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The attenuation cross sections measured in transmission experiments at the alternating-gradient synchrotron
for K™ on 6Li, C, Si, and Ca ap, = 488, 531, 656, and 714 MeW¥/are reanalyzed in order to derive total
(o7) and reaction ¢g) cross sections. The effect of pluré@Voliere) scattering is properly accounted for,
leading to revised values of;. We demonstrate the model dependence of these values, primarily due to the
choice ofK* nuclear optical potential used to generate the necessary Coulomb-nuclear and nuclear elastic
corrections. Values ofrg are also derived, for the first time, from the same data and exhibit a remarkable
degree of model independence. The derived valuesoénd oz exceed those calculated by the first-order
tp optical potential for C, Si, and Ca, but not fBki, particularly at 656 and 714 Me¥/where the excess is
10-25%. Relative téLi, this excess is found to be nearly energy independent and its magnitude of 15—25%
is not reproduced by any nuclear medium effect studied sd $2556-28187)01002-9

PACS numbeps): 25.80.Nv, 21.65+f, 24.85+p

I. INTRODUCTION strated in Sec. Il thatg values extracted from such mea-
surements are likely to be less model dependent #an
Total cross sections for the interaction of 500—700 MeV/values are. Revised values fot are presented in Sec. Il
¢ K" with several nuclei were derived from transmissionwhere the effects of plural scattering are now included to-
experiments performed at the alternating-gradient synchrogether with various other effects such as the dependence on
tron in Brookhaven National Laboratofyl—4]. The high the particular nuclear density used in the optical model or the
precision of these cross sectiof@bout 1% led to analyses Way the variouskN partial waves are handled. Results for
of the data in terms oK * nucleus potentials, based on the 9 &reé presented for the first time. In Sec. IV we study the
expectation that th&* nucleus interaction is simply related effect of constraining the analysis with differential cross sec-
; ; ; it tions for the elastic scattering & on °Li and C at 715
to theKN interaction. In particular, in this energy range the

KN interaction does not vary strongly with energy and to_MeV/c that have become available very recently. We also

gether with the relative weakness of the interaction one exglscuss the model dependence of the various results, their

pects that optical potentials close to thip" approximation dependence on the particular form of wave equation and po-

(see belowwill be capable of describing the data. However tentia] u_sed in the.analysis, and whether or not the new data
: ' 'may indicate medium effects in th€" nucleus interaction.
all such analyses showed disagreement between calculation
and experiment at the level of 5-15%, which caused specu-
lations about modifications in the nuclear medium of the
KN interaction[5—-8]. As an example for the difficulties en- The derivation of meson-nucleus integral cross sections
countered in such analysis we note that if one adjusts paranfrom measurements of the attenuation of a beam as a func-
eters of the potential, separately at each energy, to fit théon of solid angle of a detector is an old and established
total cross sectionsofy) measured for®Li, C, Si, and Ca, technique[9,10]. Defining the reaction cross sectiory as
then the resulting potentials are vastly different from the *the integral cross section for removal of particles from the
tp” potentials used to derive thege; values. It is also noted elastic channel, the attenuation cross section for removal of
that such potentials that fit these valuesogfare question- particles from a detector subtending a solid anglet the
able on account of predicting unacceptably small values fotarget is
the reaction cross sectionrg). This complicated state of

affairs motivated the present study. o Q)= +f4”( d") dQ—jQ<d—U> e
at — YR
el n

II. TRANSMISSION MEASUREMENTS ON NUCLEI

In the present work we reexamine the derivation of inte- o \dQ o \dQ
gral cross sections fdk* nucleus interaction from the pre-
viously measured attenuation cross sectionskforon SLi, where the second term on the r.h.s. represents elastically
C, Si, and Ca at 488, 531, 656 and 714 MeMt is demon-  scattered particles that miss the detector and the third term

e
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represents nonelastic reaction products that are detected. By ; ; . . .
subtracting the secor{@lastig term from the experimentally
determined attenuation cross section one defing€l) as
follows

A7 do
UR(Q):‘Tatt(Q)_JQ (d_Q) dQ. 2
el

The value ofog is obtained by extrapolating thisg({2) to
Q=0 because the thirthonelasti¢ term on the rhs of Eq.

