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K™ -nucleus relativistic mean field potentials consistent with kaonic atoms
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K™ atomic data are used to test several models okthenucleus interaction. Thgp)p optical potential,
due to coupled channel models incorporating A{é.405) dynamics, fails to reproduce these data. A standard
relativistic mean fieldRMF) potential, disregarding tha (1405) dynamics at low densities, also fails. The
only successful model is a hybrid of a theoretically motivated RMF approach in the nuclear interior and a
completely phenomenological density dependent potential, which respects the low density theorem in the
nuclear surface region. This bestifit” optical potential is found to be strongly attractive, with a depth of
180+20 MeV at the nuclear interior, in agreement with previous phenomenological analyses.
[S0556-28189)06008-2

PACS numbgs): 24.10.Ht, 13.75.Jz, 36.10.Gv

[. INTRODUCTION sured by its success to reproduce thgl405) dominance of
the near-threshol& ™ p physics. In Sec. IV we describe the
The interaction and properties &~ mesons in nuclear application of the RMF approach, in which the choice of the
matter have attracted considerable attention in the last fewcalar and vector couplings is motivated by(Sland by the
years, as may be gathered from the recent reviews in th@uark model. This approach, which violates the low density
Dover memorial volume of Nuclear Physics[A—3] and the  limit by disregarding theA (1405), also fails to reproduce
references cited therein. Among the topics discussed was tif@tisfactorily theK™ atomic data. A good fit to the&™
question of kaon condensatiga] in dense nuclear matter atomic data can be made only at the expense of a large de-
and the possibility of the onset of such condensation in neuRarture of the fitted RMF scalar and vector couplings from

tron stars{5—7]. Formation of the condensate would soften tN€ir underlying theoretical values. Finally, in Sec. V we
the equation of state of baryonic matter and consequenti{troduce a hybrid model which combines the RMF potential

would reduce the upper limit for the mass of neutron stars orm in the nuclgar interior with a pherjomgnologmal DD
i - form at low density. We show that within this model, and
Such scenarios depend on the depth of the attradfive

optical potential at normal nuclear densities where ex eri—reSpeCting the low density limit, it is possible to fit reason-
P P L . P ably well the atomic data with only a moderate departure
mental information is available.

Theoretical considerations based on one boson exchan from the theoretically motivated RMF couplings. The results

(OBE) models, coupled channel chiral perturbation theory%? this work are summarized and discussed in Sec. VI.

approach, or relativistic mean fie(®@MF) models, yield for
the attractive real part of th€ ™ nucleus potential at thresh- Il. DENSITY DEPENDENCE: PHENOMENOLOGY
old depths in the range between 70 and 120 NI&V3]. The

: Lo The interaction ofK ™ with the nucleus is described by
reason for such a spread of the predicted values lies in th . . .
diversity of treating the\ (1405) hyperon, which is consid- t%e Klein-Gordon(KG) equation of the form presented in

Ref.[12]:

ered to be an unstableN bound state just below thi€ " p
threshold. The purpose of the present work is to test some of 2. 12 24, o
theseK™ nucleus interaction models by confronting these [VoHk =28 (k) (Vopt Vo) +Vc]4=0  (A=c=1), B
models with kaonic atom data. This is particularly topical,
since recent fit$8,9] to the K™ atomic data using a purely _
phenomenological nonlinear density depend@) optical ~ Wherek ande(k) are theK™-nucleus wave number and re-
potential yield a rather different value for its real part in the duced energy in the c.m. system, respectively, ¥pds the
nuclear interior, R¥ o= — 20020 MeV. The effect of the Coulomb interaction of th& ™ with the nucleus. The phe-
A(1405) is taken into account in these fits implicitly by im- Nomenological DD potential of Friedmazt al.[8,9] is given
posing the low density theorem. at threshold by

