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Abstract 

The electroproduction of K+Y on protons, 

e p -+ e K+ y (Y - A· 
' 

z:O • 
' 

1:'
0

(1385)' A' ( 1405) ; A' ( 1520)) 

was investigated by measuring the scattered electron and the produced K+-meson 

>n coincidence. The differential cross sections were determined as functions 

of W, q2 , t and ~KY in the kinematical region: 

1.9 < w < 2.8 GeV 

-0. 10 > q2 > -0.60 GeV2 I c2 

t > 
min - t > t . -0.33 m>n GeV2/c2 

0 < ~Ky < 360° 
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Introduction 

We present data on the hyperon production on protons by virtual photons via 

+ 
ep-+eKY; 

+ By detecting coincidences between the scattered electron and the produced K -meson 

the cross sections have been measured as functions of t.he following variables: 

the four-momentum squares 

of the (y vp) system w2 (yv + p)2, 

of the virtual photon q2 (e - e')2, 

of all unobserved hadrons ln the final state M2 (y + p - K)2, 
v 

the square of the four-momentum transfer to the hyperon t (p- Y)2, 

(or equivalently t' t - t min' 

where t . 
m>n 

minimum four-momentum trans.fer t at fixed values of q2 

and W) , 

and the azimuthal angle 
+ 

plane, subtended by e 

¢Ky' which is the angle between the polarization 

and ~·. and the production plane, subtended by K 
+ 

and the hyperon Y as defined in Fig. I. 

e, e', yv' K, p, Y are the four-momenta of the participating particles: 

the primary and the scattered lepton, the virtual photon, the K-meson, the 

target proton and the produced hyperon. 

Results have been obtained in the following kinematical region: 

1.9 < 

-0.10 > 

t > 
mln 

0 < 

The transverse photon polarization 

w < 2.8 

q2 > -0.60 

t > 

¢KY < 

+ 2 

t min 

360°. 

""'2 q 

GeV, 

GeV2/c2 , 

-0.33 GeV2/c2 , 

-I 

2 
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varied in the range 0.5 < < 0.8 

Assuming the validity of the one-photon exchange the general form of the differen­

tial cross section for the electroproduction of hadrons can be written as 1: 

r x 

+ E 

with 

a 
r 

dcr 
u 

dt 
(W,q 2 ,t) + E 

dt 

- E 

The·cross section is separated into parts due to the two transverse and the 

longitudinal components of the virtual photon polarization. dcr /dt is the 
u 

( 1) 

differential cross section for unpolarized transverse virtual photons. It can, 

therefore, also be written as half the sum of the two cross sections do 11/dt 
and dcrl!dt for transverse photons being polarized parallel and perpendicular 

to the production plane. In the limit q2 + 0 it has to approach the cro<s 

section for unpolarized real photons. The term E • dcrp/dt • cos2tKy is the 

contribution of the transverse linear polarization to the cross s.ection. 

is half the difference between the two cross sections dcr 11/dt 

dcr
1

/dt is the differential cross section for production with 

and 

longi-

dcrp/ dt 

dcrl/dt. 

tudinal photons. The term /2 E(E + 1) • dcr
1
/dt • cos$ takes account 

Ky 
of the interference between the transverse and longitudinal components 

and dcr
1

/dt of the virtual photon polarization. 

By measuring the azimuthal dependence of the cross section we have separated the 

components dcru/dt + E dcr
1

/dt, dcrp/dt and dcr
1
/dt and have determined their 

dependence on W, q2 and t (or equivalently t'). 



4 

Apparatus 

The layout of the apparatus is sketched in Fig. 2. The scattered electron and the 

produced K-meson were detected in coincidence in two spark-chamber spectrometers. 

After defle.ction by a magnetic field both particles were detected in optical spark 

chambers. The electron was identified by means of a ~erenkov and a shower counter. 

The K-mesons were identified by measuring the difference between the time-of­

flight of the hadron and that of the electron. This was achieved by placing two 

scintillation hodoscopes in the rear of the two spectrometer arms. Pions with 

momenta above 1.8 GeV/c were vetoed by a threshold Cerenkov counter. The spark 

chamber tracks and all counter information were photographed and the pictures were 

analyzed automatically. 

Measurement and Data Analysis 

A total number of 600 000 pictures were taken ·tor the reactions 

e p K+l e :+ +(additional hadrons) 

at primary electron energies of 4.0 and 4.9 GeV, which cover two different q2-

regions. 

