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Parametyization of the q2 Dependence of v, P Total Cross Sections

in the Resonance Region

F.W. Brasse, W. Flauger, J. Gayler, $.P, Goel*),

R. Haidan, M., Merkwitz, H. Wriedt

ABSTRACT

All existing data on Y, P total cross sections in the resonance region
are fitted in the absolute value of the three momentum transfers {al in-
dependently for small bins of W in the range 1.11 2 W £ 1,99 GeV, The
data are divided into three ranges of the polarization e: ¢ 2 0,9,

0.9 >e> 0.6, € = 0.6,

Taking into account statistical and possible systematic errors, a comparison
of the fits for different ranges of £ indicate that longitudinal contri-
butions to the cross sections in the resonance region are in general

small. In the range 1.3 <W< 1,5 GeV for q2 > 2 GeV2 and above W = 1,6 GeV

for q2 > 0.5 GeV2 up to 20 7 contribution of 0, 1s possible.

*) Now at Kurukshetra University, Kurukshetra, India






I. INTRODUCTION

The total cross section I for the absorption of virtual photons on

protons in the region of the main nucleon resonances has been determined

. . . . . 1-23)
1n many inelastic electron-proton Scattering experiments where only
the scattered electron is detected. L is written as
2 1 e 2 2
Z(q",W,e) = — EEE%T = ct(w,q ) o+ E(i(w,q ) (1)

3)

where, as usual™’,

2.
q 1s the four-momentum transfer squared, W the mass of the
outgoing hadronic system, Ft the flux of transverse polarized
virtual photons, € the degree of polarization of the virtual

photons, and o_ and U, are the absorption cross section for

t
transverse and longitudinal polarized virtual photons, re-

spectively.

A parametrization of the q2 dependence of the total cross section by
a fitting procedure applied to all existing data allows one to study its
behaviour with the best available statistics. As the total cross section
L consists of two parts o, and 7, a parametrization of the measured cross
sections L has to take into account their variation with £. We have divided
therefore all data with respect to different regions of ¢ and have applied
fits to these different sets of cross sections. As a result one gets in-
formation of the contributions of o, to the total cross section.

|3

First fits of the type presented in this report have been shown ear-

. 24} . . . .
lier . Now some more inelastic e-p scattering data in the resonance
9-12,16~18) 9,10,12,18,20) ar

region have bevome available . Also, more data e

* This reference will henceforth be referred to as (I).



now available between q2 = 0 and q2 = 0.5 GeVZ, a region in which, earlier,
there was generally a lack of data as only a small portion of data from
references 2,6,7) belonged to this range. Furthermore, photeproduction
datazS) can now be used for q2 = 0 in place of the STLAC photon-proton Cross
sections (used earlier in 1) obtained from inelastic electron—-proton scat-—
scattering cross sections by extrapolation to the limit of zero four-momen-
tum transferg). We have, therefore, done the fitting of the entire elec-—
troproduction data available in the resonance region and present the results
obtained therefrom in this report. It must be noted however that data for

small values of € are still very scarce and that there is a need for more

measurements.

2, THE PROCEDIRE OF FITTING

The procedure of fitting is the same as used in (I), which is given
below:

The cross section I from early results shows the following beha-

. 2-6)
viour :
2,2 + b (W
2= 6y(a7) - AW - |q] w, (2)
where
2,2 .
GD(q ) = dipole form factor of the nucleon,
=
q = three momentum transfer to the hadronic system, and

AN and b(W) are parameters dependent only on .

For the validity of eq. (2), !3[ must be small as for large values of IE[,
T has values smaller than those obtaimed from the above equation. If the
outgoing hadronic system gets = definite total angular momentum, eq. (2)
represents the threshold behaviour of I for |€|-+O. A plot of log (Z/Gi)
vs. log [E] gives a straight line; quadratic or higher powers of log 14!
may be introduced to account for deviations from this behaviour at high
momentum transfers. One additional term is found to be sufficient (I) and,

therefore, the following equation is used to fit the data:



NN LA
10g(E/GI2)) = a(W) + b(W) - 10g(]q[/|q0f) + c(W) - loz(l?ﬂ/lqoh )]

= . - 2
where IqOI is the value of |q| at ¢° = 0 for the same W,

The fits done in this work enable us to study the dependence of [
on e. The data with ¢ < 0.9 are taken from references 6 to 12 and 17 to 19
while those with € < 0.6 from references 3 to 5, 8,9,11,19, and 20. For the
fit in the range 0.6 <g< 0,9, the relevant data from the above mentioned re~
ferences as well as from ref. (2) are used. In W the fits were restricted
to the range 1,11 = W = 1.99 GeV. The Daresbury photoproduction cross sec~
tion525), having W in the relevant range, have been included in all & ran-
ges as 0, 1s zero at q2 = 0. We have used two bin sizes for W, one,
AW = 0.015 GeV, across the bumps of the resonances up to W = 1.755 GeV,
and the other, AW = 0.020 GeV, for 1,770 = W = 1,990,

The errors as given in the various references have been increased to
include possible systematic errors, since most of thé papers give only
statistical errors. Furthermore, the final bin size in W introduces an
error which is not negligible around the resonances where the cross sec-—
tion changes rapidly with W. Finally, there may be differences in the ab-
solute normalization of the measurements from different experimental arran-
gements. Therefore, to the errors of the c(ross sections in the range
€ 20,9 with W > 1,755 GeV a 5 % error has been added quadratically, to
all others a 10 7 error. Using the above errors the cross sections re-
sulting from the fits were practically not different from those, where

only the original errors were used.

3. RESULTS

Most of the additional data (9-12,17,18,20) available after the com—
pletion of (I) belong to the range € 2 0.9, and therefore the results of
this work for the range € = 0.6 are not very different from the corres-

ponding results given in (I).



