
Lawrence Berkeley National Laboratory
LBL Publications

Title
K--Proton Elastic Scattering in the Momentum Range 700 to 1400 MeV/c

Permalink
https://escholarship.org/uc/item/48s411cz

Author
Hollery, William R, Thesis

Publication Date
1965-10-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
available at https://creativecommons.org/licenses/by/4.0/

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/48s411cz
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


UCRL-16274 

University of California 

Ernest· ·o. 
Radiatioll 

Lawre,nce 
Laboratory 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. 5545 

K- -PROTON ELASTIC SCATTERING · 
IN THE MOMENTUM RANGE 700 TO 1400 MeV/c 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



,j UNIVERSITY OF CALIFORNIA 

1~~> 
?-_. ·~' 

'~\ 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W -7405 -eng-48 

K- -PROTON ELASTIC SCATTERING 
IN THE MOMENTUM RANGE 700 TO 1400 MeV/c 

William R. Holley 
(Thesis) 

-----------------"o_c_to_he.r_2.2_,_i9_65 ______ ~----------'-----



-iii-

K- -PROTON ELASTIC SCATTERING 
IN THE MOMENTUM RANGE 700 TO 1400 MeV/c 

Contents 

Abstract • .. 
I.·. Introduction 

II. Experimental Procedure and Equipment 

A. K Beam 

B. Hydrogen Target 

C. Spark Chambers. 

D. Electronics 

III. Data Analysis 

A. Scanning and Measuring 

B. Analysis .· 
1. Incident Momentum 

2. Spatial Reconstruction of Tracks. 

3. Elastic Criteria 

C. Differential Cross Section 

D. Momentum Distribution 

IV. Results. 

V. Discussion, 

A. Partial Waves 

B. Total Elastic Cross Sections 

C. Legendre -Polynomial Coefficients. 

D. Conclusions 

Acknowledgments . 

Appendix. 

References 

v 

1 

3 

5 

5 

.. 12 

20 

22 

22 

22 

23 

26 

34 

35 

77 

80 

82 

86 

87 

88 

91 



'~ 

-v-

K- -PROTON ELASTIC SCATTERING 
IN THE MOMENTUM RANGE 700 TO 1400 MeV/c 

William R. Holley 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

October 22 .• 1965 

ABSTRACT 

Differential cross sections for elastic K- -p scattering have 

been measured at inciclent-kaon momenta from 700 to 1400 MeV /c. 

A total of 17 000 elastic events were observed with narrow-gap 

cylindrical and parallel-plate spark chambers. 

Least-squares fits of Legendre -polynomial power series to 

the differential cross sections require fifth-order terms in the region 

of the suggested 1765- and 1815-MeV resonances. Sixth-order 

coefficients are not required. 

The behavior of the coefficients requires a highly elastic 

resonance near 1815 MeV and is consistent with the existence of an 

additional enhancement near 1765 MeV. The latter resonance, if it 

exists, 1s rather inelastic. 

Least-squares fits of one or more Breit- Wigner resonance 

terms with constant backgrounds to the total elastic and total cross 

sections and a qualitative analysis of the Legendre -polynomial c oef

ficients favor a J = 5/2 assignment for the 1815 -MeV resonance, 

although J = 3/2 cannot be completely excluded. 
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I. INTRODUCTION 

Early K- -p total-cross-section measurements gave .little 

evidence of structure in the K-N interaction. 1 At low momenta 
. ' 

(below a few hundred MeV/c) the total cross section appears to follow 

a 1/v law. Dalitz and Tuan have described this dependence, using 

S-wave complex scattering lengths. 2 Later measurements at higher 

energies, however, have indicated the presence of several resonances 

in the K-N system. Tripp, Ferra-Luzzi, ,and Watson have discussed 

rather completely an isotopic spin T = 0, n
3

/
2 

resonance of low 

elasticity at 394 MeV/c (corresponding to 1520 MeV total energy in 

the center.,..o£-mass system). 3 Another highly inelastic resonance, at 

740 MeV/ c ( 1660 MeV), has been observed in the T = 1 channel and 

also appears to have total angular momentum J = 3/2. 4 The parity o£ 

this resonance is not clear at present. 

More extensive and accurate total-cross-section measurements 

have indicated the presence of a rather large enhancement in the K- -p 

total cross section (a 15-mb bump on top of a 35-mb background) at an 

- I 5 incident K momentum of 1050 MeV c. No appreciable correspond-

ing peak in the K- -n total cross section is evident, leading to a T = 0 

assignment for the bump. Unitarity arguments based on the size of 

the resonant peak in the K- -p total cross. section indicate J :;::;:. 3/2
1
• 

5 b 
\ 

From a study of enhancements in the K-p mass spectrum in 

the reaction K-n - K-p1r , the behavior of the K-p and K-n total 

eros s sections, 5 and the results of elastic 4 a, 6 and charge -exchange'ba, 7 

scattering experiments, Barbaro-Galtieri, Hussain, and Tripp have 

concluded that the K -N reaction in this neighborhood should be 

described in terms of two resonances, one with T = 1 at 1765 MeV, 

the other with T = 0 at 1815 MeV. 8 Tentative spin and parity assign

ments of D5 / 2 for the 176~ -~eV state and F 5/ 2 for the 1815 -MeV 

state have been suggested. ' . 

The F 
5

/
2 

assignment for the Y~ ( 1815) suggests that it is the 

Regge recurrence of the A. In this case 'it would fit in the "excited" 
10 

spin-5/2 baryon octet of SU 
3 

symmetry. 

Ball and Frazer, using partial-wave dispersion relations, 
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have shown that inelastic threshold effects under certain conditions can 

produce large bumps in the elastic channels. 11 In an analysis of 

n-N- scattering data, Auvil et al. have found enhancements in the elastic- "' 
- - . r·, 

scattering amplitude which seem to confirm the validity of the Ball-
12 ' '. ' - * ' ' ~ Frazer mechanism. The threshold for productlon of K ( 888) m 

- - _,:, ' ' - ,~ - (i 

the reaction K + N ~ K + N is near the energy of the Y 
0 

( 1815), and 

Ball and Frazer have shown that their model could yield a substantial 

peak in the elastic n
312

, T = 0 amplitude. 

The purpose of th~ experiment described in this thesis was to 

explore in detail the elastic- scattering angular distributions of K 

me sons on protons in the momentum range 700 to 1400 Mev I c. Pre

liminary results were reported at the 1962 International Conference on 

High Energy Physics at CERN. 6c In the experiment a liquid-hydrogen 

target and an array of spark chambers were used. The equipment 

and experimental procedures are described in the following Section II. 

In Section III data analysis and corrections to the data are discussed. 

Results of the experiment are presented in Section IV. Section V 

contains a cllscussion of the results and their relation to the various 

proposed resonances in the energy region covered by the experiment. 

'"·· 
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II. EXPERIMENTAL PROCEDURE AND EQUIPMENT 

A. K Beam 

Figure 1 shows the layout of the beam. Negative particles 

produced in the forward direction by collisions of the circulating 

proton beam of the Bevatron with an i?tern,al target were deflected 

by the Bevatron's magnetic field through a thin (0.020-in.) aluminum 

window in the vacuum tank at the upstream end of the west straight 

section. ·The 11C 11 magnets M
1 

and M
2 

were placed closeto the 

thin window of the Bevatron in order to subtend a solid angle as large 

as possible at the internal target. The combined effect of the Bevatron's 

magnetic field and M
1 

and M
2 

bent the beam through an angle of 

approximately 45 deg and served to define the primary-beam m~men

tum. The beam was then focused by the 8 -in. quadrupole doublet,. 

0
1

, at B
1 

located between the two high-pressure methane-gas 

Cerenkov counters. The effect of multiple Coulomb scattering in the 

Cerenkov counters on the final beam size at the hydrogen target was 

thus minimized. The second quadrupole, a
2

, focused the beam 

vertically at the hydrogen target and horizontally at infinity. The 

final bending 1nagnet, M3' served to define the final momentum of 

the beam, bending the central-momentum particles through an angle 

of 28 de g.·· 

To achieve a high trigger rate the beam was designed to accept 

a rather wide momentum band ( .6.P /P :::;· ± 6o/o); however, spark cham

bers B, placed on each side of M
3

, allowed for the ~posteriori 

determination of the momentum of an interacting beam particle to 

better than± i.Oo/o. A helium-gas-filled bag occupying as much of the 

beam path as possible reduced beam loss and kept the final vertical 

beam size as small as possible by reducing multiple Coulomb scat

tering. The total path length of the beam from production target to 

hydrogen target was about 45 ft. 
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. . 

Fig. 1. . Plan view of beam layout. M 1, M 2, and 1v13 are analyzing 
magnets;. Q1 and Oz are quadrupole doublets.; c1 and Cz are MUB-

4337 

. gas Cerenkov counters; W is a water Cerenkov counter; 
Bf.through B6 and A are scintillation counters; and B, C, 
and M are spark chambers. · 
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B. Hydrogen Target 

A specially designed liquid-hydrogen target, shown in Fig. 2, 

was used to minimize the amount of hydrogen traversed by the elastic

scattered particles. The liquid-hydrogen flask was almost parallelopi

pedal in shape, with dimensions approximately 6 in. along the beam 

direction, 3 in. vertically and 15 in. transverse to the beam. This 

flask was enclosed in a cylindrical flask which was connected to the 

liquid-hydrogen boil-off vent line by four stainless steel tubes. The 

liquid-hydrogen inner flask was thus surrounded by hydrogen gas at 

essentially the same pressure as that of the liquid hydrogen. In this 

way the stress on the liquid-hydrogen flask was kept to a minimum, 

allowing it to retain its shape. The liquid-hydrogen flask was sup

ported by one of the stainless steel hydrogen-gas feed tubes which ran 

along the bottom of the flask and connected to a stainle,ss steel end 

plate. The inner flask was constructed of 0.003-in. mylar with stain

less steel end plates and the outer flask of 0.010-in. mylar. A 

cylindrical alumihum vacuum jacket with 0. 051-in. -thick walls sur

rounded the two hydrogen flasks. 

C. Spark Chambers . 

The system for detecting elastic scatters in this experiment 

consisted. of two momentum'-defining parallel-plate spark chambers, 

a 10-gap cylindrical spark chamber surrounding the hydrogen target 

for observing the incoming K and the outgoing scattered particles, 

and a large se:i:nicylindrical spark chamber with carbon- and steel

plate absorbers between the plates for range and polarization measure

ments. 
13 

A picture of the momentum-analyzing magnet, M
3

, and the 

spark-chamber arrangeme11;t is shown in Fig. 3. A detailed diagram 

of the elevation view of the spark chamber setup following M
3 

is 

shown in Fig. 4. 

The momentum-defining chambers consisted of two small 
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·~· 
~·· 

·-·-.-:-

ZN-4894 

Fig. 3. Nearly completed setup of the detection apparatus. 
The cylindrical chamber has been removed and a scintil
lation counter inserted for preliminary beam measurements. 
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8 -gap parallel-plate spark chambers. The plates, of 0.003 -in. aluminum, 

were 12-in.-diam discs with a gap spacing of 0.375 in. and were grouped 

into two 4 -gap sections, 8 in. apart. An air -tight aluminum box with 

transparent Lucite viewing windows on the top and one side enclosed 

. the plates. The entrance and exit windows of the box were constructed 

of 0. 003 -in. aluminum foil to minimize the amount of material in the 

beam. 

The 10 -gap cylindrical spark chamber 13 (Fig. 5) surrounding 

the hydrogen target was used to detect elastic scatters. The cylindri

cal construction of the spark chamber has several advantages. Since 

the interactions in the target occur near the center of the chamber, 

outgoing tracks tend to be radial and therefore traverse the gaps 

normal to .the plates, yielding higher angular accuracy. This is true, 

of course, for angles in the elevation view (projections of track onto 

a plane normal to the cylinder axis). However,· due to the stereo 

system used, depth and dip-angle resolution is about seven times 

worse (see Appendix) than re.solution in the direct (elevation) view. 

Since most observed elastic scatters lie in planes having small dip 

angles, the poorer depth resolution does not seriously affect scattering

angle determination (see Section III. B. 3. d). Cylindrical geometry 

also makes it possible to obtain a large detection solid angle while 

using spark chambers of relatively small physical dimensions. In 

addition, the short flight paths for scattered K me sons from the 

target to the trigger counters surrounding the cylindrical chamber 

reduce the decay-in-flight correction. 

The electrodes were constructed of 0.010-in. aluminum sheets 

rolled into cylinders 18 in. long and varying in diameter from 10 to 

20 in. The ends of the cylinders were imbedded in concentric circular 

grooves machined in two polished Lucite end plates. The gap spacing 

was 0.375 in. The straight edges of the electrodes were imbedded in 

a grooved Lucite post stretching the length of the chamber. Electrical 

and gas connections to the chamber were made through this post. 

In order to obtain range and polarization information on the 

recoil protons a large semicylindrical spark chamber was placed 
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ZN -4895 

Fig. 5. Cylindrical spark chamber and segmented stereo 
mirror 
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downstream of the cylindrical chamber. The spark chamber con

sisted of 21 concentric 2-gap chambers interleaved with absorbers -

twelve 1-in. carbon absorbers at radii of 18 to 40 in. followed by 

nine curved 0.5 -in. steel plates extending to- a radius of 60 in. The 

transparent curved insulating edge supports for each spark-chamber 

cell were made from an annulus of polished Lucite in which three 

grooves were machined 0. 3 75 in. apart. The whole range and polar

ization spark-,chamber assembly measured 5 ft wi.de by 6ft high by 

3 ft deep and weighed about 6 tons. 

_The interelectrode gas used in the spark chambers was a 

mixture of 90o/o neon and 10o/o helium. Bec,ause of the presence of 

small ~as leaks in the spark chambers, it was necessary to circulate 

continually the gas mixture through the chambers at a slight positive 

pressure. 

Stereo information for the two beam chambers was provided by 

plane front-surfaced mirrors attached to the tops of the chambers. 

