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Abstract

Results on the reaction ep - e'nn are presented in the mass range

1.355 £ W S 1.775 GeV at q° = 1 GeV® and in the range 1.415 = W = 1.595 GeV
at q2 = 0.6 GeVz.

- . . + - . .
From the angular distribution of the 7 meson the polarization terms
%y + €0 and o. have been determined in the range of production

L’ ‘p I
< 63°,

*
angles O < 9w+
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INTRODUCTION

We have reported recently on an experiment on n production in the
resonance regionl). Now we report on an analysis on the data of the
reaction ep > enﬁ+ taken at the same experiment. Data on this chamnel
are still rather scarce in the resonance region. The resonance structure
observed by Evangelides et al.z) at forward angles shows that there are
resonant amplitudes with totai helicity 1/2 of the ingoing virtual photon
and proton. Photoproduction on the other hand is known to be dominated
by helicity 3/2 resonance excitation. It is one of the big successes of
the quark model to predict the main features of photoproduction in the
resonance region, in particular the dominance of the helicity 3/2 ampli-
tudes. The structures observed at space-like four momentum transfers can

therefore be very useful to test the model more severely.

2)

The observed angular distributions of Evangelides et al.”” at the second
resonance region do not allow to separate the polarization terms ¢ +eoL,
¢_ and Oy The present experiment covers the second resonance region at

q" = 0.6 GeV2 and the second and third resonance region at q = 1 GeVz.
The obtained angular distributions have been analysed with respect to the
‘polarization terms o q YeoLe cp and or- First results of this experiment

have been reported at the Bonn Conference 19733)

NOTATION

We express the cross sectiom in terms of the virtual photon absorption
cross section dc/dﬂ -+ in the CMS of the flnal hadrons which is related to

the differential coincidence cross section d G/dE dQ dQ + by the virtual

photon flux factor T (deflned as usually ))
5
t
dE' do_ do’, an’,

"The polar and azimuthal production angles (fig. 1) in the CMS are denoted
%
by © and ¢. The ¢ dependence of the angular distribution in CMS can be

(1) W IR ARAREER = 1 ) ™ I
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writtens) explicitly as

c + ec
u .

L+E:cos 24 op + /2 e(e+l) cosd Oy 7 (2)

The parameter ¢ describes the polarization of the virtual photon (e.g.

I

ref. 4). The cross sections Gys OLs op and o_ are functions of W, the
. . 2
invariant mass of the final nr system, the momentum transfer ¢ and

*
the angle € .

The terms 7y and o are the cross sections of unpolarized tramnsverse and

L
longitudinal virtual photons. They can only be separated by changing the

polarization £, not done here. cp takes account of the transverse polari-

zation of the virtual photon and ¢, is a transverse-longitudinal inter=

I
. X
ference term. A study of the ¢ dependence for fixed @ allows to separate
+
the 3 terms cu €07 s op and GI'

APPARATUS

The experimentél setup is described in more detail in ref, 1. Only
a short description is repeated here. The measurements are done in an ex-
ternal e beam of DESY. The primary beam hits a 12 cm‘liquid hydrogen tar-
get. The intensity is controlled by a secondary emission monitor, which
was compared many times during the experiment to a Faraday cup.
The scattered electron is detected in a focussing vertically bending
spectrometer. It is identified by a threshold C02"Cerénkov- and a sand-
wich shower counter.
The n meson is defected in coincidence with the scattered e in a non
focussing spectrometer consisting of a vertically beﬁdihg magnet, a system
of proportional chambers mounted at the magnet exit and a scintillator

hodoscope. The trajectory is defined by the target and the intersections

with the proportional chamber and the scintillator hodos cope.




DATA ANALYSIS

)

The 7' mesons are distinguished from protons by time of flight1 .
The reaction ep +'enﬂ+ clearly shows up in the miséing mass spectrum.
An example is given in fig. 2. Events in the missing mass range 895 MeV
to 1025 MeV have+been used to calculate the cross sections of tﬁe
reaction ep -+ em n.

Acceptances and various torrections have been calculated by a Monte
Carlo simulation of the whole esperiment. The W, q2 and O* dependence
of production used for the simulation was taken from a preliminary

3,6 . . . .
* ). Alsc radiative corrections have

analysis of a part of the data
been incorporated into the simulation including internal and external
radiation. In this simulation only the radiation of the electron has

been taken into account according to the formulas of ref. 7. Radiation

of the hadrons was taken .account of in a second step: The ratio of radia-
tive corrections with and without hadronic.radiation was computed ana—
lytically according to the formulas of Bartl and Urbans). This latter
correction was smaller than 2 % in the covered kinematic range.

Pion decay and subsequent tracing of the decay muon has also been in-
cluded into the Monte Carlo calculation. The resulting corrections

were smaller than & 7.

The cross sections are corrected for empty target rate (= 0.5 7),

nuclear absorption { = 1. %), dead time losses, inefficiencies, multi track

events and random background.

RESULTS

All data have been taken with the central electron spectrometer angle
set to 15°. The polarization parameter € was always close to 0.9. The errors
given in the figures are statistical only. An overall systematic error of

6 7 should be taken into account.
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The measured angular distributions cover a range from e“+ = 0" up

. # < o -
to nearly 900. However, only 1n the range O 2 9ﬂ+ - 65" a sufficient

range of ¢ angles was covered to separate the terms %Y + eC and o..

s O

These terms have been determined by least squares fits of ail dgfferenf
tial cross sections at fixed W, q2 and cosO* to the ¢ dependence of

eq. (2). The results are given in table 1 and figs. &4 to 6. The cross
sections o, ¥ g9y at cose*2= 0.985 have b:en obtained by averaging over
all events of a given W, q -bin with cos® > 0.97. The measured differen~

tial cross sections are given in table 2.

The results on the forward cross sections confirm the structure observed

by Evangelides et a1.2)

at smaller momentum transfer (fig. 3), indicating

that there are resonant helicity 1/2 amplitudes. Thecross section increases

at W 2 1.65 GeV at q2 =1 GeV2 even more than at q2 = 0.4 GeVz. This structure
in W 1is nearly absent slightly off the forward direction at cose* = 0.935
(fig. 6). The typical resonance structure of the second and third resonance
region develops then more and more distinctly as the pions are produced more
off the forward direction. We.conclude that the helicity 3/2 amplitudes con-
tribute still considerably to the resonancés at momentum transfers up to |1 GEVZ-

The longitudinal transverse interference term ¢, is rather small everywhere;

I
at W z 1700 MeV it is essentially zero.