3.1 The parameter d

For the range € £ 0.6 the amount of data is not sufficient to deter-
mine the four parameters in eq. (3) for each W bin. Further, b and ¢ can-
not be separated if d 1s around ]. This happens for some W bins in the
case € = 0.6, when cross sections for high values of q2 are missing or when
the errors are too large. Therefore in a first step d was left free for
€ 2 0.9 only. From these fits an average value of d = 3,0 for all bins of
W and all ranges of ¢ was taken for the final fits., The choice of 4d
turned out not to be critical for the cross sections resulting from the

fits.

3.2 Coefficients a, b and ¢

The values of the coefficients a, b and ¢ as well as their errors and
correlations as determined from the least squares fits of eq. (3) are given
in Tables I, II, and III for the three ranges of . Also given are the
weighted average values of e for each W bin, the y? per degree of freedom

and the number of degrees of freedom.

3.3 Behaviour of the fits as a function of |€[2

In figs. 1 to 6 the measured values of E/G; are shown as a function of
13]2 separately for the two extreme ranges of ¢ for six wvalues of W, i.e.,
for W= 1.230, 1.380, 1.530, 1.605, 1.6%95, and 1.890 GeV. Also shown for
each W value is the scale of qz. As mentioned in sec. !, there are now
available some experimental data for the range e 2 0.9, between q2 =0

and q2 = 0.5 Gevz, as can be seen from figs. 1 to 6.

Besides the experimental cross sections we have also shown the fit
for the two ranges of ¢ for each value of W in figs. 1-6. The fits at
W= 1.230, 1.530 and 1.605 for both ranges of € almost pass through the
photoproduction experimental points (Fig. 1,3 and 4). The fits at
W = 1.380 GeV pass below, while those at W = 1,695 and 1.890 GeV pass



above the corresponding experimental points but generally touching or
passing through the error bars. It should, however, be pointed out

that for £ = 0.6 there are no experimental data below q2 = 0.5 to guide
the fit while for € 2 0.9 the expression used to obtain the fit is some-
what inadegquate to account for a 0O, contribution restricted to small va-

£
lues of qz.

The corresponding results for 0.6 <e<N.9 are shown in Figs. 7 to 9.
The behaviour of the fits for the three ranges of € 1is practically the
same., Also, the inclusion or non-inclusion of the photoproduction data

does net affect the behaviour of the fits in any appreciable manner.

3.4 Dependence of ¥ on W and q2

In Figs. 10—18 we show the cross section I for fixed wvalues of q2,
i.e., q2 = 0.1, 0.3, 0.5, 1.0, 2.0, 3.9, 4,0, 5.0 and 6.0 GeV2 across
the range !.110 = W % 1,990 GeV as computed from our fits, Whereas for
q2 < 0.5 GeV2 we only show results for ¢ 2 0.9, in the figures for
q2 2 0,5 GeV2 the values of I are compared for the two extreme ranges of
€. The errors are calculated with the complete error matrix of the coeffi-

clents a, b and c according to the following expression:

2o a2 - 52, 2, gLy 2. 852, . :
@2 = a)2 - (D7 a0’ - G0t - -2 e
2 &% 8T &% 8T 8T
P o % - C — — . — ®
ja b 2 ac  da $c¢ 2 Cbc §b So ’
where Aa, &b, Ac, C ., C  and €C__ are the coefficients of the error
ab ac be

matrix as given in tables I, II and IIT.
We think that the fits are not sufficient to calculate cross sections be-

vond q2 = 4.0 GeV2 for £ = 0.6 and beyond q2 = 6.0 GeV2 for £ 2 0.9.

The results show the faster decrease of the first resonance with in-
. 2 .
creasing q compared to the nonresonant background around this resonance

and compared to the two other bumps of resonances around 1.5 and 1.67 GeV.



The second bump on the contrary increases slightly in relation to the back-
. . ; 2 .

ground at the same energy with increasing q whereas the third one stays

practically constant. The position of the third bump moves to higher ener-

8)

. . . . 2 . . |
gies with increasing q as has been noticed earlier .

____________________ bt
The difference between 2550.9 and Zd=0,6 1$ a direct measure of UE
. 1 - .

and is very close to 5 " 9, {eq.1), since the average values of £ in the

two cases are close to 1.0 and 0,5 (Tables I and III). Therefore, the com

parison of 7 for the two ranges of ¢ in the Figs. 12-15 allows one to deter—
mine Toe There are systematic differences outside the error bars between the
two sets of cross sections. For q2 = 0.5 GeV2 with W < 1.5 GeV the differen—

ce has unphysical values. This is most likely due to the uncer-

“>0.9 7 s0.6 >
tainty of the fit for € <0.6 for small values of q  because of lack of data.
It alsc may show the problem of estimating systematic errors for the diffe-

rent set of measurements, measured with different experimental arrangements,

. 2

The same conclusion could be made for W > 1.6 GeV and small q  values, where
b i i . 1

- £<0.6 1s systematically smaléer than ZdﬁO,Q However there the difference

stays on to larger values of q° up to 3 GeV?, indicating a possible longitu-

dinal contribution of about 10-20 %, This 1is consistent with a direct deter-
2 211D

mination of R at g~ = 1 GeV

For W < 1.6 GeV and 0.5 < q2 <2 GeV2 no difference outside the error
bars between the two sets of measurement is visible except for a small

‘ effect on the sides of the first resonance, which might be due to uncer-

tainties in the energy W. A 10 % contribution of U, at the first reso-

nance around q2 = 0.5 GeV2 is indicated by direct determinationszo’Z]).

Above q2 = 2 GeV and for 1.3 < W < 1,5 GeV a longitudinal contribution

of about 20 7 is not excluded.
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E/Gg as a function of [E|2 in a double logarithmic plot

for W = 1,230 GeV and with d = 3.0. Shown is also the scale
of qz. The curves are our fit with eq. (2) and with the para-
meters in tables I and III.

