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Elastic and inelastic scattering ofK™ from nuclei
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Local optical model calculations have been carried out for elastic, inelastic, total, and reaction cross sections
of K* from 2H, SLi, *2C, and*°Ca at kaon laboratory momenta ranging from 488 to 800 MeZero-range
distorted-wave Born approximation calculations have been carried out for elastic and inelastic scattéting of
leading to the lowest B state in®Li and 2" and 3 states in*?C. Local optical potential is also used to
estimate quadrupole noncentral contributions to elasticsiattering from the 1 ground state ofLi, and
these are found to be very small. Deformation lengths extracted from inelastic scattering are similar to those
deduced from other works. Our calculations adequately reproduced the kaon scattering data.
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[. INTRODUCTION scaling factor near 20—30 % was needed to bring elastic and
inelastic scattering ok * from *°C into agreement with the
Below 800 MeVk, the K™ -nucleon(N) strong interac- experimental data. This was found to be true whth-6Li
tion has a minor energy and momentum dependence and &astic scatterin¢10], while for the inelastic scattering from
the weakest of all strong interaction processes. The typicafLi the scaling factor needed wds=1.0. Generally, all the
K*-N cross sectiorfwhich is 10 mb on the averags much  previous calculations oK *-nucleus scattering, which were
smaller than-N andK™-N cross sections in the same mo- based on the impulse approximation, fall lower than the ex-
mentum regiorf1]. The implication forK *-nucleus scatter- perimental data. On the other hand, in Héfl] theK* scat-
ing is significant. TheK* has a long mean free path in tering sensitivity to the whole nuclear volume is maintain-
nuclear matter X>5 fm) and is therefore capable of prob- able. As a refinement on the PWIA the distorted wave Born
ing the interior of dense nuclei. This may be regarded as approximation(DWBA) should be quantitatively accurate
result of the quark content of thé™, which cannot annihi- for K* reactiong11].
late with valence quarks of a nucleon. Isospin-averageN In the present work, the local potential of Johnson and
amplitudes are determined mostly by the S11 phase shift &atchlef{12] (equivalent to the Kisslinger nonlocal potential
momenta below 800 Me\W [2—4], and as a result, the [13]) is used to analyze the differential elastic, inelastic, to-
K *-nucleus interaction is highly elastic and dominated bytal, and reaction cross sections if from 2H, SLi, 1C,
single scattering. and “%Ca at kaon Lab momenta ranging from 488 to
The first studies of elastic scatteringéf from *°C and 800 MeV/c. The bwucka code[14] is used to calculate the
40Ca gave cross sections larger than the predictions of optangular distributions for the elastic and inelastic differential
cal model theorie$5], and total cross sections fé¢* me-  cross sections of thé* leading to the lowest 3 state in®Li
sons on several nuclei at a range of kaon lab momenta alsat 715 MeVE, 2© and 3~ states in'°C at 635, 715, and
exceeded model expectatiof&7], as an indication that the 800 MeV/c, and elastic scattering differential cross sections
nucleons within the nuclear medium do not behave as thefrom “°Ca at 800 MeV¢.
do in free space. These observations led to several sugges- Equivalent local potential of Johnson and Satchler is used
tions on how to remove the problem, including the interestwith 10—15 % increasing in the SK.*-N phase shift to fit
ing suggestion that medium modification such as nucleathe availableK™ data[5,9] and then this potential is de-
swelling or meson mass scaling might be responsible for théormed to calculate the inelastic scattering angular distribu-
lack of agreement with experimental data. Siegehl. [7]  tions of K™ from 6Li and '°C. The overall normalization of
proposed that the nuclear environment may modify the S1the calculated inelastic cross sections to data gives the defor-
K™ scattering amplitude by altering the effective nucleonmation lengths which are considered here as free parameters
size in the nucleus. They found that an increase of 10—20 % each case. The deformation lengths are extracted and com-
in the S11 phase shift would markedly improve their agreepared to those predicted by others. Here, the deformation
ment with data above 720 Me¥/ Such an increase is in line lengths are extracted by visually adjusting the calculations to
with the estimates of Closet al. [8] on the change of con- the corresponding data.
finement scale in nuclei. The aim of the present work is to improve the agreement
Recently, elastic and inelastic scatteringkof from 6Li between measurements and calculations by increasing the
and 12C at 635 and 715 Me\¢ were analyzed9], using the ~ S11 phase shift by about 10—15 %. A local optical potential
distorted wave impulse approximatiéBWIA). ThepokAy  analysis of the elastic scattering data %, °C, and*°Ca
code was used with several values of a scale factoulti-  has been carried out. The local optical potentials obtained
plied into both the real and imaginary amplitudes for eachfrom this analysis have been used in a DWBA analysis of the
K *-nucleon collision within a nucleus representing a me-inelastically scattered kaons to the first excited staté; (3
dium enhancement factor for thé*-N interaction[10]. A 2.186 MeVj in ®Li and to the (2'; 4.44 MeV) and (3°; 9.64
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MeV) states in*?C. The method employed here is described
in Sec. Il, results and discussion are in Sec. Ill, and conclu-
sions are in Sec. IV.

