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ABSTRACT

The total K+-p cross section was measured at the three K+-meson
energies 175225, 225425, and 275%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 KX relative parities are the
sarne, then for scalar.coupling, g2/4vr would be less than 0.6; for pseudo-

scalar coupling, it would be less than 10.
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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 &' mesons on hydrogen nuclei in emuleion. A compi-
lation of the world total of 75 events was reported at the 1958 High Energy
Physics Conference at CERN. ! The angular distributions in the three
energy intervale 20 to 100 Mev, 100 to 200 Mev, and 200 to 300 Mev,
considering the large uncertavinties were not inconsistent with isotropy.

From a more recent compilation of data, 2 total cross sections

have been obtained as shown in Table 1.

Table 1. Results from experiments with nuclear emulsions.

Energy Total K+-p cross sections
{(Mev) (mb)

20 - 1600 13,52 2.8

100 - 200 14.2 + 2.6

200 - 300 18.0 x 3.5

[ ]
Work done under the auspices of the U. 8. Atomic Energy Commission.

¥ Present address: Brookhaven National Laboratory, Upton, New York
! M. F. Kaplon, 1958 Annual International Conference on High Energy
Physics at CERN.

2 D. H. Stork and D. J. Prowse (UCLA), private communication.



4= UCRL-8753 Rev.

The purpose of this experiment was to measure the total K+-meson-
proton cross section at the higher energies-namely, 175425, 225225, and
275225 Mev--an well as to determine the differential scattering cross
_section with small statistical errors at 225 Mev. If the rise in total cross
section should be due to a rising P-wave contribution, an asymmetry in

the differential scattering cross section should be dstected.

II. K'-MESON SELECTION

A. The K'-Meson Beam

The scattering-detection system required that the K beam should
be

(2) of angular divergence less than «2° at the entrance to the

liquid hydrogen target

(b} focused in an area of 1.25+in, diameter

{c) of energy spread no groeater than 225 Mev

(¢) of an intensity greater than 25 K&meanno per Bevairon pulse

These reguirements were met for beam energies of 175425,
225#25, and 275%25 Mev, with the arrangementillustrated in Fig. 1.

The Kx'mesanu were produced in a tantalum target located in a
Bevatron straight section, and entered the first of two 4-in. -aperture
double-lens strong-~focusing bending magnets. The first magnet momentum-
analyzed the incoming particles, and focused the particles with the desired
mornentum at the lead slit. The beryllium was necessary to reduce the
grotéu contamination, The second magnet refocused the selected particles -

at the ) acintillation counter,
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B, K"-—Meson ldantﬁication

The portion of the beam that passcs through the lead slit consists
of x* and w mesons and protons, but the particles focused at Counter D
- consist mainly of k" and © mesons. The proton contamination at this
point is negligible. The K.* meaons are distinguished from the »' mesons
by time of flight over the § fect between Counters 1. and D.

To attain a high time resclution for the tdeﬁtification system, the
x* meedna were identified by rcquﬁimg a coincidence of scintillation counters
1,2, 3, D and anticoincidence with w Al S velocity~threshold : Cerenkov counter
~used. te id entify " mesons. . The v contamination in the identified K{;
beam wus measured to be less than 0.7, A block disgram of .the circuitry
is ohown in Fig. 2.

The R counter of Fig. 1 was used for range-energy measurements.
By iné’érting ;:e.pper between Counters D and R, we could determine the range
distribution in copper, znd thue the energy distribution of the K* mesons.

Suitable corrections for K decaye between counters D and R were applied.

