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Berkeley, California. 

August 1959 

ABSTRACT 

+ + The total K -p cross section was measured at the three K -meson 

energies 175±25, 225::1:25, and 275:.t.25 Mev, and the differential scattering 

cross section was measured at 225 Mev. + The K -p nuclear force was 

shown to be repulsive, from the observed constructive interference with 

Coulomb scattering. The differential cross section was otherwise isotropic 

and could arise from either pure S-wave or pure P-wave scattering. 

Substracted dispersion relations were applied to these data and 

the rest of the available K-proton scattering data. The statistical errors 

in the data were found to be too large to determine the K-hyperon relative 

parity. On the assumption that the KA and KI: relative parities are the 

same, then for scalar coupling, g2 /4rr would be less than 0.6; for pseudo-

scalar coupling, it would be less than 10 . 

• 
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THE INTERACTION OF K+ MESONS WITH PROTONS 

T. F. Kycia, t L. T. Kerth and R. 0. Baender 

Lawrence Radiation Laboratory 
University o! California 

Berkeley, California 

August 1959 

1. INTRODUCTION 

Information on the scattering of K+ mesons on protons is of the 

greatest importance, in that it may allow us to determine the nature of the 

K-meson-nucleon forces. Data at low energies have come mostly from the 

rare scattering of K+ mesons on hydrogen nuclei in emulsion. A compi-

lation of the world total of 75 events was reported at the 1958 High Ene1·gy 

Physics Conference at CERN. 
1 

The angular distributions in the three 

energy intervals ZO to 100 Mev, 100 to ZOO Mev, and 200 to 300 Mev, 

considering the large uncertainties we·re not inconsistent with isotropy. 

From a more recent compilation of data, 
2 

total cross sections 

have been obtained as shown in Table I. 

Table I. Results from experiments with nuclear emulsions .• 
+ 

Energy Total K -p cross sections 
(Mev) imb) 

20 - 100 13.5 ± 2.8 

100 .. 200 14.2 ± 2.6 

200 - 300 18.0 ± 3.5 

• Work done under the auspices of the U. S. Atomic Energy Commission. 

t Present address: Brookhaven National Laboratory, Upton, New York 

1 M. F. Kaplon, 1958 Annual International Conference on High Energy 
Physics at CERN. 

2 
D. H. Stork and D. J. Prowse (UCLA), private communication. 
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The purpose of thia experiment was to me&eure the total K+ ... meson-

proton cross section at the higher energitu•·namely. 1 75:t:Z5. ZlS:t-25, and 

2.75:*2.5 Mev--ae well aa to dett~rmine the differential acattering erose 

. section with em all statistical errore at l2. 5 Mev. If the riae in total c:roas 

section should be due to a rising p .. wave contribution., an aeymmetry in 

the differential scattering croes section ehould be detected. 

be 

+ U. K -MESON SELECTION 

A. The K+ ·Meson Beam 

Tho scattering-detection system required that the K+- beam ahou.ld 

0 
(a) of angular divergence l~as than. -:tl at the entrance to the 

liquid hydrogen tArget 

(b) focu.aed in a.n area of 1.25-in. diameter 

(c) of energy lpread no graater than ~2 5 Mev 
... 

(d) of a.n intensity greater than 2.5 K' mesona pel' Bevatron pulse 

Th.eae Tequiremente we~e mot for beam energies o£ 17Sdll:5, 

22S.t25, a.nd l75:i:2S Mev, with the arrangementi.U\lstra.ted in Fig. l. 

l· 
The K meson• were produced in a. tantalum target located i.n a 

Bevatron etra.ight section, and entered. the first of two 4-ln. -aperture 

double ... lene strong·focu•ing bending magnete. The first magnet momentum­

analy~od the incoming particles. and fo~u.sed the particles with the desired 

momentllm at the lead slit. Tlle beryllium was neceeaary to redu.ce the 

proton contamination. The second magnet refocused the selected particles · 

a.t the · D scintillation counter. 
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~ 
B. K -Me•on ldentU'icaUon 

The portion of the beam that paaeee throu.ch the lead alit <:onabta 

of K+ and w + mesons aad protons, but the particles focused at Counter D 

coneiat mainly of I<+ aad 11 ~,. mesor.a. The proton contamination at this 

·point i.e negligible. +· + The K n:uutGu$ are dietinguhlhed from the 11" rneeons 

by time of flight over the 8 feet between. Counters ~,and D. 