In Sec. Il we briefly review the phenomenological fit to

the K~ atomic data using a DD optical potentid,9]. The 2

results of applying the chirally motivated coupled channel 2uNVop(r)=—4m| 1+ —]b(p)p(r), @
approach due to Weise and collaboratpt,11] are dis-

cussed in Sec. lll. We find that this microscopic model, in its o

present form, fails to reproduce satisfactorily e atomic b(p)=by+ By ﬂ) , 3)
data, in spite of the correct low density limit which is en- Po
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where u is the K™ -nucleus reduced masby and B, are 2 - - - .
complex parameters determined from fits to the dates, the
mass of the nucleon ane(r) = p,(r) +py(r) is the nuclear
density distribution normalized to the number of nucleéns
andp,=0.16 fm 2 is a typical central nuclear density. For
a>0 and p—0, the second term on the right-hand side
(RHS) of Eq. (3) vanishes and the optical potential of E&)
assumes thetp form. Furthermore, for by=-0.15
+i0.62 fm (equal to minus the fre& ™ N scattering length
the low density limit is satisfied, so that the potential is re- 1
pulsive in the low density region, reflecting the presence of\f

the subthreshold (1405) unstable bound state. Since any fit &

to the data yields ReB,+bg)>0, such potentials become E
attractive in the nuclear interior. For the best-fit DD poten- @

tial, the transition from repulsion to attraction occurs near 05
p/pp=0.15, the depth of this attractivé, at p, is then
about 190 MeV. For a detailed discussion of the DD poten-
tials as well as of thg? fits to the kaonic atom data see Ref.
[12]. Here we note only that the full data base for kaonic
atoms, containing 65 data points over the whole of the Peri-
odic Table, was used in the fits, which yieldgé per point
around 1.5, representing good fits to the data. Such fits will
serve as a reference to the quality of fits attainable with othel
models, as is discussed below. For comparison we note the -0.5
the best fit(everywhere attractiyetp potential is consider-
ably shallower than the best fit DD, but wigf/N~2.0 it is
also significantly inferior to the latter.

15
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FIG. 1. Solid curvesb(p) from the coupled channel model

[11], for a hypothetical nucleus whose density distribution is shown
Ill. DENSITY DEPENDENCE: THEORY by the dashed curve.

Weise and collaboratoi$or a recent review see Rdfl])
iterated the lowest order chiral effective interaction between
the pseudoscalar meson octet and the baryon octet inta attraction beginning nearp/py=0.1, where pq
Lippmann-Schwinge(LS) coupled channel matrix equation. =0.16 fm 3. The depth of this attractive real potentialgat
For S=—1, the parameters of the model were fitf{d@] to s then about 120 MeV. These observations remain in place
both the low energiK N observables and to theS, spectrum  @lso when refined varianfd 3,14 of the model are used.
which provides the major evidence for the=0 A (1405) For ImV,, which is due to the one-nucleon absorption

KN unstable bound state 27 MeV below ke p threshold. proce.sse:%(f N._’ mY, we T‘Ot"—‘ that. It deviates significantly
The LS coupled channel equations were then solved in thgoh1 linearity in the density, p_remsely at the low density
nuclear mediunii11], taking into account the Pauli exclusion r_iglc;n whefrcle Rzopt chTar?ge's Sr']gna owing to t'he reks]onankc]:e—
principle in the intermediate nucleon states, as a function ollI € ?)r(;n cr’] m : (p). This 'Slzoes ensity rer?lon Vr\]’ ﬁlrée,t €
the Fermi momenturp,. within the Fermi gas model. Fermi couPled channel generatéd(1405) moves through t

motion and nucleon binding effects were also considered bL}preshold and, therefore, it is there where it exercises a strong

turned out to play only a secondary role. We have reprolnfluénce on the&<™ atomic states. ,
pay ony 4 P For nuclei withN>Z, the generic fornb(p)p(r) in the

duced in the present work this calculation and Fig. 1 shows
P g potential(2) actually stands fob,(pp)pp(r) +bn(pn)pn(r).

the in-medium isospin-averagé&N threshold scattering am-  This more general potential was used in the KG equaflon
plitude b, which is a function of the corresponding local 1, eyajuatek ~ atomic shifts and widths for the same data set
nuclear density. It is instructive to plot(p) as a function g nioved in Sec. II. The value f? per point is then close
of position for a hypothetical nucleus with density repre-y, 15 ‘ronresenting very poor agreement between predictions
sented by a Fermi function with a radius parameter of 5 fmg,q ey periment. Applying fudge factors to the density depen-
a diffuseness parameter of 0.5 fm, and a central density Gient amplitudes we can obtain reasonably good fits to the
0.16 fm°. The K™ nucleus optical potential, for a self- a5 only at the expense of introducing unphysically large
conjugate N=2) nucleus, is then given by E@) in terms 5 ifications of the elementary amplitudes, e.g., by a factor
of b(_p)' ) ) of 0.1 for theK ™ p and by a factor of 2.4 for th&K™n

