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Phenomenology ofK1-nucleus scattering
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A density expansion of theK1-nucleus optical potential is used within a momentum-space approach to
analyze the experimental total and elastic differential cross section data. We add to the microscopic first-order
optical potential a phenomenological higher-order term proportional to the nucleon density raised to a powera.
A fit to the total cross section data yields a value fora of 2.8560.25 and a strength for the potential that
decreases slightly faster than the inverse of the kaon laboratory momentum. To obtain a higher-order potential
compatible with all the data and with parameters that are target independent, a renormalization of the differ-
ential cross section data by 30%, consistent with our estimate of systematic errors, is made. The need for such
a large renormalization is explained.@S0556-2813~99!04105-9#

PACS number~s!: 25.80.Nv, 24.10.Eq, 24.10.Jv
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I. INTRODUCTION

The properties of a hadron~such as its mass, radius, o
scattering cross sections with various probes! are expected to
be modified in a nucleus. At low densities, these are the s
as the properties in free space, but as the density incre
the effects of the medium will become increasingly impo
tant. The quantitative characterization of these medium
fects is basic to the understanding of strong interaction
namics and is of particular interest to, but not limited to, t
understanding of the role of quantum chromodynam
~QCD! in nuclear physics. The unusually large higher-ord
effects found here for theK1-nucleus reaction are a tantaliz
ing indication of an underlying phenomena which could sh
some light on these matters. However, an understandin
the missing physics still awaits additional data and more
tailed and predictive models.

The properties of a hadron in the nucleus can be stud
in a scattering experiment. TheK1 is uniquely important in
this regard because of all hadrons it penetrates most de
into a nucleus.K1-nucleus total, reaction, elastic, inelast
and quasielastic cross section data@1–3# are all relevant for
these studies, which confirm@4,5# an enhancedK1-nucleon
scattering for a nucleon embedded in the nuclear medi
One expects the enhancement to evolve with increa
nuclear density; the details should provide insight into
underlying mechanism, which is not understood at
present time. A phenomenological determination of the d
sity dependence may be obtained by modeling results fro
variety of nuclear targets using a density expansion of
hadron-nucleus interaction. This expectation is based on
relatively weakK1 interaction: theK1 can penetrate to den
sities approaching normal nuclear matter density~about 0.16
nucleons/fm3) for a medium-mass target such as40Ca, yet it
probes relatively low densities for a light nucleus like6Li.

An analysis of theK1 data using an effective interactio
PRC 590556-2813/99/59~5!/2627~7!/$15.00
e
ses
-
f-
-

s
r

d
of
-

d

ply

.
g

e
e
-
a
e
he

exists@6#, but it is not of a form that permits the extraction o
the density dependence. It is the goal of this work to extr
the relevant parameters of the density dependence of
higher-orderK1-nucleus interaction, specifically the powe
of the density with which it varies and the strength of
coupling.

The ratioR of the kaon-nucleus total cross section to th
for the deuteron,

R5
2sA

AsD
, ~1!

is sensitive to important features of the interaction. For lig
nuclei such as6Li and 12C, this ratio is experimentally
greater than one. On the other hand, all existing theoret
calculations giveR,1 by a small amount. The first-orde
theory predictions are necessarily smaller than one a
simple result of nucleon shadowing, i.e., some of the nuc
ons are hidden behind other nucleons. For12C, shadowing
amounts to a 10% correction. All calculations are in agr
ment because the optical potential, for an interaction as w
and nearly energy independent as theK1-nucleon interac-
tion, is reasonably well approximated by the on-shellt ma-
trix times the density. Even making a change as dramati
replacing the Klein-Gordon by the Kemmer-Duffin-Petia
@7# propagator has little effect@3#. The discrepancy betwee
the data and the theory is thus not only theory independ
but its existence does not even seem to depend on the de
of the theory.

Several explanations have been put forth for the phys
origin of the discrepancy inR. They include an increase in
the physical size of the nucleon@8# in the nuclear medium,
enhanced mesonic exchange currents caused by me
modifications of mesonic masses@9#, medium modifications
to the mesons being exchanged between the kaon and
target nucleon treated as a Dirac particle@10#, or a combina-
2627 ©1999 The American Physical Society
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2628 PRC 59C. M. CHEN, D. J. ERNST, AND MIKKEL B. JOHNSON
tion of correlation effects and meson currents@11#. A calcu-
lation of conventional meson exchange currents@12# shows
that these are too small to be an explanation of the disc
ancy. A thorough examination of the dependence of phys
observables on the magnitude of the in-medium enhan
ment of the kaon-nucleon amplitude can be found in@13#.