Il. SCATTERING-DETECTION SYSTEM
L

Figure 3 shows the scattering angles of the K'¥~ meson and the proton
in the laboratory system as a function of the angle in the ‘cenmr-of-mas's of
the k' meson, for elaatic K"‘-p scattering. The kinematics 2re insenasitive
-t incident K'f 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 of the scattered !{* megonsy, it

was sufficient to determine the angle of the forward-scattered particle and
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then to identify the particle as being either a K* meson or a proion. The
inelastic K+-p scattering giving rise to v-meson production is assumed to
be small, 3

After the 'energy of the K" beam was determined with the arrangement
illustrated in Fig. 1, the R counter wag removed and the arrangement
illustrated in Fig. 4 was placed behind the D counter. The T counter of
Fig. 4 replaced the R counter of Fig. 1 in the circuitry of Fig. 2.

The liguid hydrogen was contained in a thin-walled Mylar vessel
6 in. in length and % in. in diameter. A double bank of ring counters was
used to determine the angle of the scattered particles, Fach ring counter
overlapped the adjacent one, to improve the angular definigima. To define
the scattering angle, it was necessary for at least one counier from each
bank to count. With this arrangement, the scatteriﬁg angle could be defined
to within +5° (lab).

The ring counter pulses, together with the R pulse from counter R
of Fig. 4, the C pulse from the water Garenkov éounter of Fig. 4, the T
pulse from the trigger counter of Fig. 4, and a timing pulse were displayed
on aun oscilloscope with the aid of the circuitry of Figs. 3 and 5, and the
traces were photegraphed,

The water Cerenkov counter shown in Fig. 4 was used to identify
the decay product s originating from the large number of K* decays in the
region behind the defining counter. Approximately 287 of the decay products
originating {rom the six most common x* decay modes had velocities great
enough to excite the ~Cerenkov counter. For the most part, the C pulse

from the water Cerenkov counter was used to blank the oscilloscope.

3 Helmy, Mulvey, Prowse, and Stork, "*An Example of the Production of a

- +
% Meson by a K Meson
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The oscilloscope was allowed to record events in which the C pulse appeared
orly for that sart of the experiment in which the ring counters were calibrated
on the decay products.
The copper absorber and range counter, located behind t&e water
Cerenkov counter in Fig. 4 were uced to identify the scattered particle.
The copper was just thick enough to stop the protons {or all lab angles be-
tween 12° and 500, 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 cross sections at the three energies of 175425,
28425, and 275425 Mav were obtained from-the. - and 82- scaler readings.
The Sa readings gave the number of KF mesons passing through the definiag
counter, whereas the 5 reading gave the number of K  mesons that pasaed
through the defining courter but did not reach the T counter. The § and S;‘,‘
readings were accumulated for "target full' and "target empty, " for each
of the three energies. Table Il lists these numbere as well as the ratios of

‘Sf/ﬁa. which are the fractions of K# mesons removed from the K+ beam.
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Table II. Summary of scaler readings.

Scaler Energy (Mev)
175225 YA ) 2515
S lf (target full) 68, 198 105, 646 34, 684
5.t 415, 582 742,672 275,308
S le (target empty) 68,063 44,944 10,014
S,le 442,917 338,033 258,375
Sk 0.1641 6.1423 0.1260
22
Sk 0.1537 §.1330  0.1162
2

From the target-empty data in Table II, one secs that the back-
ground from decays, scattering in the walls of the target, and scattering in
the defining counter is approximately 10 to 15 times as large as the effect
under investigation. The total cross section was obtained from the difference
of the two relatively large quantities 'S/Ssz and S'/S2 ‘e by means of Eqa. (1),
which takes into account as well as possible the difference in decay rates for
“target full" and ''target empty" conditions. The background from wall
scattering, etc. was gmall {n comparison with the decay background, and
wae presumed to be the same for both “"target full" and '"target emmpty"
conditions. In addition, the 'target empty" condition actually included
scatterings from the hydrogen gas s8till in the "empty" target'. The gas

density at that temperature is approximately 2% of the liguid 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,) L k
m = exp 1./ [xs (x) + xD(x)]de . (1)
*0

R + . .
where N (xl) is the number of K mesons in the beam at point Xy3

N (xo) is the number of K mesons in the beam at point Xgi

Xs(x) = n{x} o(x); n{x) = target nuclei density, and ¢(x) is the cross
section for scattering into angles great encugh to misas the T counter;
KD(x) is the reciprocal decay length for decays in which the charged
decay product misses the T counter;

x) is takenatthe T counter so that N (x,) = 1-S, § = §-scaler reading.
% is taken immediately before the D ccunter, so that N(xo) = SZ’

SZ. = Sz—sca.ler reading.

