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Abstract

The reaction vy,p = pW+W_ was studied in the W, Q% region 1.3 to 2.8 GeV, 0.3

to 1.4 GeV? using the streamer chamber at DESY. An analysis of A’ (1232) and
AO(1232) producticn via YyP > AT is presented. The W dependence, production an-
gular distribution and decay distribution of 2™ in the channel &%+ﬂ_ is similar
to that found in photoproduction. At small momentum transfers the Q® dependence
of &'t production follows that of the p propagator as predicted by VDM; at large
momentum transfer there is Tittle Q® dependence. The W dependence of N produc-
tion and its ratio with respect to A++ production is similar to that found in

photoproduction.
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1. Introduction

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

via the channels

yp o+ w4, (1)
Y o mAT. (2)

The experiment, which used the DESY streamer chamber to study inelastic elec-
tron-proton scattering, covered hadron cms energies, W, between threshold and
2.8 GeV,and values of the photon mass squared, -Q%, from -0.3 to -1.4 GeV?, Fi-
nal results on p and w pfoduction, and on inclusive ﬂtproduction have already

1,2,3

been published . We have also reported studies of reaction (1) near thres-

hold in which we have determined the (Q*? dependence of the YyP > 2**0 contact

interaction and the Q% dependence of the nucleon axial-vector form-factor4’5.

Here we present our experimental results on channels (1) and (2) and compare

them with photoproductien. Photoproduction of 2717 states below W=1.8 GeV is
known to be dominated by a ypAw contact interaction and by s-channel resonance
formation6. At higher energies the photoproduction process has the characteri-
stics of one-pion exchange; that is one finds an Ey_z dependence of the produc-
tion cross sect10n7 and dominance of unnatural parity exchange in the t—channeTS.
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,

(mp2 + Q%) “, as Q2 changes. However, to the extent that longitudinal photons
can be neglected, other characteristics of a*7 electroproduction, such as the
production angular distribution and the decay distribution would be the same as
in photoproduction. In this paper, we study the (? dependence of the A cross

section, and its angular 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
{section 2). In section 3 we discuss resonance production in the reaction

* production cross section as a func-

TP prim . In section 4 we give the A
tion of W, Q% and t, and we discuss the A++ decay distribution. The characte-
ristics of A° production are given in section 5 and a summary of A production

in section ©.

2. Experimental procedure

A detailed description of the setup and the event analysis has been given in
refs. 9 and 10. A 7.2 GeV electron beam traversed a 9 cm iong Tiquid hydrogen
target inside a streamer chamber. The streamer chamber, of 1 m length, was in a
magnetic field of 1.8 Tesla. Two arrays of trigger counters, lucite Cerenkov
counters and lead scintillator 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 armsll. With the proportional chambers the
average measurement error of tne scattered electron's momentum was Ap = ipz/pMDM

with PMpM = 250 GeV/c; the error on the scattering angle was about +1 mrad.

Approximately 360 000 pictures were taken with a total flux of 3.3-10!2 elec-"
trons incident on the target. The event analysis was similar to that used in
bubble-chamber experiments. A total of ~9 100 elastic and ~46 700 inelastic ep
scattering events were 0btained+).
A production via reactions (1) and (2) was studied in the final state

ep > eprim . (3)

The events selected for reaction (3) were required to give a 4C fit (42 < 38)

consistent with the observed track ionization. For 10 % of the events of reac-

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



tion {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 7 383
events, which satisfied these selection criteria, were found in the kinematical

region 1.3 < W < 2.8 GeV, 0.3 < Q% < 1.4 GeV®.

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 pro-
cessed 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 corrections were estimated in the peaking approximation. The correc-
tions amount typically to a +23 % contribution from external and internal
Bremsstrahlung and a -7 % contribution from vertex and propagator correctionsl2

(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 in-
elastic ep-cross section measured in a single arm experimentls. The errors gi-
ven below are statistical only. A systematic uncertainty of *10 % has to be

added which covers the uncertainties from event selection (5 %), radiative cor-

rections (4 %) and cross-section normalization (7 %).