For €2 0.9, error bars are given for extreme positions while

for € = 0.6, they are given for each data point.

same as 1, but for W 1.380 GeV

same as 1, but for W = 1.530 GeV

same as 1, but for W = 1.605 GeV

same as 1, but for W = 1.695 GeV

same as 1, but for W = 1.890 GeV

same as 1, but for 0.6 <e< 0.9, W= 1,230 and 1.380 GeV
Same as 7, but for W= 1.530 and 1.605 GeV

same as 7, but for W= 1.695 and 1.890 GeV

T calculated from our fits for ¢ 2 0.9 as a function of

W for q2 = 0.1 GeV2
2 2
Same as 10, but for q = 0.3 GeV

£ calculated from our fits for £ 2 0.9 and ¢ < 0.6,

as a function of W for q2 = 0.5 GeV2
2 2
same as 12, but for q° = 1.0 GeV
2 2
gsame as 12, but for q° = 2.0 GeV

same as 12, but for q2 = 3.0 GeV2

4.0 Cev?

]

same as 12, but for q2

T calculated from our fits for € 2 0.9 as a function of
W for q2 = 5,0 GeV2

same as 17, but for q2 = 6.0 GeV2



99
19
19
L5
9s
£
19
&5
(4]
2s
0s
LR
G
L1

9e
3]
€
s
1¢
28
0%
16

1%
%9
-3
5¢
5%
[T
69
19
L
F
Y]
X
1i
il
95
91
313
58
98
%l
0B
€8
Ge
5%
£®
wd
1 3]
&9
LK)
1L
VI3

3N

LAoRel NN
4 5 % 4 ¢t 4 & & F P B 4 0 R e st R

L I R I I I I Y R R S e A L e IR
PO PN ot ot el (DD ol et ol ot bt b ot e ot D YD DD DI NODATIN T OO GO i o D ot ot e ot

MNP O C R U 0MEON M T PDREN AN AN O PPN PP DT O
.

*

o
Fad

L Y3 1%¢
L T4 E“C
662 [ e
§*1€ [N
| a4 [l ]
1 94 T4 5"y
L ¥ £°*s
P11 1°9
**H1 3y
90 PR
Be1 3 e
L3 | [
[N Z 3
9°0% €
g%t F IR
J*€EC T2
& "he 223
F 3L 2% PR |
1~2 Qs
1°%6¢ Pl |
9*9¢ [
1°¢t¢ A
L ¥4 Ry
1°C¢ P00
162 RS |
¥°E1 [ S
-3 4 G =
T S
Tt HI
£ *f1 R
T 41 P
P4y W ']
191 ol
LN | 2y
el Lty
LD | Sty
L6 o e
§*11 LI
121 8 "s
RS 5
6 e
201
6 [
LR 1*s
3" t "5
£ 5%
R *9 v e
&4 %
L9 Ly
9 » g
i} g 7
'} 5*g
1*¢1 T°11
L RN i
€02 [ |
B e SrEr

6°0 3 3 103 8I1J Y3 JO SITNEAN

3721 1°6%
66 2L 11
2°6 £ 0%
&0 FAX 1
1*6 6*¢2
£ 067
e el NN Y
Z Ct 704
FRg 2+ 11
5o 012
8¢ FRFE
LR B B9l
CUET RrE?
Leey Fraz
0l FAR ¥4
el S
1e? rege
£ 67 Fr1v
$*E2 ISYS:
Sl 1=7¢
£ e wtal
c-2f £°61
e 5ty
c=7 AR
1Te 6 93
g*az g
itie £ 21
Pl 34 Loy
1°3? 61
§tt7 s B
ALy 9y
187 9y
[l he 1%4
ez Z'9
MI'N tb!ﬁw
Ite? A
N CAXY
27 2 %
AR W bty
ATy St
¥ 7't
neL? €
#a7 R*Z
$TE7 b
%7 ez
82 £z
c*R? 1
s*z¢ E*1
N wel
«"Qf [D
L. (23]
Stey b1
©*Q8 0z
11l £z
€91 g*z
Fal 4 &2
qe
B Y ¢ § I 4
v HNA )

ﬂhfo._l
9Z2* 1~
Ive" 1~
£1€°1-
260" 1~
12¢1-
0BG O
gocT1-
veltC-
958 C-
i
LRt (-
L7240
L5 0-
865" (-
2re*o-
EEG® O-
Q8% -
E6E° 0~
EET "0
0 I 0
EE7T D=
Jle= -
31 B
Rl Pl
S C-
(A asd
02 0=
181" 0
Q1" Q-
v&l® 0
[ O A
ST1*C-
230" -
RS N
CEOt G-
roel® 0~
630"
c1ee
RA T
Fl10C°
Y50
wE ("
Fo0C”
osCT
530°
Om.O.
TN
ogl”
Tget
&Qr"
LIl
E1¢s o
[
sZ20C0
EsCt L

PEPVTRY

i

Ui)?")f

-
i

]

Yy

&° 0%
g0y
gt
L4 ]
179
15t
1*it
2° RE
[l Y4
hAd 41
Z2°2¢
tTit
b2
¥ Eh
18
[t A
1* ™k
R*{a
$°2¢
£ 5¢
g7
qg*1a
b5l
>l
rq!
E*RG
H
1°FC
FA LS
T°¢s
A 411
(S 14
§°1%
1*%c
AR

