r - A + + )  as a f u n c t i o n  o f O  2 for  d i f fe ren t  W regions.  Th e  O 2 = 0 po in ts  we re  

i n t e r p o l a t e d  f r o m  table  4 o f  ref .  [6bJ .  
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Table 3 
Cross sections for 7vP ~ n - ~  as a function of Q2 for different W intervals 

W Q2 OT + e~ L a) 
(GeV) (GeV 2) (~b) 

1 . 3 0 - 1 . 5 0  0.3 - 0 . 4  23.0±3.1 
0.4 - 0 . 5  16.1±1.9 
0.5 - 0 . 6 5  11.7±1.8 
0 . 6 5 - 0 . 8 0  7.2±3.2 
0 . 8 0 - 1 . 4 0  6 .9±3.0  

1 . 5 0 -  1.70 0 . 3 0 - 0 . 5 0  20.8±2.0 
0 . 5 0 - 0 . 8 0  11.3±1.4 
0 . 8 0 - 1 . 3 0  9.8±1.6 

1.70 - 2.0 0 . 3 0 - 0 . 5 0  9 .9±1.0  
0 . 5 0 - 0 . 8 0  6.4±0.8 
0 . 8 0 - 1 . 3 0  3.7±0.6 

2 . 0 - 2 . 2 0  0 . 3 0 - 0 . 5 0  5.6±1.1 
0 . 5 0 - 0 . 8 0  2.5±0.6 
0 . 8 0 - 1 . 3 0  2.0±0.8 

2.20 - 2.80 0.30 - 0.50 0.9 ± 0.2 
0.50 - 0.80 1.0 _+ 0.4 
0.80 - 1.30 0.6 ± 0.2 

a) 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.e., we enforced 

~:/,Wa(W) _ :C AQ2e(Q 2) 

S, AW table2 ~2AQ 2 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 different ial  cross sections do/d~2 and do/dt were de termined  by separate Da- 

l i tz-plot  fits for each interval o f  cos 0cMs and t (here 0cMs is the 2x ++ p roduc t ion  
angle wi th  respect to the p ro ton  direct ion in the 3'vP c.m.s, and t is the four -momen-  

tum transfer squared f rom pro ton  to A). The results for do/d~2 are given in fig. 3 

for different  W intervals. In all W intervals shown the p roduc t ion  angular distribu- 

t ion is anisotropic  with a forward peak;  the anisot ropy increases wi th  increasing W. 

Also shown in fig. 3 are the p h o t o p r o d u c t i o n  differential  cross sections [16] (open 
points)  scaled down by a factor  four.  In general, the shapes o f  the photo-  and electro- 
p roduc t ion  angular dis tr ibut ions agree, which indicates that  the A ++ produc t ion  
mechanisms are similar at Q2 = 0 and in the region 0.3 < Q2 < 1.4 GeV z. Fig. 4 and 



K. Wacker et al. / 2x(1232) production by virtual photons 277 

• Q2 =0 3-1 4GcV 2 

i I i 
13<W<15GeV 

2 

~ o 
1 3  

Yv P--*  rt-A'* 
o l  d(~ 2_ ~ ;~  (Q - o) 

i 

ot ,i l 

t 

0 -1 1 O0 -1 1 0 -1 
COS CMS 

Fig. 3. Differential cross sections da/dY~ for ~'vP ~ n-a++ for different W regions. The often 
points are photoproduction cross sections scaled down by a factor 4. We obtained the Q = 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 da/dt 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 Itl, the electropro- 
duction and photoproduction cross sections are equal within errors, in agreement 
with a previous measurement [ 17]. 

4.3. The 2x ++ decay angular distribution 

In order to determine the spin dependence of the A ++ production mechanism, we 
have studied the decay angular distribution of the z5 ++ using the formalism given in 
detail in the appendix. 

* The difference between the photoproduction and the electroproduction do/d~2 and do/dt plots 
for 1.7 < W < 2.0 GeV may be understood in terms of the change of tmin and tma x with W 
and Q2. 