"1
The integrals ' [Xs(x) + )\D(x) ]dx were performed for 'target

X,
0
full" and '"target empty;" S/Sz—scaler data were substituted into the left

side of Eqg. (1), and then Eq.(1) was solved for the th cross gection for
scattering into angles > 12°. The results of the calculations are given
in Table lII. The experimental error in the K+-meson half life led to a

calculated error of < 17 in the total cross section, and was neglected.
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Table IIl. Corrected total K+-p crogs sections from scaler date.

Energy Total K' -p cross section
{Mev) {mb)

175 = 25 16.3 £ 1.7

225 & 25 15.2 + 1.3

275 + 25 16.3 + 1.7

V. THE K+-p DIFFERENTIAL CROSS SECTION

A, Calculation of the Differential Cross Section

Cwing to the added complexity of the problerz; and the relatively
small decay-background counting rate in the ring counters, the incorporation
of corrections into the data for the determination of the differential cross
section was different than for determination of the total cross section.
Instead of being found from cone 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
Ps(a,x) de dx be the probability that a scattering event occurs in the interval
dx at x, and scatters into angular interval de at 8. Let P_ (6, x) do dx be the
probability that the ring counter combination, ¢, will receive scatterings
(into d6 at #) that occur in dx at x. Let € be the counting efficiency of counter
combination c. Let §C be the experimental number of events detected by the
counter combination ¢ as ascertained from the film data. Then '»S;C/Sy2 { full
is the fraction of the incident K+ mesons that scattered into counter

combination ¢. We may then write
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S.:/S2 ifull - $C/SZ iempty =

where 91, Gé

detect a scattering event, and xl(a) are the limiting positions in the target

at which ¢ can detect (in de at ) a scattering event that occurs in dx at x.

Now 'Ps (e, %) can be approximated by
P(e,x) = n do/del ,

UCRL.-8753
xz(e)
€ P (6.x) P_(8,x) dx de,  (2)
xl(e)

, are the}}imiting angles at which counter combination 't'" can

(3)

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

constant); and d¢ /de §L is the differential acattering cross section in the

laboratory system. The effect of decrease in K" -meson flux along the

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

as a correction to be applied later.

il

§C/SZ }full - §C/59§empty n¢ I5

= ne (351
where
‘ az fxz(e)
do - deo
<a'e‘!L>*] J Jal Pole.x
91 .‘;1(9)
rx?.(e)

and ’Pc(e)= /

./

PC {8, x) dx.
x,(8)

o[

We then have, {rom Eg.(2),

6. xz(a)

Pc(e. x)dx de
“e

1 xl(e)

(4)

a

2
)dxde -:—f

9

x.(e)
P_(6, x)dxdo
xl(a)

, . . 1
Forreach counter combination considered, it was found that PC (e) was

(5)
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fairly symmetric about (91 + 9?)/?.. Thus, since dou /dG}L is independent
of x and is agssumed to be a slowly varying function of 8, we have, from

Eq. (5),

6, + 8
de |y dc gy < 1 Z) (6)
CCRN de ' 2

where the right side of this last expression is to be interpreted as do /de !L'
considered as a function of alﬁb aﬁd evaluated at (6,+ 92)/2.

The Pc' (e) for each counter combination were obtained by the
Monte Carlo method, using an IBM 701 computer. Cne thousand scattering
events were simulated by the computer at each 6 in l-degree intervals at
random positions and at random azimuthal angles inside the hydrogen target.
The efficiency factor € 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 of isotropic decay in the center-of-mass system for each

decay mode.