1°¢8

[
[ J
(S ]
1*9%
[ 31
[ 8 %]
L*6¢
0" 9%
1°'8¢
19
656
e g1y
**99]
[ S ¥4

om.NADQV

i1 919l

25%°9
wess
161°%
fET*S
¥h8°¢
cizs
t79r¢
GuGte
77E"%
SRZ*g
6215
SIC*S
L1c%g
(Sl Rl
FR-VRa
LI R
[N
S
Fich ]
Q06" ¢
ORf
SEG T F
IS AR1
swCStf
1il% ¢
IR
[}
SlE"f
Gl1e%¢
£QYY
IR B
Te6" 2
Grg* e
Vee=2
BE9*C
£EoQs g
clese
GG 2
Lk Aird
ce6*
AT4 T4
hgt 2
soct?
RH17
R0 2
%37
{26°1
138°1
RI8° T
0%t 1
IR DA
LS
BEETT
f1z*1
sl
g6l

[ 3
L 3
2'¢
6°¢
$°t
$°E
L°F
;2
9
8°f
(IR
[ ]
g
9t

.
tr
't
e
..—.-.H
n1
1
*s1
war

1A
1
0]

MBI R AD Ay~ Ty

]
L]

LTS
€31 ¢
&4 1%
an1 g
G51°¢
ZRT ‘S
PLYG
6516
RE 1%
[ o
EH1°s
ny1cC
G T %G
€22
95¢ %
€ef .
faf e
foy*g
Bl b g
ETn s
1t °G
DEEtS
neg ez
Cf7en
Dum -
T+¢ ¢
wRf ot
[T
110G
L *g
1G5% "G
TLF e
Ay 2eC
LIRS
a6 14
Cels
RIG G
cel "¢
630 ¢
£20 ¢
TF1'c
L e
REZ °C
165
729°¢
69¢ °S
655 °C
LR ]
P{T179
[
(AT TS
E1R°C
1729 °¢
3¢ °g
97 1%
14 Joge

B

| Y- ]
$G6*0
9%6°D
966 "0
5560
1969
PCH*0
555°D
L56"°C
{66 "0
D960
RGE"D
nas*d
€562
EG6 7
fGE D
£330
85460
bG6E'D
666D
9CH D
boh oo
g0
[
5450
G54 T
16s*n
QLA ™D
LeA"D
9G4& D
QL6
s4GE *D
sC 4N
Ics°0
LGRED
2960
{652
LER®D
AGEH D
16¢6*D
gGa"D
156D
NCAD
noe
236°7
S5GhH "D
Q& D
1962
966 *D
7962
166D
5660
9CH "D
F9n*d
2960
€853

3

re6*1
N6t
0ge"1
CEL"1
0161
0681
LRl
NGR* 1
A8 A |
ety
1.V O ¢
rig*y
6541
UL
st
11
GEQ®Y
cqpasy
599*1
{cay
[AE-A
ngn* ]
gy
(RS
G16°1
real
696 °1
rLerl
161
(ot
nEs*
R AN
LR ]
(LR
LI |
w1
GeE]
[ S|
Tortl
cae* 1
are*t
[AFg S |
KIS |
ree*1
arzcy
ez
Gh2v1
ree®y
G12°1
DL |
el
[LF R A ¢
a1t 1
CHIT
certt
"It

AL e e

"




I T T I R R T T T T R R I T T T D T N T T R I

4 8 % 4§ & % 4 & F B 2 2+ 8 4 8 24 s
A B ot Nt D okt Tt A At A TS el it e A e =T DOQCTOMAT OO0 OO TN O NDMD AN

MmO TTOD N RSB O T~ F R AN CCOAE QRSN O DD IR DT e O
i

~
b4

groze9 F ¥4

£ Cs %*z1
9*14 £'6?
g 68 0re?
% 911 0*5¢
LAk 14 89
STICT cree
B 9¢g (thi A1
L°89 46l
£y g1t
A A zeet
v*1s €T
L'0h g 0t
6*16 241
L6l o1z
€*18 e
g* %2 c°¢
2791 ">
£T L9 g"51
k29 [}
L6 €t
2 i A
2°ts L%l
S EY 1°41
F4 3 6°871
sr6t €711
1°8% §*41
e B £l
§*01 g4
g°ot Liyt
g1y 6*21
6T LT S*1
812 g ¢
S 1 141
6" 4t 9*cl
et erQ
$°BL L9 U4
€5t o Cce
(SR 41 oty
LR itee
et L A
1°61 (1
iL*s¢ 657
htcc %1
6°C¢ g el
Z°E01 6766
L'l - Lt
L°¢1 % 0]
1*s1 96
6~t1 £°6
£E*L6 101
Ll gL
[ 1] B° 602
1*8¢2 taee
984 g9
0Tged 90501

2
qo_. nw qoﬂ. J

9'0 <3< §°0 303 B3TF |yl Jo 8I[NEdY

%01
6*0%
LoE*
G 6h
0%
[t b
6°0%
167
g9t
g1z
'l 4
647
LAdd
C"6E
6Ly
$°0S
€97
Z2°%c
heaf
b Bl
| S g
»°6¢C
RS
[
Loty
gTee
G°os
[
1°¢¢
L°Cs
Pl -Ad
T A
56t
€79
1°9¢
2794
1710y
§*111
L0t
1*8¢6
[
L 1R
486
g 9¢
%26
17a%9
84l
£Teg
§*78
128
g*Z86
56l
£°se1?
15682
6Te1hL
LBl

qe

o1- "9

2 ¢066¢t
L°61
Treel
2709
LTEGCT
§°71
958
6 5%
0°€s
€8¢
Bl %4
L*1%
6°L2
1°1¢
cToy
Z*7s
&°01
6"y
oy
£
g*2
147
2 HE
[ 4
c*ec
£°e1
[Al g
Z°c?
14
i*el
0°*¢1
LA ¢

« & ®
Ny -t

*
e T I T B T Y T R T e e Rl - R

~ 3

—

—

MODBF NN BN DE FDOP D M@
-

« {2
ol % v)

