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1, Introduction

The kaon~nucleon interaction has been extensively studied,
both experimentally and theoretically, in the past few years, The ra-
pid accumulation of accurate experimental data has made it possible
to apply to this process many theoretical methods which had previous-
ly been used with notable success in the study of the =N interac -
tion. In particular, forward dispersion relations for kaon-nucleon scat-
tering/l/ haxve been widely used to obtain information about the va-
lues of the KNA and KN  coupling constants, to correlate experimen-
tal data on the real parts of the forward K * p scattering amplitudes
and predict their values in energy .regions where data are scarce,
to resolve ambiguities in K lLp phase shift analyses, and to obtain
constraints on the asymptotic behaviour of the amplitudes,

Many of the methods of analyzing I\'ip scattering on the basis
of dispersion relations require experimental information on the real
parts of the forward scattering amplitudes/l_g/. The individual data
points for the values of these real parts generally have rather large
errors (and, even within the estimated erroru, their values are often
suspicious), so that reliable information can be extracted from these

data only by analyzing simultaneously a large number of independent



experimental measurements, It is therefore of great importance in such
analyses to utilize a set of data which is as complete as +possiblex/.

Experimental data on the real parts of the forward K™ p scat-
tering amplitudes come from many diverse sources, and the difficulty
of extracting the required information from the literature is no doubt
well known to all authors who have made use of these data. Although
a fairly complete list of references to the data is available/l/, no full
compilation of their numerical values has been published, A recent
partial compilation/7/, although extremely useful, covers only a limi-
ted energy range and omits much of the earlier data, Ref./lo/ includes
a summary of experimental information on the forward elastic differen-
tial cross section and total cross section for K'p scattering, from
which some additional values of the real part of the K*p forward
scattering amplitude can be constructed; but the information given there
is also by no means complete, even for K*p scattering, In connec-
tion with a recent re-analysis of all available data on forward Kip
scattering/ 9/, we have made a new, considerably more complete comgi~
lation of experimentally determined values of the real parts of the
amplitudes, We present this compilation here (with the addition of so-
me results which became available to us too late to be used in
ref./gl)‘in a form in which the data may be used directly in disper-

sion relation calculations,

x/ The dangers of using an incomplete set 7>f data are well
illustrated by a comparison of the results of refs. 4f and 5/. When
the original calculations of ref, 4/ were subsequently revised 5 oy
the inclusion of more up-to-date data on the real parts of the forward
scattering amplitudes, the numerical results of the analysis changed
by considerably more than the originally estimated statistical errors,

2, Determination of the Real Parts from Differential
and Total Cross Section Data
The most straightforward method of determining the magnitude
of the real part of the forward scattering amplitude in terms of experi-
mental data is provided by the relation
ag
tot 2

2 do q
(ReF) =(_d_Q_ )0 —(-—I’T—- ), (1)

where (do/ dQ )0 is the elastic differential cross section in the
forward direction, 7, . is the total cross section, 4 is the c.m,
momentum, and F is the c.m, forward scattering amplitude,

Good measurements of the Kip total cross sections have been

made at so many energies that the values of o required for eq.(l)

tot
may be regarded as accurately known almost everywhere from thre-
shold to 20 GeV (laborator'y energy) for K+p scattering and from
threshold to 55 GeV for K™ p scattering. Several fairly complete

lists of references to the data and compilations of the values of T ot

are available /1-10"12/. The information given in these sources may
be supplemented by the most recent experimental measurements of
0. /13-15/,

Values of (do/dQ), are considerably more difficult to obtain
experimentally and exist only at certain energies, Fortunately, most
of the papers in the literature reporting experimental determinations
of the angular distributions for elastic K irp scattering at sufficiently
small momentum transfers also present an analysis. of the exptrapola-
tion of the differential cross sections to the forward direction.

Two main methods are used in practice for this extrapolation.
Firstly, at energies at which the number of contributing partial
waves is not too great (typically, below a few GeV), the differential
cross section as a function of the c.m, scattering angle 0 is often

represented in the form of a truncated series of Legendre polynomials

N
do(@)/dQ=Cg2 A Pyleos®), (2)
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where U is some fixed normalization constant, usually chosen to
pe C=1/q . The coefficients Ay are determined by a least-squares
fit of the parametrization (2) to the experimental values of do(@)/dQ .

The second method is usually employed for the analysis of
angular distributions at higher energies, where the elastic scattering
at small angles appears to have a diffractive character, In this case,

the measured values of
do (1) 7 do (@)
PE] (3)

dt q° dQ

in a restricted range of scattering angles near the forward direction

are usually fitted to an exponential form such as

do(1), di=exp(a +bt +ct? ). : (9)
Here t is the usual momentum-transfer variable given by
l=2q2(l—c'os® ). (5)

In most cases, a good fit to the data is found by retaining only the

first one or two of the parameters a , b , ¢ in eq. (4).