These mirrors were tipped at an angle of 45 deg to the horizontal 

and afforded a pla:n view of the chambers in addition to the direct 

side (elevation) view. Depth and dip-angle inform0;tion for tracks in 

the cylindrical chamber was obtained by using an array of 72 tilted 

mirrors placed behind the chamber (see Fig. 5). The mirror segments 

were arranged almost radially on a circular 2 -in. -thick Lucite 

backing plate. A series of slanting planes was carefully machined 

into the Lucite plate. The mirrors were then attached to the plate 

with double -sided masking tape. The backing plate was machined so. 

that each mirror makes an angle of 5. 7 deg to the plane normal to the 

axis of the cylinder. The mirrors are tipped in such a way that the 

reflected image is displaced counter clockwise from the actual spark. 

Details of the depth and dip-angle calculations are given in Sec. III. B. 2 

and the Appendix. A similar segmented mirror system with elements 

tilted through an angle of 2.85 deg was used to give stereo information 

for tracks in the range -polarization semicylindrical chamber. 

Photographing all spark chambers on a single frame of film 

requ~red a rather complicated system of plane front-surfaced mirrors, 
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arranged as shown in Fig. 6. Hyperboloidal field lenses, machined 

from Lucite, with a focal length of 28 ft, were placed in front of each 

spark chamber. The full length of each gap could then be viewed with 

a camera positioned at the focal point of each lens. 

Two stages of mirrors for each chamber were required in 

order to place th~ effective focal point of each lens at the same point 

in space and also to have the virtual images of the chambers,· as seen 

by the camera, arranged to fit efficiently onto a single frame of film. 

Because of limitations on the size of Lucite blocks and lathes available, 

two lenses, and hence two separate mirror systems, were used on the 

large semicylindrical chamber. 

Fiducial lines were scribed in 1/8-in. -thick Lucite sheets 

placed in front of each chamber and illuminated by xenon flash lamps. 

The xenon lamps were flashed by discharges from 8-p.F capacitors at 

14 kV, triggered by a spark gap. 

Identification numbers (run number and Bevatron pulse number) 

and the cumulative number of incident kaons for that run were recorded 

on each picture by using 11 Nixie" lights. 

A segmented seven-cell water Cerenkov counter running the 

length of the cylindrical chamber was used to detect particles with 

.velocity ~ 0. 75c entering the range polarization chamber. Neon 

lights placed adjacent to the water Cerenkov counter were used to 

identify on the film the particular compartment of the counter through 

which the high -velocity particle pas sed. 

The camera used was a 35 -mm Flight Research Model IV 

with a recovery (film-advance) time of approximately 40 msec. Thus 

as many as 10 pictures per beam pulse 'could be taken under optimum· 

beam conditions (beam spill as long as 400 to 500 msec). Background-X 

film was used at a lens setting of f/14. 

D. Electronics 

The electronic flow diagram is shown in Fig. 7. The kaons in 
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Fig. 6. Diagram of optical system used to photograph the events. 
Two stages of mirror reflections were used (R

1
, R1_, etc.); 

L
1

, L
2

, L
3

, L
4

, and Lc are field lenses 

MUB·5084 
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the beam were selected by means of time -of-flight beam counters 

B 
1 

·to B
6 

(see Table I for counter details) and methane -gas Cerenkov 

counters C 
1 

and c
2

. The Cerenkov counters produced signals only 

for particles of mass equal to or less than that of a pion and therefore 

were used in anticoincidence to reject particles lighter than kaons. 

For details of the construction and operation of the high-pressure gas 

Cerenkov counters, see references 14 and 5a. 

As indicated in the block diagram, counters B
1

, B
3

, · and 

B
5 

with C 
1 

in anticoincidence formed the a coincidence. The 

13-coincidence signal similarly consisted of B
2

, B
4

, B
6

, and C
2

. 

The K-coincidence signal then ~onsisted of a and 13 in coincidence 
I 

and counter A, used to reject off-axis beam particles, in anticoinci-

dence, An "interaction" required counts in two or more of the 17 

"barrel-stave" scintilla tors (Fig. 8) surrounding the cylindrical spark 

chamber (detected by means of a linear adder -discriminator 15 ) in 

coincidence with a K signal, thereby forming the !-coincidence 

signal. If, in addition, the camera gate indicated that the camera 

was ready to take a picture, the signal IN was used to trigger the 

spark chambers. Scalars recorded I, IN' K, and KN (number of 

kaons passing down the beam during the time the camera was capable 

of taking pictures). In addition, other quantities of interest were 

recorded such as a, 13, and a monitor coincidence made up of 

B
2

, B
3

, and B
5 

(essentially the total number of particles, mainly 

pions, in the beam). 

The spark-chamber trigger pulse (IN) was first amplified 
. 15 . I 

by a 4PR60A vacuum-tube pulser. The 15 -kV output pulse from 

the hard-tube pulser then triggered a spark gap,· which in turn 

triggered 11 additional spark gaps supplying approximately -13 kV 

to the various spark chambers and xenon flash lamps. Specially 

designed low-inductance, fast-rise -time spark gaps and capacitor 

bapks were used for the spark-chamber pulses. A picture of the 

smaller of two spark-gap arrays containing three spark gaps and 

their associated capacitor banks is shown in Fig. 9. These spark 

gaps were used for the beam chambers and the cylindrical chamber. 
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Table I. . Details of counters 

Counter Type Dimensions (in.) F~nction 
:-. 

B1 Scintillator 2 X2 X 1/4 . Time -of -flight 
" 

2 X2 X 1/4 
co_unters for detecting ,...., 

B2 K particles. 

B3 6X6X1/4 

B4 6X6X 1/4 

B5 8X.5 X 1/4 

B6 8X2X1/4 

A Scintillator 16X 16 X 1/2 with Rejects particles that 
8 X 4 rectangular are out of beam line 
hole 

G CH
4 

Cerenkov 5 diameter Detect particl~s 1 lighter thanK meson 

G2 26 long for the purpose of 
antic oinc idenc e 

wo- w6 H
2

0 Cerenkov 2 ><3- 1/4 X 24 Detect particles with 
velocity 13 > 0. 75 

R1 - R17 Scintillator 20X3 -3/4X1/2 Detect K -p reaction 
products 



,I 

.. \. 

·~ , .... 

'.;\ 
'. 

'. 

~:: 

i"'• 

i·,l 

-17-

., t-. ..;.'"I" :;• 

ZN-5265 

Fig. 8. Ring a's sembly holding '~barrel-stave" t~}gger .,;., 
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ZN -5006 

Fig. 9. Three-spark-gap capacitor bank. 
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A similar seven-spark-gap a~ray w~s used to furnish the high-voltage 

pulses to the large range -polarization chamber. Each capacitor banl;;. 
' ' 

consisted of three decoupled sets of up to ten 4000-pF 30-kV barium 

titanate capacitors (Sprag':le No .. 6134). 

The trigger pulse IN also generated a fast off-gate (FOG) 

signal which was used to off-gate all discriminators to preventr pickup 

from the spark-chamber pulses. 

The total delay between occurrence of an interaction in the 

target and application of the high-voltage pulses to the spark cham~ers 

was about 400 nsec. A clearing field of 35 V (of polarity opposite to 

that of the high-voltage pulses) was found to achieve the best compro

mise between high gap efficiency and renwval of unwanted background 

tracks. At high bean< rates, however, the number of background 

tracks, mainly pions, and consequently the number of unmeasurable 

frames becamP. appr~ciable. To obviate partially this difficulty, a 

long (55 0 nsec) anticoincidence pulse derived from beam scintillator B 
6 

was used to reject events which follow too closely the passage of a 

previous beam particle. Thus when a desirable event occurred, any 

"old" accidental tracks were at least 0.5 f!sec old and rarely resulted 

in background -.track fonnation. No discrimination against accidental 

tracks yo.unger than the triggering kaon was used. At large beam 

rates the high duty cycle of the long anticoincidence circuit resulted 

in a suppression of the rate of useful events. The maximum rate of 

accumulation of usable pictures, i.e., those without extra background 

tracks, Loccurred for a flux of 4 x 105 particles/ sec. 
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III. DATA ANALYSIS 

A. Scanning and Measuring 

A total of 360 000 pictures of K- -p interactions were scanned, 

and about 60 000 were measured on "SCAMP", a digitized scanning and 

· · 16 F' 10 h . . 1 t All . measuring proJecto.r. Igure s ows a typica even. pictures 

with a single incident track visible in each view of the beam chambers 

and in the incoming portion of the cylindrical chamber were considered 

"measurable" frames. A "track'' was defined as four or more collinear 

sparks. Events with more than one incident track in any view of the 

beam chambers or in the cylindrical chamber were considered 

"unmeasurable". The number of unmeasurable events was recorded 

for normalization purposes. Measurable frames with two outgoing 

tracks in the cylindrical chamber which did not obviously come from 

an interaction in the spark-chamber plates were considered "acceptable" 

and were then measured. 

In measuring an event the scanner first recorded parameter 

information such as run number, event number, scanner number, etc., 

on paper tape. Then position (x, y) coordinates and an angular (0) 

coordinate for each track and stereo image in the beam chambers and 

the cylindrical chamber were punched on the tape. Measurements are 

made by aligning the projected image of a track with a line scribed in 

the translucent viewing screen. The (x, y) position was obtained by 

digitizing the position of the film on a microscope stage .. The e 
coordinate was obtained by digitizing the position of the translucent 

screen, which rotated in an accurately aligned mounting. In addition, 

for each event, fiducial measurements were made of two grid lines, 

roughly parallel and normal, respectively, to the incident-beam 

direction. 

The paper tape containing the parameter information and the 

digitized track measurements was then processed through an IBM 1401 

computer which rnade a few simple checks, such as testing for the 

correct number of measurements and throwing out all measurements 

... 
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Fig. 10. Example of K- -proton elastic scattering. The views 
of the beam-defining spark chambers have been rearranged 
for clarity. 
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and events rejected by the scanner, and produced a magnetic tape 

containing the corrected events. 

B. Analysis 

A Fortran program for use on the IBM 7094 computers at the 

·Lawrence Radiation Laboratory computer center was written to carry 

out the geometrical reconstruction of events from the track and grid 

measurements and to fit the events to elastic -scattering kinematics. 

1. . Incident Momentum 

The incident particle momentum for each event was .·determined 

from .the bending angle of the track in magnet. My Thi$ bendi~g angle 

was obtained from the angles made by the tracks in the plan vie~s of 

the two beam spark chambers, measured with re~pec~ to the beain

charr;tber grid lines. The magnets and grids were calil;>rated by re

moving the beam spark chambers from their positions, passing a 

current-carrying wire down the beam path, and photographing the 

wire orbits with the optical system and cam~ra used inthe experiment. 

Several sets of pictures were taken before, during, a!ld after the· 

experimental run for different magnet currents and wire currents. 

2. Spatial Reconstruction of Tracks 

The two fiducial measurements were used to define a coordi

nate system with the origin at the center of the cylindrical chamber 

and with the positive x axis pointing upstream (anti parallel to the 

incident-beam direction). The computer pr.ogram converted all 

measure-ments of tracks and stereo images to this coordinate system 

for further analysis. The angle and separation of a track in the 

cylindrical chamber from its stereo image were used to obtain the 

dip angle and Z coordinate (height above .stereo mirrors) of the 

track. In practice, values of Z were calculated at two points on 

each track (approximately the centers of gaps 3 and 7, in the cylin

drical chamber) using the expression 
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. d z - ---:::--:--= - cos (3 t~n 2 0 

where d is separation of track and im:age measured normal to the 

( 1) 

. image,. (3 is the angle between the axis of the reflecting mirror and· 

the image, and () is the tilt angle between the plane of the mirror 

. and the Z = 0 · plane. (See Appendix for derivation and details.) 

Because we. have cos (3 ::::: 1 ( (3 ~ 10 de g) and tan 2() ::::: 0.2 ( () ::::: 5. 7 de g), 

the height Z above the segmented mirror is given approximately by 

z::::: 5d. 

The dip angle, i.e., the angle the track makes with the x.-y plane, is 

approximately given by a similar expression 

:>..::::: 5 n, 

where :>.. is the dip angle, and n is the angle in the x-y plane between 

the track and, its image. 