Figs. 3a and 3b depict two typical mass spectra for hadrons in momentum intervals 

below and above the pion threshold of the Cerenkov counter (p~ = 1.8 GeV/c). The 

mass was calculated using the measured path length, the momentum and the time-of-

flight of the particle. For further 

the K-peak were used after applying 

analysis of K-production, 
6 proper cuts . 

only events under 

To separate the different channels the missing mass M, defined by 

was studied. As an example, the missing mass spectrum obtained for a prim~ry energy 

of 4.9 GeV is shown in Fig. 4. Pronounced signals around the masses of 1.12 GeV/c2 

(1\), 1.19 GeV/c2 (r 0
), 1.40 GeV/c2 (r' 0 (1385) ,1\' (1405), which cannot be separat­

ed) and 1.52 GeV/c2 (1\'(1520)) show up above the background. The mass spectra, 

weighted with the acceptance of the apparatus, were fitted with Gaussian distri-
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butions for h, E0 and h'(1520) and with a single Breit-Wigner distribution 

for E' 0 (1385), h'(1405) pair. A polynomial took account of the background 

which at the lower missing mass region was mainly due to pion production where 

the pion was misidentified as a kaon. Moreover each Gaussian distribution was 

distorted with a radiative tail to higher masses, whose shape was parametrized 

in such a way that the area under the tail corresponded to the calculated value 

of the radiative corrections 2 (10- 20 %). Typical mass spectra are given 1n 

Fig. Sa for h and E0 and in Fig. Sb for the resonance states. 

The following ranges in the mass spectra were used to identify the different channels: 

A 1.03 - I. 16 GeV I c2 

Eo I. 16 - I. 25 GeV I c2 

E'
0 (1385), A' (1405) 1.35 - I. 45 GeV I c2 

A'(l520) I. 49 - !.55 GeV I c2 

The cross sections were corrected for the losses due 'to the cuts in the missing mass 

(< 5% for Gaussian, 40% for Breit-Wigner), for the background (20- 50% depending 
v 

on the reaction), for the efficiency loss in the trigger, Cerenkov and shower coun-

ters (6 %) , for the interaction of the K-mesons (6 %), for the decay of the K-mesons 

(50- 70% depending on the momentum), for loss of events by the automatic data ana­

lysis procedure (10 %), and for the loss of events due to the cuts in the time-of­

flight spectra (5 - 60 % depending on the momentum) . The uncertainties 1n all these 

corrections including that in the intensity of the primary beam add up to an overall 

systematic error of about ±10%. The uncertainty in the fraction of. the hyperon con­

tributions in the missing mass fits causes uncertainties in the cross sections 

of ±5% for A, ±12% for E0
, ±JO% for E' 0 (1385), A' (1405) and ±10% for 

A'(1520). 

Results 

The cross sections douldt + s do
1
ldt, dopldt and do

1
ldt, defined in Eq. (1), 

are given as functions of W, t and q2 in tables I - 4 and Figs. 6 - 15. The 

cross sections for all reactions are dominated by the sum of the unpolarized trans­

verse and the longitudinal cross section douldt + s do
1

1dt. The absolute values 
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of the cross sections dcrp/dt and dcri/dt are of the order of 10 % of 

dcru/dt + s dcrL/dt and within their error bars they are compatible with zero 

(Figs . 6 , 7 , 14 and 1 5) . 

For a part of the accepted kinematical region the data covered the ¢Ky interval 

between -60° and 60°, in which case the cross sections were averaged over this 

interval. Their values are also given in tables 1 - 4 under dcru/dt + s dcrL/dt. 

As the measured values of dcri/dt and dcrp/dt for the neighbouring kinematical 

region are compatible with zero, it can be assumed that the same result also holds 

for the above region, so that the averaged cross section is roughly equal to 

dcru/dt + s dcrL/dt. 

These results replace the preliminary values for 

of this experiments presented at the International Symposium on Electron and 
9 Photon Interactions at High Energies, Bonn . In the earlier version a wrong 

number of incoming electrons was used in the data analysis. 

W-Dependence of the Cross Sections for K+A and K+Lo 

The W-dependence of the cross sections is shown in Fig. 8 (K+A) and Fig. 9 (K+L 0
). 