The smallness of g; was predicted in a recent extensive multipole ana-
lysis of piom production in the resonance region by Devenish and Lythg)- In
this analysis preliminary data of the present experiﬁent only at % angles
close to 90° have been used. The shafﬁ rise observed above W = 1.65 GeV in
the forward cross section is expected to bg mainly due to o from pion ex—

change.
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Angular distributions of the reaction

+
YP* T 0. The errors do not contain

an overall systematic error of & 7.

Table 1:
*
cosd g _+eo o) o]
u L I
(ub/sr) (ub/sr)  (pb/sr)
Wt 14355 68V ex 593 o7 21005 gev?
0,568  6.G& + (.56
04658  #.7C +~ 1.00 %1l += 0.92 —L400 ¢- 0,91
346 & G685  =0uT5 *= 0u70  ~U0s35 4- 0,60
w 1365 Ce¥  £a £.53 Q1 k= 1,04 GeVE
4280 = Qu4l ‘
4226 & .51 =Gl #= 3.53 0449 #- 0,45
405 +~ 0.&% w2l *= 0.47 ~Gebh +- 0.4l
4,1 + Q.52 —0. 80 +- Q.82 ~049% #- 0.42
3,55 +~ 0.8C 0.29 = 1.02 —G494 +- D.56
= 1.415 Gev e .93 g2 = 1,03 Gev?
0,589 442 = 0,32
0.538  4.75 + 0.94 0.86 +- 1.18 =033 ¢~ 041
0.€5 4480 = Q.77 0.43 += 0,91 =04]3 #- 0.42
0.758 3.8 &= 0,27  =G.9C #= 0.3Z  =0.08 e- 0.24
0.65¢  3.48 = 0.24  =0.93 o= 0,32  —0413 +- 0.2l
0. 55 3.G5 = 0.3LF =0 83 %~ Judbd 3435 #- 0.723
Wos 1,445 Ge¥ = C.92 g% = 1,02 GV’
0.$85 3.1l + C.28
0.535  3.01 = C.37  -0.36 #- .54 0.49 ¢- 0.22 -
0.E% 3427 = 0,32 =1. 02 #— Q.40 Qi%2 +— 0.25
0.758  3.42 = C.l&  ~0.84 += 0.24 0409 4= 0,18
Q.45 2.82 & 017 =Ll *= Q.36 0.06 #- O.l4
04550 2,52 & Gu26  =-Lokk #- 0.42 Q402 4= 0,18
0.4%0  3.45 +~ 0,84  —L.12 #= L.15  =0409 ¢ 0.4%
W 1.475Ge¥ €3 8.92 qF = 1.0 Gev?
04585  3.28 + 0.2%
0.$35 3.4% + €26 ~0.4T #= 0.39 0460 +- 0.18
G20 3,55 += 0,25  -0.8% +- Q.35 0425 +- 0.22
0-7%8  3.15 &= €13  ~L.4C #- 0.20 0456 += Q.11
GulS8 3,45 = 0,18  -1.25 += 0.27 6.02 +- 0.13
550 2.91 += 0.28 “labl = Q.h4 ~0.l5 +- 0.19
W L.5C5GeV  e= §a52  qF » 0.99 bev’
G.585 3.42 +~ (.25
0.535  2.25 + C.21  ~0.94 #— 031 0453 #= 0,16
0.£50  3.10 + 0.1%  ~L.1C #- 0.23 0487 +- 0.13
0.i%8  3.48 += €12 =112 #- 0.19 OukT +- 0.10
Qe %8 .08 +~ 0.17 =1ls1& +- 0.28 041l = Q.13
Q.50 Jukl &~ 0,35 L. 86 4= 0,43 0431 +- 0.25
Woe LSIBC ez 8.8l ol = 0.9d gevt
0.585  3.75 += 0.24 : .
0.535  3.84 + .21 0.81 8- 0,30 0465 #- 0.17
0.€5% 3,00 = 0.13  -1.97 - 0.25 0.55 ¢- 0.1%
0.750  2.85 = 0,11  =0.45 #= 0,18  *0i34 4= 0.09
0.€50  2.5€ +— C.lS  ~0.85 4= D26 =000 ¢- 0.12
0.550  2.88 + 0,52  ~Cu8k #- 0,57 0uT6 ¢— Qu41
Woa L.SE5 GeV  Ex B9l g £ 0.5T Gev
0.585  4.2C + 0.2C .
0.535 4418 += 0,15  —0.37 += 0.27 0162 4- 0.13
Q.E50 3.13 = 0,08 ~0.76 #= 0O.15 Qea9 +— D07
0,750 2.%6 += 0,07 —0.6& #- 0,11 0427 4= 000
Q650 213 & D.iC —C0e 83 4= 0.5 GalT &= Q.09
0.550  1.6C +~— 0.33  ~l.02 ¢- 0.36 0422 +- 3.27
a.4%0 1.5%8 + .81 ~0.27 #= 0.52 05T &~ OQubb
W= 1.555 Ge¥ cx £.50 qf = 0.95 eV’
0.58% &o0% +~ 0.2C R
9.515 3.5 +— 0.13 =0.78 = 0,22 G418 #-20.12
QoE%®  3.30 &~ 0.C8  ~G. 7L +- Q1S 0435 +-10.07
0,158  2.65 + 0.08  <0.76 +- 0.1 G416 e- 0.08
GolS0  2.12 = 0,12  =G.95 ¢- Q.18 0420 #= Q.11
s 094 &= 0,36 ~Le35 +5 0,31 “0.53 - 0.25
Gt 143 + 0.57 -0. 8E +- (.33 OMOL &= Q.47
Wk 1.625 Ce¥ o= 650 & 3 0.56 GV
0.585  3.87 + 0.1S :
0.935  3.75 — €.13  -~2.TL +- 0,15 0.51 +- 0.11
U.E50 J+6T = 0.38 =-l.B4% #= 0,15 Ou5C +~ 0.06
0.758  3.1& + CulC  =0.9C +— 0.17 0i4T #- .09
G.t58.  2.3E += Gudkd  —-L.55 ¢- 0,18 2405 4- 0.13
0.550 2,5 &~ €57 -C.8C += 0u47 Q.13 4= D.ké
D.450 lake +— Guo? ~l.l4 4= 0.54 ~0428 ¢ 0,58
W= 1.5 CeV £ €.90 qf » 0.93 Gevo
0.585  4.26 +~ 0,18
0.635  3.64 &~ C.11  —0.83 +- 015 2428 ¢~ 0.08
G 658 3.7C — &, 08 -Lot3 4= Ouls 0439 +- 0406
€.150 7,15 +— GCuld ~Le#5 o= 0418 0.32 4- 0.09
0.6 2.Th & Gul?  =l.%2 +- 2.20 318 #= 0418
S5 2e38 + C.&%5 ~lo4C +— 0.53 D421 +- 0.586
0.450 0.1T e G.$2  —2.32 == G.73 ~b-55 #- 0.76