To attain a high tinle resolution for the ldentlfication •yatem, the 

K+ mesona were identified by roqutdng a coinddence of scintUlati.on c:ou.ntere 

l, Zt 3, D and anticoincld10nc:e -with w .A; a veloeity ... threshold t.<ferenkov counter 

'Used. to identify ,/ .~esons. . The ~+ couta.mmation. tn the identified K+ 

is ehcwn in i'i&. l. 

The R. counter o£ :fig. 1 waa used for ranati .. tmergy measu.remente. 

By inserting copper btttween Cwntere D and a, we could determine the range 

distrib'ltion in copper, and tbue the energy distribution of the K+ me eons. 

+ Suitable correetk.tna !or K deeaye b•tween counters D and a we.re applied. 

111. SCATTERlNG·DETECTlON SYSTEM 
t 

+· Figure 3 show a the scattering anglee of the K meson. and the proton 

in ~tile laboratory syatem as a function of the angie ill the center..o£-mass of 
+ ~ 

the K meson, ior elaedc l( · -p acattertns. The kiaematiea are insensitive 

·~ 
to incident K" energies in the range 175 .. 275 Mev. It is seen that one and 

only one of the two particles enters a forward cone of half .. angle 50° (lab). 

Thus, to determine the angular distribution o£ the scattel"ed K+ meoons, it 

was sufficient to determine the attgle of the forward-scattered particle and 



_,_ 

then to identify the particle as being either a I<+ meson or a proton. The 

inelastic K+ -p scattering giving d.se to n·meson production ia as•umed to 

3 
be sn-:~.all . 

.Arter the'encu·gy o£ the K+ beam was determined with the arrangement 

Ulustrated in Fig. 1. the It counter wa• removed and the arrangement 

Ulu!!trated in. Fig. 4 wa.a placed behind the Il count~r. The T counter of 

Fig. 4 replaced the R counter oi Fig. 1 in the cir<:uitry of Fig. 2.. 

The liquid hydrogen was r.ontained ia a thin-walled. Myle.r vess-el 

6 in. in length and '3 in. in diamet\'lJ:'. A- double bank of ring counters was 

used to determine the angle of the scattered particles. Each ring counte:t· 

overlapped the adjacent. onP.t to improve the angular d~finiti.on. To define 

the scattering angle. it was necessary for at l¢tUt one counter frotn each 

bank to count. With thh arrangement, the scattering angle could be defined 

to within ,-t5° (lab). 

The ring counter pulses, together with the R pulse from counter R. 

of Fig. 4, the C pulse fro-m the waur Cerenkov counter of Fig. 4, the T 

pulse from the trigger counter cf F·tg. '}, and a timi.n.g pulse were displayed 

on a-n oscUloacope with the aid o{ the circuitry of Figs. 3 and 5, and the 

traces were photographed. 

The water Qertmkov couater ehown in Fig. 4 was used to identify 

the decay products origt.nating from the large number of K+ decays in the 

region behind the defining counter. Approximately 'S'~) of the decay products 

originating from the •ix most common K+ decay modes had v-elocitiee great 

enough to excite the .· C~renkov counter. For the mo1t part, the C pulse 

from the water cerenkov counter wa.s used to blank the oedlloac:ope. 

3 Helmy, Mulvey. Prowse. and Stork, "An E:xample of the Production of a. 

ff- Meson. by a K+ Meson.'' 
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The osnUoscope was allowed to reco:rd events in which tll.e C puhe appeared 

ody for tllat '1art of the experin'lent in which the ring cou.ntere werie c:abbratecl 

on the decay products. 

The copper absorber and :r&n{6e counter, located behind the '"ater 
v 

Cerenkov counter in Fig. 4 were ueed to identify the scattered ?article. 

The copper was jut>t thick eno~Jgh to stop the protons for all lab angles ·be-

0 0 I. 
tween 12 and 50 • while the K mesons passed through the copper and 

registered in the range counter. 

IV. THE TOTAL K+ -p CROSS SECTION 

+ 
The total K -p erose sections at the three energies of 175±2 5. 

?:}~.:t-?.5, and Z75:\:Z5 Mev were obtained from the S· and s
2

- scaler readings. 

1'he sl readings gave the !):Umber o£ K 1- me&ono pasting through the defining 

counter, wherea.e the S reading gave the number of K~ mesons that passed 

through the deHni.ng counter but did not reach the T counter. The SandS .. 
/ .. 

readings were accumulated for "target full" and "target empty." ior each 

of the three energies. Table U lists these numbers as well as the ratios of 

'"S/Sl, which are the fractions of K+- mesons removed from the K+- beam. 