In the range 2.15 < W < 2.35 GeV and for relatively low values of lq2 l the cross 

section exhibits a very strong dependence on W. In this 

(W2- M2)-3 · 5±· 3 for K+A and with 
p 

values of W and lq2 1 the W-depen-

region its behaviour is compatible with 

(w2 - M2)-2 · 9±·
3 for K+L 0

• At higher 
p 

deuce becomes weaker and the data for K+A and K+[o can be described by 

(W2 - Mz)-2 · 4±·
2 and (w2 - M2)-2 · 2

±•
2 respectively. It should be noted 

p p 
that the kinematical points with lower values of W, keeping the other variables 

fixed, correspond to higher values of s. Therefore a non-vanishing dcrL/dt 

would result in a varying normalization of dcru/dt + s dcrL/dt along the W-axis, 

and hence in a steeper W-dependence. For the present data the effect is of the 

order of 10 % in the exponent. 

One possible explanation for the observed variation of the W-dependence of the 

cross section dcru/dt + s dcrL/dt could be that dcru/dt and dcrL/dt depend dif­

ferently on W. With increasing lq2 l the relative contribution of the two com­

ponents can vary and produce the above effect. 

t-Dependence of the Cross Sections for K+A and K+Lo 

and 11 show the t-dependence of the cross section for 

respectively. As it can be seen, the dependence of this cross 

section on t is rather weak. 



7 

q2 -Dependence of the Cross Sections 

The q2-dependence of dau/dt + s daL/dt is shown in Figs. 12 - 15 where our data 

are plotted together with the photoproduction data3 •8 . For this purpose part of 

the data were extrapolated in W according to the proper dependences indicated 

in the relevant figures. The data for K+A and K+Io have been obtained at 

slightly different values of t, all close to t = -.15 GeV2/c2 . No extrapola­

tion in t was applied to the data since the electroproduction cross sections for 

K+A and K+Zo vary only slightly around this t-value. For all the four channels 

the cross section da)dt + s daL/dt decreases smoothly with increasing lq2 1, 
starting from the photoproduction point at q2 = 0. The behaviour of the above 

cross section for all channels except for 

of a simple Vector-Meson Dominance Model for 

is compatible with the 

In the case of do I dt. 
u 

predictions 

K+A the 

cross section falls less rapidly even compared to the total transverse cross sec-

tion normalized to the photoproduction value. This may be due to a large contri­

bution of the longitudinal component which can be explained by a K-exchange in the 

t-channel, in analogy with the electroproduction of 
+ 

1T n where the remarkably 

large contribution of the longitudinal part was also attributed to the exchange of 

a pseudoscalar meson in the t-channel (pion exchange). If this explanation is 

correct one would expect a much smaller longitudinal part in the case of K+Lo 

due to the difference in the coupling constants 

1n agreement with the observed behaviour' of the cross section for K+Io (Fig. 13). 

On the other hand a large contribution from the 

K+~ would be in disagreement with a theoretical 

Model. 

longitudinal 

d
o o 7 

pre 1.ct1.on 

part in the case of 

based on a Regge 

The cross sections for K+A obtained in the present experiment lie about 25 % 

below the other published values 4 •5 . This could be explained by the larger values 

of E in the above references together with the existence of a large longitudinal 

component. 
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Figure Captions 

I) Diagram of the reaction 
+ 

e p -+ e K Y. 

2) Experimental layout. 

3) Spectrum of ~ (calculated using the time-of-flight information) of the 

detected hadrons for the momentum interval 

a) 1.2 < !Phi < 1.25 GeV/c, 

b) 2.05< !Phi < 2.1 GeV/c. 

mass for the reaction 4) Spectrum of the missing 

yv p -+ K++(additional 

of 4.9 GeV. 

hadrons) obtained with a primary electron energy 

5) Missing mass distributions obtained in the kinematical regions 

a) -0.42 < q2 < -0.20 GeV2/c2 , 

I. 95 < w < 2.25 GeV, 

-0.20 < t < -0.054 GeV 2/c2 , 

0 < ~Ky < 360°; 

b) -0.60 < q2 < -o. 10 GeV2/c2 , 

2. 10 < w < 2.80 GeV, 

-0.35 < t' < 0.0 GeV2/c2 , 

0 < ~Ky < 360°. 