Here we examine the total and differential cross sect
data of Refs.@2,3# using a phenomenological analysis. T
data of @2# consists of total cross sections on four targe
6Li, 12C, 28Si, and 40Ca, at four laboratory momenta, 48
531, 656, and 714 MeV/c. The elastic differential cross sec
tions @3# consist of data for6Li and 12C at 714 MeV/c. To
reduce the uncertainty in the normalization of the total cr
sections~in both the data and the theoretical calculation!,
we analyze the ratioR as defined by Eq.~1!.

In the next section, we describe the model. In the follo
ing section, we examine the implications of the total cro
section measurements. In Sec. IV, the differential cross
tions are included in the analysis. Finally, a summary of t
work is given in Sec. V.

II. MODEL

For the theoretical analysis, we utilize the momentu
space optical model of Ref.@14#. There are many reasons fo
utilizing the momentum-space approach. These include~1!
fully covariant kinematics, normalizations, and phase-sp
factors@15#, ~2! relativistically invariant amplitudes@16#, ~3!
the crossing symmetric Klein-Gordon propagator@17#, and
~4! an exact evaluation of the fermi averaging integral.
review of the approach can be found in@5#.

The first-order potential is the leading term of a syste
atic, formal expansion of the full optical potential in powe
of the nuclear density matrix@18#. This expansion, called th
hole-line expansion, is a convenient theoretical bookkeep
representation of meson-nucleus reaction dynamics. W
the first-order potential is essentially completely conve
tional in character, the higher-order terms may contain ex
as well as conventional physics.

In the case of pions@18,19#, the mechanisms contributin
to the higher-order terms appear to be completely conv
tional in character, and, in addition, the expansion conver
rapidly for the purpose of calculating elastic scattering fro
nuclei up to several hundred MeV of incident pion kine
energy. In this case, the main correction is the second-o
optical potential, which is adequately approximated in
local-density approximation, i.e., may be taken to depend
the square of the nuclear density.

For the case of kaons, we are motivated by the succes
the hole-line expansion for pions, and we add to the mic
scopic lowest-order optical potential a purely phenome
logical higher-order potential proportional to a powera of
the nuclear density. In momentum space its form is

^kW8uU ~2!ukW &5
l

r0
r~a!~kW82kW !, ~2!

wherer (a)(qW ) is the Fourier transform of the nuclear dens
to thea power,
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r~a!~qW !5
1

~2p!3E @r~rW !#aeiqW •rWd3r . ~3!

Here r0 is the density of nuclear matter, 0.16 fm23, so the
units onl are fm to the 3(a21) power. The normalizations
follow Ref. @14#. Since we do not know as much about th
underlying dynamics for kaons, we allowa to be a variable
whose value is determined by the data. If the dynamics
conventional, we expecta52 ~although unconventional dy
namics could also appear with this power of densit!,
whereasa.2 would indicate the dominance of multinucleo
processes, suggesting physics of an exotic, or at least
less than conventional, nature. Since we are varying
powera, our model consists of three parameters to be de
mined from the data, one complex numberl and one real
parameter,a.

III. TOTAL CROSS SECTIONS

We first analyze the total cross section data of Ref.@2#.
The large uncertainties introduced by the systematic error
the measurement of an individual cross section are redu
by taking the ratioR of the total cross section to that of th
deuteron defined in Eq.~1!, where both cross sections a
measured with the same beam and the same detector d
the same experiment. Similarly, the errors in the theory
reduced by addressing this ratio@20#. The theoretical cross
sections for the deuteron are calculated in momentum sp
following Ref. @21#. The total cross sections are found to
very insensitive to Rel, so for our analysis of the total cros
section data we first restrict the parameters of the fit to
meaningful set, Iml anda.

We begin by examining each energy independently.
each energy we assume that a single value of Iml and a
will provide an adequate description of the target dep
dence given by the four measured nuclei. The results
given in Table I. Note that the values ofa determined from
this procedure are reasonably energy independent. The
fit value for a as fit to the individual values determined
each energy isa52.8560.25, where the error represents o
standard deviation.