*
cos® o +*eo o7 c
u L p I
(ub/sr)  (ub/sr) (ub/sr)

Woe 1.66506V  c o @89 o = Q.91 Gev

C.%B5 5.26 = Q.15

0.535  4.32 = Q.11  ~0.T6 #= 0416 0,06 #- 0.08

0.654 3BT 4= G2 0. 82 ¢- O.lé 0415 +~ D.08

0.150  3.3¢ = €ulé =122 +~ 0u24 0422 #= ¢.11

C.€50  2.41 + .20  =1.5C #= 0.23  —0s22 #= 0.18

JE58 0 2.4E — Cabf ~OuB4 - 0.53 0.56 +- 0.50
W= L.715GeY €2 G,88  q°: 0,90 Cev’

0.585 T.01 + 0.26 :

G.535 %438 += 0uIL =0.65 #- Q.17 0400 ¢- 0.08

C.ES5D 3435 += G.08  —0.6% ¢ Gulé  =0.12 - 006

0130 2488 4+ Guld  -0. 8¢ +- 026 0409 +- 0.1t

0850 2uk? = 0,22 ~-1,86 += 0,23  -0.,07 4= 0.19

0,550 1268 = 0.63 =186 #~ 0.50  -0.27 4= 0.55

Q.55Q LaUs # C.55 “3eFG *- 0.71 —0.3% +- 0.79
W L.Ta5 Gev c= 0.088 qza 0.8802?2

0.585% Be%S = 0.27

0.535  4.32 +— 0,03  «0s67 #= 0.21 0432 +- 0,10

0,858  2.97 +— .05 -0u5C += 0.1T  -0228 - 0.08

0.750  2.05 +~ G.14  -0,24 #= .23 G40l ¢~ 0.12

0,850  1.95 + 0.37  -0.27 +- 0.33 0417 - 0.32

0.4€0 2,00 +~ Q.65 Gulé += Ga51 0158 +- 0.57

0.4%0  0.¥1 #= 0.9% =GB += Cubb  ~0429 #= 0.79
Wwor L.775 Ge¥  ex 9.87 al= 0.87 Gevl

9.%86 h,3% += Q.95

04835  4akd = 056 1.38 #- 1.12 ~046T #- 0,55

0,658  3.08 +— G.45 0.10 += 0.79 04L7 o= Q.43

€.1%9  3.i€ & C.§7 0a06 += 1270 ~0437 +- 0.89
Woa 1.415 Ge¥ £ = £.92 g2 ¢ 0.63 Gev?

0,566  7.68 = 0.52

0535 T«k3 « Z.0C —La5G = 2.30 Qaed 2= 1.55

0.E%D GuEE = Duu -1.8% +- Q.86 0,98 #- 048

0.7%50 Se2C +— 0.32 2,28 ¥~ Q.59 Q.10 #= 0,27

0.t%2 T.21 + G.56 -0,12 #= 1.02 Q0T +- 040
Wor .45 Ge¥ £ o= @.92 of = 0.62 cev?

0.585 6,92 o Q.ne

0.€35 5.1l +— Q.58 -1.T86 +- 0.96 1il4 ¢~ 0.50

0658 6112 = 0,23  -1.47 - 0.3 0445 ¢- 0.20

0.358  5.51 #= 0,17  -2.65 #= 0.33 0.13 ¢~ 0,13

C.€%8 5.75 +~ 0,27  =2.78 e= 0.59 G422 #- Q.21

CeSE0 4485 #= 0.5C  =2.82 #- 1.52 0429 o= 0,55
Woe1.475Ce¥ £ % 9.3t 0 T = g.eL SV

0.585 Gade +— Q.37

04535 5.81 += 0.41  =1.0C = 0.64 5481 *- 0.29

0.ES8 .17 = 0,2C  -1.95 +— 0.30 0455 += 0.16

0.758 SaGl + O le =Ll 66 +- C.31 Q49T #- 0,13

a8 £.22 += 0.3C  ~2.25 #- 0.55 Gel? ¢ 0.24

G.550 B.kS + 2.55 2.0t #- 3,13 Zald #~ Lab3
We1,505080 ;o= 0,91 O a g.e0 eV

0.€85 7.61 « 0.37

02525 6455 = 0,37 —1.07 - 0.51 1442 v= 0.27

0.£%50 5.82 +~ Q.18 ~1.B3 = 0.2h Us3) 4= Oals

C.758  S.¢4 = 0.l8  ~1.92 #= 0.31 0475 ¢ D.lé

0-€58  5.26 +— Q.34  =2.98 #= 0.52 0.43 ¢- 0.30

Ue®S@ 6450 + 2,27 =0.16 - 2.59 1403 +- 1,59
W= L.5356Ge¥ ¢ = @,.90 qz = 0.59 gev?

0.585 8.7 + Qu35

0,425 TuGE = 0,26 ~0.6C *~ Q.40 Quos +~ Q.22

0.E58 5474 += 0,22  =1.T7 #= 0,38 0.55 +- 0.19

D.758 $.07 & 0,17~ -l.5¢ = 031 0463 #= Q.15

0.£5%0 4.0¢ +— Q.36 =1.67 »= Q.46 Gs38 #- 0.32

G.5%0 4,44 +~ 1.88 —0e3& *~ 1,90 Qabls #= 1 .45
Wor 1,565 GV ¢ x 8.90 ol 2 0,58 Gev?