3. Elastic Criteria 

To be accepted as an elastic scatter, an event had to satisfy 

copuhctuality, coplanarity, and kinematic criteria, and in addition, 

the scattering vertex had to lie inside the hydrogen-target fiducial 

volume. 

a. Copunctuali~y. Because of the small angle of the cylindri

cal-chamber stereo mirrors, uncertainties .in the z coordinates are 

'much larger than corresponding errors in the x-y plane. Therefore 

·the copunctuality requirement was only applied in t~e x-y plane. The 
I 

x-y vertex was chosen as the point which minimizes the sum of the 

squares of the perpendicular distances to the three cylindrical chamber 

tracks. The .method is equivalent to a standard x2 vertex fit if one 

assumes position and angle errors are the same for each track. The 

minimized quantity, o V, is calculated and used as a fitting param

eter, representing the deviation of the event from exact copunctuality. 

b. Coplanarity. · Since the dip angle of the incident track can 

be obtained from the downstream beam chamber by utilizing the 

90-deg stereo view, errors on this dip angle are at least an order of 
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magrtitude (factor of ...,2 from better angular measurements of beam 

chamber tracks and another factor of?:, 7 due to the 90-deg stereo angle) 

smaller than other cylindrical chamber tracks, For this reason the 

fitted scattering plane is required to be parallel to the incident track 

and is adjusted to minimize the sum of the squares of the distances in 

the Z direction of the centers of each track from the plane. The 

"center" of the track is defined as the point betw~en the fifth and sixth 

gap ih the. cylindrical chamber. Two fitting parameters, representing 

deviation from coplanarity, are calculated: 6 Z, . the minimized 

quantity described above, and 6COP, the sum of the squares of the 

angles between the outgoing tracks and the fitted scattering plane, 

This additional coplanarity parameter is necessary because the centers 
. . . 

of the three cylindrical chamber tracks can be coplanar, although the 

tracks themselves are not. This situation could arise from events in 

which the outgoing tracks are decay products of particles produced in 

the initial reaction, 

c. Elastic Kinematics, Momentum conservation at the elastic 

vertex requires that the scattering angle eK of the kaon be a unique 

and monotonically decreasing function of the recoil angle e of the 
p 

proton, This relationship, for a typical value of incident momentum, 

is shown in Fig. 11. The following procedure was used to. compare · 

angles e 1 and e2 (angles between the ihcident track and the two 

outgoing tracks) with.the elastic kinematics curve. First, e
1 

and e
2 

were assumed to be, respectiveiy, eK and e , and a fitting param
. p 

eter, 68, was calculated, This fitting parameter, representing the 

"deviation from kinematic~ 11
, is defined as the normal distance from 

the point GK and e . to the kinematics curve. The assignment of 
. p 

GK and 8p was then reversed and a new "deviation from kinematics" 

parameter calculated. The assignmentyielding the smaller 60 was 

assumed to be the correct one. The center-of-mass (c. m,) scattering 

angle is obtai~ed from the intersection of the kinematics curve with 

the normal from the assigned eK and 8 . 
. p 

d. ·Selection of Elastic Events. Cutoffs for the fitting 

parameters 6V, 6Z, 6COP, and 6() for acceptable elastic events 
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Fig. 11. Plot of Elk against 8 (in the laboratory system) for 
elastic scattering at 1000 MJV/c. 
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were obtained by examining the distributions of the parameters and 

setting the cutoffs at the points where the distributions (which in 

general peak up sharply for small values of the fitting parameters) 

fall to the background level. These distributions were examined 

carefully for changes as a function. of beam momentum, c. m. scat

tering angle, dip angle of the scatteringplane, etc., but were found 

to be essentially independent of these variables. Rough calculations 

indicate that the elastic cutoffs used are consistent with the uncertain

ties expected due to measuring errors and multiple Coulomb scattering 

in .the hydrogen target and spark-chamber plates. Figures 12 through 

15 show typical distributions and cutoffs used for the elastic fitting 

parameters. 

Elastic events were accepted only if they o'dginated inside a 

fiducial veilume which was chosen to.be slightly smaller than the 

actual liquid-hydrogen target to eliminate contamination by events 

that scatter in the target walls. Finally, each scattered track was 

required to have enough energy and be scattered in such a direction 

as to pass through one of the trigger scintillators. 

C. Differential Cross Section 

The c. m. elastic differential cross section averaged over an 

interval (bin) of cos e is given by 

da Ni ei 
diT. = NK n L .6.¢. (.6.co~ • 

1 p 1 1 

Here N. is the number of elastic scatters in the ith interval and 
1 

e. ·is a miscellaneous correction factor involving secondary inter-
1 

actions of scattered particles, scanning and measuring efficiency, 

inelastic contamination; decay in flight both of incident and scattered 

kaons, etc. In the denominator NK is the effective number of 

incident kaons, np is the density of protons iri the target, L is the 
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effective target length, 6.;j>. is the range of azimuthal angle of the 
1 

scattering plane for which elastic events trigger the spark chamber 

and produce acceptable pictures, (6.cos8). is the ith interval of cbs(), 
1 -

and e is the scattering angle of the kaon in the c. m. system. 

As discussed in Section III. A on scanning criteria, elastic 

events were selected only from the fraction of frames that contained 

a single incident track in the spark chambers, i.e. , only from 

·"measurable" frames. Therefore, the effective number of incident 

kaons that should.be used for normalization purposes is 

NK = ~ X (total number of incident kaons), 

where M 1s the number of measurable frames and F is the total 

number of frames. 

The target length, L, is the average length along the beam 

direction of the fiducial volume weighted by the spatial distribution 

of the incident beam. Periodically during the experiment, short runs 

were taken relaxing the requirement that at least two outgoing charged 

particles pass through the trigger counters. Thus 8Very kaon incident 

while the system was capable of being triggered produced a picture. 

Since almost all of these events were simply kaons that passed through 

the cylindrical chamber without interacting, these runs were called 

"straight-through" runs. The straight-through pictures were used 

to obtain unbiased spatial and momentum distributions of the incident 

beam. 

The effective azimuthal angular range, L:..<j>, is a function of 

interaction point in the target, incident momentum, and c. m. scat

tering angle and was calculated from the known geometry of the 

system and the elastic -scattering kinematics. The correction factors 

associated with the loss of elastic scatters due to decay in flight of 

the scattered kaon, second interactions of the kaon or recoil proton 

in the hydrogen target, target walls, or spark chamber plates, and 

absorption of low -energy protons or kaons in the material were cal

culated and averaged over the azimuthal range. These calculations 

were made for a total of 240 different vertex locations, weighted by 
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the spatial beam distributions, and averaged over the values of cos8 

in a given bin. These weighted averages were then averaged over the 

momentum distribution of the beam at each momentum setting. Typical 

curves of b..¢/2n are shown in Fig. 16 both with and without corrections 

due to decay in flight, second interactions, etc. 

Other correction factors applied to the data were essentially 

independent of the scattering angle. 

Approximately half of the film was rescanned by a few specially 

selected scanners (and the author) to determine the scanning efficiency. 

The problem of determining the scanning efficiency was complicated 

by the fact that scanners not only could miss legitimate elastic candi

dates but could also incorrectly assign events to the "unmeasurable" 

category. The scanning efficiencies ranged from 84 ± So/o to 92 ±4% 

depending on beam intensity and the general quality of the spark -chamber 

pictures. 

The loss of events due to bad measurements by the scanners was 

estimated by carefully remeasuring samples of events. The average 

measuring efficiency was found to be approximately 93 ± 3%. 

Contamination by inelastic events in the selected elastic sample 

was e~timated to be 5 ± 3o/o by interpolating, through the elastic region, 

the flat background of inelastic events lying outside the elastiC cutoffs 

in the 6 (j distribution. Similar procedures applied to the coplanarity

parameter distributions give approximately the same value. 

Because of the discrimination against pions and lighter-mass 

particles in the beam provided by the gas Cerenkov counters, beam 

contamination mainly arose from beam kaons decaying after passing 

through the Cerenkov counters. The beam contamination (mostly 

muons) was estimated to range from 4 ± 2% at low beam momentum 

( 700 MeV /c) to 3 ± 1.5% at high momentum. 

Taking into account the errors in the correction factors and 

assuming a 5% uncertainty in the b..lj> calculation, we estimate the 

total systematic normalization error to be approximately ± 10%. 
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D. Momentum Distribution 

Since the incident kaon momentum for each observed elastic 

event is known with an accuracy of ± 1o/o, we were able to separate the. 

events into momentum intervals much narrower than the ± 6o/o spread 

in the incident beam. In order to maintain reasonable statistics "the 

events were divided into 19 momentum intervals, each 40 MeV /c wide, 

ranging from 660 ± 20 to 1380 ± 20 MeV /c. 

The number of incident kaons appropriate for each momentum 

interval was obtained from the measured beam-momentum distributions 

(from straight-through events) and the number ( NK) of incident kaons 

at each nominal momentum setting .. The correction and efficiency 

factors, e and A<j>, needed to normalize the cross sections were 

also calculated for the 40-MeV/c :momentum intervals. 

Uncertainty in the momentum: distributions of the incident beam 

leads to an additional normalization error for the differential cross 

sections in the 40-MeV/c intervals. This additional error was esti:.. 

mated to be ± 10o/o and leads to an overall uncertainty in absolute 

normalization of approximately ± 14o/o. 

.I '"'\ 
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IV. RESULTS 

The elastic differential cross sections obtained in this experi

ment for the 16 nominal incident momenta are gl.ven in Tables II through 

VII. Errors on all but the forward points· are purely statistical and do 

not reflect the ± 10o/o normalization uncertainty at each momentum. 

The forward differential eros s section was caiculated from the 

expression 

an: . - + , da j _ ·Az D2 

B=O 

where the imaginary part of the forward-scattering amplitude is given 

by the optical theorem, 

>!< 
p O"t 

A = 4TiTl , 

and the real part D was obtained from the forward dispersion rela

tions. 17 Here p>:< is the c. m. momentum, and crt is the K -p total 

cross section .. The error on the forward point includes the 10o/o 

normalization error in addition to the uncertainty due to the error in 

the total cross section.5 No accurate error estimate for D 2 is 

available; therefore an uncertainty of ± 25o/o is arbitrarily assumed 

and combined with the other errors to give the final error estimate 

on the forward point. 

The 19 differential cross sections in 40-MeV /c momentum 

intervals are given in Tables VIII through XIV. The forward points 

were calculated as above except that the normalization uncertainty 

was taken to be ± 14o/o rather than ± 1oo/o •. Values and errors of 

at, A
2

, D
2

, and dajdnj
0 

aregiveninTableXV. 

Although the remai~der of the discus sian refers specifically to 

the 40-MeV/c angular distributions, the general behavior described 

applies equally well to the results at the 16 incident momenta. 

For each momentum interval the c. m. differential cross 

section, including the forward point, has been fit by using a 
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least-squares fitting program DJINN 18 to a curve of the form 

N 
da 
m== L b P (cos8), 

n n 
0 

where P (cos8) is the Legendre polynomial of order n. 

T~ble XVI shows the x2 
probability [p ( x2

)) for fits of order 

N:::: 0 through N:::: 6 for each momentum. In a few cases the order 

necessary and sufficient to fit the data is ambiguous; however, the 

general trend is clear. Inspection of the table indicates that second

order fits are satisfactory up to 860 MeV I c. The .900- and 940 -MeV I c 

distributions require third or fourth order. 

necessary from 980 to about 1140 MeVIc. 

fourth-order terms are required. 

Fifth order appears 

Above 1140 MeVIc only 

The experimental differential cross sections and the fitted 

curves (for the order fits underlined in Table XVI) are plotted in · 

Figs. 17 through 35. The values of the litted coefficients and errors 

(for the same order fits) are given in Table XVII and plotted as a 

function of momentum in Figs. 36 and 3 7. In addition, the coefficients 

b
4

, b
5

, and b
6 

from a sixth-order fit are shown in Fig. 38. 

The total elastic cross sections obtained .from the integral of 

the fitted angular distribution~;> (simply equal to 4TT b
0

) are given in 

Table XVIII and plotted in Fig. 36. It should be noted that the errors 

assigned to both b
0 

and the total elastic cross sections include, in 

addition to the statistical errors obtained from the fitting program, 

the 14o/o normalization errors. 
· . 4a 6a 6b 19 . 

Results of other measurements ' ' ' ·of the total elashc 

cross section in the momentum region covered by this experiment 

are also shown in Fig. 36. Sodickson et' al. 6 b have analyzed their 

differential eros s -section measurements in terms of Legendre -poly

nomial power series and, for comparison purposes, their coefficients 

are plotted in Figs. 36 and 37. The total .elastic cros~s sections 

measured in this experiment agree quite well with the values obtained 
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by other groups. The higher -order coefficients are also in reasonable 

agreement with the results of Sodickson et al. 6h 

Fits were also made to the data using only the optical-theorem 

contribution to the forward point and using no forward point at all. At 

each momentum the three fits of the selected order were quite consis

tent with each other, and in most cases almost identical. 



TABLE II. 

KMI~US-PROTON ELASTIC DIFFERENTIAL CROSS-SFCTTON TN ~B/SR IN r..M. SYSTEr4 
- ~- .... -.~ - -----·- ---· .; ... -......... . ._ --

NOMINAL KAON LAB. !oi()MENTU~ 
·-----···----._..,.:__. _____ ...,_..,,_, --· -~·-.,___...,._...,._......._..e ___ ;""_-.~-v--.L~ . .....,. .• ..,...._ .• ~--='-.-.....,...._,__. ____ --~.-....... "'.~"'_,._-..,._..."-"'.,.·••: 

701.0 MEV I C 745.0 "1EV/C 775.0 Mt.V/C 
-~-· 

·----·-· ____ .....,. ___ . -

C!JS THETA ST Gf'v1A ERROR COS THET/\ SlGM!\ ERROR COS THETA SIGMA ERROR 

-0.95 To -o.qo 0.453 Oe277 -0.95 rn -0.90 2.1)96 0.784 -0.95 TO --C.90 l. 09 5 0.445 
-o.qo To -o.so o. 62 2 0.116 -0.90 TO -0.80 o. 4 61 0.146 -0.90 TO -0.80 l. 003 0.180 
-0.80 TO -0.70 o. 3 5!) 0.097 -O.RO TO -0.70 0.543 0.151 -O.RO TO -0.70 0;.760 0.149 

I 

~o.7o To -o.6o . o.402 0 .. 104 -0.10 Tn -0.60 0.374 0.1?5 -0.70 TO -0.60 0.349 0.101 <.;) 

-0.60 TO -0.50 0.290 O.OR7 -0.60 TO -0.50 0.367 0. 122 -0.60 TO -0.5\' 0.285 0.090 00 
I 

-:-,0 • 50 T 0 -0 • 4 0 0~ 484 0.111 -0.50 TO -0.40 0.355 0.11R -0.50 TO -0.40 0.468 0.1.14 
..,.0.40 T0-0.30 o. 315 0.0!37 -0.40 TO -0.30 0.717 0.164 -0.40 TO -0.30 o. 369 o.09R 
-0.30 TO .-:o.o20 0.361 0.092 -0.30 TO -0.20 0.359 0.114 -0.30 TO -0.20 0.375 0.090, 
-0.?.0 TO -0.10 o. 651 0.120 -0.20 TO -'-0.10 0.306 0. l 02 -0.20 TO -0.10 0.355 0.092 
-0;.10 TO -'0. o. 836 0.132 -0.10 TO -0. 0.611 0.140 -0.10 TO -0. o. 649 0.120 
·o. TO 0.30 o. 805 o. 072 o. TO 0.30 0.680 O.OR3 o. TO 0.30 0.750 0.072 
0.10 TO 0~40 1. 1 76 0.151 0.30 T(J 0.40 l.06'l 0.178 0.30 TO 0.40 1.388 0.170 
0. 40 TO 0 .. 50 1. 5 70 0.177 0.40 TO 0.50 1 • 4 4 1t 0. 21 1 0.,40 TO 0.50· 1.886 0.201 
0.'50 TO 0.60 1. 832 0.195 0.50 TrJ 0.60 1.30i' 0.241 o.r;o To 0.60 2 .ll3 0.218 
0.60 Tn 0.70 2.28'5 0.227 0.60 TO 0.70 2.185 0 .. 273 0.60 TC! 0.70 2.487 0.2 1t3 
o.7o rn 0.75 3. 314 0. 615 ·o. 70 TO 0.75 3.186 0.531 0.10 TO 0.75 2.?64 0.345 
0.99 TO 1.00 3. o7 B o. 6 7? 0.75 Tf! 0.80 3.733 1.426 0.75 TO O.RO 2.868 0.717 

0.99 TO 1.00 4.250 o. 6 80 0.99 TO l.OC 4.640 0.737 
,T.......,.,.....,........--._~ .. ..._~~ ""' r; -~' 

.. 
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'l'ABLE III. 