Il. METHOD

Success of using the equivalent local potential of Johnson
and Satchlef12] calculations for pions elastically and in-
elastically scattered from a variety of nuclei at different en-
ergies[15,16 motivated us to consider a similar method to
the elastic and inelastic scattering of kaons from nuclei be-
cause of the great similarity between pions and kaons. Here,
we have used the local pion-nucleus optical potential of

102

107

—_
(=]
[=]

PHYSICAL REVIEW C 66, 044614 (2002

1
715 MeVic
K* - 6Li
elastic

Johnson and Satchl¢i?] that is exactly equivalent to the
nonlocal potential of the Kisslinger forfi3], with the nec-
essary modifications required for the present case. The "
equivalent local potential can be obtained by using the Krell- B
Ericson transformation, which converts the relativistic Klein- c
Gordon equation for kaon scattering to the nonrelativistic L

Schralinger equation. Th@wuck4 code which solves the i
nonrelativistic Schrdinger equation is employed in the L
present analysis, since ti®vuck4 program is widely avail-
able. This program was originally written to calculate the 102
scattering and reaction observables for binary nuclear reac-

tions using the DWBA14].

The Coulomb potential considered here is due to the uni- PR SR S R SR I N
form charge distribution of the target nucleus of radiRis
=rcAY® where A is the target mass number ang
=1.2 fm ([16], and reference thereinThe nuclear local

transformed potentidl . is [12]
Uioe(r) =Un(r)+AUc(r),

the nuclear part of the local potentidiy(r) is [12]

1
ho?| an  Kam |27 @0
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1-a(r) '
and the Coulomb correction tertaU(r) is [12]
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FIG. 1. Elastic scattering differential cross sections for
715 MeV/ic K* on SLi. The solid curve is the central local poten-
tial predictions from the present work, the dotted curve is the same

1) but with increasing the S1K*-N phase shift by 10%, the dashed

curve shows the quadrupole elastic scattering with increasing S11
K*-N phase shift by 10% calculated using theucka code as
described in the text, the dot-dashed curve shows the sum of dotted
plus dashed curves, and the solid circles represent the experimental
data taken from Ref9].

nucleon scattering parameters through the phase shifts in the
form described in Ref.17] and the phase shifts are extracted
from the SP92 solution of the phase shift compilat&mp

2) code [18]. The first-order interaction parameters are then

used to generate the complex local potentig), using the
expressions from Refl12]. In this work, the second-order
interaction parameters are neglecféd].

