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REVIEW OF THE KN AND KN TOTAL CROSS SECTIONS

S
BELOW 3.5 GeV/c

Gerald Lynéh
Lawrence Radiation Laboratory

Berkeley, California 94720

INTRODUCTION

Accurate K+ and K total cross-section measurements have
been made in hydrogen and deuterium for kaon laboratory momenta
from 400 MeV/c to 3.4 GeV/c. Many of the resonances that are
presently tabulated in this region (including all of those with masses
greater than 2.2 GeV) have these total cross-section data as their
only'evidence, and some other resonances depend greatly upon the
total cross-section data for their determination. It is the purpose
of this paper to present these total cross-section data and also pre-
sent the derived cross sections inthe I = 0 and I = 1 channels in
such a way that one can get a feeling for how well the different ex-
periments agree concerning various features of the data and to
what extent some of the conclusions are placed in doubt by uncer-
tainties that are introduced during the analysis.

K’ CROSS-SECTION DATA

Figure 1 shows the K+p total cross-section data. The most pre-
cise data come from three experimental groups: the Brookhaven
group, the Rutherford group, and the Arizona group. The square
symbols (1 and ¥ ) are for the two Brookhaven experiments of
Abrams et al. and Cool et al. 1 The cross entries (X) represent the
Rutherford experiment of Bugg et al., 2 and the diamond points ({)
are for the data of the Arizona group ° that have been presented at
this conference by Ed Jenkins. These data of the Arizona group
are the only new data to be added in the past year and as yet they
are unpublished. The points shown by the symbol A are those of
Burrows et al. ,4 those denoted by ¥V are from Cook et al. ,5 and
the points shown by the double triangle ({) at low momentum are

1
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those of Goldhaber et al. 6 The points denoted by + are from six
other experiments, none of which covered a broad momentum range.
Figures 2 and 3 show somewhat magnified representations of these
data, with the less precise experiments omitted. The solid curve
that is drawn here represents no model, but is merely a freehand
curve drawn through the data. The purpose of this curve is not to-
prejudice the eye but rather to show what curve has been used for
making corrections to the data, corrections for the Glauber effect,
the finite momentum resolution of the experlments, and the effect
of the internal momentum of the deuteron.

Since the K' p system has I = 1, these figures (1 through 3) rep-
resent the I = 4 K-nucleon cross section. They show the peak at
about 1.25 GeV/c correSpondlng to a mass of 1.941 GeV) that has
been called the Z, since the time that it was first observed by °
Cool et al.,” in 1966. We can also see that the valley in the cross
sections at 0.7 GeV/c that was indicated by the data of Bugg et al.
is confirmed by the data of the Arizona group. Figure 4 shows the
difference between the measured values and the smooth curve. The
- absolute values of these differences merely reflect where I have
chosen to draw the smooth curve. What is meaningful on this graph
is the differences between different experiments. It should be
pointed out that the errors shown on these plots are statistical er-
rors only. This is the procedure that has been customary in pre-
senting these total cross-section data. One should realize, how-
ever, that all of these experiments may have systematic errors of
at least 1%, which is five times the statistical error on some of
the higher-energy cross-section measurements. These systematic
errors should not affect any local structure indicated by one exper-
iment, but must be considered when comparing different experi -
ments.

Figure 5 shows the K d total crosg-section data. The syrnbols
are the same as those used for the K p data. In the more magni-
fied plot of these data shown in Fig. 6 one can see that there is a
discrepancy of about 7% between the Arizona data and the Ruther-
ford data in the region in which.they overlap. This systematic er-
ror is a serious one. Since, as we shall see later, this same ef-
fect occurs in the K~ data, one is led to believe that somewhere
there is a systematic error that affects the Kd data but not the Kp
data. One possible contribution to this is that there is some un-
certainty concerning the determination of the deuterium densﬁ:y
But since this uncertainty séems to be only about 1% and it is in-
dependent of the beam momentum it is probably not the main source
of this discrepancy. There is anothier possible explanation for this
effect; this arises from the difference in the extrapolation proce-
dures used by the two groups. In any transmission-experiment
measurement an extrapolation to zero angle must be made to ac-
count for those interactions resulting in particles produced at very
small angles. This procedure is more straightforward for the Kp

3
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cross section where the elastic-scattering angular distribution is
very nearly linear on a semilog plot than it is for the Kd cross sec-
tion, for which the plot is not linear but has a peak at small angles
due to coherent production. The Arizona group used a linear ex-
trapolation whereas the Rutherford group used a quadratic extrap-
olation and found that the quadratic term is negligible for hydrogen
but several standard deviations for deuterium. It would be worth-
while to investigate how much of the d1screpancy can be explained
by this effect.