More than 1G0 counter combinations were used to obtain the
differential cross section. To improve the statistics anrd make the approxi-
mation of Eg. (6) more accurate, counter combinations were grouped to-
gether 50 that their combined ccunts indicated scatters into 21¢° about

8 {c.m.).

B. Corrections

Correction facters were applied, taking into account: (a) decays
ES . .
of the scattered mesuns, (b) scattered K mesons that interact in the Cu

absorber and (c) decrease in K flux along the axis of the target. These
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corrections were a function of angle, and amounted to about 10 %. The
corrected results of the calculations based on Eqs. (4) and (6) and the
transformation to center-of«nass coordinates are given in Fig. 6, where

d¢ /dS2 = (1/2 7 sin o) da/qe] om”

From the phase-shift analysis described in the next section,
using the Sl/?_ K+—p ‘scattering-state phase ghift obtained from the data
of Fig. 6, the total K+-p scattering cross section was calculated as
oq = 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.

- +
13 cm, the compound K -meson-nucleon

We assumed that since X =~ 0.6 x 10
statgs responsible for the scattering were 51/2. pl/Z' p3/2 . F¥rom the
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 = | isotopic spin state. The number of phase shifts
necessary to describe the differential cross section was thus reduced to

three, namely, §,, and 51, and 6, for scattering in the 8) /2 pl/z. and

0’
P3/2 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 and including the Coulomb effect

. 4
ig
do sl | -ia . 28 2
_— = P exp (-i€a log sin -5-)* P+ Qcos el (7)
nf 3 sin“(e/2) ( z
2 2
do: . Z .2
@i, =g IR st (8)
where X is the de Broglie wavelength of the K' meson in the center-of-mass
system,
2o 2
and a = &‘E’_Z__z._r .
Z /2
H(1-8)

M, e, and h are the reduced mass of the K+—meson~proton system,
the K -meson charge, and Planck's constant, respectively;
B is the velocity of the K+ mesgon relative to the proton;
B = e 0.1,
14—in

~ o . id .
("—T:i? smﬁle 1--Zsm53e,3

sin 53 e163 - gin 61 elal .

o)
[

4 L. Van Hove, Phys. Rev. 91, 947 (1953).
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Some simplification is possible. For a K -meson energy
of 225 Mev, a = 0.014. Thus, a can be nelgected in { without
contributing more than 3" uncertainty in the scattering amplitude. The
expression exp (-ia log sinzg can be set equal to unity for o >20°,
L2 ‘
for a log sin“(n/2) < 0.02.
The combination of the differential cross sections for scattering

without and with spin flip, in units of %Z', is

1 defp) _ ) -ia , . 5, . i6 is A
«izd —{]m+sm60e Ur(smﬁle 1+283e 3)}1,'2*
i sin &, e163 - sin §, et?) }a(l - MZ)} , (9)

where p = cos 0,

A good fitof 1 do(p) to the experimentally determined

2 d0
differential cross sectioZa corresponds to a minimum in
m% do (1) \2
2 - 1 .
x' =z ("‘“i’ x® . (1)
i

¢ (i)

where y (pi) and o*(p.i) are the experimental cross sections and their
statistical errors respectively. The IBM 650 computer was programmed
to calculate; xz from Egs. (9) and (10) for a set of arbitrary values of the

three phase .shifts, ) 51, 63. One of the phase shifts was then increased

0'
\
by 0.01 radian, and the x’“ recalculated. If the new xz was smaller

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

direction. If xz was larger, the phase shift was then decreased.
&
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The process was repeated until xz reached a minimum, and then another
phase shift was varied. When x?‘ could not be made smaller by changing
any of the three phase shifts, the computer gave the resuli. By starting
with various sets of initial phase shifts, three solutions were found that gave
a x?' small enough to be considered significant. These are given. in

Table IV. The xz for each solution, as welllas the confidence level, is
listed. The fit with 50'>0 and 51 = 8,2 0 gave a confidence of less than 1%.