Calculations carried out by othd8,20] treat®Li as a 0"
state, although the ground state &%fi hasJ*=1". The 1"
ground state ofLi permits incoherent magnetic dipole and
electric quadrupole scattering in addition to central, mono-

wherew is the total energy of the kaon in the center of masspole scattering. Our calculations estimate the quadrupole cor-
(c.m) system.g(r) anda(r) are complex and depend upon rections to the calculated elastic scattering differential cross
the separation distance between the kaon and the nucleusection and compared to calculations that include only cen-
The quantityq(r) mainly results from theswave part and tral scattering(see Fig. 1, as appropriate to spin zero target
a(r) results from thep-wave part of the kaon-nucleon inter- nuclei. The magnetic dipole scattering has been neglected
action. The functiong|(r) and «(r) are of short range and because spin-flip scattering & mesons is weak at small
closely related to the nuclear matter distribution in theangles[9]. The electric quadrupole contributions are impor-
nucleus, both are energy dependent and given in detail itant for angles greater than 2%21], so these quadrupole
Ref.[12]. The kaon-nucleon scattering amplitude depends omontributions must be considered. We use the present first-
complex first- and second-order interaction parameters. Therder local potential to evaluate a part of the noncentral elas-
first-order interaction parameters are related to the free kaonic scattering forSLi.
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TABLE I. Kinematic factors for use in a nonrelativistic Sctioger equation used in present work with
kaon lab momentur®,,,. E, ,M,,k, andp, are the effective bombarding energy, effective kaon mass, kaon
wave number, and kinematic transformation factor, respectively.

Target Pip (MeV/c) E. (MeV) M, (u) k(fm~1) Py
6L 715 318.23 0.85304 3.155 1.6224
2c 635 260.54 0.82852 3.012 1.7105
715 307.72 0.888776 3.368 1.7586
800 358.41 0.95457 3.751 1.8106
“Cca 800 346.34 0.99142 3.955 1.9433

Different formulas of the radial density distribution of 10—-15% to analyze the elastic, inelastic, total, and reaction
nucleons for the considered nuclei in our calculations areross sections of positive kaons with lab momenta ranging
used. The charge distribution &Li was described in the from 488 to 800 MeV¢ from ©Li, *2C, and *°Ca nuclei.
form [22] The first-order parameters are calculated using the increased

S11K*-N phase shift and these parameters are then used to

Z |1 —r2\  c%(6b%2-r?) —r2 generate the corresponding real and imaginary parts of the
pen(r)=——=z| —ex — ex ; optical potential. A 10—12 % change in the S11 phase shift
8 3/2 a3 4a2 4b7 4b2 ! . .
™ yields improvements by about 15% ki and 15—20 % for

(4 12 and*%Ca in the present elastic and inelastic differential
with a=0.928 fm, b=1.26 fm, c=0.48 fm, andZ is the C'°SS sections. The resulting kinematic and parameter values
atomic number. Here, distributions of neutrons and protoni.or the_casgs studied here are.calcullated according to equa-
within °Li nucleus are taken to be the same, since itis a ligh lons given In Ref[24] a}nd are listed in Table . The 'preser]t
nucleus. We used the harmonic oscillator form fat and equivalent local potential when deformed and applied to in-

1 . elastic scattering data for the excitation of 3tate in5Li
°C nuclear densities: and 2" and 3 states in'C is able to reproduce the avail-
r\2 2 able experimental daft,9]. In the present calculations we

pm(r)=po| 1+ & _> exp( _2> (5  found that the Ericson-Ericson Lorentz-Lore&ZELL) (a
a a short-range correlatigrparametel slightly affects the elas-

tic and inelastic scattering o€ © differential cross sections.
This parameter was found to play a significant role on the
calculations ofr* at the(3,3) resonance region where the
diffraction minima move out with increasing and the cal-
culations involvingZ=1.0 are much closer to the data than
those withf=1.8[16]. Therefore, we have chosér= 1.0 for
— 272 _ use in the present calculations. Coulomb excitation was
pm(r)_p0(1+ or/c){1+exd(r—cy/al}, ® found to have a negligible effect. Also, it was noticed during
this work specially for the case ofLi that no significant
changes in the differential cross sections fit occur on raising
o rc over 1.2 fm.
f pm(r),dr=A. (7) Figure 1 shows the present calculations of the differential
elastic cross section & from Li at 715 MeV/ccompared
The radial parts of the hadronic transition potential used© the recent datgd] using the central density given by Eq.