,. 

Scaler 

S 1£ (target full) 

62~ 
S ~e (target empty) 

s , 
- le s I 

2 

-3-

~- s l 'f5*? 

68, Jf} 5 

41~,582 

68,063 

442,917 

0.1641 

tlCilL .. (l731 Rev. 

Ene;~* ~Meyl z 2 i;,~ 5 ?. 7~-I~: !> 

105,646 34,684 

74l.67Z l75,308 

44,944 10,014 

338,033 258,375 

0.14?. 3 0.1260 

0.1330 0.1162. 

From the target-empty data in Table ll, one sees that the back-

ground from decays, scattering in the walls of the target, and scattering in 

the defining counter is approximately 10 to l S tin1es as large as the effect 

under inveltigation. The total croea section was obtained from the difference 

of the two relatively large quantities 'S/S2. ~ and S""/S2 ie by meana of Eq. (1), 

which takes into account as well as posaible the dif!erence in decay rates for 

"target full" and "target empty" conditions. The background from wall 

scattering, etc. was small in comparison with the decay background, and 

was presumed to be the same !or both "target fullu and "target empty" 

conditions. In addition, the .. target empty" condition actually included 

scatterings from the hydrogen gas et.Ul ln the "empty" target. The gas 

density at that temperature is approximately zr\f of the liquid density. 
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Assuming all decays and scattering events to take place on the 

beam axis, and neglecting multiple scatters, we have 

N(x
1

) I xl 1 
N(xol = exp j -1 [ A8 (x) + 1.0 (x) J dxj\ , 

l xo 
( 1) 

where N (x 1) is the number of K+ mesons in the beam at point x 1; 

I-
N (x0 ) is the number of K mesons in the beam at point x0 ; 

).. (x) = n(x) v(x); n{x) = target nuclei density, and a(x) is the cross s 

section for scattering into angles great enough to mise the T counter; 

x.0 (x) is the reciprocal decay length for decays in which the charged 

decay product misses the T counter; 

" 1 is taken at the T counte~ so that N (x1) = 1-S, S :::: S- scaler reading. 

x 0 is taken immediately before the D counter, so that N(x0 ) = s
2

, 

s2. :: sz- scaler reading. 

{

1 

The integrals · [ \.
9
(x) + )..

0
(x) ]dx were I>erformed for "target 

xo 
full" and "target empty;" S/S

2
- scale~ data were substituted into the left 

side of Eq. (1), and then Eq. ( 1) was solved for the K t- -p cross section for 

scattering into angles > 12°. The results of the calculations are given 

in Table 111. The experimental error in the K+ -meson half life led to a 

calculated error of < 1 "11 in the total cross section, and was neglected. 
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+ Corrected total K -p erose sections from scaler date. 

Energy 
(Mev) 

175 ± 25 

225 ± 2 5 

2.75 ± 25 

.j. 

-~ 
Total K -p cross section 

(mb) 

16.1 * 1.7 

15.2 d:: 1.3 

16.3 ± 1.7 

THE !<. -p DIFFERENTIAL CROSS SECTION 

A. Calculation of the Differential Cross Section 

Owing to the added complexity of the problem and the relatively 

small decay-background counting rate in the ring counters, the incorporation 

of corrections ~nto the data !or the determination of the differential cross 

section was different than for determination of the total cross section. 

Instead of being found from one formula incorporating all correction factors, 

the differential cross section was determined in the following way, and the 

corrections were applied later. 

Assuming all events to take place on the axis of the target, let 

? 
8

( e, x) de dx be the probability that a scattering event occurs in the interval 

dx at x, and scatters into angular interval de at e. Let P ( ea x) de dx be the 
c 

probability that the ring counter combination, c, will receive scatterings 

(into de at fl) that occur in dx at x. Let E be the counting efficiency of counter 

combination c. LetS be the experimental number of events detected by the c 

counter combination c as ascertained from the film data. Then Sc/s2 ! full 

is the fraction of the incident K+ mesons that scattered into counter 

combination c. We may then write 
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P ( i, x) dx de, c 
(2) 

where e 1, e
2 

are theJimiting angles at which counter combination ''c'' can 

detect a scattering event, and x
1
( e) are the limiting positions in the target 

at which c can detect (in de at e) a scattel"ing event that occurs in dx at x. 