(1) vanishes for) =0. It is therefore clear that the value of
o obtained from the extrapolation f8=0 depends on val-
ues of cross sections for elastic scattering to angles larger
than ). When these cross sections are known from experi-
ment the values ofz(Q2) are unambiguously given by Eq. _FIG. 1. Experimental attenuation cross sectic_(selid dots,

(2). However, in the case that these cross sections are ngtiddle curve, calculated total cross sectiofispen circles, upper
available experimentally, it is necessary to use an optica?urve)’ and calculated reaction cross.sectlcéupen glrcles, lower
potential to calculate the corrections due to elastic scatterin%”rve) for carbon at 714 Me\d as function of the solid angle of the
thus creating a possible dependence between the extract gector. The shaded areas indicate the theoretical input into
o and the optical potential. This procedure naturally raises’ 7({2) andag(Q2). Corrections due to kaon decay are not included.
the question of consistency between the assumed potential . . . .

and the resultingrr. When the analysis of transmission ex- ¢7({2) [Eq.(5)]. A tp” potential (see belowis used in the
periments is aimed at the extraction of a total cross section, @Ptical model calculations. It is clearly seen that(asin-

total nuclear elastic cross section is added to the quantitied®@ses the calculated input intor((}) increases and
being extrapolated, reaches a fairly large fraction of the measureg((2). In

contrast, the calculated input intez({2) vanishes ag) in-
4 creases. Although the extrapolation®=0 should become
or(Q)=0or(Q)+ fo |fn2dQ ) more accurate as more points are included for small angles,
these points involve increasingly large calculated correc-

where fy is the nuclear elastic scattering amplitude. Thistions, thus making the extrapolated value more dependent on
additional term is never available experimentally for chargedhe optical potential. Figure 1 thus suggests that when the
particles, thus makingr; for charged particles always de- model dependence of the extrapolated cross sections is being
pendent on some optical model calculations. considered, themg is indeed the more reliable quantity that

It is convenient to write the differential cross section for May be derived from transmission measurements.

elastic scattering in terms of a sum of nuclear and Coulomb  Uncertainties in the extrapolation of({2) to =0 were
amplitudes: discussed previously leading to conflicting conclusions.

Arima and Masutanil11] showed that except for light nuclei

o ) ) ) . errors of 10% can arise in the process of extrapolation
da/ =Ifntfcl*=Ifu*+[fcl*+ 2R fyfE]. (4 whereas Kaufmann and Gibbs2] showed that varying the
el nuclear elastic term in Eq5) by +20% leads to the same

The dependence of the elastic correction on the optical poextrapolated values. This latter test is irrelevant as it merely
tential then enters via the nuclear terfhy(2) and Coulomb- modifies the slope of a term that in any case extrapolates to

nuclear interference term (2R %]). Substitutingog((2)  2670- A realistic test would be to vary the optical potential by

- ; ; imposing some physical constraints such as fits to elastic
from (2) and using thefy andfc amplitudes, one obtains scattering data. This will be done in Sec. IV of this paper.

ax 4z The need to avoid very small angles in transmission mea-
UT(Q):UatI(Q)_J |fN+fC|2dQ+J |f]2dQ surements on nuclei had been known long Ega0]. In the
@ 0 present analysis we have used only the largest seven solid

Q 4x angles (1=0.166 sj to obtain reaction cross sections
=0l )+ f |fn2dQ— f |fc|2dQ whereas at least 8 angles, and in most cases all 9 angles were
0 @ used to obtain total cross sections. In view of E8). one
4x must not take the same experimental points in the two analy-
—ZJQ Re fyfe]dQ. (5)  ses, otherwise the extracted and oy values will differ by

just the total nuclear elastic cross section implied by the op-

It is clear that an optical potential is needed to obtaintICaI potential used in the analysis.

o1(Q) and the question of consistency will always arise.

In Fig. 1 we demonstrate the differences betwegrand lll. ANALYSIS AND RESULTS
o1 in terms of the optical-model input that goes into the
analysis of transmission measurements. The example shown
is for 714 MeVE K™ on carbon where we plot the experi-  As discussed in the previous section an optical potential is
mental o) and the calculatedrg({2) [Eqg. (2)] and needed in order to obtain the correction terms whernis to

A. Optical potentials
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TABLE I. Examples for corrections due to plural scattering. Uncertainties are due to the statistics of the
Monte Carlo calculation.