Two smooth curves have been drawn in Fig. 6. The lower one
connects the data of the Brookhaven group with those of the Arizona
group, following the shape of the Rutherford data in between. The
higher curve follows the data of the Rutherford group and is exactly
7% above the lower curve for all momenta less than 650 MeV/c.
Another possible curve that can be drawn through these dat
shown in Fig. 7, which was tgken from an analysis of the K' data re-
cently performed by Dowell.® This 1nterpretat1on explains the dis-
agreement between the two exper1ments in terms of poorly mea-
sured points by both experiments in the region in which they over-
lap, rather than in terms of a systematic difference between the
experiments.

I T i I
35 . -
o’t (K'd)
mb
30 -
Bugg etal.
Petersen et al.
25 —
0 i 1 . | i
2 0 0.5 1.0 1.5 20

LABORATORY MOMENTUM - (GeVic)

FIG. 7. An alternative smooth curve for the K d total cross-
section data. 9



Figure 8 is a magnified plot of the K+d data above 1 GeV/c, and
Fig. 9 shows the differences between the data points and the lower
curve of Fig. 6. Again let me emphasize that the fact that some of
the points deviate from zero is no reflection on that experiment but
rather a reflection of my somewhat arb1trary choice of where to
draw the smooth curve. :

K~ CROSS SECTION DATA

The K~ total cross-section data are shown in Fig. 10. The sym-
bols on this plot are the same as those on the previous plots except
that the double triangle symbol () repregents the data of the CHS
(CERN-Heidelberg-Saclay) collaboration.” These CHS data, along
with the data of the Arizona group, are the results that are new in
the past year. The first three po1nts in Fig. 10 show ’che peak'in
- the cross section caused by the Y"(1520) '

In F1gs. 14 and 12 one can see the other structure in the K p
cross section. In particular, the small but significant peak at 800
MeV/c shows up here and its detection does not depend upon the
K d data. Figure 13 shows how well the experiments agree.
Around 1.1 GeV/c the Brookhaven data are higher than the Ruther-
ford data. This seems to be due to a small disagreement in the
momentum determination. At the low-momentum end, the Arizona
"~ data are systematically higher than the CHS data.

The K d cross-section data are shown in Figs. 14, 15, and 16.
The smooth curves in Fig. 15 were chosen in the same way that the
curves for the K d data were chosen, with the upper curve 7% above
the lower one for momenta less than 650 MeV/c. In Fig. 17 one can
see that there are quite a few systematic differences between the
experiments for the K d cross-section data.

DERIVED CROSS SECTIONS

The purpose of measuring both the Kp and Kd cross sections is
to obtain from them the cross sections for I = 0 and I=4. If the
deuteron were merely composed of a proton and a neutron at rest,

"then we could calculate these cross sections from the deuteron and
proton cross sect1on_f_s as follows:

for K o, = O
1_ P
| oy = 20gq -‘ 30p s
and for K™, g4 = 04 - Op,
o9 = 3op = 0g-

There are a number of corrections to be made to these relations.
One correction is the shadowing correction, often called the Glauber
correction. 10 One replaces 04 in the above formulas by oq + Ogs
whe{e the correction term oy is approximately equal to

Y O‘nO'p/4Tr 0,0 /400 rn% where <r‘ Y is the average inverse
square of'the neutro -proton separation in the deuteron ground state.

10
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In practice a more complicated form for ¢, has been used that |
makes it satisfy charge independence and t%‘ies to take into account
the real parts of the scattering amplitudes. 11

A second correction is the correction for the effect of the inter-
nal momentum of the nucleons in the deuteron. To make this cor-
rection one must "unfold'' the deuteron cross section; that is, find
that neutron cross section which, when added to the proton cross
section, smeared out by the internal momentum of the deuteron,
and corrected for the Glauber correction produces the observed
deuteron cross section. As long as the nucleon cross sections
have no fine structure this process is straightforward and adds no
significant additional errors to the final result. However, if there
is structure with widths on the order of the effect of the smearing
caused by the deuteron internal momentum, then the proCess of un-
folding does add additional uncertainties. The full width at half
height of the effective resolution caused by this smearing is about
28 MeV in center-of-mass energy at a beam momentum of 500
MeV/c and 46 MeV/c at 1000 MeV/c, and 82 MeV at 2.5 GeV/c.