3. General characteristics of the reaction v,p > pw+ﬂ'

3.1. Definition_of the cross section

In the notation of Hand14 the differential cross section d?q{f)/dQ? dW for elec-
troproduction of a final state f is expressed in terms of the cross sections
OT(f) and oL(f) for production of f from scattering of transverse and longi-

tudinal virtual photons on protons, by



do{f) . n_ W r7 {op(Q%,H,F) + € o (Q°,H.F)) (4)
dQ? du EE' m, .

where E, E' are the lab energies of the incident and scattered electron, mp is

the mass of the proton, I'; measures the flux of transverse photons,

a B WP-mioo]
— (%)

T 4 my Q7 1 -
with
2 2 -1
e = lre XX | gem, (6)
4 EE - Q?
v = E-E

For the majority of the events the polarization parameter, e, Ties in the range
0.85 - 0.95. The value of ¢ is fixed for a given Q? and W, therefore no model
independent separation of o7 and op can be made in this experiment. The YyP

cross section is defined as

o(Q7.M) = op(Q%,H) + = o (02,W) (7)

3.2. Resonance production_in the reaction YyP

The channel cross sections and mass distributions for various Q%,¥ intervals for

1 The mass distributions indi-

the channel YP > pn+w- have been given elsewhere
cate strong A T(1236) and o0 production plus a small amount of A° production.
The cross sections for A++, A% and po production were determined by a maximum

Tikelihood fit to the Dalitz-plot density:

pm p“_) (8)

. 2 2
F o F(Moo) U (cosey )+ ane Foo T iy ey

AN(M2 M2y ) = [}A++ Farr(M 4) W, (cosey ) + a0 F ol

pm



. . 44
The fitted parameters, a, measure the size of the A , IR ¢ and phase space

contributions; F,, F describe normalized Breit-Wigner distributicens, e. g. for
}._.

AS
the A
F. =8/,
Ly i )
with
B,(m) = & T{m)
4 2 _ 2y 2 2 2
q (mA miyT o+ mi I (m)
H is th ffecti d e Ll
ere m is the wp effective mass and I'(m) = ‘ﬁq/qoﬂmﬁ/m;_ﬂifa;FT’ q and q, are
the © momenta in the mp rest frame at the mass m and M respectively, and
2 x2 +1 -1 15

Up(x) = 1/2 x> { In(d x* + 1) ~ 1) with r = 2.2 GeV ~.

4 x*

The normalization constant I, 1s obtained for a given event from an integration

over the Dalitz plot

I, = [B, W

i

j M2 M

NA(COSSHA) describes the &*° decay angular distribution in the helicity frame
and is given by

1 04 3

04
W coseHA) = (g+ryy) t(7-3 r3z) cos?8

A( H/‘_\. Y

where GHA is the pclar decay angle of the A with respect to the 1line of flight
4
of the A and the density matrix element rgé_lies between O and 0.5. Np(coser)

1s the corresponding distribution for the o decayl.

The quantity F s describes events uniformly distributed over the Dalitz plot; it

p
is a constant and is normalized as described above. e have given the p Breit-
Wigner distribution e]sewherel; it was found that the fraction of A is insensi-
tive to the assumed p shape so that the details of the p analysis do not concern

us here,



In a first set of fits the A mass and width were determined. At all energies we
obtained I', = 110 MeV. For W < 1.7 GeV m, = 1 232 MeV; for higher energies the
fit required m, =1 220 MeV, In the subsequent fits m, and T, were kept at the
above values. The fitted fractions of A++, AO, po and the phase space contribu-
tion are listed in table 1; for comparison photoproduction results are also:1s0

given, The relative contribution of A"* to the channel YyP pn+w_ is found
to be essentially independent of Q?; the amount of N production is smaller by

a factor 5 - 10 than A™" production.

4. The reaction y,p_= 7 att

4.1. The_n’" _cross_section

We show in fig. 1 and table 2 the ATt cross section as a function of W for

0.3 < Q%2 < 1.4 GeV? and for Q2 = Of16 The W dependence of A™" production at

Q%> = 0.7 GeV? is evidently similar to that for Q2 = O3 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 sec-
tion in different W intervals as a function of Q%. To guide the eye, we draw
curves of a VDM type, o(Q?) = o(0)/(1 + Qz/méjz. 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 Q? distributions.