Target C Ca
momentum 488 714
(MeV/c)

Solid angle 0.0422 0.0890 0.1661  0.2321  0.0422 0.0890 0.1661  0.2321
(sn

Ao 5.8 2.6 1.4 0.85 22.8 9.8 5.3 3.7
(mb) +04 *03 *02 +015 =+14 +09 +07 =*05

be derived from experiment. The potential is needed also for Another ingredient of the potential are the nuclear densi-
deriving og when the integral of the elastic scattering differ- tiesp(r). Two models were used for thege: a macroscopic
ential cross sectiofiEq. (2)] cannot be evaluated directly (MAC) model where proton and neutron densities are given
from experimental results, which is the case in the presergither by a two-parameter Fermi distributi@ior Si and Ca
work. Because of the long mean free pathkof in nucleiin ~ or a modified harmonic oscillator density distributigfor

the present energy range, nuclei are expected to be fairlfLi and C). The parameters of these distributions were ob-
transparent tcK™ and as a result th& " -nucleus optical tained by folding in the charge distribution of the proton to
potential may be simply related to theN forward scattering obtain a best fit to the corresponding charge distribution of

amplitudef. ,,(0) and nuclear density(r) as follows: the target nucleu$l5]; (i) a single particle(SP model
A where the protongd,) and neutron g,) distributions in the
26 Vop(1) = —47Ff ¢ m(0)p(r), (6)  nucleus are obtained by filling in single particle levels in

Woods-Saxon potentials, requiring that the binding energy of
wheree()) is the kaon total energy in the kaon-nucleus c.m.the least bound particle agrees with experiment and that, af-
system and:k is a kinematical factofdiscussed beloywre-  ter folding p,, with the charge distribution of the proton, the
sulting from the transformation of amplitudes between thecharge distribution of the target nucleus is reproduced. For
KN and theK™-nucleus c.m. systems. The nuclear density  in the present self-conjugate nuclei we assumed the same
distributionp(r) is normalized toA, the number of nucleons parameters as for protons in the MAC model, or the same
in the target nucleus. Thistp” optical potential[13] is then  potential radii in the SP model. The SP densities are ex-
included in a Klein-Gordon equation for the meson-nucleapected to be better approximations outside of the nuclear
wave function, as described earlier in analyses of reactiogurface because they are based on the correct binding ener-
cross sections of pions on nuclei in the 1 GeV energy ranggies. By using two models for the nuclear densities we could
[10]. The form of the meson-nuclear relativistic wave equa-therefore check the effects pfon the results.
tion is not unambiguous and we return to this point in Sec.

V. B. Plural scattering

The optical potential given by Eq6) may be used to
calculate the correction terms needed to extiagtand o
from the measured attenuation cross sections. KNeam-
plitude f. ,,(0) was taken fronKN phase shifts as given by
SAID [14]. In the present energy range the contribution of
partial waves higher thas in the kaon-nucleon interaction
cannot be neglected. We have adopted two models for ha

dling p and higher partial waves. In the first, the contribu- yeiment put it was found not to be negligible at the smallest
tions of all higher partial waves were lumped together with 5165 harticularly at the lowest energy and for the heaviest
the s-wave term to produce theeffective scattering length 5,06t Corrections to the attenuation cross sections were cal-
complex parameteh, in the following potential culated using the MLR subroutifié7] and typical results are
A shown in Table I. Some of these corrections are larger than

26 mVop(r) = — 4mFbop(r). @ the previously reported errors. In the present analysis these
corrections were applied at all angles and energies for the
four targets.