0904 -
§50%1-
S09" 1~
6121~
185° 1~
2i1ete-
€1
gr1°1-
GLL T~
14%6°0-
6L8°C~
BGL°0-
€lL70~-
LEG O
2H9 0~
e -
0¥ C-
I Il U
Z0%°0-
EC%*0-
6L 0~
e7°C-
ge1°C-
e 0~
ze2te-
161°C~
2610~
£€L1t0-
€510~
600~
SC1°C-
€ec0-
£EBC*C~
260 0-
gopte-
£60°0~-
(f0°0-
e c-
1€0°0-
1¢1°0-
480" 0=
830°0~
940" 0=
LE0*0-
2100

*80*0-
450°b-
14070=
98C*C-
g9C°0-
sZ0°0-
20070~
§51°0~-
Co1°C~-
21270~
562°0~

b

1 2911
Ze 451
0 vel
9°961
0°091
»*09
4*9u1
Lv98
§°601
gyl
L
0*28
0*wL
6°221
1°0s1
0* 15t
L8l
GTEQ
¥°171
991
§°06
8*301
6*011
9601
0°L11
L°C6
£eert
%°£01
(SR
Tt
#*Z01
0°L6
Lo
6411
£e121
©° L9
£*est
€zl
£ et
Z°569
1°9L
87501
1e9el
g2t
0°121
0*€7L
8°Z8
3T
1°66
9 €6
z°016
6°06
£ %981
tad A 74
$e06L5
€°8266

qo,.mnqv

€90°L
595°9
CGv*9
§66°G
16€°9
196°G
618*S
8Z9°4
609°6
1€€°%
9E7"s
Zii%¢e
£90°¢
GeeTYy
g18*%
19y
oLTtYy
»Z1*y
LA 8 4
GHETE
[ 2
i96°¢
giete
(.33
BIeTe
g87°¢
1L2°¢
s12*¢
gZ1°¢
EALTE Y
6267
66L" 2
ooLte
0iete
19%"2
o1e*2
3§04
[ WA a4
tese
9eI°C
229°7
BYE"?
12z*?
ror*e
O%6"1
LT T
¥16°1
goR"1
s08"1
0EL"t
gys1
tez*t
¥28°2
A alas4
0Z1°%
64e*Yy

q

R R=e B RIS B Ry o
-
[+ I B O R R

T11 9198]

L]
-

el

L2

B L1591

Yy

oL~ N?av

650°¢
5€0°S
€50°%
ET°S
110°s
€L1°s
QIc*s
08C°s
8z0*s
+90°¢
450
9icC*s
660°§
£61°5
862°5
acr*e
12% "¢
gey°a
LA A 2
[y O A
16%°¢
96E"S
[ 34 1
11,1 3
61%°5
Ti%°§
€06°¢
665°§
€755
629° 35
gLss
80S°S
9H° G
1&g
GLE*S
192 ¢
0%1°§
14 -1
F4 S
AR 4
€16 %
¥80* 5
eeZ s
L1%°s
§i9°*s
164°¢
656*S
ity
612%9
o919
€Lo0*9
0665
968" ¢
6YI1 e
7801
0600~

®

92e*C
B49*0
18470
118*0
g€eg e
§LL7°0
€28°0
£78°0
gre‘c
1Z8*¢C
0180
618°0
gre*o
$18°¢C
ToB*C
g18°c
E1g°p
069°0
[ ¥4 M4
9tg°C
e9L°C
oye*C
G%8*0
s%8°C
61870
2860
16e°C
+8°C
L¥R*C
6e8°{
ly8°C
¥78°C
BELT0
1s8°0C
£680
gzg 0
168°C
6s8°C
gsg°C
B6L°C
€894°¢C
184°0C
gy8°C
geR*C
B¥8*0
1680
6580
%98°0
Ls8°0
¥e8°0
Y4yg*C
5870
6680
if8°¢
0z o0
gce*o

0661
nLe*1
0s6*°1
0Ee"1
0161
0eB*1
oL8°1
0s8*1
cee’1
o181
ceL*l
cLL1
GGL*Y
0eL*1
gL 1
o1t
s65°1
04891
699°1
6o 1
see "1
0Za°1
€09°1
[T
gle*t
095°1
ghe 1
PES* T
cig°1l
0es°1
cEy* 1
clu*1
gs%*1
(W 1 Al ¢
Scrt 1
o01e°1
Gee"1
[4:1 3 |
$9e° 1
0sE"1
GEE"T
0zZe*1
g0E“ T
062°1
§iz*1
0921
S¥2*1
0EZ*1
1zt
00zZ*1
¢81°1
ofit*1
€611
Cel*1
€Z1°1
0T11°1