278 K. Wacker et al. / A(1232) production by virtual photons 

)00 

(b 
© 

m 
:2,- 

"1D 

17<W< 2 0GeV 
T 1 i ~ i 

,,,O 3," O~'< 1 4 GeV ~ This exp 

©Q2=0 ABBHHM 

4p 

Q 

o 

f 

o 

YvP --" rt- E" 
20<W<28GeV 

l T - ~ I T 

~03<O- 2 <I/4GeV" This exp. 

~O:=O, W=245 GeV SBT(rd 8) 

~o~ 

 i"If L~ 

£ 
5 

i 
0 0 5  

i 

i 

0.0  0 5  1 0  I 5 2 0  l 0  I.fl 

Itl(GeV2) Itl (GeW) 

1 
i 

1 

2 5  

Fig. 4. do/dt for ~vP ~ 7r-Zx*+ (a) 1.7 < W < 2.0 GeV, (b) 2.0 < W < 2,8 GeV. The open points 
are photoproduction data from refs. [8,16]. We obtained the Q2 = 0 cross section in fig. 4a by 
refitting the data of ref. [ 16 ] in the appropriate W interval. 

The A ++ decay was studied in the Gottfr ied-Jackson system which is also used in 
the analysis of  A ++ photoproduct ion  [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 qo 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 0,4), (b) in terms of  the A density 
matrix in the Got t f r i edJackson  system [9,20]. The density matrix elements were 
determined by the method of  moments  weighting each event with the maximum- 
l ikelihood weight factor W~ oc aaFa  (r@~r+); 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, r °4, are given 
in fig. 5 as a function of  the product ion angle for different W intervals with 0.3 < 
Q2 < 1.4 GeV 2. In fig. 6, the r 04 elements are given as a function of  production 
angle for different W and Q2 intervals. The remaining density matrix elements are 
small and are given in ref. [10]. The traces of  the matrices r 1 and r s are given in 
table 5 as a function of  W. 



Table  4 

R e a c t i o n  YvP ~ ~r--a-~+: d i f f e r en t i a l  cross sec t ions  for  0.3 < Q2 < 1.4 GeV 2 

1 . 7 <  W < 2 . 0 G e V  

Itl do/dt <At) 
(GeV 2) ( # b / G e V  2) (GeV 2) 

0.1 - 0.2 5 .9  -+ 2.4 0 .078 0 .425 
0.2 - 0.3 4 .3  ± 0.6 0 .095 0 .463  

0.3 - 0.4 6.4 ± 0.7 0 .098  0 .463  
0 . 4 - 0 . 5  4 . 8 ±  1.5 0.1 0.511 
0.5 - 0.6 5 .4  ± 0.8 0.1 0 .523 
0.6 - 0.7 3.9 ± 1.2 0.1 0 .518  

0.7 - 0.8 2.9 ± 0.7 0.1 0 .552  

0.8 - 0.9 3.3 ± 0.6 0.1 0 .525 
0.9 - 1.0 2.9 ± 0.8 0.1 0 .539  
1.0 - 1.2 2 .0  ± 0.4 0.2 0 .574  

1.2 1.4 2.3 ± 0.5 0 .198  0 .572  

1.4 - 2.0 0.9 ± 0.2 0 .501 0 .662  

2.0 - 0.1 ± 0.3 0.455 0.781 

2.0 < W <  2.8 GeV 

{Q2) Itl da/dt (/,t) (Q2) 
(GeV 2) (GeV 2) ( # b / G c V  2) (GeV 2) (GeV 2) 

0.05 - 0.15 3.2 -+ 0.4 0 .070  0 .480  
0.15 - 0.25 2.4 ± 0.6 0 .098  0.491 

0.25 - 0 .35 1.3 + 0.3 0.1 0 .526  
0.35 - 0.45 1.1 ± 0.4 0.1 0 .529  
0.45 - 0 .60  0.6 + 0.3 0.15 0 .506  

0 .60  0 .80  0.2-+ 0.2 0.2 0 .538 
0 .80  - 1.00 0.3 ± 0 . I  0.2 0 .530  

1.00 - 1.40 0.4 _+ 0.1 0.4 0 .566  
1 . 4 0 - 2 . 0 0  0 . 2 ±  0.1 0 . 6 0  0 .585 

2 .00  - 0 .04 -+ 0 .04  1.472 0 .597 

YvP - - "  rCk*÷ 
0 3 < 0  ~ <1,4 GeV ~ 
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Fig. 6. A ++ density matrix elements in the Gottfried-Jackson system as a function of cos 0CM S 
for different Q2 and W regions. 