Multiple Coulomb scattering of beam patrticles by elec-
trons in the target usually does not affect transmission mea-
surements if the solid angles are not too small. However, in
the case of multiple scattering with one large anglaecleajy
scattering, usually referred to as Makeor plural scattering

16], there could be loss of particles out of the detector. This
ffect was not included in the previous analysis of this ex-

In the second model the-wave term was retained explicitly
in the potential which then became a Kisslinger-like poten-
tial with a gradient term
C. Results
ng,A,%_\/opt(r)z—477Fk[b0p(r)—choﬁp(r)-ﬁ], (8) The experimental attenuation cross sections were cor-
rected for plural scattering and the terms calculated from the

where G, is another kinematical factor to be discussed betp potential in the form of Eq(8) were added to obtain
low. The contributions byd and higher partial waves were s(Q) [Eq. (2)] ando(Q) [Eq. (5)]. When the potential in
included in bO It will be shown below that the differences the form of Eq.(7) was used, the extrapolated values differed
between the results obtained from the two models are exby usually less than 1%. The last seven angles only were
ceedingly small. used forog but all nine angles were used fox at the two
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TABLE II. Reaction and total cross sectiofis mb) for K* interaction with various nuclei. Uncertainties
due to the use of optical potentials are not inclugeek text

Reaction Total
Momentum
(MeVi/c) BLi C Si Ca SLi C Si Ca D

488 65.0 120.4 265.5 349.9 76.6 162.4 366.5 494.6 25.33
+1.3 +2.3 +5.1 +=7.7 +1.1 +1.9 +4.8 +=7.7 +0.61

531 69.8 129.3 280.4 367.1 78.8 166.6 374.8 500.2 27.15
+0.8 *+1.4 +3.4 *45 +0.7 *1.3 +3.3 *44 *=0.32

656 75.6 141.8 306.1 401.1 84.3 174.9 396.1 531.9 28.15
+1.1 +1.5 +3.4 +5.0 +0.7 +0.8 +2.7 +4.2 +0.24

714 79.3 149.3 317.5 412.9 87.0 175.6 396.5 528.4 28.65

+1.2 *15 +3.6 +55 =*06 +0.9 +23 +28 =*0.20

higher momenta. At the two lower momenta only eightduced mass. This distinction betweenand ».» of course
angles were used far; because no satisfactory fit could be disappears in the limit of an infinitely heavy target nucleus.
obtained too(Q) vs ) when the smallest angle was in-  The first-order optical potential is given in the laboratory
cluded. That fit, and also the fit t9z({1), was either a linear (lab) system byV,,=tp, wheret is the lab projectile-
or a quadratic fit, as the case required, in order to achieve aucleon forward matrix andp is the target nucleus matter
x? per degree of freedom close to or smaller than one. Theensity distribution normalized t&. Transforming to the
extrapolated values were then corrected for kaon decays as jmojectile-nucleus c.m. systeii8ec. 3.3 of Ref[13]) and
the previous analysig4]. The procedure was repeated with expressing via the c.m. projectile-nucleon forward scatter-
both macroscopic and single particle models for the nucleaihg amplitudef (0°), onearrives at the form given by Eq7)
densitiesp(r) and the extrapolated values@f ando were  above, withby=f(0°) and

found to differ by no more than 1%. In the final values pre-

sented in Table Il this uncertainty due to the model has been M’ s
added quadratically to the other errors. The errors quoted do Fi=yr A A (10
not include uncertainties due to the use of optical potentials. cm.

These additional errors are discussed in Sec. IV B.

The total cross sections fé* interacting with deuterium
were obtained earlier from the differences between,@bd
C targets and between LiD and Li targets. The effect o
plural scattering corrections on these differences was foun
to be negligibly small. Therefore the publishigt] cross sec-
tions for K™D remain unchanged. These values are in-
cluded for completeness in Table II.

whereM is the free nucleon masé,M’ is the mass of the
target nucleus,/s is the total projectile-nucleon energy in
their c.m. system and(" is the target nucleus energy in the
grojectile-nucleus c.m. system.

In the energy range of the present work the contribution
of p waves to thek " -nucleon interaction is significant. This
raises the question of whether or not to includevaves

explicitly in the K™ -nucleus potential. If thep-wave term
IV. DISCUSSION Cokem- Kim. Of the projectile-nucleon c.m. scattering ampli-

tude f(0) is singled out, therﬁc,m, is transformed(in the

forward direction to the projectile-nucleus c.m. momentum
Here we use the same Klein-Gord@G) equation inthe | thus giving rise to a gradient term as follows:

projectile-nucleus center-of-magsm., system as dongEq.