KMINUS-PROTON ELASTIC DIFFERf~TIAl CROSS-SECT IO"J IN MB/SR IN C.M. SYSTFM 
·--.~~ 

NOMINI\l. KI'ION LAB. 'mMENrtY~ 
'~-,..,~..ur.-...r~,l{, 

~'HO.O MEV/C ·835.0 ~1EV/C 870.0 ~1E V /C 
,,,._._..,"'~- ......... .. -~----...... ~ ... -.. .............. "'"' ..... ~T";---- -

. ens THFTA Sl G~4A . ERROR ·COS THFTA · SIGMA ERROR COS THETA SIGMA ERROR 

-
--0~95 TO -0~90 1•86R 0.567 -0.95 ro -o.qo 1. B 1 0.4'55 -0.95 .To -o.qo 1. 343 0.459 
~0.90 TO ~0.80 l. ll K 0.173 .-0.90 TO -O.oRO 1.303 O.lRl -0.90 TO -0.80 1. 1t50 0.192 
-O.AO TO -0.70 1.008 0.155 ·-0.80 TO -0.70 1. OH• 0.151 ·-0.80 TO -0.70 1 •. 021 0.153 I' 

,-0.70 TO -0.60 o. 690 0.128 -0.70.TO -0.~0 1. 016 0.151 -0.70 TO -0.60 1.040 0.153 • \,N 

...0 
-0.60 TO -0.50 c.oo6 CJ.llq -0.60·T0 -0.50 0.32R 0.085 - 0 •· 6 0 T 0 - 0 .- 5 0 0.618 0.117 I 

:-0.50 TO -0.40 0.338 0.087 -0.50 Tn -O.'t0 0.423 o.nqs -0.50 rn -0.40 0.470 0~100 

~o.-4o rn -o.3o .o.322 o.u•n -0.40 TO -0.30 .0. ~14 0.102 -O.oAO TO ,...O.o30 0.691 0.11q 
-0.30 TO -0.20 o •. ~2 7 0.082 -0.30 TO -0.20 0.374 o.oq5 -0.30 TO -0.20 o. 4.H2 o.oq6 
-0.70 TO -0.10 0.289 0.075 -0.20 TO ~0.10 0.3F'JO 0.083 -o.zo rn -0.10 o.-528 ·0.09A 
-0.10 TO -0. o. 584 0. l 03 -0.10 TO -0. 0.478 0.090 -0.10 TO -0. _, o. 566 Q.098 
o. TO 0.30 o. 75 2 0.06S o. TO 0.10 0.79() 0. 065 o. Tn 0.30 0. 7V> 0.063 
0.30 TO 0.41) 1. 164 0.140 ·o.30 TO 0.40 1.408 0.149 o. 3 o rn 0. 'tO l. 75 3 0.167 
0.40 TO o.so 1. 590 0.167 0.40 Tf1 0.50 l. 971. 0.180 0.40 TIJ o.sc. 1.985 0. 1 R 1 
0.50 TO 0.60 l. 802 0.18? o.c:,o T.n o.Ao ·?. 446 0.2()6 0.50 Tf1 0.60 2.079 0.190 
0.60 TO 0. 70 2.6Q~ o.?zq·. 0.60 TO o·. 10 ?.90'3 0.2~0 0.60 TO 0.10 '· 116 d.240 
0.10 Tn 0.75 2.578 0.32') 0.70 T!l 0.7S 3. 41 1 0.360 0.70 TO 0.80 3 .1)11 0.268 
0.75 T!J 0.80 ?.965 0.5?:1 0.15 TO '). Rf) 3.-3Rh o. 5 -~o O.RO TO 0.8') 6.635 1.662 
o.q9 TO l. 00 '1.051 o.7Q9 0.99 TC 1.00 5.380 0.721 0.9<J TO l. 00 6.775 0.966 

,__.,.._....._~.....co;..,.._-......,~_ --- -- ---n,___-,." .':,..,ttt::!<-.,.,-.--~.u-~~-~~- -...-T!soc·:r:a·--:- 1:1 ·u ·-··· a=·r=x \"?>"m" 



. TAB:f_,_B IV~ 

KMINUS-PROTON FLASTIC OIFFER~NTTAL CRnSS-S~[TfON IN ~R/SR P-J C..\11. ·SYSTEM 

"!IJM l ;g I !', A(V·~ I_ A B • '•'f' 11.1 E NTtJ"'1 
··-·---

qo~.O ~1EV/C 941.0 tJ;fV/C 985.0 MEV/C 

COS THETA St GM.l~ EQR(iR COS THETA S!G~.,~~. EPPOP.. C.OS THETA SIGMA ERROR 

.,...Q.95 TO -O.C)O 1. 98 l o. 5 86 -0.9') TO -Q.C)() 2. 15 4 C.6f>6 -r-.95 rn -o.9o 1. ~ 1t 3 0.570 
-0.90 T'J -0.90 1.361 0.177 -0.90 rr -c.Bn 1. q(•9 0. 2 35 -0.00 TO -O.A.O 1.696 0. 2 0't 
-o.eo rn -o.1o 1. 241 0.160 -o.~o rn -0.7" 1.:i82 0.202 -O.BO TO -0.70 1.538 (). 1 84 
-0.70 TO -0.60 o.69o 0.119 ..,.Q.70 Tr -G.60 1 • :1, g 1 0.1813 -0.70 Tfl -0.60 1.214 .0.162 

I 
~ 

-0.60 Tfl -0.50 f). 6 7 R 0.116 -u.60 rn -C'.'SO 0.696 0.131 -0.60 TO -0.50 o. 714 0.123 0 
I 

-0~50 TG -0.40 o. 791 0.1?;:' -O.'JO Hl -0.40 0.76") (";. 115 -o.so Tn -0.40 0. Fl4 7 o. 131 
-0.40 Tfl -0~3') o. 45 9 0.09;1 -0.40 Tf! -0.10 0.45')· r-.102 -O.t.O TO -0.30 0.575 o. 1 05 
-0.30 Tn. -0.70 0.504 0.()94 -O.)D Tn -o.?o 0.45'1 r.. ')9Q -0.30 TO -0.20 n.?54 f).')6~ 

-0.20 TO -0.10 o. 409 0.082 -0.?0 T0 -0.10 0.-34') 0.().!14 -0.20 rn -o.to 0.517. (). 0 93 
-0.10 Tr: -o. 0.60? 0.096 -O.lC Tf1 -0. 0.?87 0 •'' 74 -0.10 TO -0. 0.417 0.082 
o. TO 0.30 0.6g4 O.OS7 o. rn ·-·' 0.3"1 a. t-.rJ. 0. r_16l o. rn o.,o 0.557 0.053 
o.~o rn 0.4') 1. ?~ 3 0.135 C.J,·J Tn. 0.40 n.'.)Rn 0. l 3? 0.30 TO 0.40 0.959 0.120 
0.40 TO 0.51) 1. 521 0.151 0.40 TG n.sr; l.zqr; 0. 1 5'• o .-4o rn 0.50 0.798 0.112 
0.50 TO O.f.O 2. l !')6 (). l q2 0.5:) HI 0.60 1 • (,4 5 0.1?0 0.511 TO 0.60 1.436 1).154 
0.60 TO 0.70 2. 6·) g 0.?08 o • .:.,o rr~ c.1n 2. 15 1 0.211 0.60 TO o.7o 2.061 0.190 
0.10 rn 0.8'1 3.083 fl.234 0.10 rn c. go 3.RR1 0.7Q2 0.10 TO o.~" ~.305 0.247 
o.so rn 0 .• B5 4.6~5 0. 94 -~ O.!lr' T'• I).R5 4.600 0.767 0.80 TO 0.8r; 3.050 0.';02 
0.99 rn l 0 00 l-3. ?52 1.137 0. ·~ '1 H' 1 • 00 A.s:lf;~ 1 • 1 R6 0.99 TIJ 1.00 Q.4R6 1. 267 

.• ( 

,J: 
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'l"'.ll..BLE V, 

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTinN IN MB/SR IN C.M. SYSTEM 

NOMJM~l KAON LAB. MOMENTU~ 

1 0 3 5 • 0 MF VIC 1095.0 MEV/C 1125.0 MEV/C 

COS THETA SI G-"iA ERROR COS THETA SIGMA ERROR COS THETA STGMA ERROR --
-0.95 TD -0.90 1. 598 0.521 -0.95 TO -0.90 1.740 0.522 -0.95 TO -0.90 2.430 0.695 
-0.90 TO -0 .. 81 1. 702 0.20R ·-0.90 TO -O.RO 1.505 0.176 -0.90 Tn -o.so 0~887 0.146 
-O.RO TO -0 • .70 1. 242 0.167 -o.so Tn -0.10 1.0~5 0. 137 -0.80 TO -0.70 1.151 0.155 
-0.70 TO -0.60 1. 063 0.153 -0.10 Tn -o.6o 1.117 0. 141 -0.70 TO -0.60 0.818 0.129 I 

""" -0.60. TO -0.50 l. OQ5 0.153 -0.60 TO -0.50 0.')84 0.100 -0.60 TO -0.50 o. 89~ 0.133 I-'-
I 

-:-O.o50 TO -0.40 o. 740 0.123 -0.50 TO -0.40 0.560 0.096 -0.50 TO -0.40 0.4cn 0.096 
-O.o40 TO -0.30 0.546 0.103 -0.40 TO -0.30 0.562 0.094 -0.40 TO -0.30 0.556 0.100 
-o.3o Tn -0.20 o. 63 5 0.108 -0.30 Tfl -0.20 0.551 0.090 -0.30 TO -0.20 0.472 o. 089 
-0.20 TO -0.10 o. 64 8 0.106 -0.20 TO ~0.10 0.447 0.078 -0.20 TO -0.10 0.410 O.ORO 
-o.1o ro -o. o. 349 0.075 -0.10 TO -0. 0.4l}0 0.079 -0.10 TO -0. 0.25.1 0.061 
o. TO 0.30 c. 53 3 0.052 . 0. TO 0.30 O.'t38 0.042 o • TO 0.30 0.4tJ6 0.047 
0.30 TO 0.40 C. 9RO 0.122 0.30 TO 0.41) 0.485 0.077 0.30 TO 0~40 0.751 0.102 
0.40 TO 0.50 0.707 0.106 0.40 TO 0.50 0.687 0.093 0.40 TO 0.50 0.729 0.103 
0.50 TO 0.60 1. 33 8 0.153 0.50 TO 0.60 1. ll 7 0.123 0.50 TO 0.60 1.410 0.148 
0.60 TO 0.70 2.336 0.204 0.60 Tfl 0.10 2.129 0.114 0.60TO 0.70 1.690 0.167 
0.10 TO 0.8() 3. 994 0.274 0.10 Tn 0.80 3.275 0.?::>2 0.70 TO 0.80 2.959 0.227 
O.AO TO 0.85 5. 012 0.4 76 o.ao ·ro 0.~5 4.010 o. 366 0.80 TO O.A5 't. Zl 0 0.397 
0.85 TO 0.90 g. 112 ?.763 o.85 Tn 0.90 7.098 1.6RO 0. 85 TO 0.90 5.305 1. 064 
0.99 TD 1.00 1. 18'3 1.3R5 0.99 TO 1.00 1.t03 1 • 1t5 7 0.99 TO 1.00 9.311 1. 2 85 



TABLE VI. 