0,585  §.77 +~ 0.37

0,628 7,38 & 0,22  -0.78 = 0,35 Git6 - 0.18

0.650  5.5& +— 0.26  -1.13 +- Q.46 0126 +- 0.23

0,780 4237 + Q416 -1.26 &- 0.31 G.30 += 0417

04658 2460 += 0u%3  —2.09 #~ 0,68  —0i53 e= 0.40
W= 145556V o = og.85 4% 4 0,57 Gevd

0.585  8.57 +— .56

0.535  7.08 +— 0.2% <158 e— 0.49 0.48 #- 0.22

C.E5q E.6C + 0435 0. 3% +=~ 0.6% 0435 ¢~ Q.29

Da 150 4.08 +— 0430 —la3% +— 0,51 GalT *+- Q.29

Y 314 SalS # 2.C48 —0.23 *- 1. T5 1482 ¢~ 1.88
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The errors do not contain an overall systematic error of 6 Z.
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¥ o= 1.al5 v gx (.52
. . .
2030 417 aefd" Tabfar
7985 T.68 +- 0.92
Ca92t 32, 6alg += L.ZE
4E. 9alw 4- 1.2°
€5, 8.3 4= La12
EE. 1.39 +- 191
IC¢.  Have += 1,32
3.850 36, 5.54 - 3,03
51, 8.25 +- 1.72
65. 1.3 4= L.d2
85.  H.0& v- GadS
102. 1G.25 #= 1,37
135, 4.30 - 1.35
LaS.  4.56 b= .ot
lee.  Guda e 101
TaT4C 4. 4.b0 = (LT
45, Saba? #= Llaus
64, 1.02 +- 9,80
Bh,  l.ldg +- L.82
161, 5.32 += L.74
131, Cabe #= D.0S
166, 4,50 +- 0.5
VeE. 210 #- D.57
3.65¢ 3. 1.0T - .36
4. Hala = 1237
1. a1
BE. .51
LlE.  9.07
128, fall
142, 5.CH 4= Z.J4
1.580 . 11.63 +- 27
1 laal3d 14
115, 5039 = .21
126.  5.%3 +- C.B¢
0.45e 116, 3.57 +- 1.59
122, 4249 o= 2418
Wox 4465 Gev g = o2 gt
cosa” o [°] derad Tbfsr!
0.985 €253 +- 2.48
0,935 E. g.zl e 2481
3. T.4% +- 0.B5
4§, Tal5 +- 0,63
6k, 8.21 4= 0-0%
8BS, B.00 +- 0.62
L8E.  G.bd 4= D.6C
123- 5.53 += 1.17
3.85¢ 31, B.kk 4= D.04
52. 3.zl e- 9.7¢
&5,  T.67 +- 0.55
89,  1.35 s- .45
104, 5.E5 4- C.08
1ie.  T.38 e 1.54
150 5.28 4= 0.45
14E.  1.49 +- 5.31
3.75C 37, A.b0 +- 0.3
L1-0 S5.86 »= 0.50
TG T.56 +- Q.57
vogs.  7.21 4= 2.50
102, .02 #= C.5%
P3F. 5430 4+ J.4E
165,  4.41 #= G.3E
166, 3.40 +- .54
Gatr50 EL Y bGabkn ¥~ L8380
44, 511 #- 0.55
7. 8.B7 - C.TB
B5. B.4b ¥= Jubd
112.  6.58 e L.0%
13C.  5.40 +- 0.4l
164,  5.16 #= 0.7
0.55¢ 47,  4.22 +- 1,13
T2, Bal2 += 1.33
BE.  6.5T #- 1.21
118, .90 += D.42
127, 5.37 = Du4t
8.45¢C Llt.  &.75 4- 1,35
123, 657 = i.3%
Woe 1,675 Ge¥ L= 0,91 @2 C.sl o7

cosB” 4 [°) dofed Tub/sg
J.585 636 +- .37
0.935 l4. Ba25 +- 2.32
3. 6.%0 +— 3.9
4. a4l +— Zubl
L1 b.ll +- 0.92
B5. T.38 +- D.35
1C8. babl = D42
LZé. 4,31 = C.6%
L4d. 3.65 +- 1.5%
D850 L&. G 23 4 Lu27
IC. 6.1 += 1.41
5C.  6-19 +- D.61
85, T.80 *+- 0.52
8%, Ta%3 +- J.48
161, T.05 #- 0.3¢
121. 1uda32 4= 5.22
151, 4ab2 4= [.45
L6, 3.12 +- C.52
CaT5C ¥i. T.56 4= J.41
45, ba50 4= L.43
. TalS 4= (a5%
49. de2a 4= 34958
134. Be75 #= Ju 1!
134. 480 #= 0,69
145, HEE TR LR S ]
167, Zads - Gabl
Jer 37, Cald 4= 131
st Taud += Q.el
T4. BaZd - Gudl
BSe T-S5o0 #- T.h7
19%. Y.yl 4= 1.1
130, $29d #- J.37
Lt 4.3 - .47
¢a55C 73. B.71 +- l.64b
89, Goluw 4~ .92
Lie, b.td 4= (.45
128. Sa4d *- .35
i4la CalQ 4~ .25
JaaSC 115. S5a.dl +- .37
125, Sa5d 4= J.Tw

" - ! - . * +
Table 2: Differential cross sections of the reaction va-+ﬂ n.