(5.19 of Ref.[10]] previously for deriving pion-nucleus re- K —GY%_GY2—iv 11

action cross sections in the 1 GeV region: em=Gik= GV, (1

A. Wave equations and potentials

[V2+K2=(2e/pV-VA]Y=0 (h=c=1). (9 "I

(A)
The quantitiesk ands (%), are the projectile wave number and §/2=ﬂ, s (12)
energy respectively in the c.m. system, satisfying M’ Ays
(K+m?)Y2="  wherem is the projectile mass/, is the

Coulomb potential due to the charge distribution of thewhere ys™ is the total projectile-nucleus energy in their
nucleus, and/=V,+ V. For a finite-mass target nucleus, ¢-m. system. This leads to the form given by 8). above,
and discardingv?, Eq. (9) does not reduce to the nonrela- Where

tivistic Schralinger equation fok—0, since thers{}) —m -

instead ofu™ where the latter is the projectile-nucleus re- bo="f(0°)~ CokZ - (13
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TABLE IIl. Parameter values for the optical potentials. Mo- B. Constraints due to elastic scattering

; T i 3
menta are in Me\d, by, andb in fm, ¢, in fm*. As discussed in Sec. Iirg can be evaluated from trans-

mission measurements without the need to assume any opti-
cal potential if differential cross sections for elastic scattering
are available from experiment such that the integral in Eq.

Potential Eq(7) Potential Eq(8)
Momentum Reb, Im b, ReE0 Im EO Recy Imcy

488 —0.178 0.153 —0.253 0.104 0.0337 0.0222 (2) may be calculated for the required solid angfes Dif-
531 ~0172 0170 —0.251 0.109 0.0309 0.0238 ferential cross sections have become recently available for
656 0165 0213 —0.245 0.124 00221 0.0244 the elastic scattering of 715 MeK™* by °Li and C[18], so
714 0161 0.228 —0.241 0130 0.0191 0.0234 ©ne may adjust optical potential parameters to fit the data

and then use the same parameters to analyze the transmission
measurements on all four nuclei at 714 MeVin this way

. . . the analysis of the transmission measurements becomes con-
Table Ill summarizes the values of the optical potential pa-, Y

rameters for the four enerai f the present work. We str strained by the elastic-scattering results. Similar data unfor-
ameters for the four energies of the présent work. We s estﬁnately do not exist at the other energies of interest here.
that the contributions due t and higher partial waves are

) . e In the spirit of the present approach where the interaction
included in bothb, andby. _ _of K* with all four nuclei is described at a given energy by
Calculations were made with both forms of potentials. =

. ! a common optical potentiali.e., commonbg, by, and ¢,
;I(—)Tjic;/?(lnus: t?]fgga?:g Z-)Tv\ﬁtrﬁiilcltf%jrgé]/atrrgj?eggtgfnttrllaejsp;\;gﬁi a@arameter)s we tried to fit the elastic-scattering data for
. Li and C by a common potential. Using the parameters of
used. The same is true for the extrapolated valuasgond o -~
o that in most cases differ by much less than 1% when thél’able lll or even adjust_lng the.values b, or by andco,
form of the potential is changed from E¢®) to Eq. (7), resulted in rather poor fits, particularly at larger angles. Try-

using the corresponding values from Table Ill. This result is:cngt to_wpptrﬁve thF f'tsd by _EOIﬂ'nlg ?;N Imteract_lon”fork;nt t
not surprising in view of the long mean-free pathkf in actor info the nuciear density neiped only marginally, but
he cost of causing the calculated and og to decrease far

nuclei in this energy range which should make the surfac low th ticinated val A t of th tribution t

gradient terms equivalent to the corresponding volum he O.Wt ealm_ |C|'|53a(e2) va ues.f S Mos (|)| elcon fl ur|]on 0

terms. This is in contrast to the situation with low-energy € integral In Eg.(<) comes from small angles, we have
repeated the fits to the elastic data, retaining only the five

pions. .
We have also checked the sensitivity of our extrapolatior{OrWaerI a_ngles for e_ach .Of the targétovering(} up to 0.7 .
n. The fits were still quite poor and we have therefore in-

and calculation procedures to the type of relativistic wave>

equation used by considering the Goldberger and Watsoﬁom.mEd a phgnomen_ological density-dependdiy modi-
(GW) equation(Sec. 6.8 of Ref[13)) ication of the interaction of the same form that was success-

ful in analyzing hadronic atomig 9] in an attempt to obtain
acceptable fits to the elastic-scattering data without loosing
A completely the ability to get agreement with the measured