Now P s ( f', x) can be approximated by 

P 8(P, x) = n du /de !L, ( 3) 

where n is the number of protons per unit length of axis (assumed to be 

constant): and do /de !L is the differential scattering cross section in the 

laboratory system. 
·I-

The _effect of decrease in K ·meson flux along the 

axis of the target, which renders Eq. ( 3) only a.n approximation, is treated 

as a. correction to be applied later. We then have, from Eq. (2), 

where 

x
2

( e) 
r • 

e 

P ( e, x)dx do 
c 

( drr ) f 2 
1 = n,f <nr I P c ( e) de_ , 

L . 
_, 0 

. 1 . 

~., 

di~ l P ( 6, x)dxde :] .... 
c ,. L c 

gl 

x .. {e) 

1 :.) 
1 

P ( e, x)dxde 
c 

and P (e)-:: 1/ P (9,x)dx. 
c . c 

j (A) xl -

( 4) 

1 
Foz4ea.c:h counter combination considered, it was found that P (e) was 

c 

( 5) 
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fairly symmetric about 'e
1 

t- e
2 

)/2. Thus. since da/de IL is independent 

of x and is assumed to be a slowly varying function of e. we have. from 

Eq. (5), 

( 6) 

where the right side o£ this last expression is to be interpreted as da /d~ jL. 

considered as a function of elab and evaluated at ( e 1 + e2 ) /2. 
I 

The P (e) for each counter combination were obtained by the 
c 

Monte Carlo method. using an IBM 701 computer. One thousand scattering 

events were simulated by the computer at each 6 in 1-degree intervals at 

random positions and at random azimuthal angles inside the hydrogen target. 

The efficiency factor E for each counter combination was determined by 

comparing the observed counts from K-meson decays with theoretical 

"' values. The counts from decays were obtained by turning off the cerenkov 

blanking pulse to the oscilloscope. The theoretical values were calculated 

on the basis o£ isotropic decay in the center-of-mass system for each 

decay mode. 

More than lC1C counter combinations were used to obtain the 

differential cross section. To improve the statistics and make the approxi-

mation of Eq. ( 6) more accurate, counter combinations were grouped to­

gether so that their combined counts indicated scatters into ± 1 C 
0 

about 

e(c.m.). 

B. Corrections 

Correction factors were applied, taking ir..to account: (a) decays 

-~ 
of the scattered mesvns, (b) scattered K mesons that interact in the Cu 

absorber and (c) decrease inK flux along the axis of the target. These 
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corrections were a function of angle, and amounted to about 10 Ofo. The 

corrected results of the calculations based! on Eqs. (4) and (6} and the 

transformation to center-of-r;nass coordinates are given in Fig. 6, where 

dG/dO = (1/2,. sine) dcr/de! em' 

From the phase- shift analysis described in the next section, 

using the + s 1/ 2 K -p scattering-state phase shift obtained from the data 

of Fig. 6, the total K+ -p scattering cross section was calculated as 

aT= 15.3, in good agreement with the value 15.2±1.3 mb obtained from 

the scaler data. 

VI. PHASE-SHIFT ANALYSIS 

+ The angular distribution of the scattering of K mesons from 

protons has been analyzed in terms of an expansion in partial waves. 

. ./ 6 -l3 + 1 We assumed that s1nce .,.. ~ 0. x 10 em, the compound K -meson-nuc eon 

From the states responsible for the scattering were sl/Z' P1; 2 • P 3; 2 · 

assumption of charge independence for the nuclear interaction between 

the K meson and nucleon, it follows the K+ mesons are scattered from 

protons in a pure T = 1 isotopic spin state. The number of phase shifts 

necessary to describe the differential cross section was thus reduced to 

three, namely, 60 , and o 1, and o3 for scattering in the s l/Z, pl/l, and 

p 3; 2 states, respectively. It is possible to determine experimentally 

the absolute signs of the phase shifts from the interference of the nuclear 

scattering with the Coulomb scattering. 
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The differential cross section in the center-of-mass system 

for scattering without and with spin flip ar,d including the Coulomb effect 

4 
is 

da .'· __ ..,.2 ! - ia ( 2 e) p 1 Z ~ -:-z exp -ifa log sin 2 ~ l- C cos e 1 , 
dQ 'nf 4 sin (e/2) 

daJ 
(ID'I 

{ 

lt.l l. 
= C l R 4 ' 

. 2 
Sln El, 

( 7) 

(8) 

where X is the de Brogl~e wavelength of the K+ meson in the center-of-mass 

system, 

and a = 

+ 
fJ.• e, and h are the reduced mass of the K -meson-proton system, 

~ 
the K -me son charge, and Planck's constant, respectively; 

f3 is the velocity of the K+ meson relative to the proton; 

P = e 2 i 15 o 1, 

c lHa sin 51 eiol 2 sin ~ 3 
ei63 = 1-l.Ci" -

R = sin ~3 ei53 - sin 51 ei~ 1 . 