R :
4oz 1.5C5 (e €9 Ca3l gfm 080G W= 1.5€5 ner B 7 3490 qt= [.58
cost” 8 10 deiar” Dovied] cosd” s 17 dardd Tysso

. RCTRrSrNT BCEY: 977 - 3.37
D.ass e, A J.935 15,  &.30 #= 1.2t
3D aten e hias 25, 6al8 4= 0.5%
Bl B.os e- 0.72 48, T.sb 4 .21
E5.  B.50 - C.6% TCoo B2t 4 0.82
88 T.29 +- Ju3E BE. Bl 4- u.36
Loe 2l s enas 176, Buie 4= 0.5¢
Lze. 5,28 4= 0.52 1294 a.3t +- Q.4¢
147,  4.35 += 081 bas. 51447 B.52
Jase Lot e vl iiae 186, B.5% 4= C.80
Mo e ld e 3oae 187, 4.kl b 1,55
FO A IO S 44 1.85¢C 17, 5.92 +- 4.9l
Tl. 7.86 e 2.52 3. 3.3 - 233
9. T.23 4= Gadk 4B. Selloem 2.0
1CE.  7.03 += C.4% Ti. boab m Bus3
125, 3.8% 4= 1,01 Be.  £-£5 4- L.ad
SRS S S 165, t.40 +- 0.3
V66, 2.kl e l.67 L2e. 3.2 a- D.de
- e Bl 147, &.31 +- Z.51
G0 enil v alac 24150 38.  £.52 4= 1464
B T o 51, 5ad1 4= 0433
4% 7.7} e- C.4E 5.  5.44 4= 0266
10c.  7.35 »- aeC A O AR Sd
13t.  3.20 +- .60 5. 5,50 +- 0.41
Len vl L21. 6256 += L.bl
lot.  3.0B e= 3.3¢ Ls3. 2,72 4= C.34
30656 &Te  B.09 - C.7C Lles. 283 47 0.31
1. 2.2% += 3,83 1d7. 2435 4= 0492
95, B.C5 +- C.5t Se05% 3i. 2-89 - D.8S
1040 8.4l +- Ouve ;Z :‘g'; i ;i}
9% - L 4.03 4= DL
S 13Te  6.5% += 0.47
166, l.62 +- l.6t 2. 292 4 0,33
3.55C TE. T.l3 4= L.s4 153 2a37 e- 0.21
9. E.37 e- 3.9T ) Le7.  1.69 +- 0.25
nas et il 0.550 45. 5,44 e 0.7
130, 5.42 += 036 125 275 - 680
wevt L4Z.  4.96 += 0.91 e, E.63 4 0,20
0.45C  Li€a  T.C9 #- 125 1se,  1.91 +- 0.27
127, 5.37 += 0,57 AT E PR I3 ¢
. s TL70 +- 2. . -8 e .
2350 123 0 s- 2.47 PSR ot
0.350 12T, Zel2 +- Oubd
Wz 1.53. eV g£= €090 of= 0.59 rev? Wos 1,585 GeV €% Ca89 ol ® 0.57 Gev
cos0” ¢ [° dored Tanssi) cose” ¢ ) dosai” Tp/ss)
3938 3,97 +- 0,36 c.985 8.57 - 0.56
Ge935 1é.  5.5% += 1.55 2,935 f. 7.67 +- 1.23
26, 5.2 +- C,I7 29, bebh = 062
Sie 10431 += L.10 WS, 7.87 - 1.17
65, B.%@ - G.5% T2. 3.54 +— 1.26
Ba. 649 ve D.4S 89, Ba44 += 0.89
105. 7.2 +- 0.51 K08, 7.9% - 0.39
128, 7.22 +- Q.51 1290 1.48 4= 0.83
147, 7412 = C.71 LaS, 5,47 += 0.72
168, 6.ld +- L.OT 168, 4aT2 +- D.91
Le7.  #.w5 +- 3,42 .85¢ 16, 8.TL = L.47
J.3%C 17,  &.in +— Co47 31, 6.%2 4= 0.00
iC. .77 ¢~ Q.31 4% T219 #= 0,45
4. Geds o+ L.4C B9, .73 #= 1,00
7i. 8.05 +- 0.ul BS. 511 +- 064
8%, 7.1 - T.4b 166, 678 += 3,64
1C%. aa4al *= Dud: 128, 52%3 #= (.04
124. 5.47 = G.o4 Lek. Oail = o8¢
Les.  3.62 +- 5035 3756 3. 4.79 +- 0.53
PEE 14 e b.90 #- .19 €%, 4,05 o= 3,82
45,  S.o7 = 3.43 90, 5.65 +- Du62
Tas  bat2 - A7 105, 4.84 ¢ 060
B9, 6.9 o= D47 123, 3.56 ¢ L.3%
10T, 6.20 +~ 0,47 154, 3.32 e 0.85
L35, €.38 +- 1,36 L68. 2463 4- GuS1
19l 3.lp e= L.29 Juast e 5469+ JaT%
lof.  7.12 +- 0.2% LOE,  3.75 4= Q.02
L8ga 5.7 += 1.B0 L3ea Z.99 ++ Q.%k
RN D R 150, 2.4 += C.31
Tee 6.59 - 130 168, 1oL e- C.31
M. Ga44 4= G.4E 3.55C SE. ALFo e- 2.28
13t 4.3y s G.54 1320 iu15 - 0.44
L34, 2.29 +- 0,37 148, Z.oT += 0.4C
TS, i.72 4= 3,23 Ju45C  13l. §.70 e- 0usS
Lele  2.45 = Gu3E 142, 2.3 += 3.82
Ju538 Teo 6.54 +- 1,5% 2.35C 128, 4-19 = 1,35
4C. 4.6l 4 Cuany
166, $.42 +- L.1E
120, 1.62 %~ U.3C
14%s 3,52 +- J.47
CoaSC ElT. £.88 e 1,13
12k 3,73 = 0025
3.330 12f. 1,32 = 6l
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Table 2 (continued)

= 1,95 fel”

Woa 1,355 Gev . a 0.9) ¢
.

cast 8 21 domi” Tn/ae)
3.58% badb 4= G54
1935 33, T-24 4= 3.31
2. Sald « 1.9

68, 5.95 e~ D.&8

ab. EREL B S ML LY

102. 8.1 +- 1.9l

0.85¢C S&a 18475 = 9,24
L. 4.&4 é= Ca5C

BE.  5.0% ¢- C.é4

100s 5.35 = Z.4%

a75¢C 4. 2.6T +- 0.92
Sta 9,41 « la71

1. I.TC o= Ouba

BE.  A.e2 +- 0.E

N.65C 18, 2215 9= B.ab
28, 3.50 += OQ.B%

51. Ta9% += 3.9

T2 4u82 s 0.47

BE.  A.45 e= Guul

115, S.%3 «= Z.08

1260 busl e~ 2,94

0.550 120 2.23 +— C.74
3. .55 = 0u51

The Al em SuHE

EY. LT E A T

Il4e  3.66 += 135

1240 3.1 e Lo3E

JukSC LI Z.a5 4= (.ga
T 4elh e- (bt

B, 4L1 #- GL77

12. J.he - la42

94358 SE. Tohd = 2.5E

M= 1.385 GeV B = C.93 4 m 1.04
cond” ¢ [ dopds Tntsd
Q.945% 4.B0 »- Q.4
935 Sl 623 +- 1,12