6) The dependence of the cross sections dou/dt + Edo
1
/dt, do

1
/dt and dop/dt 

q2 + 
obtained with a primary electron on w, and t for y p -+ K A, energy 

v 
of 

a) 4.0 GeV, 

b) 4.9 GeV. 

7) The dependence of the cross sections do I dt + E do
1

/dt, do
1
/dt and dop/dt 

u 
q2 and for 

+ 0 
obtained with a primary electron on w, t y p -+ K l: , energy 

v 
of 

a) 4.0 GeV, 

b) 4.9 GeV. 



I I 

8) W-dependence of 

tical regions. 

d0 /dt + E dO /dt 
u L 

in two different kinema-

9) W-dependence of dau/dt + c daL/dt for yvp ~ K+Eo in two different kinema­

tical reg1ons. 

10) t-dependence of 

tical regions. 

for + 
YvP ~ K A in two different kinema-

II) t-dependence of dcru/dt + E daL/dt for yvp ~ K+Eo 1n two different kinema­

tical regions. 

12) q2-dependence of for 
+ 

y p ~ K A. For comparison the curves 
v 

corresponding to the total transverse cross section and a simple VDM prediction, 

both normalized to the photoproduction value, are given. 

13) q2-dependence of dcru/dt + E dcrL/dt for yvp ~ K+I
0

• For comparison the curves 

corresponding to the total transverse cross section and a simple VDM prediction, 

both normalized to the photoproduction value, are given. 

14) q2-dependence of da /dt + E 
u 

y p ~ K+I' 0 (1385) ,A' (1405). 
v 

daL/dt, da1 /dt and dap/dt for 

For comparison the curve corresponding to 

a simple VDM prediction, normalized to the photoproduction value, is given. 

This photoproduction value is obtained by extrapolating with (W2-M2)-z. 
p 

15) q2-dependence of dau/dt + c daLdt, da 1 /dt and dap/dt for 
+ YvP ~ K A'(l520). For comparison the curve corresponding to a simple 

VDM prediction, normalized to the photoproduction value, is given. 

This photoproduction value 1s obtained by extrapolating with (W2-M2)-z. 
p 



Table Ia 

w 

2.00 -

2.10 -

2.00 -

2. 16 -

2.21 -

2.24 -

2. 10 -

2.22 -

2.28 -

2.40 -

2.44 -

2.48 -

Units: 

12 

W-dependence of the cross sections 

dcr dGL ctcr1 dcrp 
u and --+ Edt' dt dt dt 

for YvP -+ K +A 

2. 10 

2.20 

2. 16 

2. 21 

2.24 

2.36 

2.22 

2.34 

2.40 

2.44 

2.48 

2.60 

w 
2 q , t 

.22 

.22 

. 2 I 

. 16 

. 17 

.22 

. 46 

. 46 

. 31 

.29 

. 31 

.34 

lq2 1 

- .42 

- . 42 

- .33 

- . 39 

- .37 

- .32 

- .60 

- .60 

- .49 

- . 51 

- .49 

- .46 

cross sections 

It I 

.06 - . 17 

.06 - • I 7 

.06 - . 15 

.05 - . 17 

.05 - . 17 

.06 - . 16 

.08 - .22 

.08 - .22 

.07 - .20 

.07 - .20 

.07 - .20 

.07 - .20 

in GeV 

in GeV2/c2 

-2 2 in wb GeV c 

'dcr 
€ 

u ·--+ 
. dt 

.80 2.27 

.74 I. 84 

.79 2. II 

.73 1.68 

.70 I. 35 

.65 .88 

. 81 I. 18 

.76 . 84 

. 74 .86 

.70 .84 

.67 .64 

.61 .53 

da1 ~ ctcr1 dcrp 
€ dt"i dt dt 

•.22 -.23 ±.20 -.49 ±.40 

±. 18 -. 16 ± . 17 . 14 ±.28 

•.28 

±. 16 

±. 18 

±. 10 

±. I 7 -.20 ±. 16 .36 •.25 

± .09 -.06 ± .08 -.08 ±. 18 

•.o8 

± 010 

±. 10 

•.09 



Table lb 

w 

2.00 -

2.00-

2. 12 -

2.08 -

2. 12 -

2. 16 -

2.20 -

2. 10 -

2. 10 -

2.24 -

2.24 -

2.28 -

2.36 -

2.36 -

2.40 -

Units: 