The differential cross sections do/d% and do/dt were determined by separate Da-
1itz-plot fits for each interval of 0S8y and t (here Bems is the a*" produc-
tion angle with respect to the proton direction in the Y P cms and t is the
four-momentum transfer squared from proton to A). The results for do/dQ are gi-
ven in fig. 3 for different W intervals. In all W intervals shown the production

angular distribution is anisotropic with a forward peak; the anisotropy increa-



ses with increasing W. Also shown in fig. 3 are the photoproduction differential
cross sect10n516 (open points) scaled down by a factor four. In general, the
shapes of the photo- and electroproduction angular distributions agree, which
indicates that the At production mechanisms are similar at Q® = 0 and in the
region 0.3 < Q% < 1.4 GeV?, Fig. 4 and table 4 give do/dt for photo- and elec-
troproduction for the region 1.7 < ¥ < 2.0 GeV+) and 2.0 < W < 2.8 GeV. The fi-
gure shows that the slope of the forward peak is lower in electroproduction

than in photoproduction. At large it|, the electroproduction and photoproduction
cross sections are equal within errors, in agreement with a previous measure-

ment17-

In order to determine the spin dependence of the At production mechanism, we
have studied the decay angular distribution of the At using the formalism given

in detail in the appendix.

The A++ decay was studied in the Gottfried-Jackson system which is also used in

6,8,16

the analysis of att photopreduction . 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 &
and ¢ of the decay proton with respect to the axes of the Gottfried-Jackson sy-
stem. We also use the angle ¢ of the polarization vector of the transverse pho-
tons in the hadron cms, which is the angle between the A++ production plane and

the electron scattering plane.

At

We analysed the decay distribution W {cos€,$,%) in terms of the A density

E

matrix in the Gottfried-Jackson system' O. The density matrix elements were de-

*) The difference between the photoproduction and the electroproduction do/dQ
and dg/dt plots for 1.7 < W < 2.0 GeV may be understood in terms of the
change of t and t_. with W and Q2.

min X



termined by the method of moments weighting each event with the maximum 1ikeli-
hood weight factor wl = a, FA(m;ﬁ+); for details of the method see refs. 10, 18.

We estimate that background results in systematic errors that are less than the

04

statistical errors. The density matrix elements, r ', are given in fig. 5 as a

function of the production angle for different W intervals with 0.3 < Q? < 1.4

04

GeVZ. In fig. 6 the r' elements are given as a function of production angle for

different W and Q? intervals. The remaining density matrix elements are small

1 5

and are given in ref. 10. The traces of the matrices r~ and r” are given in

table 5 as a function of W.

In summary we find:

04

a) At threshold (1.3 < W < 1.5 GeV) r3z = 0.31 £0.02; it is independent of pro-

duction angle and Q*. For comparison, a pure contact term would give

rgg = 0.375 while pure pion excﬁange would give rgg = 0., Absorption correc-
tions to one-pion exchange would increase the expected value of ng'

b} With increasing energy rgg decreases, For W > 1.7 GeV rgg becomes Q2 depen-
dent, increasing as Q? 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?).

¢) The trace of rl, i. e. Z(ril + r%3), is energy dependent, being ~ 0 at thres-

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

photons,
t t
c_ - g
t u 1 1 1 1
Py T ex T iy toeg) = 2L+ R +rg)
n u

where o (0

n are the cross sections for A production through natural (unna-

u)

tural) parity exchange in the t-channel, the values of Tr rl imply O ~ Oy

at threshold and 9, > % for W > 1.8 GeV. This is consistent with dominance

of a contact term at threshold and of one pion exchange at higher energies.

: Strictly speaking this holds only in the forward direction where the
~longitudinal contribution vanishes.
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d) The value of Tr r5 measures the longitudinal - transverse interference cross

section oy, through the relation

201

O’T+EO’L

At small W, Tr r5 is compatible with zero; for W > 2.0 GeV Tr r5 =-Q.10 +0.03,

in agreement with other measurementslg.