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

Solution 6O(deg) ) l(de.-g) 53( deg) 2 ?gyéid(gace

X
50“ -33.422.3 -0.7+5.7 -0.1%3.4 10.6 21
51" -0.623.2  -34.2#2.3 .2.2#%2.5 6.5 59
s +

4,3+2.7 35.442.9 3.7¢1.8 119 - 17

The 50- and 51- solutions correspond to interactions in virtually pure

sl/Z and pl/2 states, respectively, with phase shifts of approximately -33%,
Both solutions also agree with the forward peaking in the cross section,
indicating‘ a repulsive nuclear potential. For the 51"’ solution, the rise

in the determined measured cross section at 25° and 35° does not agree
with the predicted drop. The ambiguity between 60- and §,  is considered

1

in greater detail in the following section.

VII. DISCUSSICN
A. Total Cross Section

Knowledge of the K -meson—proton interaction has been extended

to intermediate kinetic energies. Our results in Table Il confirm the
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increase in K".‘meson-proton cross section as a function of energy found
from the scattering of K mesons on free protons in nuclear emulsion. .
Cur averaged cross section over the energy interval from 200 to 300 Mev
is 15.641.0 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 13.5+2.5 mb). 2 The threshold for w-meson production
b.y k' mesons on protens is 225 Mev. Our total cross sections include
the contribution from w-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 19.641.2 mb at 700 Mev and then gradually drops to
13.0x1.0 mb at 2 Bev. 5

The over-all behaviour of the Kr-meson—protcm cross section

as a function of energy is not understood at present.

B. The Nature of the K\L—Meaon Force

Of the three phase-shift combinations that were found to fit the
angular distribution of the scattered xt mesons, only two (namely, 60_
and 61-) gave good agreement with the small-angle scattering. Although
both solutions are about equally probable, it is irnportant to note that both
correspond to 2 repulsive K+ -meson—proton force. This evidence in
favor of the repuleive nuclear force is indeed the most direct and conclusive.
Supporting evidence has come in the past from the optical-model analyses

. + . L
of inelastic scattering of K wmesons from emulsion nuclei.
L

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

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

The 6,, 61' ambiguity in the phase shifts to the experimental
data cannot be easily resolved. For the 8, solution, one would expect
the recoil proton to be polarized. However, since the polarization arises
from the interference with the Coulomb scattering, the predicted value has
a maximum of P (6 = 0.07 for e = 700(1ab). It may bé easier to resolve the
ambiguity by measuring the differential cross section of K+ mesons
acattering from protons at lower energies. 1f the differential cross section
isisotropic for all energies, and if one assumes that K" mesons scatter in
the S wave at very low energies, then the 60'-phase-shi£t combination must
be the true solution. This follows from the fact that to change from pure
S-wave scattering to pure PI/Z -wave scattering, the crosgs 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 dispersion relations is é

o o

NEE R G
Dlw)= —5 | = du' b — e &
4 ! + 4w )
1
4na (w') P, XA Py X(X)
+ —i,,- _.q_..:____ do' + A:m E&w + C, (11)
4u° wire N “x’
Wp '

There is much literature on the subject, but a few pertinent references
are: D. Amati and B. Vitale, Nuovo cimento 7, 190 (1958).

K. Igi, Progr. Theoret. Phys. (Kyoto) 3, 238 (1958).

C . Goebel, Phys. Rev. 116, 572 (1958).

P, T. Matthews and.A. Salam, Phys. Rev. 110, 565, 569 {1958).
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+ . ,
where Df is the real part of the K -proton forward-scattering amplitude,
in units of K-meson Compton wavelength ( XC); k' is the laboratory-system
momentum, in units of m, ¢} w' and w are laboratory-system energies of

the K meson, in units of m 2; o, {w') and v _(«') are the K+¢p and K -p

kC
total cross sections, respectively, in units of K-meson Compton waveiength.
sguared; A _is thé imaginary part of the K -p forward-scattering amplitude,
inunits of K-meson Compton wavelength; C is a constant.