Tla  4u44 += C.48
3 5.20 = Q.47
2,40 +- 0.52
$.850 5.56 += (.88
Tda 432 s= Ca4C
a5, Aokb += O3l
G2 .98 »~ Q.3E
0.75¢ 1C. 317 o= G.5E
254 3.29 &= 0.35
585 3.g8 &= D.sE
1. 4221 v- Gakl
BS.  w.ll s- 0,35
10t 5.3T #-
12g. 5.8 -
C.t5C lia a2
25. F.06 e-
aB. XL T
Ti. .01 &=
BE. 4eCh =
Lis Gl =
126 4.F1
0.55C Il FobQ e
43, Euly #—
Tl Futh #-
B8, 4.05 -
115, 4.07 #=
12&. Tal? a=
Caa5G ELTY Zall
4Z. .27 =
Tl. 1e¥E o+~
E?. 3.E5 w-
ilz. 4atal
124, 4047 4=
0. 35C a%.  3.bi -
110, 3.92 -

Moz 1,415 gev cx D.9) gt = b.2Y e
cosn” s [°] acrad® Dasad
J.98% 413 »= 0.22
0.935 3T, 1359 = 4.82

S1. A.91 +- 0.8E

Tz,  3.88 - D042

89, 4.00 += 0.35%

L8, .23 #- Q.35

125, 4.99 & L35

3.85¢ 38. 3445 #- 1.7C
2. 4.85 #= Q.56

T1. 4235 +- .35

M- 4.8 »= Q.2¢

(L 4.56 += 0,41

Lebe  4.80 = 2.24

0758 1la ZaTd 4+ 0.4l
28. 2.92 = Jahd

6. 4.4d - CabT

¢, Z.gw +- Cu34

85 4,58 = Q.28

102, 3.58 = J.92

13 2.88 += U3

[EE ZaB 4= ia2)

3658 12.  Ea#d += 0.52
1. 2,95 = Q.12

45. 2.%3 &= Clal

&uhd e (.39

4.28 - PL2E

4,36 +— C.7e

LIS L T

e oem 1037

[S-21 2.5l em uabh
Z.th oe- a6l

Gel? e- Tia2

1,42 - LM

Maled - da8%

2,87 #- 2.5

U.45C 18T e= GuBT
3.33 - 0.4t

1.15 #= (.52

J.d8 - 0,83

0.25¢C S.1% += 102
il #- 0.82

123. 245 4w L.3h

‘12' Q.99 Hc‘.’l MW or L.5€5 GeV

‘w091

g Qu§T fev

z

E

Wox o445 v gT 0.8 %= 1492 VT A m 1asEsdet Ce52
. . . . -
fosd e 7 ara S nlen caal 1 gsel Daserd cost o [ do/ac” Tuvtsx]
G985 1a1] += Q.28 J.9et .62 = 3228 J.98t 4,20 += Q.20