4 L. Van Hove, Phya. Rev. 91, 947 (1953). 
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. + 
Some simplification is possible. For a K -meson energy 

of :~25 Mev, a= 0.014. Thus, o. can be nelgected in C without 

contributing more than 3".1,_.. uncertainty in the scattering amplitude. 'I'he 

expression exp ( -io. log sinl e can be set equal to unity for e > 2.0° • 
., 2 

for o. log sin"(o/2) < 0.02. 

The combination of the di!ferential cross sections for scattering 

without and with spin flip, in units of ""'
2
', is 

where 1.1 = cos o. 

A good fit of 1 dO' (iJ.) to the experimentally determined 
:(2 dO 

differential cross section's corresponds to a minimum in. 

where y (.,:..) and O"(!J..) are the experimental cross sections and their 
1 1 

(9) 

( 10) 

statistical errors respectively. The IBM 650 computer was programmed 

to calculate· X 
2 

from Eqs. (9) and ( 10) for a set of arbitrary values of the 
I 

three phase shifts, 6
0

, o 
1

• 6
3

. One o£ the phase shifts was then iucreased 

2 l 
by 0.01 radian, and the x recalculated. lf the new x was smaller 

than the previous one, the phase shift was changed again in the same 

2 
direction. If x was larger, the phase shift was then decreased. 

" 
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") 

The process was repeated until x '- reached a minimum, and then another 

phase shift was varied. When x 2 
could not be made smaller by changing 

any of the three phase shifts, the computer gave the result. By starting 

with v·arious sets of initial phase shifts, three solutions were found that gave 
') 

a x ,_ small enough to be considered significant. These are given in 
2 / 

Table IV. The x for each solution, as well as the confidence level, is 

listed. The fit with 6
0 

· > 0 and ~~ = o3 ~ 0 gave a confidence of less than l ~'l. 

Table IV. Phase-shift combinations that give good agreement 
with experimental data. 

Solution 

-33.4f:2.3 -0.7±5.7 

2 _x._ 

-0.1±3.4 10.6 

-0.6±3.2. -34.Z:i:Z,3 ·Z.Z±2.5 6.5 

4.3:+2.7 35.4±2.9 3.7±1.8 11.9 

Confi~A.ce revel r:.,, 

2 1 

59 

17 

The 6Q and &
1 

solutions correspond to interactions in virtually pure 

s1;
2 

and pl/Z states, respectively, with phase shifts of approximately -33°. 

Both solutions also agree with the forward peaking it1 the cross section, 

indicating a repulsive nuclear potential. For the 5
1
+ solution, the rise 

in the determined measured erose section at 25° and 35° does not agree 

with the predicted drop. The ambiguity between 60 and 5 1 is considered 

in greater detail in the following section. 

Vll. DISCUSSION 

A. Total Cross Section 

Knowledge of the K
1
• -meson-proton interaction has been extended 

to intermediate kinetic energies. Our results in Table Ill confirm the 
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·!-
increase in K -meson-proton cross section as a function of energy found 

. + 1 
from the scattering of K mesons on free protons in nuclear emulsion . 

Our averaged cross section over the energy interval from ZOO to 300 Mev 

is 15.6±1.0 mb, which agrees within the statistical errors with 18.0±3.5 

mb obtained from emulsion events (for comparison, the cross section 

below 100 Mev is l3.5-t2.5 mb). Z The threshold for 'IT-meson production 

by K+ mesons on protons is 22.5 Mev. Our total cross sections include 

the contribution from "'T-meson production, but no estimate of the magnitude 

could be made. 

Recent data from 600 Mev to 2 Bev indicate that the total cross 

section rises to 19.6±1.2 mb at 700 Mev and then gradually drops to 

5 
13.0±1.0 mb at 2. Bev. 

The over-all behaviour of the K;. -meson-proton cross section 

as a function of energy is not understood at present. 

B. 
;-

The Nature of the K -Meson Force 

Of the three phase-shift combination• that were found to fit the 

angular distribution of the scattered K+ mesons, only two (namely, 50 -

and 51-) gave good ag.t'eement with the small-angle scattering. Although 

both solutions are about equally probable, it is irnportant to note that both 

correspond to a repulsive K+ -rneson-proton force. This evidence in 

favor of the repulsive nuclear force is indeed the most direct and conclusive. 