There is a third correction that has been made to these data, a
correction for the finite momentum resglution of the experiments.
This correction is very small for the K' data, and for the K~ data
is significant only at the lowest momenta. It affects both the pro-
ton and the deuteron cross sections. In order to make the correc-
tions to the data to obtain 0o and 04, calculations were made using
the smooth curves that were drawn through the data. But in order
to present a result that is nearly independent of the smooth curve
that was used, one can present the individual data points modified
by this correction. This procedure is facilitated by the fact that
each of these experiments has measured the hydrogen and deute-
rium cross sections at the same, or very nearly the same, momen-
ta. '

THE I=0 KN CROSS SECTION

The data points for oy for the KN system are shown Fig. 18.
Clearly there is a broad peak from 700 to 1200 MeV. It is unclear
whether this broad peak is separated into two distinct peaks, and
this determination depends upon which data points are correct in
this region. The next graph (Fig. 19) shows these same data points
along with the smooth curve that resulted from the original smooth
curves assumed, which in the case of the deuteron data was a curve
that is exactly midway between the two smooth curves shown in Fig.
6. This smooth curve in Fig. 19 should not be favored over any
other smooth curve that could be drawn through these data. Indeed
it does not seem like a very natural curve to draw in this case.
What is important is that the position of the points on Figs. 18 and
19 would differ very little from those shown if the corrections had
been made using any reasonably smooth curve drawn through the

raw data.
21
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The next few figures are presented in an attempt to give one a
feeling for the effect of various factors involved in the calculation
of 0g. Figure 20 compares the same solid curve that is in Fig. 19
with the result obtained if the internal momentum of the deuteron
is ignored or if a different deuteron wave function is used. In doin
the calculation a two-parameter Moravcsik deuteron wave function 2
was used. Here we see that the result is negligibly different if the
Hulthen wave function is used. We can see that the unfo]l_ding pro-
cess accentuates the structure that is there but for the K data does
not make the structure qualitatively different.

The effect of the Glauber correction is illustrated in Fig. 21.
Clearly this Glauber correction has a considerable effect on the
magnitude of the cross section but has essentially no effect on its
structure. As I said before, the Glauber-correction formula in-
volves the real part of the KN scattering amplitude. Figure 21
shows that whether or not this effect is included is unimportant.
Actually the form of the Glauber correction used is derived from a
high energy approximation that may be violated at the lower ener-
gies of this experiment. Above one GeV/c it is probably very good.

- The methods used to do the unfolding and the Glauber correction
have been checked for the pion-nucleon data by both the Brookhaven
and Rutherford groups. 1 Since the I = 1/2 pion-nucleon cross
section can be calculated from 7™ p and 7 p cross sections as well
as from 1r_p and m d cross sections, the method can be checked. .
The ‘Brookhaven group found that above 900 MeV/c this method
checks very well. But the Rutherford group found that at lower mo-
.menta the self-consistency is much poorer, to the extent that the
Glauber correction seems to have the wrong sign. It is very diffi-
cult to estimate how much uncertainty is placed into the final de-
rived cross sections owing to the inadequacy of the assumptions
made: that one can use an impulse approximation to calculate the
effect of the internal momentum of the nucleons in the deuteron, and
that one can use at low momenta the Glauber correction that is
valid in the diffraction region. B

- Previous attempts at unfolding the cross sections have neglected
the flux-factor effect that arises from the fact that the measured
rate depends upon not only the cross section but the relative veloc-
ities of the beam and the target. The result of neglecting this ef-
fect, as well as the result of neglecting the binding energy of the
dueteron, is shown in Fig. 22. Each of these effects causes a .
slight shifting of the positions of peaks, but the magnitude of the ef-
fect is not important at the present level of accuracy.

THE I=0 AND I=1 KN CROSS SECTIONS

Before I present the results for the KN cross sections in the
form of data points, let us look at how the results in this case

24
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depend upon various things. The effect of the Glauber correction is
shown in Fig. 23, and Fig. 24 shows the effect of neglecting the un-
folding altogether. One can see that many of the features in the I=1
cross section are not visible, or are hardly present before the un-
folding is done. In particular the peak at 1.26 GeV/c, which has
been often been identified as the recurrence of the Z, is not present
before unfolding is done. These features of the derived, cross sec-
tion are suspect since in this case, in contrast to the K case, there
are non-negligible errors introduced by the unfolding process itself,
because there are resonances such as the Y (4520) and the Y *(1815)
that are narrow enough compared with the effect of the internal mo-
mentum to complicate the unfolding. There are many different
schemes that have been used to do the unfolding. One rather elegant
scheme is to write down a set of linear equations that express how
each measured data point depends upon the unknown unfolded cross-
section points. Then one obtains the answer by solving this set of
simultaneous equations. A difficulty with this method is that thereis
no way of imposing smoothness on the final answer; it may give an
answer that has high frequency fluctuations. Therefore most at-
tempts at unfolding have used an iterative method. By starting