In Figs. 1–4 we show theA dependence of the ratioR for
each energy compared to the experimental data. The cu
indicate the sensitivity to the density dependence; they c
respond to theoretical calculations fora52.85, a52.85
10.25, a52.8520.25, anda52.0, where Iml is read-
justed for each curve to give the best possible fit. We le
several things from these figures. First, a quadratic den
dependence for the second-order potential is not at all

TABLE I. The results from fitting theA dependence of the tota
cross section ratioR, Eq.~1!, at four different energies. The value o
x2 for each fit, the strength of the second-order optical potential
l, and the power of the densitya @see Eq.~2!# are given.

klab (MeV/c) T
K

(MeV) x2 a Im l(fm5.4)

488 200 0.33 2.760.8 0.20960.023
531 231 5.04 3.960.8 0.15460.065
656 327 3.73 2.960.4 0.16560.007
714 374 7.77 2.660.4 0.12560.005
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PRC 59 2629PHENOMENOLOGY OFK1-NUCLEUS SCATTERING
equate. On the other hand, the best-fit valuea52.8560.25
does produce reasonable results on average.

The value ofa is fixed dominantly by the difference be
tween 6Li and 12C. Note that the low value of the6Li cross
section at 531 MeV/c is giving a higher value ofa at this
one energy. We also see that the heavier nuclei are inse
tive to the value ofa. The reason for this is that although th
K1 nucleon is weak on the scale of a strong amplitude,
kaon cannot penetrate all the way through a nucleus suc
28Si or 40Ca @22#. Thus the density to which the scattering
most sensitive is determined by the two-body amplitude
the penetrability that it allows. The effective density does
vary from target to target for these heavier nuclei. The
crease inR with increasingA is the result of shadowing. As
the size of the nucleus increases, a somewhat smaller fra
of the total number of nucleons are visible to the kaon. T
theory reproduces this phenomenon quite well.

FIG. 1. The total cross section ratioR versus atomic massA for
kaon laboratory momentumklab5488 MeV/c. The data are from
Ref. @2# and the targets are6Li, 12C, 28Si, and 40Ca. The solid
curve is the theoretical result for a second-order potential as defi
in Eq. ~2! with a52.85. The dashed curves are fora52.85
10.2553.10 anda52.8520.2552.60. The dotted curve is for th
potential proportional to the density squared,a52.0. In all cases,
the strength of the potential Iml is varied to produce the bes
possible fit.

FIG. 2. The same as Fig. 1 exceptklab5531 MeV/c.
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In Table I we also give the value ofl determined by a
best fit witha fixed at 2.85. For a conventional second-ord
correction, a rough estimate for the magnitude of the corr
tion @23# gives a value directly proportional to a length sca
~the correlation length for correlation corrections!, the den-
sity squared, and the two-body total cross sections

KN
, and

inversely proportional to the meson momentumk0. The en-
ergy dependence of the second order would then be expe
to be proportional tos

KN
/k0. The total cross section~aver-

aged over proton and neutron! s
KN

is rather constant ove

this energy range. It goes from 12.9 mb at 488 MeV/c to
14.3 mb at 714 MeV/c, indicating only an 11% increase
Thus we would expect thek0

21 to dominate and produce
decreasing second-order interaction. Within the rather la
fluctuations in the values of Iml, we see a decrease in Iml
that is slightly more rapid thenk0

21. There is certainly noth-
ing exotic in the energy dependence of Iml.

IV. DIFFERENTIAL CROSS SECTIONS

In @24# it was observed that for low-energy kaons and
pions in the GeV range of energies there is sufficie
Coulomb-nuclear interference to be able to extract in
model independent way both the real and imaginary part

ed

FIG. 3. The same as Fig. 1 exceptklab5656 MeV/c.

FIG. 4. The same as Fig. 1 exceptklab5714 MeV/c.
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2630 PRC 59C. M. CHEN, D. J. ERNST, AND MIKKEL B. JOHNSON
the forward strong-interaction scattering amplitude from
differential cross section data alone. As the imaginary par
this amplitude is also related to the total cross sect
through the optical theorem, the use of both differential a
total cross sections provides a means of assessing the co
tency of the different data sets and thus improving co
dence in the analysis for the real part of the forward elas
scattering amplitude. From the real part of the scatter
amplitude, one may then determine Rel, whose value is an
independent source of information for understanding the
gin of the medium effects. For the data available, the pro
dure of Ref.@25# worked well @24# for pions, but for kaons
the more limited data necessitated additional assumption
obtain the forward-scattering amplitudes. In our curre
work, by utilizing a model for the first- and second-ord
optical potential and including the total cross section da
we are able to improve this analysis.