with parametersy=0.0 anda=1.71 fm for 2H [23] and «
=2.234 anca=1.516 fm for °C [9]. Also, we use the three
parameter Ferm{(3PPH shape distribution of nucleons for
40Ca with parameters taken from Réfl6] and references
therein:

po can be evaluated from the normalization condition:

here are as followg24]: (4) for nuclear matter distribution ifiLi nucleus. The solid
curve is the central local potential predictions for™(0

dUec —0%) from the present work, whereas the dotted curve is
V(r)=—24 dr 8 the same but with increasing the SK1"-N phase shift by

10%. The dashed curve corresponds to the calculated collec-
whereU,.. is the local transformed potential found to fit the tive quadrupole elastic strength for {2-1") with an exci-
corresponding elastic scattering data. For a given transitiorfation energy of 0.1 MeV with increasing the SKI"-N
we used, to denote the corresponding real and imaginarWhase shift by 10%, and the dot-dashed curve shows the sum
“deformation lengths” for theK ™ interaction, whilel (=2  of both dotted and dashed curves. The quadrupole scattering

or 3) is the multipolarity. transition strength was estimated in the collective DWBA
model in the same fashion as for inelastic scattering. The
IIl. RESULTS AND DISCUSSION deformationB was determined from the ground state quad-

rupole moment of—0.083e fm? [25] and the rotational
We have used the first-order equivalent local optical po-model[26] to be 0.017. It is clear that the quadrupole cross
tential with increasing the S1K"-N phase shift by about section makes no significant difference with dg@& but it
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FIG. 2. Local optical potentials computed for 715 MeVK™ FIG. 3. Data for elastic scattering differential cross sections at
scattered from'?C with increasing the S1K*-N phase shift by momenta 635, 715, and 800 MaYK* from 12C (Refs. [5,9))
11%. The full curve is for the real potential and the dotted curve forcompared to the local potential calculations. Calculations are shown
the imaginary potential. without increase in S1K*-N phase shift by the solid curves, and
the dashed curves show the same calculations but with increasing
the S11K*-N phase shift by 11% for 635 and 715 Mey/and

gives small contributions to monopole fdiLi at angles 12% for 800 MeVE.

greater than 30°.

The K*-*2C complex local optical potential is shown in phase shift by 12% at 800 Me¥/and 11% at 635 or
Fig. 2 at 715 MeV¢ kaon laboratory momentum taking into 715 MeV/c.
account an increase of 11% in the SKI-N phase shift. In Fig. 4 we show the differential elastic cross sections
Both the real and imaginary parts are quite shallow and evdata[5] of K* from “°Ca at 800 MeV¢, compared to the
erywhere repulsive, with central strengths of about 17 and 5@resent local optical potential predictions. A good agreement
MeV, respectively. The imaginary part is deeper and rapidlybetween the present calculations using the 3PF distribution
decreasing while the real part is shallower and wider. Théor the “°Ca density and’=1.0 is obtained with increasing
radial shape of the real part R¢(and the imaginary part the S11 phase shift by 12%. This modification in the phase
Im(r) both follow the densityp(r). This behavior for both  shift gives cross sections higher by about 18% than the cal-
parts of the potential was observed for all cases under coreulations using the local optical potential without increase of
sideration. Previously, it was found that both real and imagi-S11K *-N phase shift.
nary potentials are repulsive fét*-“C at 300 MeV(Fig. It is obvious that theK ' elastic calculations using the
3.3 of Ref.[1]), while the real potential was repulsive and the first-order local potential need enhancement in the 514N
imaginary potential was attractive fé¢*-?*®Pb at 200 and phase shift by about 10-12 % to have adequately agreement
500 MeV[11]. with data. This enhancement in the S11 phase shift can be