KMTNUS-PRCHON ELASTlC DIFFEREI'lTTAt CROSS-SECTION IN MR/SR IN C.M. SYSTfM 

NO"'ltf\!AL KAON LAB~ ,'>Af1M E NTUf~ 

11 7 5 • 0 ~E VIC 1225.0 tv1E::V/C 12q0.0 MEV/C 

COS THETA SIGMA ERROR COS THE-TA SIGMA FRROR COS THETA SIGMA ERR OR. 
-

.:-o.qs ro -0.90 h 017 0.348 -0.95 TO -0.90 O.QlR 0.373 -0.95 TO -0.90 0.562 0.219 
-0.90 TO -0.80 1. 141 0.141) ·-0.90 TO -0.80 0.935 0.158 -0.90 TO -0.80 0.842 0.111 
-:0.80 TO -0. 7o 0.990 0.126 -0.80 TO -0.70 0.601 0.118 -O.RO TO -0.70 0.930 0.107 

I 

-0.70 TO -0.60 o. 901 0.118 -0.70 TU -0.60 0. lt92 0.105 -0.70 TO -0.60 0.587 o. 0~4 *"" 
:-0.60 TO .:..o.so o. 631 0.097 -o .. 60 Hl -o. so 0.260 0.075 -0.60 TO -0.50 0.300 0.059 

N 
I 

-0.50 TO -0.-'tO o. 5 73 o.ocn -0.50 TO -0.40 0.350 0.085 -0.50 TO -0.40 0.362 0.063 
-0.40 TO :-0.30 0.596 0.090 -0.'t0 TO -0.30 0.273 0.073 -0.40 TO -0.30 0.394 0.064 
-0.30 TO -0.20 o. 407 0.072 -0.30 TO -0.20 0.292 0.073 -0.30 TO -0.20 0.358 0.059 
-D.20 TO -0~10 o. 42 8 0.071 -0.20 Tn -0.10 0.3G? 0.082 -0.20 Tn -0.10 0.291 0.052 
-0.10 TO -0. o. 4i 1 0.067 -0.1.0 TO -0. 0.365 0.076 -0.10 TO -0. 0.276 0.048 
o. TO 0 .. 30 o. 455 0.0':\9 o. TO 0.30 0.3?8 0.040 o. TO 0.30 0.378 o. 031 
0.30 TO 0 .. 40 o. 85 1 0.095 0.30 Tll 0.40 0.603 0.095 0.30 TO 0.40 0.569 O.On7 
0.40 TO 0.50 o. 916 0.100 0.40 T(l 0.50 O.R90 0.119 0.40 TO ().50 0.803 O.OA? 
0.50 TO 0.60 1. 174 0. ll 7 0.50 Tf""' 0 .. 60 1. 132 0.138 0.50 TO 0.60 1.233 0.105 
0.60 TO .o. 70 1. 78 2 0.149 o.&o rn 0.70 1.778 0.1.79 0.60 TO o. 70 1.731 0.129 
0. 70 TO o.so 3.085 o. 2 02 O. 7D TG O.BO 3.oqz 0.243 0.70 TO o. '80 ?.666 0.165 
O.RO TO O.R5 3. 744 0.125 o.80 Tn 0.85 3.273 0.366 O.RO TO 0.85 3.264 0.267 
0.85 TO 0.90 3. 109 0 .. 627 O.RS TO O.QO 3.241t 0.6 75 0.85 TO. 0.90 ?.966 0.539 
0.99 TO 1.00 B. 183 1.184 0.99 TO 1o00 7 .. 0?9 0.~13 0.99 TO 1.00 6.786 0.796 

.. 
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TABLE 1/II. 

.KMINUS-PROTnN ElASTit DIFFERE~TIAL CROSS-SFCTION IN ~R/SR IN C.M~ SYSTEM 

NnMINAL KAON LAR. MOMENTUM 

1350.0 ~EV/C 

COS H'FT.A SIGMA ERROR 

-0.95 TQ-0.90 O.RR9 0.543 
.-0 • 9 0 T (1 - 0 • R 0 0.687 0.217 
-0.80 TO -0.70 O.Rl1 0.217 
-0.70 TO -0.60 0.56() 0.177 
-0.60 TO -0.50 0.517 0.170 
-0.50 TO -0. 1t0 0.306 0.125 
-0.40 Ttl -0.30 0.2H8 O.l1R 
-0.10 TO -0.20 0.224 0.100 
-0.20 TO -0.10. 0.291 0.110 
-0 • 1 0 T 0, - 0 • 0.348 0.116 
o. HJ 0.30 0.287 0.059 
0. 30 TO .. 0.40 0.40~ 0.123 
0.40 TO 0.50 0.707 0.167 

.0.50 TO 0.60 1. 29 6 . 0 ."z-':3 3 
0.60 TG 0 • .70 1.42~ 0.252 
0.10 rn O. BO 2. 657 0.355 
0.80 TO 0.85 3.5R2 0.605 
O.R5 TG 0.90 3.955 . 0.935 
0.9<? TO l. 00 7.095 0.834 

I 
~ 
VJ 



TABLE VIII. 

KMINUS-PROTON FLASTIC OlFFFRENTTAL CRnSS-SFCTTON IN MR/SR IN C .M. ·SYSTEM 

KAON Ll\B. MOMEt-.!TUM (40 MEV/C INTERVAL) 

660.0 ,"1EV/C 700.0 MEV/C 740.0 MEV/C -
COS THETA SIGMA ERROR COS THFTA SIGMA FRROR COS THFTA SIGMfl ERROR - -

-0.95 TO -0.90 '0. o.54n -0.95 TO -0.90 o. 746 0 ·'+56 -0.95. TO -0.90 .1.254 0.510 
-0.90 TO -0.80 ·o.298 0.172 -0.90 TO -0.80 0.634 o.17n -0.90 TO -0.80 0.629 0.144 
-0.80 TO -0.70 o. 36 t 0.181 -0.80 TO -0.70 0.443 o.t4o. -0.80 TO .,-0.70 o. 629 0.137 
-0.70 TO -0.60 o. 542 0.221 -0.70 TO -0.60 0.4R6 0.1 1+7 -0.70 TO -0.60 0.209 o., 079 

I 
~ 

-0.60 TO -0.50 o. 177 0.125 -O.nO TO -0.50 0.390 0.130 -0.60 TO -0.50 0.205 0.077 
~· .. 
I 

-0.50 TO -0.40 o. 68 8 0.243 -0.50 TO -0.40 0.504 0.145 ~0.50 TO -0~40 o • :n 1 0.094 
-0.40 TO -0.30 o .. 740 0.247 -0.40 TO -0.30 0.201 0.090 -0.40 TO -0.30 0.216 0.076 
-0.30 TO -0.20 o. 62 9 0.223 _;0.30 TO -0.20 0.498 0.138 -o.3o rn -0.20 0.142 0.060 
-0.20 TO -0.10 0.970 0.269 -0.20 TO -0.10 O.'t72 0.131 -0.20 TO -0.10 (1.256 0.079 
-0.10 TQ -o. o. 992 0.?.65 -0.10 TO -0. 0.895 0.176 -0.,10 TO -0. o. 62 3 0.120 
-o. TO 0.30 o. 791 0.132 -o. TO 0.30 0.7413 0.089 -o. TO 0.3r1 o. 66 7 0.069 

0.30 TO 0.40 1.306 0.202 0.30 TO 0.40. 1.238 0.198 0.30 TO 0.40 1.001 0.146 
0.40 TO 0.50 o. 805 0.232 0.40 TO 0.'50 1.833 0.245 o.4o Tn 0.50 1. 565 0.186 
0.50 TO 0.60 1. 68 6 0.344 0.50 TO 0.60 1..680 0.?40 0.50 TO 0.60 l. 730 0.200 
0.60 TO 0. 70 . 2. 199 0.423 o.6o Tn 0.70 1. 94 7 0.267 0.60 TO 0.70 2.534 0.?.48 
0.10 TO 0.75 2. 710 1.328 o.10 Tn 0.75 3.32R 0. 74 1+ o~7o·To 0.75 2.910 0.420 
().99 TO 1.00 3. 15 7 0.67? 0.99 TO 1.00 3.670 0.765 0.75 TO 0.80 .3.647 1. 311 

0.99 TO 1.00 4.200 0.793 

,, 
·.• ., •. 
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TABT,K IX. 

K~INUS-PROTON ELASTIC OlFFfRENTlAl CROSS-SfCTION IN ~48/SR IN C.M. SYSTEM 

KAON ll\13. MilMFNTLH-1 (40 MEV/C INTERV!\l) 
. ' 

780.0 ME VIC 820.0 MEV/f. 860.0 MEV/C 

COS THFTI\ SIG"1A ERROR COS THETA SIG~1ll ERROR . COS THFTA SIGMA ERROR 

-0.95 JO -0.90 1. 42 3 0.500 -0.95 TO -0.90 1.3q5 0.456 -0.95 TO -0.90 1.780 0.534 
~0.90 TO -.0. 80 1.078 0.16R -0.90 TO -0.80 1.201 0•162 -0.90 TO -0.80 1. 271 0.167 
-o .. so ro -o.7o o. 75 8 0.114 -O.RO TO -0.70 1. 101 0.147 -0;.80 TO -0.70 1.162 0.151 

I 

:-0.70 TO :"""0.60 o. 613 0.120 -0.70 TO -0.60 o.qt7 0.134 -0.70 TO -0.60 0.896 0.132 ,p.. 

~o.60 TO -0.50 G. 461 0.103 -0.60 TO -0.50 0.458 0.094 -0.60 TO -0.50 0.685 0.114 u-t 

-,Q.SO TO -0.40 o. 424 0,.097 -0.50 Tfl -0.40 o. 387. O.OA'> -0.50 TO -Q.40 0.533 0.099 
:-0.40 TO -0.3.0 o. 55 5 0.109 -0.40 TO -.0. 30 0;.501 0.094 -0.40 TO -0.30 0.491 0.093 
-0.30 TO .,...0.20 o. 426 0.093 -O.JO Tfl -0.20 0.326 0.074 -o .. 30 rn -o;zo 0.382 O. ORO 
- 0 • _2 0 T 0 ~ 0 • 1 0 o .. 365 0.084 -0.20 TO -0.10 0.363 0.076 -0.20 TO -0.10 0.313 0.070 
-0.10. T\1.-0. o. 599 0.104 -0.10 TO -0. 0.3R9 0.076 -0.10. TO -0. 0.635 0.097 
-0. TO 0.30 o. 841 0.069 -o. TO 0.30 0.779 0.060 -0. TO 0.30 0.846 0.062 

0.30 TO 0.40 l. 277 0.146 0.30 TO 0 • 1t0 l.&R6 0.153 O. 30 TO 0.40 l. 5?4 o."l45 
0.40 TO 0.50 1. A 76 0.181 0.40 TO 0.50 1.890 0.164 0.40 TO 0.'50 1.938 0.166 
0.50 TO 0.60 2. 58 7 0.217 0. 5(1 Hl 0.60 2.231 0.183· 0.50 TO 0.60 2.133 0.179 
0.60 TO 0.70 2. 713 Oo.228 0.60 TO o. 70 ?.944 0.216 0.60 TO 0.70 2.916 o. 215 
0.70 TO 0~75 ?. 714 o .• 33 7 0.70 TO 0.75 3.397 0.336 o.1o rn . o.ao 3.169 0.235 
0.75 TO 0.81) 3. 926 0.845 0.75 TfJ o. 80 3.605 0.5'59 . 0.80 TO 0.85 5.878 1.755 
0.99 TO 1.0(") 4.6cJO O. B RO 0.99 Tn 1.00 5.lh8 0.967 0.99 TO 1.00 6.331 1. 111 



TABLE X. 

KMtNUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTJO~ IN MB/SR IN C.M. SYSTf~ 

KAON LAB. MOMENTUM (40 MEV/C INTERVAL) 

900.0 MEV I C 940.0 MEVIC 980.0 J'o1EV~C 

COS THETA SIGMA F.RROR COS THETA SIGMI\ ERROR COS THETA S I G~1 A ERROR 
- --

-0.95 TO -0.90 1. 769 0.547 -0.95 TO -0•90 2.980 0.813 -0.95 TO -0.90 2.278 0.693 
-0.90 TO -0.80 1.298 0.177 -0.90 TO -0.80 1.937 0.219 -0.90 Tn -o.so 2.044 0.242 
-0.80 TO -0.70 1. 25 0 0.164 .:...o.SO TO -0.70 1.247 0.167 -0,80 TO -0.70 1.698 o. 2 09 

I 
-0.70 TO -0.60 o. 981 0.145 -0.70 TO -0.60 0.988 0.147 -0.70 TO -0.60 1.2<}5 o.un .!:>. 

-0.60 TO -0.50 0.602 0.112 -0.60 TO -0.50 0.661 0.119 -0.60 TO --0.50 0.664 0.128 "' I 

-0.50 TO -0•40 o. 783 0.125 ..:..0.50 TO -'-0.40 0.780 0.126 -0.50 TO -0.40 0.803 0.138 
-0.40 TO -0.30 o. 611 0.108 -0.40 TO -0.30 0.606 0 .10C) -0.40 TO -0.30 0.539 Oo110 
-0.30 TO -0.20 o. 4 71 0.092 -0.30 TO -0.20 0.463 0.093 -o.3o rn -0.20 0.436 0.096 
-0.20 TO -0.10 o. 511 0.093 -0.20 TO -0.10 0.540 0.097 -0.20 TO -0.10 0.429 0.093 
-0.10 Tn -o. o. 627 0.100 -0.10 T0_-0. 0.361 0.077 -0.10 TO -0. 0.460 o. 093 
-o. TO 0.30 0.729 0.060 -o. TO 0.30 0.667 0.058 ~(J~ TO 0.30 0.556 0.057 

0.30 TO 0.40 l. 45 0 0.147 0.30 rn 0.40 1. 0 71 0.128 0.30 TO 0.40 1.035 0.1 35 
0.40 TO 0.50 1. 75 6 0.165 0.40 TO 0.50 1. 306 0.144 0.40 TO . O. 50 0.879 0.127 
0.50 TO 0.60 2.129 0.187 0.50 TO c .60 1.983 0.178 0.50 TO 0.60 1. 51+ 6 0.173 
0.60 TO 0.70 .2.942 0.226 0.60 TO 0.70 2.558 0.213 o.60 rn 0.70 2.209 0.213 
0.70 TO 0.80 3. 58 5 0.257 0.70 TD 0.80 l. 821 0.268 0.70 TO 0.80 3.Q57 0.292 
0.80 TO 0.85 6.385 1. 2 35 0.80 TO 0.81) 4.289 0.690 o.eo Tn 0.85 4.366 0.678 
0.C)9 TCJ 1.00 8. 160 1.390 0.99 TO 1. 00 fl. 8'50 1.4 78 0.99 TO 1. 00 9. lt09 1.570 



~,, 

TABLE. XI~ 

- v • 

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR IN C~M. SYSTEM 

KAON LAB. MOMENTUM {40 MEV/C l"HERVAt) 