We now consider the differential cross sections for6Li
and 12C at 714 MeV/c taken from Ref.@3#, in addition to the
total cross sections. We use the differential cross section
for angles less than 25 degrees only, and we fit these po
together with the total cross sections. We limit ourselves
forward-angle data because the overall strength of the op
potential and its range are determined primarily by the f
ward scattering data, whereas more subtle issues are
volved in the details of the differential cross section at lar
angles, as we discuss below.

We incorporate the systematic error in the different
cross section by treating its normalizationN as an indepen-
dent parameter to be varied in thex2 fit to the data. The
contribution ofN to x2 is given byxNorm

2 given by

xNorm
2 5

~12N!2

DN2 , ~4!

whereDN is the error in the normalization. The systema
error for the differential cross sections is 15%. There is a
a 15% error in the theoretical calculations arising from
error in the experimental two-body amplitudes@26# that are
used as input. Since we are interested in the relative siz
the theory compared to the experiment, we add these
errors in quadrature to give an effective 21% forDN.

In addition, there is also an error associated with
analysis of the transmission experimental data, from wh
the total cross section is determined by an extrapolation
data to zero solid angle. This error arises from the la
Coulomb-nuclear interference in the forward direction a
the necessity of introducing a model to extrapolate throu
it. The most consistent approach@27,6# would, of course, be
to use our own model of elastic scattering to perform t
extrapolation, but we estimate the error introduced by
doing so is only about 5%. Thus, we adopt the simpler p
cedure of using the total cross sections from the experime
paper and adding this 5% to the quoted systematic errorDN.
This gives an effective systematic error of 22%. That this
an adequate procedure is verified by fitting two different v
ues of the total cross section extracted from the same da
in @2# and@6# and finding that our results change only at t
few percent level.

For 6Li we ignore the quadrupole contribution to the ela
tic scattering. It was shown in Ref.@28# that this is a negli-
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gible contribution to the elastic scattering. In addition, w
find that a meaningful fit requires that we include addition
systematic errors in the differential cross section above
beyond the small statistical errors given in@2#. These arise
because the resolution in the spectrometer was such tha
only the elastic final state was included in the raw data
also several low-lying excited states. The contribution
these excited states to the data can be removed using a m
for the elastic and inelastic scattering to the measured dat
preliminary analysis@28# indicates that the results in@3# will
change somewhat if additional excited states are include
this correction. There is thus some amount of additional
certainty in the precise shape of the differential cross sect
This both provides further motivation to concentrate on
forward angle points where these corrections are sma
and also requires either adding some estimated error to
differential cross sections or equivalently enhancing the
portance given to the measured ratioR of the total cross
section. We have chosen to reduce the error assigned to
total cross sections thus forcing a good fit to these meas
ments. We find this is roughly equivalent to assigning t
differential cross sections an additional error of about 10

We employed two separate fitting procedures. In the fi
procedure, we fit the differential cross sections together w
the total cross section datum at 714 MeV/c for the two nu-
clei 12C and 6Li. We vary the values ofl andN separately
for each nucleus, fixinga at its best-fit value,a52.85. Fit-
ting the parameters separately for these two nuclei gives
sight into the interplay between the data~total cross section
and angular distributions! and the parameters of our mode
However, since the resulting values ofl are different for the
two nuclei in this procedure, we next fit using acommonset
of parametersl andN but maintaininga at 2.85. We expand
the data set to include the total cross sections for the c
plete set of nuclei6Li, 12C, 28Si, and 40Ca. This final fit to
the total data set at 714 MeV/c with values forl andN that
are independent ofA provides the results for our model o
the higher-order corrections.

The best fit values ofl andN in our first fitting procedure
are given in Table II. For reasons discussed above, we h
used the differential cross sections for angles less than
degrees. The real part of the forward scattering amplitu
F(0) presented is the difference between the full scatter
amplitude and the finite-size Coulomb amplitude extrap
lated to zero. It does not contain any additional modificatio
@25# that are designed to further remove Coulomb effec
We see that for12C the fit requires a renormalization of th
differential cross section by 1762%, which is well within
our estimate of the total relative normalization between
theory and the data.

The fit for 6Li is interesting. Notice in Fig. 5 that the
experimental differential cross section data lies below
first-order theory for6Li, whereas the measured total cro
section lies above@5# the theory. Fitting the total cross sec
tion data thus requires increasing the value of the imagin
part of l. However, this will necessarilyincreasethe theo-
retical differential cross section and therefore worsen the
of this quantity to the data. To avoid contradiction, our fittin
procedure raises the experimental differential cross sec
through the renormalizationN, while lowering the theoretica
differential cross section by forcing a cancellation of the r
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TABLE II. The results of fitting the total cross section ratio and the forward angle differential c
section separately for6Li and 12C atklab5714 MeV. The value ofa has been fixed at 2.85. The strength
the second-order potentiall, the renormalizationN of the differential cross section data, the experimen
value of the cross section ratioRexp, the cross section ratio that results from the theoretical fitRth , and the
extracted value of the real part of the forward scattering amplitude ReF(0) are given.