The purpose of this section is to investigate the possibility of -
determining pA(pL) and X (A) { X{Z) |, which are the sign and magnitude of
the residues at w = m . (mz). respectively, where

Z

xX =

AT e 41, (12)

z {m ' m )2' Fm
Epz [i AZTT M T for p =
4 mpmA J AE

The quantities Pu and Py are either *1 or -1, depending

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

w = 2 , (13)

where m is the rest energy of the a system (wA = 0.129 Wy, W5 = 0.313 m,,

).

and @ae = 0,498 m

k
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.
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If wy is set equ.alb to m, in (14), Igi's form is obtained. 7 The above
form, however, has thse-‘advantages of Igi's in that the cio_sa-section integr:als

' ; + .
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

1

11

1

- go to a constant as. w goes to infinity., An additional advantage of form (14)

is that the real parts of the forward-scattering amplitﬁdesfare used at.

energies for which they are known from experiment, _"__ra_t}_ige;r than at the rest

‘energy. Furthermore, the contribution from the u‘nphysiéal region is
decreased by displacing a singularity from its position at m, to u,.
The latest experimental K-p total cross sections were used for

2,5,10, 11, 121 A smooth curve was fitted to the experimental points, .

_k(r *{w},
and an extrapolation of 47A_ was made into the unphysicé.l region. More
prec.ise esgimates on tﬁe extrapolation into the-unphg—rsical region have been
carried out by Dalitz and Tuan. 8 Their values do not materially affect the
conclusions from the dispersion relations. ? Since the'dicp-e:.rsionr relation in
Eq.(14) does not weight the high-energy region, it was possible to make
cutoffs at w = £ 4. The statistical errors were estimated to be 10% for the
integral under the smooth curve fitted to K¢ +(w). and 15% for ko _j(.w).
Figure 7 shows a typical integrand for thé integral of Eq. (14); The

experimental points are shown, to indicate the effect of the experimental

uncertainties.

7

K. Igi, Progr. Theoret. Phys. (Kyoto) 4, 403 (1958).
8R. H. Dalitz and . F. Tuan, Annals of Physics (To be publiahed).

IR. Karplus, L. Kerth, and T. Kycia,’ Phys. Rev..Lett. 2, 510 (1959).
. ‘l ) ——

% Cork, Lambertson, Piccioni, and Wentzel, Phys. Rev. 106, 167 (1957).

Alvarez, Eberhard, Good, Graziano, Ticho, and W'ojcicki (Lawrence
Radiation Laboratory), private communication.

Z_N'ordiu. Rosenfeld, Solmitz;. Tripp, and Watson, Bull. Am. Phys. Soc. Ser.
II, 4, 288 (1959); Eberhard, Rosenfeld, Solmitz;, Tripp, and Watson,
Phys. Rev. Letters 2, 312 (1959); A. H. Rosenfeld, Bull. Am. Phys. Soc. _
Ser. 1I, _3_, 363 (1958Y.' ~ o
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The quantity D . (w) was obtained from

. ’ Ao el ) 2 (0' ‘ (w))‘?'
D (w) = % ":‘;‘p '\/"2%"‘(“’)!@0‘% * , (13

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

in the center-of-mass frame. The sign of Di-(w) is plus or minus, depending
upon wbether the K+-proton force is attractive or repulsive, respectively.
From the experiment being described, it has been seen that the K+-p
interaction is repulsive, thus making D, () negative. The nature of the

K™ -p force is still unknown, and this causes D_ (w) to be uncertain in sign.

From the § °0-phaee-shift combination, do, (1.46)! =0 is
. P o= oo

1.2120,16 mb/sterad. If one assumes, as has been dcne here, that for
+ . du el e . : do el
lower K -meson energies _+ (W) - is igotropic, then + (“"]ezo
' : ase

simply becomes ’c +el(w) 47w, Furthermore, 0+el(w) = G'+(w) for w < 1.46. ‘
Thxis, sufficient information is available for the determination of D+(w)
for o= 1,06, 1.17, 1.285, and 1.46.