In general, the density matrix elements discussed above agree with those found

6’16. Thus the a'* angular distributions, like the production

in photoproduction
angular distributions, indicate that the same mechanismsare important in elec-

tro- and photoproduction.

, +
5. The reaction YyP_ 2T AO

It has been found in photoproduction that strong A" - A% interference occurs at
Tow w.6 Consequently the maximum 1ikelihood 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:
o, 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 2° on
the A" quantities (such as the cross section and density matrix elemenis) is

negligible.

In fig. 7a we show the cross section for Y P s a0 (AD ~ 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, R,, of the A% and A" cross sections is given in

- fig. 7b. Figs. 7c and 7d give the fit parameters o and ¢ together with those
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from photopr‘oduction6 (open points). Within errors, our results agree with

‘those from photoproduction.

Fig. 8 shows the Q? dependence of the A% cross section and of RA in different
W intervals. With the exception of the region 1.5 < W < 1.7 GeV where there is

* production, a° and

a trend for A° production to be Tess Q% dependent than A
ptt production have similar Q2 dependences. The full squares in figs.7b+8

are data points from ref. 19 at t_tmin = 0.04 GeV%. They are consistent with

our data.

6. Summary

We héve studied the reactions YP o't and Y P n7a% in the kinematic region

0.3 < Q* < 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 2"t cross section depends on Q% approximately as
1/(1+Q2/mé)2, i. e. it shows a stronger Q? dependence than the total inela-
stic Y P €ross section. This Q? behaviour is also observed in the total A++
production cross section in nearly all W intervals (fig. 2). In contrast NS
production at large |t| shows a weak Q2 dependence for W > 2 GeV.

c) At all energies the At production angular distribution is anisotropic with
a forward peak (with respect to the incoming proton in the hadron cms) which
narrows as W increases. The shape of the production angular distribution is
similar to that found in photoproduction {fig. 3).

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

e) For A% production, the W dependence of the cross section, the ratio to at’

production, and the phase angle between the 20 and 2"F production amplitudes,

are similar to the corresponding quantities found in photoproduction.
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In conclusion, our observations for small momentum transfer, [t]|, are compatible
with A electroproduction occurring through the same mechanisms as in photoproduc-
tion with the Q? dependence of the cross section being determined by a VDM-1ike
p propagator. At large momentum transfers att production shows a weak Q¢ depen-

dence.
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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 sy-
stem 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 ana1yser of the A de-
cay we use the decay proton p'; thus the decay of the 4 is defined by the polar

and azimuthal angles 0, ¢ given by

cosp = PP
IR
(v, x 7)) = (p xp")
cos¢ = —
|YV x T [ [p x pI
_ ((vy, x 7 ) xp) « (p xp")
sing = - ~

vy x 7 0x el |pxp]

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 cms; ¢ is given by the angle between the

A production plane and the electron scattering plane

(ry x 1) (e xe')

cosd -
Yy x ™ [ Jexe'l

. ({yy x ) x (e xe')) « v,
5ing

vy xm i e x|y

where the symbols represent the 3 vectors of the corresponding particles in the

hadron cms; e, €' are the incident and scattered electron.
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The & decay angular distribution, W{cos€,¢,%), can be expressed in terms of the

A density matrix using the formalism of ref. 20 by:

W(cos0,¢,8) = T—ilE“ﬁ [No(cos@,¢) - £ Ccos2¢ Nl(cos®,¢)
- ¢ 5in20 Wo(cos0,4) + = R W(cos0,4)
+ y2c(e + 1) /R {coso w5(cose,¢) + 5ind W 6(cose,¢)}]
where R =
++ -
and
W¥(coso,4) = % (934 sin‘e 3 - p33)(5 + cos?o)
2 o . _ 2 o . 2
- = Re p3q COSY sinZo ‘;E Re P31 cos2¢ sin~0}
V3
for a = 0 and 4
W*(cos@,¢) = f% {0%3 sin%9 + pfﬁ (% + cosze) -2 Re p%l cos¢ sin20
V3
- 5% Re p%_l cos2¢ sinZo}
for a = 1 and 5
3,2 o ... 2 o . .
W¥(coso,p) = {£ Im p3q sing sin2@ + = Im o, . sin2¢ sin“O}
I /3 31 3 3-1
for a = 2 and b

4

Since R is not known, p® and o' cannot be separately determined. Thus we deter-

mine only the combinations
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0 4
o4 Pt R
ik = T+ER

Similarly we can measure only the quantities

o
p .
r?k = _T—ilgnﬁ_ : for o =1 and 2
and r?k = _777¥%§7T— Pk for o =05 and 6 .