— r
A A L D D I T D T I Y T Y B N R S Y

N~ LN D Dne

[
T OO A DN T e D D et Dtk bl MY =t B Y A

—~

A I TV I o W NV |
—t el o et et el -

"
~
LI I R R I T T T B U B )
FLrd AN et A e QO OO DO A DOt O D et

DD O NS DO D=4t P NN A0 U™ DN DN et 0 D et ™o Ao OO O et D D -

WO O etaf DO @O0 P DN
T el et it ol ot el ol v ot e aid e —4

=
=
o
>

9'0 ¢ 3 310F 83113 2Y3 Jo sIInsay  :IIT d1qEL

[ AT 34 [T bed "7= | P ok Al b g0ITg cre*c [ ¥ S
e lL* [T S Z°Ca [ seE T~ AN [ 1°51 gI0C RCa( (A= |
S8 L1 [AMAS crEYy CrET - L=z [P €0 T€C¢ cGe° T DR
9 ik [PA S A 1 4 5°I5¢1 1l 1- ®*212 fesee Leee g tha ovt*C Cto*1
STICE T g® arre CAFAR ] TistT— neR7e cegra 56T (Ra"w fEs°C c1ett
rT1e &' ol 1*3% £oind T sty cIT*S T*21 LCitg ri%~¢ [§-1- Rl ¢
Pl 3T L7 [SREVE brITE [ e R oTale Tel*3 0L ceetg 1e%*C clatt
-V | atte ZTEE 2517 B3IC*1- b & ¥ NP ey ees AR ANY [T
T et £rec ERACES 3505 AR B [ RS A sgete TrUE N -2 Ciel R & [AL
1°0:1 w07 [ 1307 (30~ T Cr? crets £°6T s86%H Ta=*C cyz=1
102 17 ERin LT LR coeet £LLTy n*Le ceee; Lel*( [V R
Jeect [ A 273F b ERA A [ N L TeIE TL0%2 32040 (A PV
B A | 22 T 6s L°E3 R e’ {s0*s trEe” cinTs FAL M EE TR
ttous 071l LTLCe a2 T = FRE-¥1 BTG 1*7o PR oLl Tt
2*7¢2 - . 1. sl T*Cal Guutl= o "l Pl S Cr9F [QER 1Z%°¢C PR
720El £*ral a7 o757 1e§°0— creerd grite holiedd [T TLESC [AR IR |
18l PR 37141 2 % 1 Jat- oa5¢ SOty [l 2 Sict: LIetC €631
C*5¢ g7l atell 11t Sactr- JTiCT RN CrRL st s Tis{ rest
C*9g1 EA ctiwl g°0CT EnR A frE_¥ L ] >l fL6° FERC ezt 7
1°&8¢C PR [N AN | 6*ees LesTC= o lie tHT L [ 3 ERS e AR & DS R
2°e?dl 77 7h Fresl 603 A0 R AR Z3c ¢ Sl LT3 cre L H2EA
T1eell -1 Frael 0T [P P LR 1e7*¢ 2rie oot Tiv*C nEactt
EAN T ta Lo0u1 131 S0~ [T LioTy P 24 A Le-=C BN
FRra A CRESE £roe? C*e? RPN S crecy okt oTre 1R ceerc "1
colel 15 G ERT e a1t~ [y ERh 2 "1l Shed S Lis 3
i 31 £rer T°111 =1 c3i*0- 2v301 LA - ST Le="C i
chunl Tref ST T1°=¢ TR Rl 4 - LEA I FEn*( "1
9Tl L3 £oa(T Lo L°767? S.E7€ S [P JeetL 1
1°€6 Pl 3 PR P £ gezpr Toreg t (53°3 EFh*C i
1ue AR T*=21 708 Grine AR ~ *LiTs Lig°C 1
c"BY €71 e B 10?2 €337 HPS g N ~rerg LS ‘1
[ ) [P el G¢H Gl [ Aaie C wFiTE [2ch i T
2521 SO 2ot A TL1s 732 Yogt T ] SERte g+t 1
£y 2oz [ O [ c3l (= oLt TEutl t R ki & “1
10027 £ e L 0FT £%33 s CoLel FAR g furts Ti=tC *1
=11 T 5T [ Tl = Ot R To+te 3 SELTe @r-"C * 1
grhe R (1 L1l Rt - €7 iletT 2 AU G DR 4 1
5°(5 1S M ETT 6 bl 20170 = 36T ECS - DAL S trdkeg 1
3°97 [2aE A s*ewl 273 £ i1t0 LrTEUe [ SR < RT* 2 GL-tr 7 :
Lris £ e £ FLe =1 SilTC- w75t S(CF L ERI F M 8 1 :
atL. £eee 9T 22t 310 ¢r3vg Ted*l * £51°7 Ted*d *T
[ 31 9% 1811 8 LT N ¢ 6°551 cre*C 1°ib cemec EFS *1
e 52T [4ha 11 G4 caC*C- L*81T kAT Tl TIrte cER*C "1
124 £°1¢ C*211 921 90" C it9Lt [4 LI [N %t H5+htg clet{ "1
I 4e 9 49l ~*Z6 €rs LIG"C = LT Joetl 7erg TL°8 8- 4 1 .
1°9L 8*3 938w [ 3 B gs1 0~ 6°LlES €CLtC Freaw eI SR 1 :
=T9t 1°61 Fool ot 1T ceQ*C- 6631 eyl ¢* o 885°6% By 5621
6°0¢ "0t kA 2 L% L3C* 0= L0021 el€"1 0ree E41°9 PE&s"L (A1 |
11 ' LrLl ere 650"°C=- #5°!B E9L°T ar(e ere’s (S-S RS G171
[*A B 0%¢ 5*1E L*Z 230°C=- 1L £6S"T G*LlE G319 ge+*0 aecet 1
6°98¢6 Loidis CZley 5*C4d Fze*C HrLEE Y grLte T 06CY HLE*S 6CH*C 5811
£°61 77 il°1E b*E €a20*C etelt L1C*1 AR 41 1icte 6649°0 [WF AR
1911 L %el S %1L1 L% 2600 9 0e+1 {2970 g*70t2 6{E"9 £€L9°0 6811
L*iCe §°2111 £*77921 C*td 9£C*C LHLT0T YieC #eTLs] £T0ete LR L (WL 2
6L €112 B*o%0wZ [ -2 €Q2*C— £rroeel cEe "l LS 0CE G6L°¢E 19 Ge¢1°1
0*g2L 6 %101 27649951 ST Cse (- 8* 15001 [ L A4 8.2 Y w20 (- 83%°C SR B |

u um nm
. . . .u U . . m m w
o_ w +No_ u qo_ u qo_ NA 3 qo_ NSS q co_ NA v) M



|6t

[,A29],101 o [,A99],1E]
0oL 0% 01 SO 0 00z 00  ©% 01 SO 10
L N L L O T T 7TT T 77T T T T [T 7 T 7 1T
0y 0t 0z 0L S0 00 _ 09 0 02 01 SO 00
LA L N L L O L M A T ] LI L L AL A A L L L D N A
[Ao9] b +  [pe9],b .
¥
-0l
m.o >3 m.o < w °
y o ]
o
- o\@a —
. \ﬂ .
| A .
\ llom e\nMWo ..lom
P : > -
-t oot o ool
m\m \u\
=