M/
V2+k2— @[2( VsW—AM" V-Vt y=0. or and o values. It consists of replacirig, by a DD term

NG
p(r)r

p(0)

(14

’60—;50 + BO (15)

This equation reduces to the nonrelativistic Sclimger

equation fork—0 upon discarding th&?2 term. In the limit ~ and adjusting3, and « to fit the data. Reasonably good fits
of an infinitely heavy target nucleus, Ed.4) coincides with !0 the elastic-scattering data could thus be obtained, with the
Eqg. (9). Using Eqg.(14) instead of Eq(9) for extrapolating by values of Table Il and empirical values fBg (complex

the curvesor(Q) and or(Q) of Fig. 1 leads at 714 andea. The same values @, and a were then used in the
MeV/c to o1 andog derived values which differ from those optical model input to the analysis of the transmission ex-
in Table Il by less than 1% for C and less than 0.2% for Caperiments at 714 Me\¥/[ The results of this constrained
The cross-section values calculated by using @) are analysis are shown in Table IV, where the corresponding
lower by about 4% for C and by about 1% for Ca than thosetp results from Table Il are also given for comparison.
calculated by using Eq9). It is noted that the extrapolated values ®f are quite

TABLE IV. Reaction and total cross sectiofis mb) at 714 MeV¢ for different optical potentials used
in the extrapolations. Only the statistical errors of Table Il are included.

Reaction Total
Potential 6L C Si Ca 6L C Si Ca
DD 80.0 149.2 317.7 413.4 91.2 192.1 433.9 589.6
+ 1.2 + 15 + 3.6 + 55 + 0.6 + 0.9 + 23 + 2.8
tp 79.3 149.3 317.5 412.9 87.0 175.6 396.5 528.4

+ 1.2 +15 + 3.6 + 55 + 0.6 + 0.9 + 23 + 2.8
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FIG. 2. Ratios between experimental and calculated cross sec- F|G. 3. Super ratios relative teLi: experimental cross sections

tions based on & potential: total cross sections — dashed curvesre|ative to calculated values usingta potential, divided by the
(upper parx reaction cross sections — solid curvéswer parj. corresponding ratios fofLi.
The curves serve merely to guide the eye.

. . 0 . predicts reaction and total cross sections and an obvious
d_|fferent in the two ca_ses,.by up to 10%. Both optical POte”'question is whetheorr and o derived from experiment
tials are acceptable in this context: that of Table Il is the

_ e ’ - “agree, or at least are consistent, with those predicted values.
tp potential which is expected to provide a good startingan ajternative way to pose this question is the following: if

point for a projectile with such a relatively long nuclear 5, empirical optical potential is fitted to the; and o val-
mean-free path as the€". The DD potential of Table IVis o5 derived from experiment, for all target nuclei, will the
an ad hoc solution devised to be constrained by elastic-game values be obtained if the transmission measurements

scattering data, and is used here to demonstrate the modgly eanalyzed using this empirical potential? The present
dependence of the extrapolated cross sections. The diffefnower to these questions is, unfortunately, negative. As

ences in values afy are 10-20 times larger than the quoted mentioned in the Introduction, the inconsistency was ob-
errors[4], thus making the values afy derived from trans-  gerveqd with the values of; published previously, where
mission measurements strongly model dependent. This is ifstentials fitted to ther; values departed strongly from
agreement with Arima and Masutajiil] and with the dis-  {hose used in the analysis. Repeating such fits to the new
cussion of Sec. II. It therefore seems reasonable to assigRgyjts summarized in Table II, reasonably good fits are pos-
additional errors of+ 5% due to uncertainties in the optical gjp|e only with a DD potentia]Eq. (15)] which differs from
potentials used in the analysis. In sharp contrast to this CoNhetp potential of Table Il such that no consistency is pos-