Target Rel(fm5.4) Im l(fm5.4) N Rexp Rth Re F(0)(fm)

6Li 0.59360.055 0.18560.004 1.1660.02 1.01260.010 1.012 20.656
12C 0.02960.005 0.12760.001 1.1760.02 1.02260.009 1.021 22.01
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part of the phenomenological higher-order potential aga
the real part of the first-order amplitude through a large va
for Rel, Rel50.59360.055 fm5.4. This cancellation is sig-
nificant in spite of the large size of the imaginary part ofl,
Im l50.18560.003 fm5.4. The required renormalization o
the 6Li differential cross section measurements is 1662%
and is quite consistent with the value obtained for12C. No-
tice that the average value of Iml50.1360.01 fm5.4 is con-
sistent with the value found from the total cross sectio
alone as given in Table I.

In the second fit, we expand the data set by including a
the total cross section data for28Si and40Ca and assume tha
the parametersl andN are independent of the target in a
cord with the hole-line expansion. The most noticeable d
ference for this fit is that the differential cross sections
renormalized by 3062%, whereas in our first procedure
17% renormalization was necessary. There is little pen
for making the large renormalization of the data needed
arrive at this solution because of the large systematic un
tainty. The resulting value ofl is given by Rel520.015
60.010 fm5.4 and Im l50.12460.0002 fm5.4. These are
similar to the fit to 12C alone.

Because of the large systematic uncertainty, our sec
fitting procedure is able to produce a solution quite differ
from that of the first, but one of comparablex2. Recall that
in our first procedure, the fit to6Li entailed a cancellation o
the higher-order potential against the first-order optical

FIG. 5. The differential cross section for elastic scattering ofK1

from 6Li and 12C at klab5714 MeV/c versus scattering angle. Th
bottom curve is for6Li and goes with the left axis; the top curve
for 12C and goes with the right axis. The data are from Ref.@3# and
the curves are from the first-order momentum space optical m
calculation.
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tential, whereas the fit to12C was acceptable without such
cancellation. For this reason we obtained a larger value o
l for 6Li than for 12C. In our second fitting procedure
where, according to the hole-line expansion,l must have the
same value for the two nuclei, the cancellation is no lon
effective. Instead, the differential cross sections acquir
larger renormalization than they had before, placing the f
ward angle data for6Li above the first-order theory. The
difference between the first-order theory and the~renormal-
ized! data is now able to be repaired principally by the val
of Im l, which increases the theoretical forward-angle d
ferential cross sections for all nuclei. In this fashion, there
no longer a need for a large value of Rel, previously found
for 6Li but not for 12C.

We would like to emphasize our finding that within th
framework of the hole-line expansion, no choice of optic
potential parameters can simultaneously fit the total cr
sections and increase the differential cross section for12C
without simulatneously increasing the differential cross s
tion for 6Li. For this reason, we believe that all theoretic
models with a reasonable microscopic basis will be unabl
reproduce the existing empirical cross section data with
large renormalization of it, such as we have been forced
make. Precisely how this happens will depend on the mo
but since we have chosen a quite general parametrizatio
the optical potenital, we expect no more than semiquant
tive changes from the results of our study.

The theoretical results for the total cross sections
given in Fig. 6. The results are comparable to those in Fig
where only the totals were fit utilizing one parameter, Iml.

el
FIG. 6. The same as Fig. 4 except the curves result from a fi

this total cross section data and to the differential cross section
simultaneously.
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In Fig. 7 we present the differential cross sections. Here
plot the data with the 30% renormalization. These cur
should be compared to the first-order curves given in Fig
In Fig. 8 we present the ratio of the differential cross sectio
for 12C to 6Li. We see that the fit is a compromise to th
magnitude of the ratio and that the shape is not reprodu
quantitatively. The resulting values forR andF(0) are given
in Table III. The value of ReF(0) changed significantly for
both targets reflecting the change in normalization of
data. As explained above, the renormalization of the diff
ential cross sections is a result of the qualitative feature
the total cross section measurements and would be nece
for any analysis of the total body of data. We thus tend
believe the results of this analysis. However, a definit
value forF(0) will require a well determined normalizatio
for the differential cross section data.