1020.0 ME V/C 1060.0 MEV/C 1100.0 MEV/C 

COS THETA SIGMA ERROR COS THETA SIGMA ERROR COS THETA SIGMA 

-0.95 TO -0.90 1. 53A 0.526 -0.95 TO -0.90 2.181 o.t-.74 -0.95 TO -0.90 1. 768 
-0.90 TO -0.80 2. 082 0.242 -,.0.90 TO -0.80 1.780 0.226 -0.90 TO -0~80 1.187 
-0.80 TO -0.70 1. 68 0 0.205 -0.80 TO -0.70 1.145 0.171 -0.80 TO -0.70 1.259 
-0.70 TO ~0.60 1. 25 5 0.176 -0.70 TO -0.60 1.498 0.193 -0.70 TO -0.60 0.975 
-0.60 TO -0.50 o. 978 0.153 -0.60 TO -0.?0 1.016 0.157 -0.60 TO -0.50 o. 822 
--o.so TO -o.4o o. 641 0.121 -0.50 TO -0.40 0.833 0.139 -0.50 TQ -0.40 0.628 
-0.40 TO -0.30 o. 609 0.115 -0.40 TO -0.30 Oe682 0.122 -0.40 rn -0.30 0.652 
-0.30 TO -0.20 o. 535 0.105 -0.30 .TO -0.20 0.601 0.112 -0.30 TO -0.20 0.508. 
-0.20 TO ~0.10 o. 5 79 0.106 -o.zo To -0.10 0.642 0.112 -0.?0 TO -0.10 0.509 
-0.10 TO -0. 0.400 0.085 -0.10 TO ~a. 0.456 0.091 -0.10 Tn-o. 0.476 
...;.0. TO 0.30 o. 44 7 0.050 -o. Tn 0.30 0.400 o.04R -o. TO 0.30 0.403 
0.30 TO 0.40 o. 619 0.102 0.30 TO 0.40' 0.479 0.090 0.30 TO 0.40 o. 766 
0.40 TO 0.50 0.559 0.100 0.-40· TO 0.50 0.626 0.106 0.40 TO 0.50 o. 728 
0.50 TO 0.60 1. 116 0.145 0.50 TO 0.60 1.043 0.141 0.50 TO 0.60 1. 22 2 
0.60 TO 0.70 1. 945 0.196 0~60 TO 0.70 1.725 0.186 0.60 TO 0.70 1. 892 
0.10 TO 0.80 3.209 0.259 0.70 TO 0.80 3.558 0.275 0.70 TO o.ao 3.193 
O.AO TO 0.85 3;. 930 0.5 98 0.80 TO 0.85 4.743 0.478 0.80 TO 0.85 '3.897 
0·. 99 TO 1.00 o. 732 1.776 0.85 TO 0.90 8.279 2.441 0.85 TO 0.90 4. 551 

0.99 TO 1.00 l. 851 1.929 0.<:19 TO 1.00 0.155 

ERROR 

0.556 
0.171 
0.165 
0.144 I 

~ 

0.130 -J 
. I 

0. 11'1 
0.110 
0.094 
0.091 
0.085 
0.044 
0.1.05 
0.105 
0.140 
0.180 
0.240 
o. 391 
1.175 
1.590 



. TABLE XII. 

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR IN C.M. SYSTEM 

«AON LAB. MOMENTUM (40 MEV/C INTERVAL) 

1140.0 MEV I C 1180.0 MEV/C 1220.0 MEV/C 

COS THETA Sl GMA ERROR ·COS THET/\ SIGM/\ ERROR COS·THF.TA SIGMA ERROR --
-o. 95 To -o .:90 1. 307 0.447 -0.95 TO -0.90 1. 460 0.499 · -0.95 TO -0.90 0.393 0.240 
-0.90 TO -0 .:so 1. 017 0.155 ..;.0.90 TO -0.80 1.004 0.163 -0.90 TO -0.80 0.923 0.169 
-o.8o ro -0.10 o. 826 0.131 -0.80 TO -0.70 o. 848 0 .l3C) -0.80 TO -0.70 . 0.690 0.135 

I 

-0.70 TO -0.60 1.008 0.142 -0.70 TO -0.60 o..s12 0.107 -0.70 TO -0.60 0.619 0.126 -H:>-

-0.60 TO -0.50 o. 625 0.111 -0.60 TO -0.50 0.410 0.094 -0.60 TO -0.50 0.497 0.111 00 
I 

-0.50 TO -0.; 40 o. 578 0.104 -0.50 TO -0.40 0.411 0 .. 092 -o.so to -0.40 0.521 0.111 
-0.40 TO -0.30 .0. 459 0.090 -0.40 TO -0.30 o. 350 0.082 -0.40 TO -0.30 0.358 0.089 
-0.30 TO -0.20 0.406 O.OA2 -0.30 TO -0.20 0.438 0.089 -0.30 TO -0.20 0.399 o. 091 
-0.20 TO -0.10 o. 458 0.084 -0.20 TO -0.10 0.392 0.082 -0.20 TO -0.10 0.293 0.076 
,.-0.10 TO -0. 0.377 0.074 -0.10 TO -0. 0.302 0.069 -0.10 TO -0. 0.420 0.087 
-o. TO 0.30 o. 53 7 0.049 -o. TO 0.30 0.520 0.051 -o. TO 0.30 0.366 0.045 

0.30 TO 0.40 o. 671 0.096 0.30 TO 0.40· 0.768 0.108 0.30 TO 0.40 o. 710 0.111 
0.40 TO 0.50 o. 948 0.117 0.40 TO 0.50 0.872 0.118 0.40 TO 0.50 1.004 0.135 
0.50 TO 0.60 1. 296 0.141 0.50 TO 0.60 1.531 0.161 0.50 TO 0.60 i.378 0.164 
0.60 TO 0.70 1. 975 0.179 0.60 TO 0.70 l. 964 0.187 0.60 TO 0.70 1.873 0.196 
0.70 TO 0.80 3. 039 0.228 0.10 TD 0.80 3.026 0.240 0.70 TO 0.80 3~397 0.273 
0.80 TO 0.85 3. 416 0.354 0.80 TO 0.85 4.413 0.424 ·0. 80 TO 0.85 4.158 0.442 
0.85 TO 0.90 5.532 1.084 O.t35 TO 0.90 4.nqs 0.933 0.85 TO 0.90 4.231' 0.860 
0.99 TO 1. 00 9.141 1.567 0.99 TO 1.00 8.199 1.443 0.99 TO 1.00 7.235 1.103 

. ,. ,. 
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TABLE XIII. 

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR IN C.M. SYSTEM 

KAON LAB. MOMENTUM (40 MEV/C INTERVAL) 

1 2 6 0 • 0 . MF VIC 1300.0 ~EV/C 1 34 0. 0 MEV I C 

COS THETA Sl GMA ERROR COS THfTA ,SIGMA ERROR COS THETh SIGMA ERROR --
-0.95 TIJ -0.90 o. 651 0.319 -0.95 TO -0.90 0.521 0.318 -0.95 TO -0.90 0.836 0.511 
-0.90 TO -0.80 o. 820 0.158 -0.90 TO -0.80 0.608 0.157 -0.90 TO -0.80 1.033 0.258 
-0.80 TO -0.70 o. 83 3 0.147 -0.80 TO -0.70 0.793 0.165 -0.80 TO -0.70 0.983 0.232 

I 

-0.70 TO -0.60 0.6!15 0.123 -0.70 TO -0.60 0.533 0.133 -0.10 TO -0.60 0.631 0.182 ~ 

-0.60 TO -0.50 o. 389 0.097 -0.60 TO -0.50 0.2R9 0.096 -0.60 TO -0.50 0.303 0.124 
~ 
I 

-o.so TO -0.40 o. 208 0.069 -0.50 TO -0.40 0 •. 18 3 0.075 -0.'50 TO -0.40 0.432 0.144 
-0.40 TO -0.30 o. 480 0.102 -0.40 TO -0.30 0.40? 0.107 -0.40 TO -0.30 0.272 0.111 
-0.30 TO -0.20 o. 368 0.087 -0.30 Hl. -0.20 0.269 '· 0..085 -0.30 TO -0.20_0 .. 211 0.094 
-0.20 TO -0.10 0.304 0.076 -0.20 TO -0.10 0.125 0.056 -0.20 TO -0.10 0.549 0.147 
-0 • 1 0 T 0 .-0. 0.248 ·0.066 -0.10 TO -.0. 0.232 0 .. 073 -0.10 TO -0. 0.328 0.109 
-0.' TO 0.30 0.432 0.04() -o. TO 0.30 0.273 0.044 -o. TO 0.30 0.372 0.065 

0.30 TO 0.40 0.676 0.107 0.30 TO 0.40 0.645 0.120 0.30 TO 0.40 0.419 0.121 
0.40 TO 0.50 o. p, 7 2 0.125 0.40 TO 0.50 0.799 0.137 0.40 TO 0.50 0.703 0.161 
0.50 TO 0.60 1. 287 0.156 0. 50 TO 0.60 1.124 0.168 0.50 TO 0.60 1. 063 0.205 
O. 6'0 TO 0.70 1 .. 850 0.193 0.60 TO .·0.70. 1.618 0.207 o•·6o To. 0.70 1.631 o. 261 
0 • .10 TO O.AO 2.739 0.242 0.70 TO 0.80 2.60~ 0.271 0.10 TO o.ao 2.809 0.354 
0.80 TO 0.85 3. 631 0.409 0.80 TO 0.85 3.045 0 .. 431 0.80 TO 0.85 3.367 0.569 
0.85 TO 0.90 2. 373 0.719 0.85 TO 0.90 2.113 0.676 0.85 T'l 0.90 3. 764 1.165 
0.99 TO 1.00 6. 831 1. 050 o.qq TO 1.00 6.78'5 1.047 0.99 TO 1.00 6.757 1.046 
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TABLE XIV. 

KMJNUS-PROTON flA$TIC DTFFERENTIAL CROSS-SECTION IN MB/SR IN C.Mo SYSTEM 

K/\ON LAB. MOMENTUM (40 MEV/C INTERVAL1 

1"380.0 MEV/C 

COS THETA SIGMA ERROR --
-0.95 TO -0.90 0.812 0.828 
-:-0.90 TO ..;..0.80 0.377 0.267 
,_.0.80 TO -0.70 1.580 0.500 

I 
-0.70 TO ..;..0.60 0.759 0.340 U"l 

-0,.60 TO -0.50 1. 021 0.3R6 
0 
I 

-0.50 TO -0.40 0.553 0.276 
-0.40 TO -0.30 0.781 0.319 
-0.30 TO -0.20 0.364 0.210 
-0.20 TO -0.10 0.563 0.252 
~o.to To -o. 0.41R 0.209 
-0. TO o.~o 0 .. 420 0.117 

0.30 TO 0 .. 40 0.502 0.22.5 
0.40 TO 0.50 0.852 0.301 

.o.soTo 0.60 0.907 0.321 
0.60 TO 0.70 2.532 (1,.553 
0.70 TO 0.80 4.380 0.751 
0.80 TO o. 85 3. 342 0.965 
0.85 TO 0.90 7.267 2.411 
0.99 TO l. 00 7.136 1.106 

(._I 
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Table XV. Quantities used to calculate forward differential cross sections._ 
Values of crt are obtained by inter~olation of cros:S sections from: 
references 5a and 5b; Errors in D are assumed to be ±- 25% and 
er~~rs in dcr / d!l I 0 include ± 14% no;rmaliz~ t~on uncertainty. _ ... 

PK (MeV/c) 

660 

700 

740 

780 

820 

860 

·900 

940 

980 

1020 

1060. 

1100 

1140 

1180 

1220 

1260 

1300 

1340 

1380 

35 ·1 ± 3. 0 2. 98 ± 0. 65 

36.0 ± 3·0 3·33 ± 0.73 

36·3 ± 2.5 3·70 ± 0.73 

36·3 ± 2.5 4.02 ± 0.79 

36.1 ± 2.5 4.30 ± 0.85 

38·5 ± 2.2 5.26 ± 0.96 

42.9 ± 2.2 7.00 ± 1.22 

44.3 ± 2.1 1·91 ± 1.36 

45.2 ± 2.1 8.83 ± 1.49 

47·7 ± 2.1 10.43 ± 1.74 

49.2 ± 2.0 11.74 ± 1.92 

44.5 ± 1.5 10.13 ± 1.59 

41.1 ± 2.0 9.10 ± 1.56 

31·9 ± 2.0 8.13 ± 1.43 

34.8 ± 1.0 7.18-± 1.10 

33.1 ± LO 6.80 ± 1.04 

32·3 ± 1.0 6.76 ± 1.04 

31.4 ± LO 6.67 ± 1.03 

31·5 ± 1.0 6.99 ± 1.08 

n2 
(mb/sr) 

0.18 ± 0.04 

0.34 ± 0.08 

0.50 ± 0.12 

0.67 ± 0.17 

0.87 ± 0.22 

1.07 ± 0.27 

1.16 ± 0.29 

0.88 ± 0.22 

0.58 ± 0.14 

0.30 ± 0.08 

0.11 ± 0.03 

0.02 ± 0.01 

0.04 ± 0.01 

0.07 ±0.02 

0.05 ± 0.01 

0.03 ± 0.01 

0.02 ± 0.01 

0.09 ± 0.02 

0.15 ± o.o4 

dcr I 1-· · 
CW'·_.

0
(mbsr) 

3.16 ± 0.67 

3·67 ± 0.76 

4.20 ± 0.79 

4.69 ± 0.88 

5·17 ± 0.97 

6.33 _±- 1.11 

8.16 ± 1..39 

8.85 ± 1.48 

9.41 ± 1.57 

10.73 ± 1.78 

11.85 ± 1.93 

10.15 ± 1.59 

9.14 ± 1.57 

8.20 ± 1.44 

7.23 ± 1.10 

6.83 ± 1.05 

6.78 ± 1.05 

6.76 ± 1.04 

7.14 ± 1.10 
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Table XVI. Chi-aquare confidence levels for order of fit N = 1 through 
N = 6. The orders selected as necessary and sufficient to 
fit the data are underlined. The corresponding coefficients 
are listed in Table XVII and plotted in Figs. 36 and 37· 

PK (MeV/c) Order of fit 

1 2 ~ 4 .1.. 6 -
66o .06 ill. .23 .26 .27 .56 

700 0 .42 ·36 .29 .23 .17 

740 0 .28 .25 .29 .28 .23 

780 0 ~ .69 .61 ·71 .67 

820 0 .66 .69 .65 .58 .49 

860. 0 .!.ll .69 .64 .67 .66 

900 0 .02 .43 .54 .47 .43 

940 0 0 .05 .:11 ·70 .87 

980 0 0 0 .19 .40 ~33 

1020 0 0 0 .16 .:1t ·71 

106o 0 0 0 .24 .:.1l ·76 

1100 0 0 0 ·53 ·75 ·70 

1140 0 0 .02 .45 .82 ·78 

1180 0 0 0 .88 ·91 .90 

1220 0 0 .16 .:.22 ·72 ·71 

1260 0 0 .01 .14 .15 .14 

1300 0 0 .06 ·.!l] .14 .11 

1340 0 0 .02 .!1§. .82 .91 

1380 0 0 .40 .:2!1 .44 .50 

" ~ 
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Tlib1e XVII. Coefficients,· bn, for Legendre polynom'ial power-series expansion of differential cross· 
section in the form N . The Wlits of b . are mb/sr. 