From the density matrix elements we can derive two guantities of particular
interest in the experiment, namely Pg, which measures the mixture of natural and
unnatural parity exchange cross sections, Gps Tys in the t-channel for trans-

verse photons, and 01 which measures transverse-longitudinal interference.

PE is given by21
t t
g -0
t _ n u _ 1 1 1
PO = T T 2(011 + 933) = 2(l +¢ R)(l"‘ll + Y'33)
g. + C
n u
d o = -5 Trr {or + € 0y)
ané o = °7 T L/
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Table 1  Reaction yp ~ prT

Percentages of a*t, 0, A9 and phase space production

as obtained from maximum Tikelihood fits to the Dalitz plot.

-+

0 +

0

W Q? 5 A Po T A phase-
(GeV) (GeV?) space

0 a1 = 2 ) o a) 10z 1 a)
1.3-1.5 0.3-0.5 77 + 8 — 6+ 6 17 £+ 10
0.5-0.8 66 + 9 — ot 1 3%+ 7
0.8-1.4 57 + 21 - 8+ 12 35+ 6

0 64 + 2 8 8: 223} qgzx 22 12+ 4a)
| sel.7 0.3-0.5 58 + 5 7 + 10+ 3 25 + 11
0.5-0.8 48 t 5 13 & 5 18 + 4 21+ 9
0.8-1.4 56+ 7 17 + 15 22+ 5 6+ 17

0 32 + 23) 49+ 5b) 3+ 2816 &+ 40b)
1.7-2.0 0.3-0.5 32 0+ 3 b £ 7 1+ 1 23 = 6
0.5-0.8 28 = 3 48 + 6+ 4 19 + 6
0.8~1.4 25 = 3 30 + 10 4+ 4 + 6

0 2 + 23) 58+ s528) 14 13 57 4 g a)
2.0-2.2 0.3-0.5 26 + 5 36+ 4 8+ 3 30 = &
0.5-0.8 16 + 4 3%+ 5 5+ 2 45 t 4
0.8-1.4 20 + 8 45 & 6 1+ & 3 + 5

0 12 + 1S e84+ 4C) 2+ 1¢) g &+ 4 ©)
2.2-2.8 0.3~0.5 10 + 2 52+ 5 3+ 2 35 & 4
0.5-0.8 4 + 5 53+ 4 2+ 2 31 + 7
0.8-1.4 16 * 6 29+ 5 1+ 2 56 = 8

a) Results obtained from table 4 of ref. 6b) by

W interval.

b) These values were determined by refitting the
with a variable p shape.

¢) Results from ref. 8.

averaging over the appropriate

data of ref.

16



19

" Table 2 Cross sections for Y 5 a™" as a function of W

for 0.3 < Q% < 1.4 GeV?.

0.3 < Q% < 1.4 GeV?

W Iy + e o
(GeV) (ub)
.25 ~ 1.30 0.2 % 0.2
1.30 - 1.35 1.1 + 0.7
1.35 - 1.40 8.7 =+ 2.3
1.40 — 1.45 14.2 =+ 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




20

Table 3 ' Cross sections for Y 7 a*" as a function of Q2

for different W intervals.

W Q* op * £ ULaﬂ
(GeV) (GeV®) (ub)
1.30 - 1.50 0.3 - 0.4 23.0 + 3.1

0.4 - 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 11.3 + 1.4
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 5.6 = 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 + 0.4
0.80 - 1.30 0.6 £ 0.2

a) The cross sections given in table 3 and figure 2 have been renormalized
by 5 - 20 % to match the averaged cross sections of table 2 and figure 1;

i. e. we enforced

_Eéngfw)

The summation was performed in each of the five W intervais of table 3.