In summary we find: 
(a) At threshold (1.3 < W <  1.5 GeV) r33°4 = 0.31 -+ 0.02; it is independent of  pro- 

duction angle and Q2. For comparison, a pure contact term would give r33o4 = 0.375 * 
while pure pion exchange would give r33°4 = 0. Absorption corrections to one-pion 
exchange would increase the expected value o f  o4 r33- 

o4 becomes Q2 depen- (b) With increasing energy r33°4 decreases. For W > 1.7 GeV, r33 
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 Q2(0.3 < Q2 
< 0.8 GeV2). 

(c) The trace of  r 1 , i.e., 2 ( r l l  + r3X3), 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 3'vP --* 7r-A-~: trace of density matrices r 1 and r 5 in the Gottfried-Jackson system 
for 0.3 < Q2 < 1.4 GeV 2 

W(GeV)  Tr  r I Tr  r 5 

1.30 - 1.50 0.0 -+ 0.05 0.01 -+ 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 If (see table 5). Since for transverse photons, 

t t 

Po t .  % ~ (i~ = 2(P~1 +P~3) = 2(1 + eR)(rll  +r~3) ,  
t + ( i t  

(in 

where On(%) are the cross sections for A production through natural (unnatural) 
parity exchange in the t-channel, the values of tr r I imply (in ~ (iu at threshold and 

Ou > (in for If > 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 s measures the longitudinal-transverse interference cross sec- 

tion Ol, through the relation 

tr r s - 2oi 
O T + eO L 

At small W, tr r s is compatible with zero; for I f >  2.0 GeV, t r r  s = - 0 . 1 0  -+ 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 7vP -~ n +A° 

It has been found in photoproduction that strong A++-A ° interference occurs at 
low If [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: c~, the 
degree of coherence between the A ++ and A ° amplitudes, and 4, 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 ~'vP ~ ~z+A° ( AO -+ n-p)  for 0.3 < Q2 < 1.4 GeV 2. (a) o(~,vp --+ n+A 0) as a 
• + 0 ~ + +  , function of W, (b) ovp ~ # A )/a(~,vp -~ rr A ) 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 ++ - A 0 interference parameters % ~ as a function of W. Also shown are the photoproduc 
tion values from ref. [6] (open squares). 

In fig. 7a we show the  cross sect ion for 7 @  -+ ~ + A ° ( A  ° ~ w r - )  as a func t ion  o f  

W. We find a m a x i m u m  be tween  1.5 and 1.7 GeV fol lowed by a strong fall-off  at 

higher energies. The ratio,  R a ,  o f  the  A ° and A ++ cross sections is given in fig. 7b. 

Figs, 7c and 7d give the fit parameters  a and ~ together  wi th  those f rom photopro-  

duc t ion  [6] (open  points) .  Within errors, our results agree wi th  those f rom photo-  
p roduc t ion .  

Fig. 8 shows the Q2 dependence  o f  the  A ° cross section and of  RA in different  

W intervals. With the excep t ion  o f  the region 1.5 < W < 1.7 GeV where there is a 

t rend for A ° p roduc t ion  to be less Q2 dependent  than A ++ produc t ion ,  A ° and 

A ++ p roduc t ion  have similar Q2 dependences .  The full squares in figs. 7b, 8 are 

data po in ts  f rom ref. [19] at t - tmin = 0.04 GeV 2. They are consistent wi th  our 
data. 
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6. Summary 

We have studied the reactions 7vP ~ n-`5++ and 7vP ~ lr+2x° in the kinematic 
region 0.3 < Qz < 1.4 GeV 2, W < 2.8 GeV. We find that: 

(a) The cross section for `5++ production shows a W dependence which is similar 
to that found in photoproduction (fig. 1). 