~~;~~nPn(cose) •. · n . 

Order 
of 

PK (MeV/c) Fit b2 

660 

700 

740 

780 

820 

860 

900 

940 

1020 

1060 

1100 

1140 

1180 

1220 

1260 

1300 

1340 

1380 

2 ·961 ± .155 1.029 ± .151 

2 1.126 ± .170 1.296 ± •. 115 

2 1.114 ± .165 1.487 ± .090 

2 1.423 ± .207 1.540 ± .092 

2 1.533 ± .222 1.606 :t .o85 

.409 :t ·.189 

1.038 ± ~143 

1.372 :t .111 

1.644 :t .118 

2.o4o ± .no 

2 1.553 :t .224 1.476 :t .083 . 1.968 ± .109 

4 

6 

4 

6 

6 

6 

6 

5 

6 

6 

4 

6 

4 

6 

4 

4 

4 

4 

1,'712 ± .251 1.862 ± .149 

1.747 ± .259 1.924 ± .198 

2.510 ± .224 

2.662 :t .295 

1.739 :t .255 1.647 :t .147 . 3.o48 :t .230 

·734 :t .18o 

.849 :t ·305 

.831 :t .174 

.308 ± .198 

.519 :t ·329 

.765 ± .• zoo 

1.813 ± .269 1.670 :t .202 

1.786 ± .263 1.722 ± .210 

3·376 ± ·311 .872 ± ·312 1.244 :t ·353 

3·524 ± .255 1.494 ± ·320 1.213 :t .219 

1.772 ± .264 1.713 :t .211 ·3.463 :t ·322 1.481 :t ·322 1.121 ± ·367 

'1.656 :t .244 1.563 :t .200 

1.621 ± .244 1.521 :t .208 

3·409 ± .241 1.945 :t ·3o4 1.347 ± .2o4 

3.255 :t ·322 1.875 ± ·318 1.129 ± ·364 

1.685 ± .247 1.817 ± .196 ·3.475 :t .232 2.350 :t ·305 1.415 t .203 

1.746 :t .260 1.874 :t .202 

1.457 ± .213 1.611 ± .159 

1.476 :t .220 1.628 ± .163 

L352 ± .198 1.663 ± .147 

1.369 ± .2o4 1.681 :t .152 

1.340 ± .196 1.656 ± .116 

1.381 :t .206 1.788 ± .156 

1.248 ± .183 1.741 ± .118 

1.253 :t .186 1.835 ± .138 

1.117 :t .165 L4o4 :t ,110 

·953 :t .• 143 1.305 ± .115 

1.147 ± .175 1.331 ± .152 

1.317 ± .211 1.820 ± .231 

3·752 ± ·326 2.452 t ·317 1.797 ± ·376 

2.712 ± .193 1.671 :t .251 .813 :t .176 

2.801 :t .263 1.701 :t .258 1.001 ± ·313 

2.364 :t .179 1.438 :t .235 

2.444 ± .244 1.470 ± .245 

2.483 :t .176 ·991 :t .140 

2 . 203 :t .164 l. 208 :t .139 

2.230 :t .198 1.416 ± .213 

1.951 :t .157 ·767 ± .131 

1.755 ± .161 ·722. :t .132 

2.294 ± .215 .929 ± .174 

2.218 ± .297 1.688 :t .274 

·717 ± .168 

.831 ± .291 

.829 ± .157 

.427 ± .150 

·395 :t .229 

.464 ± .142 

.292 ± .144 

.859 ± .197 

.440 :t ·315 

.114 ± .221 .178 ± .241 

.o48 ± .228 .424 ± .247 

.502 ± .232 

;490 ± .235 -.081 ± .261 

.693 ± .226 

.649 ± .234 -.179 ± .248 

.633 ± .231 

.698 ± .237 

;376 ± .195 

·399 ± .201 

.438 ± .183 

.465 :t .192 

.242 ± .190 

.311 ± .258. 

.112 ± .228 

·099 :t .207 

.156 :t .2o4 

.211 ± .169 -.157 ± .183 
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Table XVIII; Total elastic cross sections obtained in this experiment. 
Values given .are integrals under the fitted curves for the 
order of fit underlined in Table XVI. The ± 14% normalization 
error is combined with the statistical error. 

PK (MeV/c) a (mb) e 

66o 12.08 ±. 1!9.5 

700 . 14.15 ± 2.14 

740 14.00 ± 2.07 

780 17.88 ± 2.60 

820 19.26 ± 2 ·79 

860 19.52 ± 2.82 

900 21.51 ± 3·15 

940 21.85 ± 3 .. 20 

980 22.44 ± 3·30 

1020 20.78 ± 3.06 

1060 21.17 ± 3·11 

1100 18.31 ± 2.68 

1140 16.99 ± 2.49 

1180 16.84 ± 2.47 

1220. 15.68 ± 2.30 

1260 14.o4 ± 2.07 

1300 11.98 ± 1.80 

1340 14.41 ± 2.20 

1380 16.55 ± 2.66 

~~. ,- ... ·..:-~ ... ,.,·-·~··~;._,;,._,.., ~. 

\;:·J 

.. -
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Fig. 17. Differential cross section for elastic K- -p scattering at 
Pk = 660±20 MeV/c. At cos e = 1.0, the optical theorem 
limit is indicated by· x and thecdfr}3ersion-relation point by b. 
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Fig. 18. Differential cross section for elastic K-- -p scattering at 
Pk = 700±20 MeV/c •. At cosBc m = 1.0, the optical theorem 
limit is indicated by x and the 'dis"persion-relation point by o. 
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Fig. 19. Differential cross section for elastic K- -p scattering at· 
Pk = 740 :I: 20 MeV /c •. At cos Be m. = 1.0, the optical theorem 
limit is indicated by x · a'rid the 'dispersion-relation: point by o • 
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Fig. 20. Differential cross section for elas.tic K --p scattering at 
Pk = 780 ± 20 MeV /c. At cos Be m. = 1.0, the optical theorem 
limit is ind.ieated by x and the dispersion-relation point by 6. 
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Fig. 21. Differential cross section for elast:l~ K- ~P scattering at 
Pk = 820 ± 20 MeV /c. At cos Be m = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o • 
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Fig. 22. Differential cross section for elastic K- -p scattering at 
Pk = 860 ± 20 MeV /c.· At cos 8c ·rn = 1.0, _the optiCaL theorem 
limit is indicated by x and the dispersion-relation poi~t by o. 
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Fig. 23.. Differential cross section for elastic K- -p scattering at 
Pk = 900 ± 20 MeV/ c. At cos Be m. = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. 
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Fig. 24. Differential cross section for elastic K- -p scattering at 
pk = 940 ± 20 Mev I c. At cosec. m. = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. 
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Fig. 25. Differential cross section for- elastic K- -pscattering at 
Pk :: 9.80 ± 20 MeV /c. At .cosec. m~:: 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o._ 
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Fig. 26. Differential cross section for elastic K- -p scattering at 
Pk = 1020 ± 20 MeV /c. At cos Be. m, = 1.0,-- the optical theorem 
limit is indicated by x and the dispersion-relation point by o. . . 
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Fig. 27. Differential cross section for elastic K- -p scattering at 
Pk = 1060 ± 20 MeV /c. At cos Be m. = 1~0, the optical theorem 
limit is indicated by x and the di.sp~rsion-relation point by o. 



-"-
Cl) 

' .c 
E -
~ 
-c 

' b 
-c 

14 

12 

10 

8 

6 

4 

2 

0 
-1.0 

-66-

-0.6 -02 . . 0.2 0.6 1.0 
Cos Bc.m. 

MU-36878 

Fig. 28. Differential cross section for elastic K- -p scattering at 
Pk = 1100±20 MeV/c. Atcos6c.m = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. 
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Fig. 29. Differential cross section for elastic K--p scattering at 
pk = 1140 ± 20 MeV /c. At cosec m = 1.0, the optical theorem 
limit is indicated by x and the d"isp"ersion-relation point by o. 
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Fig. 30. Differential cross section for elastic K- -p scattering at 
pk = 1180 ± 20 Mev I c. At cosec m = 1.0, the optical theorem 
limit is indicated by x and the di"spersion-relation point by o. 
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Fig. 31. Differential cross section for elastic K- -p scattering at 
Pk= 1220±20 MeV/c. At cosBc.m.= 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. 
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Fig. 32. Differential cross section for elastic K- -p scattering at 
Pk = 1260 ± 20 MeV /c. At .cosec. m. = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. . ... 
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Fig. 33. Differential cross section for elastic K- -p scattering at 
pk· = 1300 ± 20 Mev I c. At cosec. m .. = 1.0, the optical theorem 

-limit is indicated by x and the dispersion-r'elation point by o • 
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Fig. 34. Differ.ential cross section for elastic K -~p scattering at 
Pk = 1340±20 MeV/c. At cos ec.m. = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o. 
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Fig. 35. Differential cross section for elastic K- -p scattering at 
Pk = 1380±20 MeV/c. At cosec. m. = 1.0, the optical theorem 
limit is indicated by x and the dispersion-relation point by o, 
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V. DISCUSSION 

A. Partial Waves 

In order to discuss the physical significance of the data it is 

useful to parameterize the interaction in some way. The most common 

method is to decompose the differential cross section into partial waves. 

One can write 20 

where the non-spin-flip amplitude is given by 

00 

f(B) = t [(Lt1) AL+ + LAL_] PL (cosB), (2) 

L=O 

and the spin-flip amplitude by 

00 

g( B) - L 
L=O 

( 3) 

The functions P L and P f. are, respectively, the Legendre polynomial 

and first associated Legendre polynomial of order L, and e is the 

kaon scattering angle in the c. m. system. The complex partial-wave 

amplitudes, AL±' correspond tO scattering in states of orbital 

angular momentum L and total angular momentum L ± 1/2. These 

amplitudes can be written as 

. 11 L± exp ( 2 i o L± ) - 1 
AL± i= 2i k 

where 'IlL± · is the (real) absorption parameter ( 0 ~'IlL± ~ 1), 

6L± is the real part of the elastic -scattering phase shift, and k 

is the c. m. wave number. In the more corrimop. spectroscopic 

notation, states of L = 0, 1, 2, 3 · · · are represented by S, P, D, F ... 

with the total angular momentum J as subscript. ·For example the 

statewith L=3and J=5/2(A
3

_) correspondsto F
5

/
2

. 
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If L lS assumed to be the largest value of orbital angular 
max 

momentum involved in the interaction, we can cut off the summations 

in Eqs. (2) and (3) at L and rearrange the expression to yield 
max . 

2L 
max 

dcr [ b P (cos8), em = 
n n 

0 

where 

L 
max 

L n ::}c 
b - c .. Re(A. A.). 

n lJ l J 
i~ j. 

The coefficients C~. for L = 3 ( F waves) are given in Table XIX. 
· lJ max 

Unfortunately, at high energies and when inelastic channels are 

open, analysis of scattering .in terms of partial waves becomes very 

complicated. · In general, elastic -scattering data alone, in the pres

ence of inelastic scattering, do not contain sufficient information to 

determine the elastic partial-wave amplitudes. 21 That is, assuming 

only waves to Lmax are involved, we can determine 2Lmax + 1 real 

parameters (for example, the bn) from the angular distribution. 

However, the interaction is described by two real parameters (T) and 6) 

for each angular -momentum state (AL±) for a total of 2.( 2Lmax + 1) 

independent parameter$. Thus 2L + 1 additional numbers need 
max 

to be determined in order to specify completely the partial-wave 

amplitudes. , In prinCiple, these parameters can be obtained from 

recoil-proton-polarization angula! distributions (yielding 2Lmax 

experimental parameters) and the total cross sectiOI:). {one parameter)~ 

When isotopic spin is taken into account, the situation becomes 

even more complicated. In terms of T = 0 and T::;; 1 amplitudes 

(indicated by. ari additional subscript) the K- -p elastic amplitudes 

may be written· 

(4) 

"" . 
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Table XIX. .Coefficients C~j for de·camposition of Legendre polynamial·expansion coefficients, 

bn' in terms of partial-wave amplitudes Ai: 

'~ - do I bn = L:· (< Aj) . bnPn(cos il), n ., d(l = ci.l Re 
0 i .::: j 

. n 
* 4 6 Ai Aj 0 .1 2 _ 3_ _5 _ 

* * 81/2 81/2 + P1/2 P1/2 1 

* 81/2 P1/2 2 

* * 4 31/2 P 3/2 + P 1/2 D3/2 

* * 4 81/2 °3/2 + P 1/2 P3/2 

* * 6 8
1/2 °5/2 + p1/2 F5/2 

* * 6 51/2 F 5/2 + P1/2 °5/2 

* * 8 81/2 F7/2 + p1/2 G7/2 

* * 8 81/2 GJ/2 + p1/2 F7/2 

* * 
p 3/2 p 3/2 + 03/2 °3/2 2 

* 4/5 36/5 p3/2 °3/2 

* * 36/5 24/5 p3/2 °5/2 + 03/2 F5/2 

* * 12/7 p3/2 F5/2 .+ 03/2 °5/2 72/7 

* * 72/7 4o/'r . p3/2 F7/2 + 03/2 G7/2 

* * 8/3 40/3 p3/2 G7/2 + 03/2 F7/2 

* * 24/7 18/7 05/2 °5/2 + F 5/2 F 5/2 3 

* 18/35 05h F5/2 16/5 100/r 

* * 72/7 05/2 F7 /2 + Jo'5/2 G7 /2 8 40/7 

* * 05/2 G7 /2 + F 5/2 F7 /2 8/7 3&J/77 200/ll 

* * 100/21 F7/2 F.(/2 + G7/2 G7/2 4 324/77 100/33 ... 
8/21 F7/2 G7/2 24/li 600/9l 
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The number of parameters needed to describe the interaction is doubled 

[equaling 4 ( 2L + 1)] when isotopic spin is included. For example, 
max 

with L ·· = 3 (F waves), the number of independent parameters is 28, 
max · 

of which only seven are provided by elastic -scattering information, 

Additional experimental information such as charge -exchange angular 

distributions and polarization [AL± (K-p .:;.. K.0 n) = 1/2 ( AoL± - AiL±)] 

and data from the pure T = 1 interaction, K- -neutron elastic scattering, 

is needed to determine completely the scattering amplitudes. 