Supporting evidence has come in the past from the optical-model ·analyses 

f i 1 . . f K~ £ ul . 1 ' 1 
o ne ashe scatter1ng o mesons rom em s1on nuc e1 . 

• 
s 

Burrowes, Caldwell. Frisch, Hill, Ritson, and Schluter, Phys. Rev. 

Letters 2, 117 ( 1959). 
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C. The Differential Scattering Cross Section 

The o0 -, o
1 

ambiguity in the phase shifts to the experimental 

data cannot be easily resolved. For the 51 solution, one would expect 

the recoil proton to be polarized. However, since the polarization arisea 

from the interference with the Coulomb scattering, the predicted value has 

a maximum of P ( e = 0.07 for e = 70°(lab). It may be easier to resolve the 

ambiguity by measuring the differential cross section of K+ mesons 

filcattering from protons at lower energies. If the differential cross section 

is isotropic for all energies. and if one assumes that K +- mesons scatter in 

the S wave at very low energies, then the 60 - -phase-shift combination must 

be the true solution. This follows from the fact that to change from pure 

S-wave scattering to pure Pl/Z -wave scattering, the cross section must 

be anisotropic in the energy interval in which both S and P waves contribute 

to the scattering cross section. 

D. Use of K+ -p Dispersion Relations 

The form of the K-p disp~rsion relations is 
6 

OC> 00 

4>f 
k'vt(w') 1 J k'0' (w') 

D ( w) = dw' ~ 
~ w' dw' ± w {: w -;t; w 
4'17 

l 

1 

1 1 4nA ( w') PA X(JI.) Pz: X( 2:) - dw' + c. t -z w1±w + +-

4n wh±w wl:±w 

A:r 

(11) 

6 
There is ~1.1ch literature on the subject, but a few pertinent references 

are: D. Amati and B. Vitale, Nuovo cimento J.. 190 ( 1958). 

K. lgi, Progr. Theoret. Phys. (Kyoto):.?_, 238 ( 1958). 

C . Goebel, Phys. Rev. !..!2.1 572. ( 1958). 

P. T. Matthews and A. Salam, Phys. Rev. !_!2, 565, 569 ( 1958). 
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where D:t: is the real part of the K' ·?roton forward-scattering amplitude, 

in units of K-meson Compton wavelength ( ~ ); k' is the laboratory-system c 

momentum, in units of mkc; w' and ware laboratory-system energies of 

. z ) t -the K me son, tn units of mk c ; ''+ (w') and u _(w' at·e the K -p and K -p 

total cross sections, respectively, in units of K-meson Compton wavelength, 

squared; A_ is the imaginary part of the K- -p forward-scattering amplitude, 

in uuits of K-meson Compton wavelength; C is a constant. 

The purpose of this section is to investigate the possibility of 

determinin3 p A ( ~ and X (A) (X(:!;)), which are the sign and magnitude of 

the residues at w = m 1\ (m:I;), respectively, where 

2. 
.g A,!: 

= ~ 

The quantities p A and Pz: are e.ither +-1 or -1, depending 

upon the parity of the K-hyperon-nucleon system. We have 

w = CL 

2 
- m p 

2m 
p 

') ,_ 

(12) 

( 1 3) 

where mCL is the rest energy of the a. system (w b = 0.1?.9 mk' "'z: = 0. 313 mk' 

and wl\.tr = 0.498 mk). 

Of the various subtracted dispersion relations proposed, none is 

adequate at present for the experimental data now available. The following 

form, however. has several decisive advantages. 

·-



1 = -2 
411' 

1 
+ -z 

41'1' 

[ [

w k' c (w') 0 t 
w -w 

0 -
[ 

w k' u (w') 

-2.0-

(w0 +· w)k' CT +(w') 

2(w1 -w0 ) 

(w +w)k'o (w') 
0 -
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(w0-w)k'o.Jw')] 
1 

- l(w' -w ) -dw 
0 

( 14) 

,, 
I' 

( 
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If w
0 

is eet equal to mk in ( 14), lgi' e form ill obtained. 
7 

The ·above 

form, however, bas the advantages of Igi's in that the cross-section integrals 

converge rapidly and depend more on the K+ -p cross sections than on those 

of K- -p. These cross-section integrals converge, even if the cross sections 

go to a constant as w goes to infinity. An additional advantage of form (l~) 

is that the real parts of the forward- scattering amplitude a: are used at ... 