13 

t-dependence of the cross sections 

dcr dcr
1 u 

-+ '-- ' dt 

for 

2.20 

2.20 

2.40 

2.44 

2.44 

2.44 

2.48 

2.34 

2. 34 

2.52 

2.52 

2.60 

2.68 

2.64 

2. 72 

w 
2 

q ' t 

dt 

Yvp -+ 

]q2] 

.22 - .42 

.22 - .42 

. I I - .29 

. 12 - .28 

.13- .27 

. 12 - .28 

. 14 - .26 

.46 - .60 

.46 - .60 

.30- .so 

.30- .so 

.29 - . 51 

.20 - .40 

.20 - .40 

.20 - .40 

dcr
1 dcrp 

and 
dt dt 

K+J\ 

I 
I 

I tl 

.06 - . I I 

. II - . I 7 

.06 - .08 

i .08 - • 10 

.10 - .12 

. 12 - . 14 

. 14 - . I 7 

.08 - . 14 

. 14 - .22 

.07 - . 10 

. 10 - . 12 

. 12 - . 14 

. 14 - . 16 

. 16 - . 18 

. 18 - .20 

-2 2 
cross sections ~n ~b GeV c 

]dcr 
' u ' jdt + 

.74 1.84 

.77 I. 82 

.69 I. IS 

.69 I. 17 

.68 I. 14 

.66 I. IZ 

.63 .85 

.79 .99 

.79 .96 

.72 .85 

. 71 . 91 

.70 . 61 

.66 .62 

.64 .57 

.63 .55 

dcr
1 

dcr
1 dcrp I ,_ 

dt dt dt 

±. IS . 19 ±. 13 -. 31 ±. 29 i 
±. 20 ; -. 18 ±.20 .22 ±. 36 

±. 10 

±. 10 

± . I I 

± . 12 

± • I I 

± .09 -.05 ±.09 .35 ±. 18 

±.33 -.IS ±.33 • -. 17 ±.47 

± .10 

±. 10 

±.09 

±.09 

±.08 

±.08 



Table 

2.00 

2.00 

2. 12 

2. 10 

2.08 

2.04 

2. 10 

2. 10 

2.48 

2.48 

2.36 

2.32 

2.24 

2.20 

Units: 

14 

1c q 2-dependence of the cross sections 

w 

-

-

-

-

-

-

-

-

-

-

-

-
-

-

do doL do
1 u --+ s dt' and 

dt dt 

for YvP -> 

Jq2] 

2.20 .22 - . 32 

2.20 .32 - .42 

2.48 .10 - . 15 

2.48 . 15 - .20 

2.40 .20 - .25 

2.36 .25 - . 34 
----··----

2.34 

2.34 

2.76 

2. 76 

2.64 

2.64 

2.60 

2.60 

w 
2 q , t 

. 46 

.53 

. 15 

.20 

.25 

. 31 

. 36 

.41 

- .53 

- .60 

- .20 

- .25 

- .31 

- .36 

- . 41 

- .48 

K+J\ 

I tl 

.06 - . 17 

.06 - . 1 7 

.05 - . 17 

.06 - . 16 

.06 - . 16 

.07 - . 15 

.08 - .22 

.08 - .22 

. 17 - .33 

. 17 - .33 

.06 - .22 

.08 - .20 

.07 - . 21 

.08 - .20 

in GeV 

. G 2/ 2 1n eV c 

dop 

dt 

E 

.78 

.76 

.68 

.68 

.70 

.72 

.77 

.77 

.59 

.58 

.66 

.67 

.70 

.70 

cross sections in ~b GeV-2c 2 

I do doL, do
1 i~+ E dtl I dt dt I 

2. 12 ±. 16 .09 ±. 14 

]. 84 ±.18 i-.09 ±. 17 

• 91 ±.08-r 

]. 13 ± .os I 
]. 29 ± 10 I . ' 

]. 43 ±. 13 ! 
--~---- , _____ ::___t_ 

.99 ± .09 !-.05 ±.09 

.96 ±.33 -. 15 ±.33 
--------·---~ 

• 31 ±.04 

.43 ±.OS 

.61 ±.06 

.71 ±.08 

.78 ± .08 

. 74 ± .08 

dop 

I dt1 
-.36 ±.28: 