_1AQ® 0502) .
table 2 140 table 3

This renormalisation has not been applied in ref. 10.
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Reaction 'va > Tr-A-H-.

Trace of density matrices, rl and r5 in the

Gottfried-Jackson system for 0.3 < Q2 < 1.4 GeV2.

W (GeV) Tr rl Tr .r5
.30 - 1.50 0.0 £ 0.05 0.01 = 0.02
.50 - 1.60 0.0 + 0.05 ~3.03 £ 0.02
.60 - 1.70 -0.04% 0.05 -0.09 = 0.03
70 - 1.80 -0.04% 0.06 -0.06 £ 0.03
.80 - 2.00 -0.15% 0.06 -0.04 £ 0.03

.00 - 2.80 =0.17+ 0.07 -0.10 £ 0.03
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Figure captions

Fig. 1:
Fig. 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fig. 6:
Fig. 7:

a(v,p > n"a**) as a function of W for 0.3 < Q2 < 1.4 GeVZ(e).

The open points are ABBHHM datai® from table 4 of ref. 6b.

U(va - w'A++)as a function of Q? for different W regions. The Q2 = 0

points were interpolated from table 4 of ref. 6b.

Differential cross sections do/do for v,p ~ 7 a"" for different W re-
gions. The open 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 procedure

of section 3.2.

do/dt for yp » 5 o',
(a) 1.7 < W < 2.0 GeV,
{(b) 2.0 < W <« 2.8 GeV.
The open points are photoproduction data from refs. 8 and 16. We ob-
tained the Q2 = 0 cross section in fig. 4a by refitting the data of

ref, 16 in the appropriate W interval.

AT density matrix elements in the Gottfried-Jackson system as a func-

tion of cosQMgor different W regions and 0.3 < Q% < 1.4 GeV?2,

A++ density matrix elements in the Gottfried-Jackson system as a func-

tion of coqugok different Q2 and W regions.

Reaction YyP 5o Al (go > 7 p) for 0.3 < Q2 < 1.4 GeV2.
(a) oly,p » m 2%) as a function of W,
+ .0 - ++ .
(b) olyyp » 4 )/g(yvp -7 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+ - AO interference parameters, o, ¢ as a function of W.

Also shown are the photoproduction values from ref. 6 (open points).
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Fig. 8: Cross section o(yp ~ w+a0) and cross section ratio o(ﬁ+AO)/o(w_A++) as
a function of Q2 for three W regions. The points at Q% = 0 are from
ref. 6. The meaning of the full and open points 1s the same as in fig.

7 {a) and (b). Also shown is a measurement from ref. 19 (m}.



100

30

10

o (ub)

0.3

YyP— A"

1 1 ] 1 !

[T T rrrr|
o
©

00'

LTI A
- i if}} i
: ; :

!

I ]IllT]l

S 5 Q’=0 ABBHHM
o © o ¢ 0.3<O.2<1.4 GE‘V2
this exp.

L ol

L

Lo vl

] I
1.2 14 1.6 18 20 2.2

W (GeV)

Fig

2.4



100

0.1

Yv P —T A"

1 T 17T T7T7rl

1 IIITII

1

'I_TII!III

T

1 1 ] 1
e W:13-15GeV
aW :15-17 GeV
@ aW:17-20GeV

oW :2.0-2.2 GeV
YW :2.2-28 GeV
5
:\M\

L
%Q%

(1, Q2% )2

I I 1 1 1 ]

O]

/]

/

L1 ¢ 1 111

l_L|l|11|

1

1 ||le_|_

1




do/dQ (ub/sr)

©Q%:0.3-14Gev?

Yv P— TL-,-AH

a
Q

(2-01

l

N
Bie,

N I
| 13<W<15GeV _

15<W<l 6 GeV

0
L

b

1 | | I

16<W<17GeV |

l|_%.£|LJ_’J___I_
m Qa
1 I | 1

I S

[T
B

1 1 1 B
1.8<W<20GeV|

NO

20<W<2 BGeV




100

do/dt (Lb/GeV?)
o

va — AT
- 1.7<W<2.0GeV

27705

I

¥

|

|

I

$0.3<Q%<1.4 GeV? This exp.