Ja91% I.hh +- .08 1.93% Ja33 e (.90 7.935 11. Ta93 =
7057 += 0.6 6.1 = Qabf 4. w27 e
2,39 o= 3,35 46T += 2.4l 52. 0 A8 e
3.%4 = 3D 3.TZ = L.35 5. 4,93 - 1
.85 += C.27 .92 4= 0,25 Ela Gugh e~ i
ied8 #= f.eC Za1h e~ 3224 1. a3 - N
Ge85C tagd +- 0,85 7.C4 += 0,33 129, 3.5% e~
Sale - 2,57 L.69 += Gu¥2 148, Jal7 -
5.32 *- 0u37 C.u50 1,83 sm 1.3% 168, 2.50 +=
4.06 = 0229 3.50 = 0.42 [8:1: 1Y 3.80 - i
1,74 - 5027 ZalC += 0,34 3856 -2. 5.36 - H
AP e= D97 Gabh = D.85 1z, .48 »- H
I 113 41T 4= 1.6 4a0d += 3435 25.  1.50 +- i
JuLs a- 0436 4024 - 0.28 43, -
F.39 e= Q.30 3.3 &= G.21 L. -
4ol - Q.72 2453 *= 325 Hda -
4.26 *= 3.35% .46 e 056 110. -
“.el #= Qu2e ZaB4 = 1,22 12e. -
.70 #- 5.3E L.75C 4,14 +- 0a5% 145. L
1.1 e= Gavh 1.68 +- C.25 1a9. -
ERS T'RE S "t 4,74 = 038 g.7sc Léa - X
Causl &4 35 4= CodE 5406 - 0.47 lz. ~— J.1s :
231 - 3.28 43l ee 0.26 &7, -
1ha = B3k 4,10 = 0,28 14. .-
4.C% e= 04l 3.ll #= Quns B4. A
bk e= O .59 4 J.38 159. -
3.0d = Aa50 1.13 4= C.5C 124, -
3.86 +- 0442 J.b5C 1.8 = 0.50 151. —
3.4 e= 0031 16, -
5.55C 4add » 0.52 Ga85C 36. -
LT - 2,2% 4.15 o= 0.29 45. .-
1,40 4= Gu42 5.24 *= Q.44 T5. -
1.89 s= Q.32 3.70 - 0,37 9. -
3490 #= Q5% Fetl *= D.35 1C8. e
.73 &= 0433 .55¢ 3.93 — D.6¢ 134, +-
PAY-14 1,22 == 1.5¢€ 4403 = 0.1 149, -
4.42 4= D.b? 4253 »m G.37 [C1N -
4,27 += 0.51 4.30 = G.51 Fe550 AT, -
4,53 »- 0.55 3220 - 0.30 TE. -
1,04 +- 0.50 7,85 = 0.45 9G. -
9.35¢ 3.33 &= Oubl .45 S48 = J.va et —
4all e~ i1 2.8C #=~ 0,50 113, -
Q.25¢ i.6b +— 1.13 343 +- Q.56 L4T. +-
1,33 += 0.37 0.45¢ Si. -
3.356 S.ti 4= OLTT 167, -
3.34 e- 0.5E 130, .-
3.256 3036 o= Lobl 147 -
. L6%, .-
183, -~
©.35C 1l6. -
120, .
152. -
169, -
. . . X 182, -
Worlwdd Gy En €92 T 10T W 1335 €- 0wl o0 e fubs oo 9.25¢ :;;‘ -
. et .. R -
casd o B derei Tbieg coan® 4 1T ee/ar” Toter] I e *
0.945 3.28 +- 0.25 ]
3933 38, 425 +- 3.83 R sen  alay D Onie )
51, 4atd »= 5,83 bl 3. w02 Wox L9855 Gev vom GuS0 gt e €t
58:  3.84 - ook Sie %435 s 0.%8
SC.  1.5B — .33 65 .54 +— 3,28 cosa® -
169, 341 4~ Q.28 lgg. f;.:a +- do/ai’ [uv/ac]
127, 2,22 +- 0.33 N ]-éa_ b ISTH 4.G5 +- 0.20
4%, l.ot +- J.88 145, .71 on 2.93% 3.43 +- 0.85
J.B5C L. .51 +- 0.6G N ; h 3.14 = 0,77
21, +- 0,55 e e VA.l4 = 0,36
54, 4 0.4 S.850 - 412 » 0.2
B%. = C.18 B 13 ars - 4ias a= 0,27
0. H e 3aBB we 0,37
1es. PO I 162 4= 0.22
1ez. e an0d e 3.¢1 4~ 9,23
150, e 3',f = 2.40 +- 0.28
Fe150 1 Z5n 3ies an 9.95¢C 3054 - 0.11
P 136, Z.59 ¥- 347 e 0L20
1c. Ja75C 11, 4.23 - 3.54 +- 0.34
oo Te 3,37 e saly 4= D27
106 sE. 130 e 3.95 e 8,24
L1k, Thy  3.55 - 194 e= 9,20
1;5. 91, 3.27 4= 2.9% +~ 0,15
2.45C 1l 185, 3.19 += 2.56 = 0.24
) i 129, 1.b3 e- Zodl e- Q.83
PEN 150, 2221 o= a.15¢ 435 - 113
o 165, 1,59 e 263 += 5.2
104, Jabst . 9.23 e 2.55 e~ G.18
P P47 b 3.3} = 9.3c
:;;' .92 o 3a23 e~ 0.22
a.55¢ P 148 e Ja2h - C.LB
14 1227 4 Eoll +— 0.2k
- 3.CH #- 2.12 = 0,21
1.93 #- 1.7 - 0.21
TR 0-85¢ 2.69 +— 0.24
R 1¢ 4.58 o= TuTl w0037
e .42 e Z-60 = 0,2¢
Joube iy 2,88 += 0.17
P 219 =+ 0,22
P TI c-gZ = Jl.il
3. “ . 165, 1.2 - <86+~ G.14
3¢ :L M - 2,652 M. 308) e 0.550 2.11 +- 083
T 9. 3.48 = 1.35 += 0.35
1G5, 2411 = 0445 2.05 »- 0.2¢C
135, Z.58 = D.27 2220 +- 0.18
lic. 78 - 2,39 2.04 += d.i¢
Us 35T (Y32 .85 = 0045 lald e~ .12
L27. lab} &= 0.33 Cu?1 &= (.31
.25 123 2.8) = 1,24 0.45¢ 1.58 #- D.6%
148. RS S Y 2.78 «= 0.5}
2.05 - C.30
1e55 o= 0012
1.2h o= 020
Cubs o= 012
C.BF &= Q.12
3,350 Tedl 4= 0.42
1.17 += 0.14
.48 4= 0.1%
Sab% s 0412
S.25¢C Lals e 0229
C.9d +- .13
0.99 »- 2,22
7.15L Da13 e- 3%
1.G2 #- 0,28
vin wr LG




Table 2 (continued)