Differential elastic cross sections fég*-2C are shown related to nucleon size variation of a size consistent with
in Fig. 3. No sharp diffraction minima are seen, neither incurrent theoretical estimates which may indicate that the in-
calculations nor in data. The comparison between our calcuernal structure of a nucleon is appreciably altered by its
lations and dat§5,9] at 635, 715, and 800 Me¥/is shown  surrounding nuclear environment.
in Fig. 3. The disagreement between our results and data is Since inelastic scattering in the collective model is driven
about 15% at 800 Me\¢ but appears to decrease with de- by the first derivative of the optical potential, agreement with
creasing momenta. We have a good agreement between dafiach data can be a possible means to remove the ambiguity
and the present calculations with increasing the BIIN from elastic scattering fits. Angular distributions d@fa9]
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FIG. 5. Inelastic scattering differential cross sections at
FIG. 4. As in Fig. 3, but folk *-*°C elastic scattering differen- 715 Mevic K* exciting the 2.186 MeV 3 state of °Li. Dotted
tial cross sections at 800 Me¥/ The increase in S1K*-N phase and dashed curves Correspond t02 and 4, respective|y, and the
shift used is 12%. The experimental data are taken from [B¢f.  solid curve is the sum of both them. All curves are with increasing
S11 K*-N phase shift by 10%. The experimental data are taken
for the inelastic scattering of kaons leading to the lowest 3 from Ref.[9].
state in ®Li and the lowest 2 and 3~ states in'°C were
computed by the DWBA method using the zero-range codevhereJ and J, are the total angular momenta of the initial
DwuUCK4 due to KunZ14]. The extent of applicability of the g final states, respectively. and 7 are the initial and
conventional DWBA method with the local optical potential .. . i f i
may be tested to predict observable&df inelastically scat- final parities. In the case_und_er consideratier? or 4. Dot-
%gd and dashed curves in Fig. 5 correspond=® and 4,

tered from nuclei. Success is expected because of the clo spectively, and the solid curve is the sum of both of them.

. . . . . . Je
;?;at\gg[r;getween elastic and inelastic scattering to coIIectlvn—{\/\/e use the same deformation lengths for bbt2 and 4

A collective model DWBA prediction using the equiva- predictions in case of the real or imaginary local optical po-

lent local optical potential adequately fits the shape and mal ential; our point is to have a good fit between dgiiaand

. : . he sum of dashed and dotted curves, i.e., the solid curve.
nitude of 715 MeVE K™ leading to the lowest 3 state in : v
6Li and 635, 715, and 800 Me¥/to 2* and 3~ states in The extracted deformation lengths are listed in Table Il. All

12C as shown in Figs. 5-7, with increasing the S41-N curves shpwn in Fig. 5 correspond to an increase in the Si1
: o fmr ; . phase shift by 10%. The narrow angular range of the avail-
phase shifts by 1012 % for both nuclei. In the analysis Pre3ble data emphasizes the need for further measurements of
sented here, the deformation lengths are varied until agreg:+ s scattering
. . . + = .
ment is obtained witkK™ data. . , Since the low-lying states if°C are known to be collec-
Figure 5 compares the values for the differential cross,

. ) : e in nature, having negligible spin-flip contribution in the
sections predicted from the present local potential CaICUIafransition from the ground stafes], we considered the 4.44
tions to the availableK™-°Li inelastic data [9] at 9 ' ’

I " ;
715 MeVe. To caleute the angulr cisrbuions (502 eSS HEY S kanions fe e de o
inelastically scattered to the first excited state”{32.186 9 gs.

MeV) in °Li, the allowed angular momentum transfers areamlj:iYLJres 6 and 7 display the predictions of the differential
determined according to the selection rules giver 2] g pay P

inelastic scattering cross sections kf from °C nucleus
excited to the lowest 2 and 3~ states at 635, 715, and

_ —(_ |
3 - [=Is9+3,, mm=(-1), 800 MeV/c. The inelastic dat5,9] are well represented by
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FIG. 6. As in Fig. 3, but for inelastic scattering differential cross  FIG. 7. As in Fig. 6, but foK ™ exciting the 9.64 MeV 3 state
sections for 635, 715, and 800 Ma¥/K™*, Refs.[5,9], exciting the  of 12C.
4.44 MeV 2" state of12C.