• 15 ±.34 I 

. 35 ±. 18 

-. 17 ±.47 
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Table 2a W-dependence of the cross sections 

do do
1 

do
1 dop u and -- + E dt , dt dt dt 

for YvP + K+l:o 

1 dcr
1

] dcr
1 dop ,do 

w lq2
1 I tl u 

E ,-- + 
E dt: dt dt ! dt 

2.00 - 2. 10 .22 - .40 . 10 - .20 .80 1.09 ±. 16 .06 ±. 14 -.02 ± .24 

2. 10 - 2.20 .22 - . 40 . 10 - .20 . 75 .42 ±.08 .03 ± .08 -. 13 ±. 14 

2.08 - 2.20 . 16 - .28 .08 - .20 .77 . 61 ±.09 

2.20 - 2.26 . 12 - .32 .08 - .20 . 7 I .53 ±.05 

2.26 - 2.30 . I I - .33 .08 - .20 .67 .37 ± .05 

2.30- 2.40 . 13 - . 31 .08 - .20 .62 .34 ±.07 

2. 10 - 2.22 .46 - .60 . 12 - .24 .81 . 31 ±. 13 -.04 ±. 13 -. 12 ±. 16 

2.22 - 2.34 .46 - .60 . 12 - .24 .76 . 25 ±.04 -.01 ±.04 .02 ±.08 

2. 36 - 2.48 .24 - .38 . 10 - .20 .70 .24 ±.03 

2.48 - 2.52 . 21 - . 41 . 10 - .20 .66 . 25 ±.04 

2.52 - 2.56 . 18 - .44 .10- .20 .64 .25 ±.04 

2.56 - 2.68 .22 - .44 . 10 - .20 .58 . 15 ±.03 

Units: 

w in GeV 

q2 , t in GeV2/c2 

cross sections in ~b Gev-2c2 
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Table 2b t-dependence of the cross sections 

do doL do
1 dop 

u and -+ E , 
dt dt dt, dt 

for YVP -> K+Eo 

do doL do
1 dop 

w lq2 1 it I u 
E -+ s-

i dt dt dt dt 

2.00 - 2.20 .22 - .40 . 10 - . 15 .78 .62 ± .08 -.04 ± .07 -.03 ±. 13 

2.00 - 2.20 .22 - .40 . 15 - .20 .78 1.06 ±. 24 . 2 I ±. 23 . 12 ±.34 

2. 16 - 2.40 . I I - .27 .08 - . 10 .68 .39 ±.05 

2.08 - 2.44 . 12 - .26 . 10 - . 12 .70 .41 ± .05 

2.08 - 2.48 .10 - .28 . 12 - .14 .68 .45 ± .05 

2. 16 - 2.48 . 12 - .26 . 14 - . 17 .65 .48 ± .05 

2.24 - 2.44 . I I - .27 . 17 - .20 .63 .28 ± .05 

2. 10 - 2.34 . 46 - .60 . 12 - . 18 .79 .28 ± .04 .02 ± .04 -.04 ± .08 

2. 10 - 2.34 .46 - .60 . 18 - .24 .79 .22 ±. 16 -.09 ±. 16 -.10 ± • 2 I 

2.28 - 2.52 .22 - .44 .10 - . 12 .71 .28 ± .05 

2.28 - 2.56 .24 - .42 . 12 - . 14 . 70 .25 ± .04 

2.36 - 2.64 . 2 I - .45 . 14 - . 16 .65 .22 ± .04 

2.32 - 2.64 . 18 - .48 . 16 - . 18 .67 .25 ± .04 

2.40 - 2.68 . 21 - .45 . 18 - .20 .64 . 19 ± .04 

Units: 

w in GeV 

q2, t in GeV2/c2 

cross sections 
. -2 2 
~n ~b GeV c 
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Table 2c q2-dependence of the cross sections 

and 

f + K+"o or y vP " 

I ' 
w lq2

1 I tl I do 
E ~+ 

dt 

2.00 - 2.20 .22 - . 31 .10 - .20 I .78 . 76 

2.00 - 2.20 .31 - .40 • 10 - .20 .77 .59 
~--· ---·------ - . -- . . - . --·-·· ,.. -

2.20 - 2.52 . 15 - .20 

2. 12 - 2.52 .20 - .24 

2.08 - 2.44 .24 - .28 

2.08 - 2.40 .28 - .36 
' 