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

for = 1.17 and w = 1.285. From bubble-chamber data, we have

el 13 do el
- (1.17n)._, = 5.231 mb/sterad, ~ while - {1.285)! . is still
e=0 6=0

£y
&

do

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

o {(1.17) = 9129 mb and g (1.285) = 8617 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

do el

the higher energy, D_ {1.285) is on the order of zero if - {1.285%) !
. d

is assumed té be not much larger than 8.2 mb/sterad. This is not an
unreasonable assumption, since a_el (1.285) = 44 £ 8 mb. Thus D_ is
sma:).l enough so that only a truly surprising change in the experimental -
dat; could change D_ enough to alter its effect in Eq. (14). The results
of the calculations of D 5 { w) are listed in Table V. The calculations
have also been carried outg 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 i(m) w
1.00 1.17 1.285 1.46

D+(w) -0.125+0.14 -1.24+0.14 '-1.23+0.14 -1.20%0.08

D (v - + 0.5 o -

Since it is clearly not possible to solve for p, gAz/éhr and
z ) 2 2
Py, g2° /4w separately, we have assumed PA=Pg =P and gAZ = gz“ = g,
By substituting the above experimental data into Ecs. (12) and (14), we can

solve for p g2/41r for four different sets of values of w and W+ The

results are listed in Table VI.

e=0 -
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Table VI. Calculated values for the coupling constant for
different combinations of w and w,, for the possibility of
either a scalar or pseudoscalar coupling. The term con-
taining D_has been included.

?
w e . pg /4r

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 -0.09 # 0.38-0.19D (1.17) -1.9 & 8-4.0D (1.17)

1.00 1.285 +0.09 + 0.38-0.17D (1.285)

f
e
-

$

+ 7-3.2D (1.285)

1.00 1.17 +0.25 + 0.58-0.16D_(1.17)  +4.7 # 12-3.4D (1.17)

We see that for an attractive K™ -p potential D _is positive and a pseudo-
scalar coupling is favored; for a repulsive K™ -p potential, D_is negative
and a scalar coupling is favored. If D_ is assumed to be negligible, the
results from the first two rows favor a pseudoscalar coupling; those from
the iecond two rows, a scalar coupling. The value of‘g2/4v 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, g2/41r 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 relatiqns. to

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

hypercn coupling.
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FIGURE CAPTIONS

Fig. 1. Beam arrangement. K+ mesons were produced in a
tantalum target and, after the elimination of proton contami-
. nation by means of a beryllium absorber, were focused on
Counter D.
Fig. 2. Block diagram of K+—me son identification circuiting.
Coincidences and anticoincidences were taken between

counters 1, 2, 3, D, and T and scaled. The S, scaler

2
then indicated the number of K+ mesons that ertered the
target; the S, scaler indicated the number of K" mesons
that passed through the target; the § scaler indicated the
number of K' mesons that disappeared from the beam be-
tween Counters D and R. The § anticoincidence-circuit

- pulse triggered an oscilloscope, upon which were displayed
the ring-counter pulses.

Fig.' 3. The la.borartory 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
gcattering event.

Fig. 4. 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 cbincidence with

an Sz-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 syeté-m '
de Beoglie wavelength of the k' mes;)n. The curveslab\eled
60-, §,7, and 6l+ are least-square fits for, respébt%?ei“&. |
SI/Z - state scattering with repulsive nuclear potgntiai.

I-"1 /2" state scattering with repulsive nuclear potential, and
F’l/‘2 - state scattering with attractive nuclear pofential.

The combined integrands of Eq. (14) for w= 1.46, w, = 1.17,

0
and a smooth extrapolation of A into the unphysical region.
The singularities of the integrand are indicated by vertical

lines.
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