5Q°=0 ABBHHM

|

- ]
-2 ]
L 5 )
o :
: %?E 5 ;
—- Imﬁ} _
Pl ] 1 | l—
0.0 05 1.0 1.5 2.0
1t (GeV?)

Fig. 4a



10

do/dt (ub/ GeV?)

| Trllnl

0.1

va — 1T A"
20<W<28GeV

27948

I

I

! TTIIIII

—

I R R B B B

| | [

|
$03<Q2 <14GeV? This exp.

|

5Q2=0, W=245GeV SBT(ref.8)

| | |

—o—

g

.

| llllL_Ll

1 Jllllll! 1

llllill]

0.5 10 15 2.0
Itl (GeV?d)

Fig-4b

2.5



'Yv p __..“:..A-l--o-
03 <Q? <1.4GeV?

04
Rerm

04

Rer ..
!

SRR

llT'l’

2 2]
-

L1

T T T TT
;
L1

T THT T
[T
o
5 2
e
e
oy
o

o

Ly ] g

htisyiy *o
. 3

— -
p— pum—
- aad
— =
- -~
.-i i; -
— -
- -
- -
b -
f— -
-

JF "0

$ 5

i,

.

—

- 55 4128

-
—~—

[

I

Ll

LA B L B~ ~1 B
%
1l L1l 1

¥

T T Tt
Fa
e
aal
[ 8
i

LlLll

[
e
11

!

TT T T T Y T 777
|-

hod

ﬁjllll

1 (GeV)l

1345
15-16
16-17
17-18

18-2.0

120-28



05t

05E
0.0F

05

0.0F

-05¢

\AJF)'_"Tt-Zl*+

04
Rery

04
M3

04
Rer},

[

QZ

R 1

T 13<
é&ifiiiifi_
00F ]

W<

T

5 GeV

T 1 1T 17 1

1(GeV?)

03-05

05-08

08-1.4

- }N .

10 1

| }T SRR

3 : 1:.5‘<r_v:v<;1t.7ﬂ6~ev | :

0.3-05

10.5-08

. 341+
: i | lret
TR U
Bt e s 1 E R
T IR e e

1408-14




.va .n:""A-H-
04 04 04 ¢
r% Rer{: Rerd Q

T 7<wW<2B eV | @V
0.5t 1 F 1 [ .

— — - e

4 F -

Ooi;mm{i L s 1F i 11305
O i pty 0o
osp b 4P

_ _I— - 1 b
00—+ i s 74 0.5-08

I .;_ 1 L N
o.o_ ﬁ% : E#L}gj{{ ;g%o.s-m

-05F JE 1 F .

R N e

1 0 <11 0 11 0 -
COS GCMS



i3t

Y,P—T ﬁpn_
03<Q%<1.4GeV?
0. +€0, T 7 T T T 7T 4 T_thl T T
- a Wi
(ub) 6l ) & without Interference
_ .
A : i
2 | ‘ #
0 1::4:\ | SO S m?_h—r—ﬁ
1.5 20 2.5
W(GeV)
T T [ T T T T T T T T J I T T
0.4L b
(A ) i&+ ‘
o (AN . —
02f *ﬁ# s ¢
0_ l% ] 1 L ] 1 ! ] 1| | I 1
1.5 2.0 25
W (GeV)
2TC =1 1 T
1.2 T 1T 1 0Q2-0
 C) 4} ] %Tt—d) |
0.8 -
@+ ‘% %}- (bn:——_%}[} ﬁi—
04} #F ol Yatnt |
i {iﬁ!} 1 -
0 + AS
t 1 ! i i 0 1 [ | |
1.3 1.5 1.7 13 15 1.7
W(GeV) W(GeV)




: 12
O+ G,

~ (ub)

. 04
g’
mnAdz

| 1.5<W<1.7GeV

0.4

0.2

05

04

0.2

~Tm

—
2. 0<We28GeV,
#_+ i
N : ]
- | -

0: %&——f

.

!

3

oL i [
0 05 10



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36