2. 10 - 2.34 : . 46 - .53 

2. 10 - 2.34 .53 .60 

2.52 - 2.76 . 15 - .21 

2.40 - 2.68 .21 - .27 

2.36 - 2.64 .27 - .33 

2.28 - 2.64 .33 - . 39 

2.24 - 2.60 .39 - .49 

Units: 

w 
q2, t 

cross sections 

.07 - .21 i .62 

.07 - .21 

.09 - . 19 

.09 - . 19 

. 12 - .24 

.12 - .24 

.25 - .35 

.10 - .24 

.09 - .25 

. 10 - .24 

.10 - .24 

in GeV 

in GeV2 /c2 

-2 2 
in llb GeV c 

i 

.64 

.68 

.68 

. 79 

.78 

.57 

.65 

.66 

.68 

. 71 

.30 

.38 

.37 

.40 

.29 

.24 

. 12 

.25 

. 19 

.23 

. 21 

I 
doLi do1 dop 

E ~ --dt! dt dt 
' 

±. 10 . -.07 ± .09 -.06 ±. 16 

±.09 -.02 ± .08 I -. 13 ± . 1 7 
' ·--- . ····-----

± .03 - - i 
I 

± .04 - - I 
I 

± .05 ' - - ' I 
' ± .07 I - - ' 

±.05 .02 ±.05 • -.05 ±. 10 : 
± .05 -.06 ±.05 -.07 ± .09 

± .02 

± .03 

± .02 

± .03 

± .03 
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Table 3 cross sections and 

w It I I 
I 

l
d"u dcrL; dcr 1 
-+E-
' dt dt dt 

L~Io__::_z.~~~•~·23 - ._.=-37:__~·oo - .02=--~·._73:__ 1.67 ±.24 -.02 ±.24 

2.24-2.38 .11-.20 .00-.10 .66 

2.24- 2.38 

2.24 - 2.30 

2.30- 2.38 

1 2.24 - 2.38 

; 2. 24 - 2. 38 
1-·-···-

2.38 - 2.52 

2.38- 2.52 

2.38 - 2.44 

2.44 2.52 

2.38 - 2.52 

2.38 - 2.52 

2.16 - 2.40 

2. 16 - 2. 40 

2.16 - 2.28 

2.28- 2.40 

2.16- 2.40 

2. 16 2.40 

.20 . 30 

.11-.30 

.11-.30 

.11-.30 

.11-.30 

• 09 - . 13 

.13-.19 

.09 - . 19 

. 09 - . 19 

. 00 - . 10 . 64 

.00 - . 10 .68 

.00-.10 i .63 

.oo - .04 

.04 .10 

.04 - .20 

.04 - .20 

.04 - .20 

.04 - .20 

.65 

.65 

. 09 - . 19 . 04 - • I 0 

.55 

.54 

.58 

.51 

.54 

.54 . 09 - . 19 ! • I 0 - . 20 

.40 - .50 

.so - .60 

.40- .60 

.40 - .60 

.40 - .60 

.40 - .60 

.00 - .06 

.00 - .06 

.00 - .06 

.00 - .06 

.00 - .02 

.02 .06 

.77 

.75 

.79 

.73 

.76 

.76 

1.05 ± .08 

.90 ±.09 

1.22±.]2 

.82 ±.07 

1.13±.10 

.86 ±.08 

.52 ±.05 

.56 ±.06 

.51 ±.05 

.58 ±.06 ' 

.57 ± .06 

.52 ±.05 

.87 ±.09 -.02 ±.09 

.65 ±.08 .05 ±.07 

.86 ±.12 .09 ±.Jl 

.66 ± .08 .00 ± .08 

.86 ±.08 .02 ±.08 

.61 ± .09 .02 ±.09 
---;--~----~-~~ ~ 

2.40 - 2.60 .22 - .32 

2.40 - 2.60 .32 - .44 

2.40 - 2.50 .22 - .44 

2.50- 2.60 .22 - .44 

2.40 - 2.60 .22 - .44 

2.40 - 2.60 .22 - .44 

2. 60 - 2. 76 . 13 - . 21 

2.60- 2.76 .21 - .31 

2.60- 2.68 .13- .31 
l 
; 2.68- 2.76 ! .13- .31 

2.60- 2.76 . 13- .31 

2.60- 2.76 .13- .31 

Units: W in GeV; 