cases under consideration. Since the deformation lengths are

the present calculations by increasing the S11 phase shifts bgore significant than deformation paramet&8] and when
about 11% for 635 and 715 Me¥W/ and 12% for comparing excitations induced by different projectiles, it is
800 MeVlc. more appropriate to compare deformation lengths rather than

The values of the deformation lengths for all collective deformation parameter81]. Table Il shows the extracted
states analyzed here are summarized in Table Il. It can bdeformation lengths from the present work and the corre-
seen from Table Il that the values of imaginary deformationsponding ones previously extracted by othgd2]. For the
lengths determined here using the equivalent local optical“C target, it is clear thas, (I=2 or 3 of the present work
potential for 2" and 3~ excited states int?C decrease with agrees reasonably with (=2 or 3 given in Table Il of
increasing kaon laboratory momenta. It is clear from Table IIRef.[32] which ranges from 1.97 to 1.12 fm for thé Ztate
that the deformation lengths of the real potential are greatesind from 1.25 to 0.65 fm for the 3state for different reac-
than the corresponding ones for the imaginary potential in altions at various energies. Moreovéi,, for the (2*; 4.44

TABLE Il. Deformation lengths fronK ™ inelastically scattered frorfiLi and *>C compared to those predicted by others.

Pab Target State Present Others
Sreal Simag. S Reaction Energy range Reference

(MeV/c) (fm) (fm) (fm) (MeV)

635 2c 2t 1.725 1.114 1.12-1.97 p-1’C 40.0-168.0 [32]

715 1.355 1.005 d-?c

800 1.413 0.978 SHeC

635 3 1.512 1.214 0.65-1.23 a-*2C

715 1.302 1.205 eclic

800 1.319 0.955 160-12C

715 6 3" 1.923 1.522 2.0-3.0 61i-°Be 7.0-12.0 [37]
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TABLE lll. Reaction and total cross sectiofis mb) for the K* interaction with various nuclei calculated at various lab kaon momenta
(in MeV/c) in the present work.

OR OTtot

Prab BLi 2c 40ca ’H 5L e 4ca

488 68.17 127.34 365.51 26.99 79.88 168.22 499.37
531 73.14 134.42 377.34 28.62 83.87 170.39 516.18
635 76.23 138.55 385.24 28.71 84.14 173.15 535.25
656 78.21 146.72 411.48 28.99 90.19 178.15 538.13
714 79.92 149.27 412.34 29.26 92.11 180.36 540.45
715 80.15 151.31 414.13 29.28 94.17 181.49 540.57
800 86.66 164.47 436.26 30.34 95.23 186.21 549.32

MeV) state 12C given in Table Il for the present work falls Low values ofo, shown in Table Il compared to the cor-
adequately close to the correspondififfom different reac- responding values for pion scatterid5,36 indicate a
tions, given in Refs[31,33—34. For °Li, the extracteds,.,  longer mean free path fdf ™.

for the (3"; 2.186 MeV) state given in Table Il is very close The possible changes of thé*-N interaction in the
to the deformation length given in Table 1l of Rdf37],  nucleus can be calculated by the rdtrd:

namely 8* 3" =2.0 fm predicted from thé’Li- °Be reac-

tion atE.,=12 MeV. o KT -nucleus/A
The DWUCKA4 code using the p_resent flrst—ort_jer local opti- T atot(K+-deuteror)1/2'

cal potential calculates the reaction cross sectignef kaon

H 2 6p ; 1 40,
scattering on”H, °Li, *°C, and **Ca at kaon laboratory e per nucleon total cross section ratios of nucleus to deu-
momenta ranging from 488 to 800 Med// Following the oo are calculated using the valuesogf; in Table 11l and