(b) The dominating forward `5++ cross section depends on Q2 approximately as 
1/(1 + Q2/m2o)2, i.e., it shows a stronger Q2 dependence than the total inelastic 
3'vP cross section. This Q2 behaviour is also observed in the total `5++ production 
cross section in nearly all W intervals (fig. 2). In contrast `5++ production at large 
Itl shows a weak Q2 dependence for W > 2 GeV. 

(c) At all energiesthe `5++ 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 IV > 1.8 GeV unnatural parity exchange dominates over natural parity 
exchange in the t-channel as expected for one-pion exchange. 

(e) For ,5 o production, the IV dependence of the cross section, the ratio to 2x ++ 
production, and the phase angle between the A ° and `5++ production amplitudes, 
are similar to the corresponding quantities found in photoproduction. 

In conclusion, our observations for small momentum transfer, Itl, are compatible 
with.`5 electroproduc'tion 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 O 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 2x is defined by the polar and azimuthal angles 0 ,0  
given by 

p .  p '  
COS 0 = - - - - -  Ipllp'l ' 

(~v X ~ - ) - ( p  Xp')  
COS ~ - 

h'v Xn- I lp  Xp'I 

fiT,, x ~-) x p). e, xp') 
sin 0 = 

I(vv X ~r-) XplIp Xp' I  ' 

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.m.s.; d~ is given by the angle between the 
A production plane and the electron scattering plane 

cos q) - (Tv X r r - ) .  (e X e') 
h'v X n-l ie  Xe'l ' 
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sin ¢ =-(-(Tv-X ~ [ )  X(e Xe'))  • 7v 
17v X rr-I le X e'lh'vl ' 

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 2x decay angular distribution, W(cos 0, ¢, de), can be expressed in terms of the 
2x density matrix using the formalism of ref. [20] by: 

W(cos 0, ¢, ~ ) -  1 [ W O ( c o s O , ¢ ) _ e c o s 2 O  ~ Wl(cos 0, ¢) 
l + e R  

- e sin 2~ W2(cos 0, ¢) + eRW4(cos 0, ¢) 

+ v/2e(e + 1)v'R {cos q~ WS(cos 0, ¢) + sin ep W6(cos 0, ¢)}] , 

where 

R -  

and 

OL(Tv p -+ A++rt- ) 
OT(3'vp -+ A++n-- ) ' 

3 ,~ p~ )r! + cosZ0) Wa(cos 0, ¢) =~-{P33 sin20 +(I  - 33 ~3 

2 ~ 2 
- X/3 Re P31 cos ¢ sin 20 -~-~  Re P~-I cos 2¢ sin20} 

for a = 0 and 4, 

3 2 
- + 011(3 + c°s20) -~ -~Re  P31 cos ¢ sin 20 WC~(cos 0, ¢) - ~  (P~3 sin20 c~ 1 a 

-~33 Re P~-1 cos 2¢ sin20) 

for a = 1 and 15, 

_ 3  { 2 ~ +~/~ Im P3_1 sin 2¢ sin20 } WC~(cos 0, ¢) - ~ ~-~ lm P31 sin ¢ sin 20 2 

for a = 2 and 6. 
Since R is not known, po and p4 cannot be separately determined. Thus we deter- 
mine only the combinations 

04 P°k + R P4k 
rik - 1 + el? 

Similarly we can measure only the quantities 

pC~ 
ik f o r a = l  and2 

rC~k - 1  + eR ' 
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~/R ~ for a = 5 and 6 
rTk - 1 + eR Pi~ , 

F r o m  the density mat r ix  e lements  we can derive two quanti t ies  o f  part icular  

interest  in the exper iment ,  namely  POt, which  measures the mix ture  o f  natural  and 

unnatural  par i ty  exchange cross sections,  On, Ou, in the t-channel  for transverse 

photons ,  and ol which measures transverse-longitudinal  in terference.  

Po t is given by [21 ] 

t t 
Pot - °n - °u - 2(011 + P~3) = 2(1 + eR)(r] ,  + r~3 ) t - - ~ -  1 

o n + o u 

and 

1 0 i  = - 3  tr  rS(oT + eoL). 
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