Thus it is not surprising that the major emphasis in analyzing 

scattering data has lately centered around attempts to correlate the 

world's supply of available data by using comprehensive phase-shift· 

fitting programs and large digital computers. df course, most of the 

effort has been expended in the analysis of N -N and 1r-N scattering 
22 12 data; ' ·however, at present there is considerable work in progress 

on a comprehensive phase -shift analysis of K :-N scattering.• 
23 

· In view of the foregoing discussion it is clear that one can hope 

to do little more than make qualitative observations about the K -N 

interaction frorri the elastic -scattering data of this experiment alone. 

Some insight may possibly be gained by observing the behavior of the 

total elastic cross sections and the Legendre-polynomial coefficients 

as a function of energy and checking the behavior of these quantities 

for consistency with the existence of various resonances suggested 

experimentally or predicted theoretically. 

B. Total Elastic Cross Sections 

24 We assume that resonances have the usual Breit-Wigner shape. 

The resonant elastic amplitude is given by 

_ 1/2 re · · · 
k AR - ~-E)- i r/2 ' 

.R 

where r. is the elastic width, r is the total width, E is the total 
e 

energy in the c. m. system, and ER is the resonant energy. In terms 

,• 
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of the elasticity x:::: r e/r and the convenient parameter e = 2 (ER- E)/r ,· 

the amplitude may be written 

kA . R 
X = ..---.. 

E •1 

In general, r and r are energy-dependent. 
e 

sions for the energy dependence of r and r . e 

Nonrelati vis tic expre s-
24 

have been given and 

depend on the interaction radius. Layson has given a modified resonance 

expression derived from a relativistic Schrodinger equation. 21 In 

Layson's expression, E is the total energy of the kaon in the c. m. 

system, and the widths r and r are slightly more complicated 
e 

functions of energy. In our very rough treatment we use the more 

common resonance form wh~re E is the total c. m. energy of the 

system. Fo.r simplicity we assume that the widths are constant. 

For a resonance with total angular momentum J and in a single 

isotopic -spin state, we can write the resonance contributions to the 

K - 1 . ( res) d . 1 1 t" . ( res) -p tota cross sectlon O't· an tota e as 1c cross sectlon. 0' e 

as 

and 

res 
O't 

res 
0' 

e 

= 2rr\2 (J + 1/2) x 
E 

2 + 1 

2 
= rr\2 (J + 1/2) ~x

e 
2 + 1 

where \ = 1/k is the c; m. de Broglie wavelength. 

In the above formulas, interference effects between the reso

nant amplitude and the background amplitude in the same partial-wave 

state have been ignored. ·It .should he noted that even for a purely 

elastic resonance. (x = 1), the total elastic resonant cross section 

furnishes only half the resonance contribution to the total cross 

section. This is, . of course, due to the isotopic -spin composition of 

the K- -p elastic amplitude [Eq. ( 4)]. An equal contribution to the 

total cross section comes from the charge -exchange reaction 
- -0 

K p -K n. 
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The total cross section measure·ments (at) of references 5a and 

5b in the momentum region 750 to 1350 MeV /c and the total elastic 

cross sections (a ) obtained in this experiment have been fit (by a e . 
least-squares method) to expressions of the form 

and 

a e 
:::: a nr + ::E 0" res 

e e 

nr nr 
Here at and O"e are background cross sections (assumed constant 

res 
over the region fitted), and the ::E at correspond to sums of 

' e 
resonance terms. The results of this analysis for various combinations 

of suggested resonances are given in Table XX and plotted in Fig. 39. 

Although the resonance parameters obtained from these fits 

should not be taken seriously, it is interesting to note that acceptable 

fits were obtained for all four combinations tried. However, it should 

be pointed out that the elasticities required for the J = 3/2 resonances 

are: very high. In fact, the best fit for a single J = 3/2 resonance 

actually had x ~ 1.2. Fixing the elasticity parameter at 0.95 gave a 

30o/o x2 
probability as shown in the table, while lowering the elasticity 

to a more reasonable value of""' 0.8 decreased the goodness of fit to 

less than 1%. The strength of this evidence against J :::: 3/2 is 

weakened, however, by the simplicity of the model used; in particular, 

the assumption that the background total cross sections are constant 

may not be valid. 

C. Legendre -Polynomial Coefficients 

As dis·cussed in Section IV it appears that sixth-order coeffi

cients are not needed to fit the data of this experiment. However, a 

plot of b
6 

(Fig. 38) shows that the limit that can be placed on the 

magnitude of b
6 

is not very good. Because of the large experimental 

errors, values (either slowly varying background·or fluctuations 

"'' . 
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Table XX. Results of a least-squares fit of the following 
expressions to the experimental total and 
total elastic cross sections 

nr . 2 
crt = crt + 2TT )t 

~ 2. (J 1 + 1/2) x1 I< e 1 + 1) 

1 

and 

cr _ nr + )t 2 L (J 1 + 1/2) xJ !< e J + 1) , - cr TT 
e e 

1 

where 

E = 2(E -ER)/r and x = r /r. e· 

X r ER 
nr nr 

cr cr 
(MeV) . (MeV) (rhb) (~b) 

----
o.95a 109 ± 2 1808 ± 5 30.6±.6 13.3±6 

0.87±.13 154 ±4 1815 ± 4 26. 7± LO 11.7 ± 1..2 

0.38±.16 74 ±9 1768 ± 5 
30.3 ± 4 14.0±.5 

0.95 ±. 10 72 ± 3 1825 ± 3 

0.21±; 19 43 ±9 175 0 ± 7 
29.3±.7 13.7±.6 

0.78±.05 101 ± 3 1818±5 

aThis elasticity parameter, X,· was held fixed at 
the given value rather than being searched by the 
fitting program. 
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Fig. 39. Plots of the least-squares fits to the total and total elastic 
cross sections for the four combinations of resonance. terms given 
in Table XX. 
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indicating structure) of a few tenths of a millibarn would not appear 

significant. 

On the other hand, the fifth-order coefficient has an appreciable 

bump, of the order of 0. 7 mb, in the resonance region. This indicates 

that the resonance (or resonances) is in one or more of the following 

states: n
312

, n
512

, F 
512

, or F 
7

/
2

. For simplicity we have 

neglected G waves (L =4). The absence of a large bump in b
6 

would 

seem to rule out F ?/
2 

. as the resonant state. 

If we assume for the moment that terms in b
5 

involving F 
7

;
2 

can be neglected, we have left only the interference term between the · 

F 5/ 2 and n 5 / 2 states, i.e., b5 ~ ( 100/7)Re(D~/ 2 F S/2). In this 

case the large bump in b
5 

would be consistent with a single resonance 

in either the n
5

/
2 

or. F 
5

/
2 

state interfering with a small nonresonant 

background amplitude in the other state. The bump could also be causeq 

by the existence of two resonances, one in each partial-wave state, 

interfering with each other. 

Note that if we relax the assumption F 
7

/
2 

= 0 we can also 

"explain" the b
5 

bump as arising from the interference between a 

n
3

/
2 

resonant amplitude (as suggested by Ball and Frazer) and a 

small F 7/
2 

amplitude. If such a D
3

/
2 

resonance were very highly 

elastic (x ""0.9) as is required to yield the total and total elastic 

eros s-section enhancements, an F 
7

/
2 

amplitude of magnitude 

lk F
7

;
2

1-0.07 would be sufficient to produce the structure in b
5

. 

Such a small F 
7

/
2 

term is certainly not excluded by the lim,it on the 

size of the b
6 

coefficients obtained in this· experiment. In fact it has 

recently been suggested19 • 25 that there is a resonance in the F 
7

/
2 

T = 0 

amplitude at a c. m. energy of 2065 MeV with a width of approximately 

180 MeV. This broad resonance, if it exists, could furnish practically 

all the F 
7

/
2 

. amplitude needed to P.roduce the b
5 

1815 MeV. 

enhancement at 

Measurements of the angular distributions of the elastic charge

exchange reaction, K + p .-. K 0 + n, in the momentum region near 

1000 MeV /c have been reported by several groups. 9 • 25 • 26 Expansions 

of the charge -exchange differential eros s sections in Legendre-
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polynomial series yield negative . b
5 

coefficients and a large positive 

bump in the b
4 

c~efficients peaked near 1050. MeV /c. 

This behavior (and that of the corresponding elastic- scattering 

coefficients) is consistent with resonances in the D
5

/
2 

and F 
5

/
2 

states. The fact that the enhancement in the b
5 

coefficients for 

elastic and charge-exchange scattering are of opposite sign indicates 

that the interfering amplitudes· responsible for the enhancements are 

in different isotopic spin states. 6 
. . 

On the other hand, if the Y; ( 1815) were n
312

, the large 

positive b
4 

coefficients in both the elastic and charge -exchange 

channels [coming, presumably, from the interference term 

72/7 Re(D~>2 n5 / 2 )) would imply that the 0
5

/ 2 amplitude is predom

inantly in the T::: 0 state. In such case, the Y~ ( 1765), if it exists 

and has J::: 5/2, would have to be in an F 
5

/
2 

angular-momentum 

state. An F 
5

/
2 

resonance at 1765 MeV would then i~ply a bump in. 

the elastic b 1 coefficient due to the term 36/5 Re ( D~'j2 F 
5

/
2

); 

however, the b
1 

coefficients obtained in the experiment do not show· 

indications of significant structure near 1000 MeV/ c. This evidence 

against a D
3

;
2 

Y; ( 1815) is mitigated, however, by the fact that· 

many terms contribute to b 
1 

(see Table XIX). 

D. Conclusions 

In summary, the elastic -scattering angular distributions 

measured in this experiment indicate the presence of a· rather highly 

elastic resonance near 1815 MeV. The data are consistent with, but 

do not require, the existence of an additional enhancement near 

17,.~5 MeV. Evidence is presented against a D
3

/
2 

assignment for the 

Y 0 ( 1815), but a D
3

/
2 

resonance at 1815 MeV cannot be completely 

ruled out on the basis of our qualitative arguments. 
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APPENDIX 

DERIVATION OF THE EXPRESSION FOR Z 
IN THE CYLINDRICAL CHAMBER 

A diagram of a typical cylindrical-chamber track and its 

reflected image is shown in Fig. 40. The axis of rotation of one of 

the mirror segments is also indicated. 

The. optical system is such that only those light rays from a 

spark and those reflected from a mirror segment which are parallel 

to the cylindrical chamber axis are focused by the field lens onto the 

camera lens. An observer (camera) located at the focal point of the 

field lens sees a spark and its virtual image (located on the opposite 

side of the mirror) displaced in a direction normal to the axis of 

rotation of the mirror. 

The relation between the height Z of the spark above the 

mirror and the displacement S of the image measured-perpendicular 

to the mirror axis -is particularly simple. From inspection of Fig. 40b 

{noting that the angle between the incident and reflected ray is 28), 

we have 

sjz = tan 28, 

where 8 'is the tilt angle of the mirror about an axis normal to the 

paper in Fig. 40b. 

{5) 

In Fig. 40a, d is defined as the separation between the spark 

track and its image measured normal to the reflected track image, 

and 13 is the angle between the image and the mirror axis. Hence 13 

is also the angle between d and S, and we see that 

d=Scos13. {'6) 

'combining Eqs. {5) and {6) yields the desired expression 

·d z - ----=-~--.,...,.. - cos 13 tan 28 ' ( 1) 

Angle 13 depends on the location and direction of the track in 

the cylindrical chamber and is calculated in the geometrical recon

struction program for each measured track. For all possible 

,..., 
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Fig. 40. Schematic diagrams of cylindrical chamber track and 
reflected image. (a) View of track and image as seen by camera . 
(b) Section AA of view (a). Note that scale is not the same for 
both diagrams. 
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orientations of tracks from elastiC scatterings that originate in the 

hydrogen target, however; f3 is reasonably small ( f3 $ 1.0 de g), and 
' . 

therefore cosf3 approximately equals 1. Since tan28 is approximately 

0.2 (8=5.7 deg), we have the approximate expression 

z;::: 5d. 

The dip angle ">-. (angle between the track and the x-y plane) 

is given by an equation similar to Eq. ( 1), 

sinu 
tan ~ = --~~--~~ cosf3 tan 28 ' 

where a is the angle (in the x-y plane) between the track and its 

. stereo image. For small dip angles we have 

">-.;::: 5a, 
i 

Since the depth and dip angle calculations depend on the 

differences of two position and angle measurements, i.e., the track 

and its reflected image, errors in z and ~ include a factor of rz 
in addition to the factor of five inh.erent in the small stereo angle. 

Thus uncertainties in Z and ">-. are approximately seven times as 

large as the corresponding uncertainties in the x-y plane. 

~ ... 

v ,, 
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