. 02 - . 18 . 66 

.02- .18 .65 

.02 - . 18 . 69 

.02-.18 .62 

.02 - .08 .65 

.08 - . 18 . 65 
---

.13- .33 .54 

.13-.33 .52 

.13-.33 .56 

. 13 - . 33 . 49 

.13- .21 .53 

.21 - .33 .53 

.43 ±.03 

.46 ±.04 

. 51 ± .Q4 

.38 ±.03 

.45 ±.04 

.45 ±.04 

.29 ±.03 

.24 ±.03 

.29 ±.03 

.25 ±.03 

.32 ±.03 

.24 ±.03 

cross sections 
-2 2 

in )lb GeV c 

.54 ±.47 

.20 ±.J5 

• 1 1 ± • 18 

. 05 ±. 19 

. 18 ±. 15 

.08±.]6 

. 08 ± • 16 



Table 4 Cross sections 

for y p 7 K+A'(I520) 
v 

w 

2.36 - 2.52 

2.36 - 2.52 

2.36 - 2.42 

2.42 - 2.52 

2.36 - 2.52 

2.36 - 2.52 

2.20 - 2.40 

2. 20 - 2. 40 

2.20 - 2.30 

2.30 - 2.40 

2.20 - 2.40 

2.20- 2.40 

2.20 - 2.40 

2.20- 2.40 

2.20 - 2.32 

2.32 - 2.40 

2.20 - 2.40 

2.20 - 2.40 

2.40 - 2.60 

2.40 - 2.60 

2. 40 - 2 .so 
2.50 - 2.60 

2.40 - 2.60 

2.40 - 2.60 

2.40- 2.60 

2.60 - 2.80 

2.60 - 2.80 

2.60- 2.70 

2. 70 - 2. 80 

2.60 - 2.80 

2. 60 - 2. 80 

Units: 

.08 - . 12 

. 12 - . 18 

. 08 - . 18 

. 08 - . 18 

.08 - . 18 

. 08 - . 18 

. 12 - .20 

.20 - .30 

. 12 - . 30 

. 12 - . 30 

. 12 - . 30 

.12-.30 

. 35 - . 45 

. 45 - . 55 

.35 - .55 

.35 - .55 

.35 - .55 

.35 - .55 

It' I 

.04-.18 

.04 - . 18 

.04 - .18 

.04 - . 18 

.04 - . 10 

. 10 - . 18 

.00 - .04 

.00 - .04 

.00 - .04 

.00 - .04 

.00 - .02 

.02 - .04 

.00 - .03 

.00 - .03 

.00 - .03 

.00 - .03 

.00 - .01 

.01 - .03 

.22 - .34 .00 - . 14 

.34- .48 .00- .14 

.22- .48 .00- .14 

.22- .48 .00- .14 

.22 - .48 .00 - .04 

.22- .48 .04 - .08 

.22- .48 .08- .14 

. 12 - . 18 . I 0 - . 30 

. I 8 - . 30 . I 0 - . 30 

.12-.30 .I0-.30 

.12- .30 .10- .30 

. 12 - . 30 . I 0 - . 20 

.12- .30 .20- .30 

19 

£ 

.56 

.55 

.60 

.52 

.56 

.56 

.67 

.65 

.70 

.62 

.66 

.66 

.77 

.75 

.78 

.72 

.76 

. 76 

.66 

.64 

.69 

. 61 

.65 

.65 

.65 

.53 

.51 

.56 

.47 

.51 

.51 

and 

dou do1 ,_ + £--
dt dt 

.37 ±,OS 

. 42 ±.OS 

.42 ±,07 

.38 ±,04 

. 41 ± .05 

.41 ±.OS 

. 76 ±. 10 

.54 ±,09 

. 76 ±. I I 

.56 ± .09 

.74 ±,10 

.58 ±,09 

. 88 ± • 16 

.65 ±. 10 

.82 ±, 13 

.58 ±,]7 

. 77 ±.II 

.84 ±. 15 

.52 ±,03 

.37 ±,03 

. 49 ± ,04 

.41 ± .03 

.44 ±,04 

.50±,04 

.43 ±,04 

. .17 ±,02 

.17 ±,02 

.20 ± .02 

.]4±,02 

.]7±,02 

. 18 ± ,02 

-.14±,]6 .23±.26 

-.07 ±,08 -.14 ±,]6 

-. 14 ± . I I -. 23 ± . 22 

. 0 I ± . 18 . 12 ± . 25 

-.04 ±,09 -.28 ±,20 

-.]8±,]5 .40±.24 
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