The experimental total cross sections that result from
analysis of Ref.@6# are about 3% higher than those of Re
@2# even though they utilize the same transmission data
we repeat our analysis using these numbers for the total c

FIG. 7. The same as Fig. 5 except the data have been renor
ized by 30% as resulted from the fitting process. The curves
from the momentum space optical model calculations and incl
the full second-order potential as defined in Eq.~2!.

FIG. 8. The ratio of the differential cross section for12C to the
cross section for6Li for klab5714 MeV/c. The dashed curve is th
first-order result while the solid curve includes the full phenome
logically determined second-order potential.
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sections, we find that the powera would decrease by abou
0.1 to 0.2, that the renormalization of the differential cro
sections would increase~for the final analysis from 30 to
38%!, and that Im l would increase similarly to Iml
>0.165 fm5.4.

Our philosophy is very different from that of Ref.@6#,
where an energy-independent andA-dependent ‘‘second-
order’’ correction proportional to the density was used.
our case, the potential is instead energy dependent anA
independent. To fit their potential to the data, they first adj
the imaginary part of the impulse approximation optical p
tential to fit 6Li. The remainder of the nuclei then have th
imaginary part of the optical potential further scaled by
factor proportional to (r̄2rc), where r̄ is the average
nuclear density of the target andrc is an adjustable param
eter. The strongA dependence evident in Figs. 1–4 requir
this factor to be stronglyA dependent. In our work, by con
trast, the variation of the cross sections withA arises purely
from the dependence of the higher-order optical potential
the density. Because they have more parameters, their re
produce more accurate fits to the data than our work.

We have investigated the possibility of adding an ad
tional term to our phenomenology in order to improve the
for angles greater than 25 degrees. We tried terms that w
of the form kW8•kW , q25(kW82kW )2, cosu, or cos2u, all times
r (a). We found that adding these terms did not significan
improve our results.

V. CONCLUSIONS

We have found that the strongA dependence of the tota
cross sections for6Li and 12C indicate an energy-depende
higher-order potential that is proportional to the density
the 2.8560.25 power. This could be considered an indicati
of either an exotic mechanism or a slowly convergent m
tiple scattering theory where the power being larger than
is modeling significant third and higher-order correction
This latter possiblility is also exotic in that the kaon-nucle
two-body amplitude is much weaker than other strong a
plitudes so one would expect a more rapidly converg
theory, not one that converges more slowly. A more conv
tional energy-dependent potential proportional to the squ
of the density is clearly ruled out. In analyzing the total a
forward angle differential cross sections for6Li and 12C at
714 MeV/c for the strength of the potential, we find tw
solutions of comparablex2. Our different solutions amoun
to different means of accounting for an unusual feature of
data, namely the fact that the first-order theory under pred
the total cross section while it over-predicts the different

TABLE III. The results of fitting the total cross section ratio
and the differential cross sections for6Li and 12C simultaneously at
klab5714 MeV. The value ofa has been fixed at 2.85. The cros
section ratios given by the theoryRth and the real part of the for-
ward scattering amplitude ReF(0) are given.

Target Rexp Rth Re F(0)(fm)

6Li 1.01260.010 1.005 21.05
12C 1.02260.009 1.025 22.23
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cross section for6Li. The resulting second-order potenti
provides a phenomenological representation of this phys
When we analyze the angular distributions for6Li and 12C
separately, we find an important role for the real part of
optical potential and that a moderate, 17% renormalizatio
the differential cross section data is required. On the ot
hand, when we analyze the angular distributions simu
neously, the real part of the optical potential plays a mu
smaller role and we are able to find a comparable fit if
accept a 30% renormalization of the differential cross sec
data. ~This renormalization is accounting for both the sy
tematic uncertainty in the norm of the data and also the
certainty in the overall norm of the theory.! In both proce-
dures, a comparable value for the imaginary part of
higher-order optical potential is obtained, which in o
model characterizes the underlying theory.

In order to better understand the missing piece of phys
charge-exchange data would add interesting additional in
.

. C

ys

B

ys
s.

e
of
er
-

h
e
n

-
-

e

s,
r-

mation. Single charge exchange data on3He and 13C, for
example, would allow a phenomenological determination
the isospin dependence of the physical mechanism that
derlies the existing discrepancy. Even the single point at z
degrees would reveal the relative isoscalar to isovec
strength of the higher-order mechanism.
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