3. The Data Compilation

We have found from the available literature suitable experimen-
tal data on the angular distributions of the elastic differential cross
sections at 73 energies for K7p scattering/16"35/ and at 49 ener-
gies for Krip scattering/33s36“53/. For each energy at which a
reliable extrapolation to the forward direction was made in the pa-
per originally reporting the experimental data, we used the reported
value of (do/dQ), or (do/di), for our determination of the
real part of the forward scattering amplitude. However, we made use
of the most up-to-date values of 0¢,,, in calculating the real parts
from eq, (1); for this reason, our values of the real parts differ in

. . . —_5)
many cases from corresponding values given in refs./16 *-’3/.

/7]

lyzed by means of the parametrization (2), and in ref./lo/ some K+p

In ref, many of the Kip angular distributions were re-~ana-
angular distributions were analyzed on the basis of the parametri-
zation (4). In a number of cases in which no corresponding analy-
sis was carried out in the paper originally reporting the experi-
mental data, we therefore used the results of refs./7,10/ for our de-
termination of the real parts.

For convenience, we have converted the real parts of the c,m.
amplitudes obtained from eq. 1) to the laboratory frame, since the
dispersion relations in which these data are used are normally
written for the laboratory amplitudes, In Tables 1 and 2 we present,
for K'p and K'Fp scattering, respectively, the 'magnitudesx/ of these
real parts, |[D| , and of their errors, Al | using the kaon labo-
ratory momentum k as the kinematic variable, The errors AD take
into account the estimated errors on both (do/dQ), and o, in
eq. (1).

In many cases, the central value of (ReF)? calculated from

ot

eq. (1) turned out to be negative, although the calculated error was
large enough to allow also a reasonable range of positive values,
In these cases, we set ReF =0 with a smaller error. If, however,
it was found that no positive values were included within the error
limits (this is the case at three energies for K'p scattering), we

concluded that the data on (do,'dQ), and o at the energy in qu-

tot
estion are incompatible (probably because their errors have been
underestimated), Since we have no well-defined procedure for en-
larging the errors in these cases, we merely indicate these points in
Table 1 by means of an asterisk and no values for the real parts

are given for them,

x/

. Since the Coulomb interference has generally not been ob-
served in K-p scattering experiments, most of the signs of )

are undetermined experimentally., However, these signs may pe /’ixed
unambiguously from analyses of forward dispersion relations 1,

except for K™ p scattering in those energy regions where |]) | is small.




Unfortunately, tits to lhe angular distributions obtained in seve-
ral papers uséd, as constraints, either (a) the optical limit in the
forward direction/7199/ (assuming the absence of a real part) or (b)
a value of the real part calculated from a dispersion r"elation/2o’56/.
Data based on such fits are not included in our compilation. There
is, of course, no objection to the application of procedure (b) for
marty purposes, In facl, it amounts to the use of additional valuable
infornation, However, values of the real parts of the amplitudes ob-
tained in this way cannol be regarded as purely experimental and
should not be used as input data in analyses of the dispersion
relations,

EFinally, we mention that additional information about the K- p
forward scattering amplitudes is available from phase shift analyses
and from low-energy effective range and K -matrix parametrizations
of the scattering data., However, since many model-dependent ambi-
suilies remain in lhese analyses at the present lime, we do nol make
use of them for our data compilation,

An extended version of the present work, including a surmcey
of the existing phoase shift analyses and other parametrizations of
the Kl|» scattering data will be given elsewhere

“One of us (N.ALQL) acknowledges with gratitude the kind hos-
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Table 2

Magnitudes of the real parts of the K+p forward scattering

amplitude, The conventions are the same as in Table 1, 1,215 [43]’[101 0.4 0.21
14216 411,71 0.50 0.4
k (GeV/e) Reference |D{(£fm) 4D (fm) 1,253 [41], (7] 0.63 0.12
1,317 (s11,(7] 0.49 0,08
0,140 [36] 0.42 0.09. 14372 {43], (1ol 0,00 0.43
1.376 (411,17 0.51 0.10
0.175 [ 36)] O.48 0,08 - (431, ol 0.40 0.29
04205 [36] 0.46 0,07 1,455 (451, [10] 0.78 0.04
0.235 [36] 0.46 0,07 1,477 [a11, 171 0.65 0,12
04265 - [36] 0u43 : 0,07 1,960 (46] 0.86 0.16
0.355 [36] 0.46 0.05 1,970 {441, faol 0.28 0.33
. 2.110 {471, f10) 1.24 0.30
0520 [56] 0.46 0.05
, 2.310 [47], [0} 1,20 0.30
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0,900 [41], {7] 0437 0,04 P Cro] e o6
0.910 f#2], 171 0.40 0,08 6,800 (33] 2.62 1621
0.960 [39] 0.41 0.06 74300 [52] 3402 0.75
0,969 {40] 0,46 0.07 9+800 331 3,69 0.63
0.978 4], () 0ut3’ 0.05 12700 [52] 6.97 1.67
1,060 (411,17} 0.38 0.05 12-800 53] 2+85 0.62
14,800 {33] 7.04 0,80
1,087 {43], [10] 0.30 0,20
1124 {411,172 0.3/ 0.07
1.170 fa4], [10] 0,50 0013
1.200 [39] 0,46 0,08 s
1.207 {40] 14 0,47 0,07




