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Quadrupole contribution to K* 8Li scattering
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The quadrupole cross sections #F Li elastic scattering and inelastic scattering to the ékcited state
are calculated using the distorted wave impulse approximation. Comparison is made to recent data to determine
the importance of the quadrupole cross sections and to see if bota'titi and K+ 12C elastic scattering
data can be fit using the sarie -nucleon amplitudeg.S0556-281®8)05603-9
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TheK™ has proved to be a useful probe for investigatingtions to the elastic scattering differential cross section, as
effects of the nuclear medium on the meson-baryon interacaell as the 2(20) contribution to the*3excited state. The
tion. Due to its relatively long mean free path at low ener-reduced matrix elements for the calculation are from Ref.
gies, theK™ can penetrate into the interior of light nuclei. [11]. The reduced matrix elements for thé &elastic tran-
Total cross section data &f* with light nuclei[1] suggest sition were checked by calculating® SLi inelastic scatter-
that theK™ nucleon interaction is enhanced in the nuclearing and comparing to the data of RgL2].
medium. To explain the cross section enhancement, a rescal- We find that theonly significant contribution comes from
ing of the nucleon’s siz¢2], a decrease in the mass of the the 2(20) or quadrupole nonflip pieceand thatboth the
vector mesong§3], and meson exchange currefds-6] have  ground state and* state have comparable cross sections
been considered. It is still not clear what the cause of thiRResults of the calculation fofLi are shown in Fig. 1. The
anomaly is. To complement the total cross section data, elaslotted curve corresponds to the monopole, 0(00), piece
tic scattering differential cross sectiofig] were recently which is the main one. The two dashed curves correspond to
taken on®Li and °C for aK ™ laboratory momentum of 715 DWIA calculations of the 2(20). The lower curve is to the
MeV/c. Published calculation] treat the nucleus as a0  ground state of°Li, and the upper curve to the3state,
state, although the ground state lis=1". Also, the first  which is not resolvable experimentally. The solid line is the
excited stateJ"=3", is only 2.4 MeV above the ground sum of all three contributions. Thus, it is seen from the figure
state and is not at present resolvable experimentally. It ishat for angles less than 22 degrees, the higher order contri-
therefore important to know at what angles the multipolebutions are negligible compared to the monopole fbr.
contributions to the elastic cross section become importantor angles greater than 27 degrees, the quadrupole contribu-
as well as the magnitude of the cross section to thee®-  tions to the cross section become important.
cited state. In this Brief Report, we consider these questions. In Fig. 2 we show the effects of multiple scattering on the

Calculations of the multipole cross sections were carried
out using the distorted wave impulse approximation
(DWIA), the details of which are described in RES). The
transition amplitudeF;; from an initial nucleus to a final
nucleus state is given b i=(W(xitopxi)|¥i) where
|W;) and|W¥;) are the initial and final nuclear states, apd
and y; correspond to the distorted waves of the incoming
and outgoingK *. The distorted waves and elastic scattering
amplitudes, were obtained from the optical potential of Ref.
[9]. The transition operatot,, for the different multipole
contributions is taken to be

top= (No(E)+N1(E)K-K'+iNg(E)o-kxk"a'a (1)
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following Ref.[8]. The complex amplitudes,;(E), are ob- 5 10 15 20 25 30

tained from the phase shift analysis of REf0] at the ap- o) (de )

propriate center of mass energy for the reaction. Neutron and g

proton wave functions for the transition density were gener-
i ; i I

ated using a Woods-Saxon potential of radiusid"3fm. A mentum of 715 MeW. The dashed curve corresponds to the

potential depth of 51.3 MeV (51.6 Me\produces ah=1  ,5hqn0le; (0, piece. The lower dotted curve corresponds to the

r;e_utron (proton) with the experimental binding energy for ejastic quadrupole, (20), piece, and the upper dotted curve corre-
Li. The transition amplitudef-;¢, can be decomposed into sponds to the quadrupole contribution to thé Bnal state. The

spin (S), orbital (L), and total §) angular momentum trans- solid curve is the sum of these three pieces, and is to be compared

fered to the nucleus. Using tii€KS) notation of Ref[11],  with the data of Ref[7], since the 3 final state is not resolvable

we calculated the 2(20), 1(01), 1(21), and 2(21) contribu-experimentally.