same procedure, the total cross sectigis calculated here jisteq in Table IV. These ratios are all near unity; this reveals
as well according to the very well known relati86]: the near-linearity of the total cross section with mass number
2 A. This suggests that the low-momentigii is a good had-
_=" _ ronic probe capable of penetrating a large part of the nuclear
ot k2 2 (2L+DI1~Ren ], © volume. In order to obtain agreement with the experimental
data, we needed to enhance the &I1-N phase shifts in
wherek is the incoming kaon’s wave number amg is the  6Li, 2C, and“°Ca but not in deuteron, as was done for the
projectile-nucleus non-Coulomb amplitude. The results ofvalues in Table Ill. Low values of the reaction cross sections
the present calculations with increasing the S11 phase shift; given in Table Il confirm that positive kaons are weakly
by 12% for 6Li and 15% for *°C and “°Ca are collected in  absorbed in nuclear matter.
Table IIl. In the present work, the calculation uses unaltered
phase shifts for th& *-deuteron calculation appropriate to
its highly diffuse structuré?]. It can be seen from Table Il
that the total and reaction cross sections for the light nuclei The angular distributions of the elastic scattering cross
increase with momentum, while for calcium there is only asections ofK™ on ©Li, '2C, and *°Ca at 635, 715, and
weak momentum dependence. It is also noticed éhgtand 800 MeV/c kaon laboratory momenta are analyzed using the
og increase as the mass number of target nucleus increasé3WBA with bwuck4 code. The local optical potential needs

(10

IV. CONCLUSION

TABLE IV. The per nucleon total cross section ratios from the present work compared to those [23Ref.

Present From Ref29]

Plab Li/6 C/12 Ca/40 Li/6 C/12 Ca/40

HI2 HI2 THI2 HI2 HI2 THIZ
488 0.986 1.039 0.925 1.016 1.090 1.039
531 0.977 0.992 0.902 0.979 1.038 0.983
635 0.977 1.005 0.932 — — —
656 1.037 1.025 0.928 1.015 1.043 0.947
714 1.049 1.027 0.923 1.013 1.039 0.932
715 1.072 1.033 0.923 — — —
800 1.046 1.023 0.905 — — —
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an enhancement in the dominated ¥I'1-N phase shifts by ~scattering data by the present calculations. The same en-
10% for low-density5Li, but 11-12 % were required forC hancement in the S1IK*-N phase shift is required for both
and “°Ca nuclei. If theK*-N phase shifts increase the elastic and inelastic scattering &f" at a certain energy from
nucleon size will increase; a “swelling” of the nucleon in °Li or 2C nuclei, while it is larger foro,; and o in the
nuclear medium. This means that tKe -N interaction in-  case of°Li, '%C, and“°Ca. In general, these modifications
side a nucleus will differ from the free space. in S11K™-N phase shifts bring all calculations for differen-

The local optical potential is also used to estimate quadtial elastic, inelastic, total, and reaction cross sections and per
rupole noncentral contributions to elaskic’ scattering from  nucleon total ratios more in line with the experimental data.
the 1" ground state ofLi; these make no difference to data, Finally, we conclude that our results from the present
but only gave small contributions to monopole ki at  work based on the DWBA and also suggestions about
large angles. So, the*1spin of °Li can be ignored, and we nucleon swelling[10], with calculations based on the im-
can treat the data in the same way as we did for zero-spipulse approximation, as well as pion excess in nuclei
12C and “°Ca nuclei. It is clear that th&* data and the [38,39, show the possibility of observing some unusual phe-
present elastic calculations show a much less distinct diffracaomena in the " -nucleus interaction. But the investigation
tion pattern than is seen for the strongly absorbed pions. Thisf the in-medium effects in the theory of nuclear reactions is
is expected for scattering from a repulsive potential. Thestill in its early stages and needs more time to clarify and
need for further measurements &f'-°Li scattering is isolate exactly the role played by the nuclear medium in
stressed. relevance to phenomena as described above. But we can

The differential inelastic scattering &f* to the first 3" adopt the ability of the present method to account for elastic
state in®Li and lowest 2 and 3~ states in'?C are calcu- and inelastic kaon data, demonstrating that local optical po-
lated by the present local potential, and this potential has th&ential can serve as a reliable model for kaon-nucleus scat-
ability of reproducing the shape and magnitude of kne  tering.
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