. o-ai] 9,077
A9 0EZ1 =M ¢ ¢ -




2614
[A99] 10! [,A29],1b!
Q01 0S 01 S0 €0 00z Q0 095 ) SU ¢0
mrrrr 1 1 1 miTr7 1 1T Jriiryr 1 1 HARAEREE R
07 0t 01 1]} S0 00 08 QY 4 (4]} S0 00
rT1 v 17 1T (it rrr 1 [T rrvry r 1 v juriyrrr 1 =
.H~>00w NU ] H~>OOa ~U \wl
_ . S
h P .Ml .
1 Yy
: I
90s3 1o 60<3 ..\.
- \\ -
\m ] \k-u .
A ;
LR R4 s
w [,01-q1}59/'2

NSO 08E'L =M i}

Sl

Ot

0S

001

007



€014

[,A9] 1B [:M9] ;1D
oL 05 0L _goooE - OOL 0 0l 90
R B N T T °r  Jrrrrr 1 17T
07 0E 02 O0f SO  00D. 09 Oy .02 OL SO 00
AU EEEEE AU L L LN LU AR RE K
[A99] ;b | [2A9] P
Um .um
i e/
—ol x« ot
o J | e
\ mom \- 708
Joor y Jooi
.._ mL\W  [ora™%9/'3
No9 0EGT =M -




9614

[:A29] ;|BI [.A29] ;1 Bl
00t ‘0S5 01 80 002 OOl 0% 01 80
T [TITT 1T 7TT17 1T 1T 7] 1 T (rryr 1 1 [T
0y 0E 0Z 01 SO 00 09 09 0z 01 SO 00
T 1717 1 7 _::______N LM LLLEEE B LR AR 1,
[;A99] ;b [,/91],b
u od .
. ot . 7 Joi
9053 } 6023 v
/
m - —
_ \\ -
— 05 \ — 05
—~oot : —ool
-looz ._ qQ o (1]
" - | [,.01-Q1}59/'3
A2 G091 =M ¢ £ 7 ooe




S00 |- W=1.695 GeV
~ 2 -2
100 / 100~ i
sol- // sol- /
-/ i
€20, € <0
oL / 0.9 oL 6
S:/’ o _5:_
n—’ .
/
It 2, | 2 2
¢ (Gev?] q? [Gev?]
Lt tonl o Lo el lalol il vonodoeed 3 o3 fadad
00 QS 10 20 W 60 00 05 10 20 304050
| 4 bl L1 L Lo el g
10 S0 00 200 1.0 50 00
112 (GevE] 1912 [Gev?]

Fig.5



500~
-1 /G5 (ub107]
100
50 -
B /;
&
e ./
0 €209
-y
5~/
r
4 q? [Gev?]
00 05 10 20 &0 6D
TR DS NN S
20 50 100 20D
1§ 12[GeV?]

W=1890 GeV

i /}-
100 E
50 E I
- i
-/
ok €<0.6
sk
¥ q? (Gev?)
1

WTRTIITIT . A NS
00 05 10 20 304050

bt o tastal 1t
20 50 200

0.0
IGFIGeV?]

Fig.6



s [,A39 1,10

0oL 0% ol 50 10 0oL 0S0YO0E 07 Ol 60 1o
— T T T T T e Teg _ T
__md___n v 0% Q__::g_ — .___= , fm_g____ e ___N 4 ___,: 1 I m___

A9 1;b | A% _

§0>3>90 T A | i
AS9 0BEL=M | ASG OEZ L =M o
.....m.
\M ot
, ah |
] y ]
10§ 405
: *\l “
oot m ool
{00z | F.e.%;m__ul 002




pby

[,A%9],] ] [,A99],1 b
o o st P e ga _;N_.._ 0l
T TTTT T T L0 BELAR S T T T T T 71
05 0y bt ‘07 0L 50 ) 05 0Y OF 07 0L S0 00 -
I N LA SNLENS B NN AN I BLA BAS AR L LI LA DL RALES BN R o
[A39]:b | [,A29];b
o ..
50>3>9° b ]
A99 5091 =M 18 A39 065 1= M =k
ot Jou
405 106
ool ‘ ~ ot
i b
-{00¢ r.o_ gn] Nm_ ulgm




60!

[:A%9] 101 [;A%9] ;1!
005 OB 00 0% 01 005 00 O0Z 00l 0§ ol
| LN SPRL IU LS L LA R _:._md.d le o MLV L PO N
U609 0905 0% DE 07 0L S0 0D 509070305 0% 0f 02 0L SO 00
UREAEELE I LA B B A A R LA R R AR LA BN S T T T+ T T ool
[ A%9]:b ~ [A99] b
- T 7
mavwvw.c + -
A%9 0601=M + A9 SB9°L=M ﬂ s
Lo —u
118 =106
Eoot — oot
- .
o ﬂ s
I 008 (009 3] 12 oos




871

0L 314

¢t 1

~ o o
o] o o0 O 0 OHHd

CCXXAZD)

o

= CXX{)

b

I

0°0

G 00c

0" 00h

07" 00%

(SNHEEOHTIWY NDILDJ3S SSOHD



Wal4

(AZDD M
0°¢ 81 91 hol ¢ 1 0
. \ ; _ T T T T _
)
CCXXAJD ) E70 = ¢XXU 3
2
S 1 1 L L

!