with a guess of the unfolded cross section and correcting this

by the amount that the resulting folded cross section disagrees with
the measured data, one can iterate toward an answer. Usually this
process does not converge but first approaches a self-consistent re-
sult and then develops instabilities that cause it to diverge. To
avoid this trouble the Brookhaven group stopped after three itera-
tions. My approach was to smooth each new guess by setting each
point to the value of the best-fit parabola through the five points
centered about that point (for a point spacing of 20 MeV/c). This
method converged to a very self-consistent solution in four interac-
tions for the K'd data, but took about 10 iterations to converge to a
not nearly so self-consistent result for the K d data. This latter
method produced results that have slightly more pronounced struc-
ture than the results of the former method, but the differences are
so small that on graphs such as the ones that I have been presenting
here the differences are difficult to see above 500 MeV/c.

Since the solution is not very self-consistent, one is tempted to
use points every 10 MeV/c rather than every 20 MeV/c. This
amounts to relaxing the smoothness criterion. The result of doing
this is shown in Fig. 25. We see that this solution has considerably
more exaggerated structure than the solution using 20-MeV/c inter-
vals. Thus the solutions that we get are somewhat sensitive to the
extent to which the solutions are forced not to have fine structure.
The differences between the two curves in Fig. 25 is a fair measure
of the size of the systematic error due to this effect above 500 MeV/c.
Below 500 MeV/c the systematic errors arelarger because of the
presence of the large narrow Y*(1520) and because this region is
strongly influenced by the poorly known but large and rapidly vary-
ing cross section below 360 MeV/c.
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The sensitivity to the amount of smoothing is much greater than
the sensitivity to other reasonable modifications, such as changing
the deuteron wave function, neglecting the real part of the scatter-
ing amplitude, or neglecting the flux factor. It also makes little
difference whether one finds the neutron cross section by substrac-
ting the proton cross section from the unfolded deuteron cross sec-
tion (which I did) or if one unfolds the difference between the deu-
teron cross section and the folded proton cross section (which the
Brookhaven group did).

The data points for the I = 0 cross section are shown in Figs.
26 and 27. As we have seen, the statistical errors do not reflect
the entire uncertainties in this cross section. Nevertheless all of
the peaks in this plot are unquestionably correct, including the
Y*(1520) at 390 MeV/¢, the Y*(1690) at 800 MeV/c, the Y*(1815)
at 1050 MeV/c, the Y*(2100) at 1700 MeV/c, and the bump at 2300
MeV/c.

The situation for I = 1, as seen in Figs. 28 and 29, is much less
clear. The apparent peak at 440 MeV/c is almost surely not real,
but is a result of the inability to adequately unfold the Y"(1520) peak
in the K'd cross section. The structure in the smooth curve be-
tween 500 and 800 MeV/c is not demanded by the data. The Y™
(1765) is clearly visible at 950 MeV/c. The Y (1915) at 1260 MeV/c
is, as we have seen, entirely a product of the unfolding, and be-
cause of this must be considered as much more suspect than the
resonances indicated in the I1=0 state. Nevertheless the Y (1915)
emerges from the unfolding no matter what plausible method is
used. The Y (2030) shows up here at 1500 MeV/c. Its magnitude
is not as great as the magnitude indicated by the analyses of the
charge-exchange data 14 in this region. There is a hint here that
this object is a double rather than a single structure.

CONCLUSION

The I = 0 cross section for the KN system can be calculated ina
way that depends very little upon the method of analysis that is
chosen. The greatest uncertainty in these results comes from the
disagreement between the different experiments. Yet.another ex- -
periment will be needed before the detailed shape of the cross sec-
tion will be known in the region from 700 MeV/c to 1'GeV/c.

For the K  data the uncertainties introduced by the unfolding are
more serious than the disagreement between the experiments, and
the derived cross sections should not be taken as accurate cross
sections for the purpose of testing models. The total cross-section
data are very precise data and should be used in phase-shift anal- )
yses. But it is my advice that anyone who does phase-shift analyses |
should use the raw data themselves rather than the derived cross
section, that is, he should fold and correct his assumed solutionsto A
compare with the measured Kd cross section rather than compare
his solution with an unfolded corrected derived cross section.
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