FIG. 1. K™ SLi differential cross section fok ™ laboratory mo-
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100 p and a=0.52 fm, satisfy these criteria, giving a charge rms
: radius of 2.54 fm, and good agreement with thé 6Li data
of Ref.[12]. As a check, we used these values ¢oand a
and calculatedr™ SLi elastic as well as inelastic scattering
to the 3" final state. Comparison to the data of REf2],
gave a good fit to both the elastic scattering data and inelastic
scattering to the 3 final state. Good agreement with the
" SLi data gives us confidence that the parameters used in
theK* calculations in Fig. 1 are reliable.
As discussed in Ref.7] it is interesting to compare the
K™ elastic scattering cross sections®ifi to '°C. The domi-
nant systematic error in the elastic cross section data for both
8Li and '2C, due to spectrometer acceptance, is 15%pbut
is common to both data sets as well as normalization uncer-
0 (deg) tainties. In the ratio of cross sections this systematic error is
C.1n. greatly reduced. In Fig. 2 of Rdf7], the elastic cross section
FIG. 2. The effects of multiple scattering “distortion” on the ratio of °C to ®Li is compared to model calculations. Since
quadrupole calculations. The dashed curves correspond to the plaHee form factors and Coulomb effects f8ti and *°C are
wave impulse approximatioPWIA), and the solid curves to the different, the differential cross sections changes differently
distorted wave impulse approximati¢g@WIA). The larger curves with angle for these two nuclei. Thus, the ratio of elastic
are for the 3 final state, and the lower curves for the ground state.scattering cross sections has an angle dependence, which can
mask effects of the medium. We find that a more useful
quadrupole cross section. The solid line corresponds to guantity to compare is the ratio of experiment to theory for
DWIA calculation, and the dotted line to a plane wave im- 12C to the ratio of experiment to theory fSL.i:
pulse approximatioPWIA) calculation. Since th&™* has a
long mean free path antlLi is a small nucleus, the two cross
sections are approximately equall. Fo_r angles petween 10 and d—g(exp) / d—a(theory) for 12C
50 degreesthe DWIA cross section is approximated@% _dQ dQ
that of the PWIAThat is, multiple scattering tends to only Y= do do
reduce the quadrupole cross section by about 20%, and the d—Q(exp)/ gq (theory  for oLi
PWIA calculation is a good approximation.
For a qualitative understanding of the multipole contribu-
tions, the PWIA is both relatively easy to calculate and anawhere for both nuclei, the theoretical differential cross sec-
lyze. Summing over final states and averaging over initiations have the same angular dependence as the data
states, the PWIA calculation for the quadrupole 2(20) tran- Since multiple scattering is small, particularly feiri, the
sition for ®Li is given by forward angle elastic cross section has an angular depen-
dence which is diffractive, similar in shape to the impulse
approximation. Thus, the elastic differential cross section in
the forward direction for both nuclei is mainly determined by
two parameters: the rms radius of the nuclear density, and
E J' i 2 the elementarK "-nucleon amplitude. Fot°C, we used a
]Z(qr)(bfnd’lnr dr . . . _
n=1,2 two parameter fermi density, withc=2.274 fm and
a=0.3979 fm, which successfully fit pion elastic scattering
2 from 2c 9.
As seen in Fig. 3, the angular dependence ofkhe'“C
_ cross section agrees with the data for angles less than 30
wheren=1(2) correspond to the-shell neutron(proton in ~ degrees. Also, fof’Li, the angular dependence for forward
°Li. From the above equation, the large cross section to thgngles in Fig. 1 matches the data well. Having determined
3" state compared to the ground state can be understoogppropriate shape parameters, and hence the angle of the first
First, the reduced matrix eleme(r{'f||(aT><a)2(20)||\Ifi> is  minimum for both nuclei, theK "N amplitude is the next
larger for the 3 final state than for the ground stdited]. most important factor in the calculation of. The solid
SecondJ; is larger for the 3 final state. These two factors circles in Fig. 4 are a plot of for the data of Ref[7] using
enhance the quadrupole cross section to thesgate by a the sameK "N amplitude in'?C as in ®Li. Note that for the
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factor of 6.5 over the ground state. last data point of théLi data the quadrupole contributions
An important ingredient in the optical potential is the are significant.
nuclear density. Following the optical potential R, we In Ref. [7] the 5 experimental center of mass angles of

use a two parameter Fermi density shapp(r)  2C are different than those &Li. We used the experimen-
=1/(1+e"~9'3) The parameters and a are chosen to tal angles of*?C and interpolatedf between the experimen-
give the correct rms charge densisfter convolution of the tal angles of®Li. The ratioY should be 1.0 for all angles, but
nucleon charge form factgrand to have the correct form as seen in the figure, the solid circles are above 1.2 for all
factor for diffractive scattering. We find values©of1.8 fm  angles measured. This demonstrates watwere unable to
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FIG. 3. K* 12C elastic differential cross section fé&" labora- FIG. 4. The ratioY as defined by Eq3) in the text is plotted as

tory momentum of 715 Me\d. The data are from Ref7]. a function of angle. The solid circles correspond to using the same

_ L o - _ . _ K*-nucleon amplitudes in théC and ®Li optical potentials, and
fit both the ’C and °Li elastic scattering cross sections he open circles correspond to usiKg -nucleon amplitudes that

using the same KN amplitudes in both optical potentials  re 15% larger in%C than in °Li.
Increasing thek *N amplitude by 15 percent in th&C

calculation, but not in théLi optical potential produced a i . o -
value of Y near 1.0. These results are shown as the opefonsidered. We were also not able to fit both ke °Li and

circles in Fig. 4. 12C elastic scattering data using the sakié-nucleon am-

In conclusion, we have shown that the quadrupole contriplitudes for both nuclei. Increasing th€"-nucleon ampli-
butions, 2(20), for both elastic and inelastic scattering to théude in *2C but not in the®Li optical potential allows both
3" final state are important for angles greater than 25 dedata sets to be fit. This modification does not change the
grees for thek™ ®Li scattering data of Ref.7]. For an ac- shape of the elastic differential cross section for small angles,
curate comparison with this data, and for future calculationdut merely increases the magnitude of tH€ calculation
of K* SLi scattering, these quadrupole contributions must beelative to thebLi calculation.
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