“00h

“009

CONYBEDHTTW > NDTLJ3S SS0Y2D



L3Ol 4

(A0 M
Q"1 9" 1 ol 2" 1 0" 1
R N,
g
B YTy gTYy Y, ¥ ;
© gz 5 .3 = 1 o oot
ummwwmmw fEg ASER T -
- mw ¥ i
ki : m
y ,
f=a 4 ¥ 407002
MH 90 = % % - 7
_ ¥
T maMwm
i ,
_ ¢ W - 0°00¢
CCXXATD) S°0 = XXO i -
L ! ) i i J i 1 L 1 £ 1 1 Il i L L D-DO«J

]

—r

45 G50

8

CONHBEOHITW Y NOTL



P O\

el J14

T K}“i'r"_"“l"' -

e g

(A9 M
8 9" | o 2 0"
A" WW
¥7.39957%2, 3 o s ! L
_ mwm mmwwmw mm mnn : mm i
5T ¥
2 g 2 i
¥
9053 Y Y .
603 0 ¥
| ; )
(ZXXATD) 071 = TXXD i3

I

- 0°0
H 0" 0%
H 0°0S1

0°00¢

(SNHEEOHDTIW)Y NOT L1335 SSOHD



1.8 2.0

1.6

N CGEV)
FIG 14

L.

1.2

L T b1 b T T T V‘rﬁ"ro'r{* T T T T 1 T T H T l T T T T
Lo
r ol <
o b
-
ETRCS
it o @ a
y O
L ok © O\
tob ~—t Al VI e
B oy r—cH W W é
| ot HOH —H 0
" Pl
P S D
[ -
e it - —f NS
- b o
Fod i
ot -
- H-H o
Lot bt
S N\
B b
el ]
sy |
-~
- pr-Hod
- twd N
b —<3-oH
- e — X
Fo <t o X
<
| i bt 2
Lo b
-8
eH
B iob<H
| e
[y
)
t HecH
<t toq
e
o]
- o
Ho4—
Ht—
L -
b —p-
a4
Y
Lt pof
L b ol
L4 1 [ — 1 1 1 ] I ! ! t 1 i 1 1 1 1 I I3 L 1 1
3 o) ) o )
(o (- -] C3 =
ip) —f 'sD) N —

CONEBEOETTW S NOT L3S SSOHT



3

e 1 a4 T
o4 P A
-
ot
N bod b -~
: o{ bt o w0 —
He bt - d
L o o (M
boib -~ o A vl P @©
N L S W w x J o
He-41— — '
R Ot L
4
o i (h
oH—<——
o N
i He—4+—
ot b - I
- LR+ BRI | ]
[ b
b o4 0’7 0
L F—a -+ e
po {p—G—e —
b — oo I
- =P
b4
g4 N
e X
ot +-—
bod b XK
Fod  —a— -
fommfanmed ot ]
) Fod heH
o+ HcH 1=
Fod
o4
s HeeH .
ot
(SR W
oS, i
o
g
F-<d-+
- 7
b—o- H-<—
e ™N
k g 4
o4 —
prctd =04
et 1
i
—a— ‘o
i FeHiot ]
O
L =] g 1 l 1 i 1 1 l ). i 1 1 I 1 I 1 | 1 .
—h
- ) () o ) ()
¥p) ) Tp) () Up) o
&N N — —

CSNHBEUHITIHW ) NOT L1345 SSOHT)

N (GEV)

FIG 15



e S Sty S T T }_r{}____rq T T T T T T
t-o R
S e e B o b
b
L ot prm e ——— ]
b—r -
s LTI S
- [ S N/ -
bod -3 P4
| bt e > .
e e -
bt
L H-e-a— |1 4
F—o—i e A (H
H-— 4}——f
ot s
- bt 4 1
R B
R e — -
- R L o .
= F—<—
-0 -
- e SRRt S S-S .
O e
b 0 L
g
L 1 _
F—<}-o—t—] \J
-+ b e
- b— oot —t-- o -
Fod b sk X
bomd b o —o
_ & & 4
e R
o
o H
L bt ]
ot
—o-
L e -
F—o—
o
X 43
F—o—
k- 4o
F-ot+—
5 , 4
bF—o——G—
—1—oi
- -+ -
e
F—<t oo
L o @ s o 5
o O !
Al VI LS
Fod KM
- w w -y
HOHRCH
3 -
1 1 i L ] A - A 1 [ ' 1 1 i
O - O o
U - LD o
i )

CSNHHEDHITW Y NOT103S SS0HD

o

1.8

48]

1.2

1.0

(o
A D

FIG 16



2.0

[ A L S SR | T I T T
b0
—o—q _
f—0--o
L P - i
P I
b m—
r p——o—— QN -
bo— XK e
L el XK 4 -
b—o—4 > ~—
|
Al L ]
F—o—r D
oo f—{ s ]
i F—o—
A -)
- t——o—o o E
f—o—o
P L™ )
- —o—{ o
2 ~i
o] Fl
_.{ -
b——0—
o ™
b—mo—
o p——-— X B
}—o— X
pn—0——
r F—o— 5 4
| —o—
| i s o}
— -
B —o-— —
p—o—
—o—q
prmmip——] -
i
-y
R [ A
o
t—o—
b—o I i <
i f—o—q
b ™
= I—H - — -
e |
o .
i fo—i
o
o j
()
1 i 1 i 1 i 1 L i 1 L i -
e
O (] O O L)
o9 w) py QN Lo

(SMWHANHITWY NOT L3S SS0WD

N CGEV)

FIG 17



8l 914

(ZXXAZD) 070 = ZXxD mmm
| AR
= mi mﬁﬁk ) E:%
HR S

I

0°0

0" ¢

0" h

0°9%

CONEBEUHITIW Y NOIL133S SSpYD



	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