Wox La6Z5Gev g 090 0= C.94 Cev” Wt ol.685G¢  gx 0.89  qf= Cu§lCev’ Wom 1.74% GeV  £x 0.88 aqlm 0.88 GeV
. g -
cosd” 8 [°) dosa® Tuviss] cos0 o [°]  dosad Tubsse) cosd # [ dosas® Tuvsex)
9.985 .87 = J.1% 0.98% S.26 +— 0.1% 0.99% 6,59 = D27
$.935 13, 352 = (.57 5.093¢ -2, 4.85 +— 1.84% J.935 -3. A,TL += 0.90
26.  4ul4 o= 0. 75 Lia 3470 #= Gu.31 ila  3.67 & 0,30
53,  4.94 + 0.57 28, 445 o+ 0,32 29. - 3.3% + 0.25
. 431 ¢« 0.31 44y 345 +- 0.55 47, 3,43 4= 0,32
BB.  4.21 *- 0.27 72, 4.35 e 0.37 82,  A.0T #- 1.36
106. 3,19 +— (.37 8% 5.26 +- (.28 91,  S.30 +— Q.38
131. 3.3l += 0.25 1CB.  4.90 += 0.29 109, 4.93 4= 0,32
149, 2415 +~ 0.2t 129. el += Q.41 128. 5.20 #~ Q.%C
168, 2.22 +- 3425 156. 3.73 &= .27 149, £,33 +— 0.4l
184, 1.50 += 0.57 1684 .76 = Q.32 165.  4.13 #~ Du4b
3.858 l4.  3.63 4= 0.35 1B&k.  3.09 &~ §.55 LB4. k.23 +- l.15
33. 3,35 »= 0,2) Ge85C §3. 3.9% +— 0,35 0.850 184 5,01 +— L.55
GE. 3,68 += Q.31 3¥a 3,70 #~ 0.23 12, 2433 *- (a22
T2, 4458 +- 0.32 48, 3,93 4~ 0.21 50, .54 += 0.19
B8.  Se88 + 0.27 10, 4427 #- 0.43 4. 3,19 +- Q.31
112. 3,65 &= 0.23 90 . 5.05 *+ 0.25 92. A4k +— Q.28
129. 2294 +— O.1% 107, “.23 +- 0.2¢ 108. Jes8 - 025
148, 2.32 = 0.17 130, 3.468 +- O.18 132. 2,29 »— 0.25
166. 1.90 4= C.32 145, 3.3 #= 0oLt 150,  3.12 e 0.17
9.75¢C 34, 4.50 - D.42 168,  Z.%b #— G.23 168. .06 - 0.22
5. 3,54 - 0,21 168%. 2437 %= Qu54 184.  3.38 = Q.07
2. 4.29 +- 0.4l 9.15C 37, T.48 &= 2.1C v 750 54, 2,26 *+~ 0.28
85.  3.78 #- 0.2% 51,  3-82 ¢= 0.24 6. 2.07 o~ 0.22
1. 3.59 = 9,21 e5. 4439 = Q.37 92, 2.3 + 0.25
L27. 3,05 +-— 0.20 9C. 4.1 #- 0.25 108, 2.08 +- 0.21
153, 1.53 — 0,24 110, 4,12 + 0.25 : 130,  2.18 &= 0.l%
L1468, L.68 +- 0.24 125. 3,38 + 0.11 148, 1.9G += 0.18
G.55¢C 51.  2.7L +— 0,27 145,  3.42 += 0.3¢ 167,  1.78 4= 0.42
7. 431 4- .62 . 169,  1.25 +- 0.36 3.65C 63, 2a09 + 0.50
85,  3.47 +- 0.20 J:65C S4.  2.d2 ¢~ 0.38 B3, Za30 4+ 0.2
LG, 3.k& +~— 0.19 66, 3.70 +- 0.6& 110, 207 *= G419
129 Zebi +— 0.26 90. 47 e- 0.22 128, lai8 +— Qui5
150s 1.60 +— 0.12 111, 3,68 #- 0.21 156.  leBC e~ 0,35
61, 1.03 «= 0.1% 126, 3a57 #= 0.25 168, ladS = 0.19
0.55¢C 1. 2447 +- 0.5% 182,  1.94 = O.i& 5.550 92.  1.79 #= 0.23
85.  3.07 #- 0.27 L6E.  l.65 &= O.18 111.  1.63 +« C.18
1C5.  2.57 +~= 0.1% 181, lets #— GuT4 12%. 1420 #+~ 0.17
133, £.05 ¢~ C.17 8.55C . 90,  3.63 & 0.29 151. 1.22 + 0.2
149.  Ll.&4% #= Q.13 Ell. 3,07 = 0.21 166, 1.06 += 0.14
- 165.  1.25 +- 0.27 130, 2.21 + Q.21 o430 91,  1.40 4= D0.42
0450 77. 2436 +~ 0.90 150, k.67 += 0.11 LE2.  lo49 4+ 0.22
B9.  2.40 +- 0.4C 167. 1,17 == 0.13 133.  1.21 + 0.17
107. 2.52 +- D.34 C.850 88. 3,84 + D.b8 150.. Q.94 += (.10
131, 1.93 +- 0.1% 110,  2.53 »= C.31 186,  0.6% = O.14
Las, Le55 += 0.23 133, l.8t #= 0,17 0.250 Lli. 1269 = Q.00
176. .01 += Q.22 148. 1.45 #- Q.13 133, Ls34 - 0.1&
8.350 117. 1,86 + 0,51 0.35C 114 L.77 += 0.5C §45. k.17 ¢= 0.18
129 l.b3 4= Q.07 13t, 1,89 &= 0.l6 E7l.  DaB% *= 0.30
1540 0.5 +- 0.17 147,  1at9 ¢= 0,21 0.250 131.  0.98 + 0.16
16%. 1.08 #- 0.5 170. .93 #~ C.l4 156,  0.82 » 0.22
182, 0.57 +- 0.23 183, 1.02 #- .35 165,  0.57 #= 0.1l
0.250 127, 1.19 #- 0.2¢ 0.250 12%. 17T +— G.25 0.150 153, Ou4T #= 0a12
151, 1.06 +- 0.15 E53. D85 +— 0.13 167.  0.53 + 0413
168, D.59 +- 0.1i7 169, a0l +— Q.12 Q356 149. 1.06 #~ 0.32
0.150 13T, 1.25% +- 0.51 183, 0.91 #= 0.43
148,  9.92 & 0.L& 0.15¢ 150.  1.20 »— 0.18
166 108 += 8.27
) g.05C 146.  1.23 ¢= 0.39 . .
W oa 1.775GeV £~ 0.87 3 = 0.87 GeV
. 1.4t H 2
" 1 A‘SFQV &+ 0.90 40 ® [a93Gey . 2 cose” L) Eol dofasl [’thr]
oo™ o * Mo 1,715 Gev¥ &= C.8d  q°w Cu90 GeV 0.985 B5a34 +— 0.%9
: ::5 s ] Ad:f“ Dﬁfif . . . 0.935% 18 451 148
. - += 0. cos i . .
0,935 12, 3.66 +— 0,41 © ¢ [ gored Tyvied AT, +— 1a11
27, 3.3) +— 0.34 0.985 1.01 = 0.24 93, = l.11
58,  4.05 - 0.9% 0.93% =30 4.6k +— 1.01 108, — 1.03
Tha 5421 += 0.34 11, 4.2l #- Q.25 129, T
45, 4.13 - 0.25 26, 31.T9 #- 0425 149, — 3,01
L0&.  4.09 ¢= 0.3i 4€. J.B4 - 0,32 0.85¢C 50. — L.00
121, 3.24 +- 0.29 Te. 5.75 +- 0.88 66, -~ 0.80
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Figure captions
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Fig. 1: Definition of angles

. . . + .
Fig. 2: Example of a missing mass distribution for m detected in

colncidence with electrons

. + ‘ . . 2
Fig. 3: Forward m production cross section at ¢ = 0.4 from DNPL

and at q> = 0.6 and 1 GeV% from DESY,

2

Fig. 4: Examples of angular distributions at q2 = 0.6 and 1 GeV

Fig. 5: 9, + 0, (&), op {d) and o1 (0) at different values

of cos@ as a function of W at q2 = 0.6 GeVz.

Fig., 6: o+ eo, (A), o_(0) and ¢, (O) at different values
u L R ¢ I 2 2
of cos6¥ as a function of W at ¢° = 1 GeV".
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