energies for which they are known from experiment,:;~~th~r than at the rest 

energy. Furthermore, the contribution from the unphysical region is 

decreased by displacing a singularity from its position at mk to w
0

• , 

The latest experimental K-p total cross sections were used for 

kcr :t(w), Z, 5•10• 11 • 12 : A smooth curve was fitted to the experimental points, 

and an extrapolation of 4~A _ was made into the unphysical region. More 

precise estimates on the extrapolation into the unphysical region have been 

carried out by Dalit.z and Tuan. 
8 

Their values do not materially affect the 

conclusions from the dispersion relations. 9 Since the dispersion relation in 

Eq. ( 14) does not weight the high-energy region, it was possible to make 

cutoffs at w = :t: 4. The statistical errors were estimated to be lO!Ifo for the 

integral under the smooth curve fitted to 'k~u ._(w), and 15% fo.r k o (w). . ~ 

Figure 7 shows a typical integrand for the integral of Eq. ( 14). The 

experimental pointe are ahown, to indicate the effect of the experimental 

uncertainties. 

7
K. Igi, Progr. Theoret. Phys. (Kyoto)_!. 403 (1958). 

8 It. H. Dalitz and S. F,. Tuan, Annals of Physics (To be published). 
9 . . 

R. Karplus, L. Kerth, and T. Kycia,: Phy_s. Rev .. :Lett .. 2, 510 (1959). 
. .t. -

1° Cork, Lambertson, Piccioni, and Went~el, Phy's. Rev. !.2_6, 167 ( 1'957). 

11 
Alvarez, Eberhard, Ciood, Orazi~no, Ticho, and Wojcicki (Lawrence 
Radiation Laboratory), p.rivate communication. 

12 Nordin, Rosenfeld, Solmitz•1 Tripp, and Watson, Bull. Am. Phys. Soc. Ser. 
II. 4, ?.88 ( 1959): Eberhard, Rosenfeld, Solmitz;, Tripp, and Watson, 
Phys. Rev. Letters 2., 312 ( 1959); A. H. Rosenfeld, Bull. Am. Phys. Soc. 
Ser. II, 2_, 163 ( 19 58}. 
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The quantity 0 :t: (w) was obtained from. 

/du el .~z 
D_,Jw) = ~t _mw v: an .(w) I "=0- -~' 1 
~ p ,. i6~-

(15) 

where w and ~ are respectively, the total energy and K-meson momentum 

in the center-of·mass frame. The sign of D:t- (w) is plus or minus, depending 

+-
upon whether the K' -proton force is attractive or repulsive, reepectively. 

From the experiment being described, it has been seen that the K + -p 

interaction ie repulsive, thus making D+ (w) negative. The nature of the 

K- -p force is still unknown, and thie causes D _ (w) to be uncertain in sign. 

From the 0-o·phase-shift combination,~ ( 1.46) I 9=0 ie 

1.2 htO,l6 mb/sterad. If one assumes, as has been done he·re, that for 
+ do el do el 

lower K -meson energies + (~Al) is isotropic, then + (w) J e::O 
an df'i 

simply becomes a+ el(w)fo11'. el 
Furthermore, a+ (w) = o+(w) for w < 1.46. 

Thus, sufficient information is available for the determination of D+(w) 

for w = l.u, 1.17, 1.2.85, and 1.46. 

The value of D _(w) is obtained from Eq. (15) in a similar way, but 

{or (h)= 1.17 and w = 1.285. From bubble-chamber data, we have 

d el 13, el 
0

- ( 1.17) 1.,_0 = S.Z:J:l mb/sterad, while do- ( 1.285)! _0 is still em .-.- &l a-

not available. The total K- -p cross sections for the two energies are 

o (1.17) = 91±9 mb and a _(1.285):: 86±7 mb. The value obtained for 

13 
R. D. Tripp, (Lawrence Radiation Laboratory). private communication • 

• 
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D _ ( 1.17) is of the order of 0.5 K-meson Compton wavelength. For 
el 

the higher energy, D _ ( 1.2 85) is on the order o£ zero ii do- ( 1.285) I 
drl e=O 

h assumed to be not much larger than 8 • .2 mb/stera.d. This is not an 

unreasonable assumption, since t1 _ el ( 1.285) = 44 ± S mb. Thus D is 

small enough so that only a truly surprising change in the experimental 
:~ 

data could change D _ enough to alter its e!fec.;t in Eq. ( 14). The results 

of the calculations of D ± ( w) are listed in Table V. The calculations 

have also been carried out 9 using the results of Dalitz8 for D_ with no 

essential difference in the results. 