clusion the values_ ofrg for the DD potential-are very_close sible. We note that in contrast to the repulstyepotential
to the corresponding values for thg potential, the differ- e pp potential is attractive in the interior of the nucleus

ences being considerably smaller than the quoted errorgyhich is hard to accept fd€* in this energy range. If we fit
Note that the relative statistical errors for the reaction cros%my the o values, which are the more reliable quantities

sections are larger than the realative statistical errors for th§arived from experiments, then the predicted valuesofpr
total cross sections and, judging by the results of Table IVyocome unreasonably large, e.g., 50—100% larger than those
they seem to cover also the uncertainties due to the use @k Tapje II, which is far beyond any expected model depen-
optical potentials. Reaction cross sections therefore emer nce. When fits are made only to the values, then the
as the less model-dependent quantities that can be deriV%p%edictedoR values turn out too small. This holds true for
from transmission measurements. bothtp and DD potentials. The DD potentials that are con-
strained by the elastic-scattering data firi and C also
predict too large value for the differenes-— or. Note that

The derivation ofor and o1 from transmission measure- such inconsistency is not observed with pion-nucleus poten-
ments involves the use of an optical potential. The potentiatials below 100 MeVM 20].

C. The problem of self consistency
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D. Effects of the nuclear medium is not self-consistent and the situation does not improve

There are several ways of inferring from the present re_vvhen constraining the analysis with some recent data for

sults possible effects of the nuclear medium on ki in- elastic scatterin18]. Data that will be most useful in sort-
; iing out these difficulties are angular distributions for elastic

d;cattering oK™ for all four targets at all four momenta, that
il make it possible to evaluate the elastic correction to
r [EQ. (2)] without the need to employ any potential. In
ddition, small angle angular distributions will hopefully
provide unambiguous optical potentials.

Accepting thetp potential, we obtained(expt/s(calc

Table II: for o these are essentially model independent an
for o1 they are based on employing corrections due to the"
tp potential which is expected to be an adequate startin
point. One must bear in mind, however, that this potential i
in conflict with the constrained analysis of Sec. Il B.

It is useful to first note that the experimental values of i I ¢ that show both q q q
o1 /A for ®Li are in agreement with the corresponding val- ratio values foror that show both energy dependence an

ues for deuteriunj4], as expected when the interaction is dependence on the target nucleus which are very similar to

dominated by single scattering. This result also suggests thg?osg for tk},e _Iess model-dependerp;. Super raiios formed
effects due to the nuclear medium are not important in thé€ative to °Li are independent of energy and seem to be
very light and loosely boundLi nucleus. Values ofrr/A as_soma_ted with the magnitude of the nucl_ear density. These
for other nuclei cannot be directly compared to the deuteriurﬁat'os display 15_25% e_nh_anceme_nt relatwe o the value of
values because for heavier nuclei effects due to muItipI(—ffme in the IQW density I|rr_1|t._Our findings for the; and
scattering are not negligible. For that reason it is useful thelfR SUPEr ralt|056b_ear qualitative resemblance to the angular
to compare experimental cross sections with those calculatedistrioution “*C/°Li super ratio at 715 Me\d recently pre-

by using thetp optical potential throughout. Although the S€nted18]. Recent quasifre& " scattering data21] on D,

use of an optical potential for as light a nucleustasmight ~ ©: Ca. aTd Pb g1, = 705 MeVE also suggest enhancement
be questionable, we note thatAlkinematical terms are of the K nuclear+|nteract|on in thg nucl_ear medlum._ The
properly included through thE, and G, coefficients[Egs. present status oK™ nuclear scatterlnglwnh due consider-
(7) and(8)]. Figure 2 shows the ratios between experimenta tion also of older data has been reviewed by Hungerford
and calculated total and reaction cross sections for the fou2: . .

nuclei studied in the present work. For both types of crosg heoretical attempts to explain the apparent strong en-
sections these ratio plots display remarkably similar behav?@ncement of th&™ nuclear interaction as exhibited in ear-
ior, with SLi being very much lower than the other three and!i€" data, an by the present findings, have been mostly lim-
all exhibiting the same dependence on beam energy. Foculled to the °C data. The nuclear medium effects associated
ing on the dependence on the nuclear medium, Fig. 3 showdith “nucleon swelling” [5] and with density dependence of
super ratios, i.e., the above ratios divided by the correspond® ex_changed vector meson masigisgive rise to a more
ing ratios for®Li, where nuclear medium effects are presum-T€PUISIVEK™ nuclear potential than thealready repulsive
ably negligibly small. In this way the energy dependence ofirst ordertp optlca_ll potentlal._ However, the density depen-
the above ratios is removed and one is left with a clear dedence ofVqy obtained by fitting to thery and o values
pendence on the nucleus involved. These results show th8@rived in the present work is such thaj, now contains, in
the cross sections for C, Si, and Ca are 15—25% larger tha#fdition to the low-density repulsivip component, also a
expected and thereformuld indicate an enhancement of the higher-density attractive component which largely cancels
KN interaction in nuclei compared to the interaction with the tp repulsion inside the nucleus. A significant enhance-
free nucleons. We note that the bulk nuclear density of Si ignent foror was shown in the most recent work of RE]
larger than that of Ca or C and indeed the enhancement ifp result from the density dependence of the mediNi
the case of Si is more pronounced. The observed differencdgteraction within a relativistic random-phase approximation
between Ca and C could result from carbon still being &K ' -nucleus calculation. However, this same method when
relatively small nucleus where the full extent of the enhanceaPplied[23] to evaluate the longitudinal and transverse re-
ment is not realized. It is interesting to note that theratios ~ Sponse functions for quasielastic electron scattering'4h
and super ratios which are presented for the first time arfoes not lead to good agreement with the data. It is interest-

very similar to the correspondingy ratios and super ratios. ng to note that the effect calculated fBii yields o'y values
substantially higher than required, so that if super ratios of

V. SUMMARY the kind presented here in Fig. 3 relative®d were consid-
ered by these authors, a significant departure from the value
In the present work we have reanalyzed the transmissioof one would occur, in agreement with our conclusions. Fi-
measurements that had been used already to derive totaally, the more conventional nuclear medium effects such as
cross sectiong for 488 to 714 MeVé K* on several nu- Fermi averaging, three-body kinematics and off-sheN
clei [4]. In the present, new analysis we have included corcorrections have been shown in RES], and more recently
rections due to plural scattering which caused changes in tha Ref. [8] for all four nuclear targets with published;
results. In addition we have extracted, for the first time, revalues, to provide only minor corrections of the order of a
action cross sectionsg for the same nuclei. By carefully few percent to the first-ordep optical potential considered
studying the model dependence of the results, mostly due tm this work as a theoretical benchmark. These corrections
the inevitable optical-model input into the analysis, weare insufficient to resolve the discrepancy with experiment.
showed thatog values are essentially model independent Another nuclear medium effect recently propoged—
whereaso; values depend on the model. When usintpa 26] is due to meson exchange curreffEC) arising from
potential in the analysis it is found that the analysis processhe interaction oK * with the excess pion cloud i*C. The
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pion production threshold abopt ~ 400 MeVkt generatesa ancy between experiment and calculation for the and
strong energy dependence for this effect in therange o values presently reported, except partly éarin *°C. In
488-714 MeVe¢ of interest here. Such energy dependence igonclusion, there seems to remain a significant and puzzling
indeed apparent in the ratieg(expt)lo(calg) shown in Fig.  discrepancy between theory and experimentidr nuclear

2, but on the other hand the super ratios of Fig. 3 suggest thajteractions at intermediate  energiesp, £500—-800
nuclear mediumcorrections to theK™ nuclear interaction MeV/c).
should be essentially energy independent. We also point out

that the MEC mechanism considered in R¢f25,26 con-

tributes to the calculation ofr; values mainly through
changing(increasing the imaginary part oV, whereas

the reviseds and newopg values require, according to our  This research was supported by the Israel Science Foun-
fits, a substantial energy-dependéattractive modification  dation administered by the Israel Academy of Sciences and
of the real part oV,,.. We have checked that increasing the Humanities, by the U.S.-Israel Binational Science Founda-
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