Table V. D ± (w) (the real part of the forward-scattering amplitude) 
for different w' s. 

.. 

D ±(w) 

1.00 

D + (w) -0.125 ± 0.14 

D (w) 

1.17 1.285 1.46 

-1.24±0.14 ·-1.23±0.14 -1.20 ± 0.08 

* 0.5 0 

Since it is clearly not poe sible to solve for p \ g , 
2
/4tr and 

1 /.1 
., . 2. , ') 

~ gl: ,_,/4-rr separately, we have assumed p A = ~ = p and g..i\ = g,; ... = g'-. 

By substituting the above experimental data into Ec;a. ( 12) and ( 14), we can 

solve for p g
2

/4-rr for four different sets of values o£ wand w0 . The 

results are listed in Table VI. 
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Table VI. Calculated values for the coupling constant for 
different combinati-ons of w and w0 , for the possibility of 
either a scalar or pseudoscalar coupling. The term con­
taining 0 _ has been included. 

p = + 1 p = - 1 

1.46 1.285 -0.20 !+; 0.68-0.20D _( 1.285) -4.15 ± 14-4.2D ( 1.285) 

1.46 1.17 -0.0() ± 0.38-0.19D_(l.l7) -1.9 :f; 8-4.00 _( 1.17) 

1.00 1.285 +0.09:!: 0.38-0.170_(1.285) +1.7 ± 7-3.20_(1.285) 

1.00 1.17 +0.25 ± 0.56-0.160_( 1.17) +4.7 ± 12-3.40_(1.17) 

We see that for an attractive K- -p potential 0 is positive and a pseudo­

scalar coupling is favored; for a repulsive K- -p potential, D _ is negative 

and a scalar coupling is favored. 1£ 0 _ is assumed to be negligible, the 

results from the first two rows favor a pseudoscalar coupling; those from 

2 
the second two rows, a scalar coupling. The value of g /4rr varies about 

zero, but the variation is well within the statistical error. It is thus 

impossible to determine whether the coupling is scalar or pseudoscalar, 

but if it were scalar, g
2 

/4rr would be less than about 0.6; if pseudoscalar, 

less than about 10. These results indicate that even with the most recently 

available data it is difficult, from subtracted dispersion relations, to 

arrive at unambiguous conclusions as to the nature of the K-meson -

hyperon coupling. 
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FIGURE CAPTIONS 

Beam arrangement. K+ mesons were produced in a 

tantalum target and, after the elimination of proton contami-

nation by me~ns of a beryllium absorber, were focused on 

Counter D. 

Block diagram of K+ -me son identification circuiting. 

Coincidences and anticoincidence& were taken between 

counters 1, 2, 3, D, and n A' and scaled. The s2 scaler 

then indicated the number of K+ mesons that ertered the 

target; the S 1 scaler indicated the number of Kt mesons 

that passed through the target; the S scale.r indicated the 

number of K+ mesons that disappeared from the beam be­

tween Counters D and R. The S anticoincidence-circuit 

pulse triggered an oscilloscope, upon which were displayed 

the ring-counter pulses. 

The laboratory system scattering angle of protons and 

K+ mesons, as a function of the center-of-mass system 

scattering angle of the K+ meson, for a K+ -p elastic 

scattering event. 

Arrangement of liquid hydrogen target and scattering-

detection scintillation counters. The line of flight of the 

scattered particle is determined by the double bank of ring 

counters, and the particle is identified by its range in copper. 



Fig. 5. 

Fig. 6. 

Fig. 7. 
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Block diagram of scattering-detection circuitry. In the 

multichannel coincidence circuit, the scattering-detection 

scintillation-counter pulses are put into coincidence with 

an s
2 

-coincidence-circuit pulse and then displayed on an 

oscilloscope. 

The K+ -p differential scattering cross section at 225 ± 25 

Mev, in units of the square of the center-of-mass system 

. + ·. '·.· ' "· . 
de Beoghe wavelength of the K meson. The curve~ l~be1ed 

- - + . \ 
S0 • o1 , and 6

1 
are least-square fits for, respectively, 

s 1; 2 - state scattering with repulsive nuclear potential, 

P 1 /Z - state scattering with repulsive -nuclear potential, and 

P 1; 2 - state scattering with attractive nuclear potential. 

The combined integrand& of Eq. (14) for w = 1.46, ul
0 

= Ll7, 

and a smooth extrapolation of A into the unphysical region. 

The singularities of the integrand are indicated by vertical 

lines. 
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