Itis clear from Fig. 1 that Ré,,, changes from repulsion  interactions. The results are essentially unchanged if we use
(due to the subthreshold (1405)) in the limit of p=0, 1o present microscopic approach only for the real potential
where it satisfies the low density theorem witljp=0)  \yhile employing a phenomenological approach for the
given by the free-spackN threshold scattering amplitude, imaginary potential, or vice versa. It is therefore concluded
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TABLE I. Parameters of the various optical potentials that fitkheatom datasee text by andB, are
in fm, underlined quantities were held fixed during the fits; 1/3 and 0.310.08 for the hybrid and DD
models, respectively.

a, a, bo ReB, ImB, X2IN
RMF(L)-in L L i(1.12+0.50) 18.0
RMF(L)-fit 0.75£0.03 —0.73t0.09 i(0.48+0.09) 1.53
RMF(L)+DD QM 1(0.60+0.01) —0.15+i0.62 1.950.06 —0.19+0.04  1.40
RMF(NL1)+DD QM £(0.70+0.03) —0.15+i0.62 1.78:0.05 —0.20+0.05  1.39
RMF(L)+DD SU(B)  $(1.21+0.04) —0.15+i0.62 2.01-0.06 —0.19+0.05 1.49
RMF(NL1)+DD SU(3)  1(1.30+0.02) —0.15+i0.62 1.830.05 —0.19:+0.05 1.47
DD o —0.15+i0.62 1.79%0.08 —0.22+0.08 1.28

that although the correct low density behavior is built into A (1405), ReVo>0 asp—0. For nuclei withN>Z, the

the model, consistently with the effects of th¢1405) reso-  tential should include also an isovector part due to the
nance, this microscopic model fails to describe the interaci,iaraction of thek ~ with the p meson field. However, this
tion of K™ with nuclei at threshold. Comparing the optical \\ a5 omitted from the present calculations as it was found to

potentlal of this model tq t.he successful pu're_ly phenomenohave marginal effect in previous analyses of kaonic atoms
logical model of Sec. I, it is apparent that fitting to the data[8 9,17

excludes a sizable enhancement ofb(m) in the outer
nuclear surface and, furthermore, the presence of two distin<‘2t4
extrema of Reb(p) in this region.

In order to avoid calculating RMF real potentials for the
different nuclei contained in the full kaonic atoms data
base[9], we have first confirmed that using a reduced data
set of only 11 points for carefully selected four atoms,
namely O, Si, Ni, and Pb, produces all the features observed

In the derivation of R& within the RMF approach we in the potentials obtained from fits to the full data set, in
make use of the standard Lagrangian for the nucleons witRgreement with the results shown in Table 2 of Regl. As
the linear parametrizatiofL) of Horowitz and Serof15]. & guide we used fits of the phenomenological DD potential
For comparison, we quote below results also for the nonlin®f Sec. Il to this reduced data set. Since the RMF approach
ear parametrizatiofiNL1) due to Reinharckt al. [16]. The does not address the imaginary part of the potential, the latter

antikaon sector is incorporated into the model by using thé'@s to be treated on a more empirical basis, as done for
Lagrangian density of the foriv] example in recent RMF treatments of hyperon-nucleus inter-

actions at intermediate energig®], and of> "~ atoms[20].
_ _ _ Therefore, for RMF real potentials of the for(®), the imagi-
L=, 0" h— Mg hip— Gk My hifr nary part of Eq(2) was used within a phenomenological DD
_ — — — form, and also within the microscopic approach of Sec. I,
19k (0, 0" =0, o) +(duk@,) Y. (4)  and its parameters were fitted to the data.
In order to construct the RMF R&y;; of Eq. (5) in terms
The LagrangianCx describes the interaction of the antikaon of the scalarS and the vectoV potentials, one needs to
field () with the scalar ¢) and vector () isoscalar fields. SPECiya, anda,,, whereay=gm/gmn- The quark model
The corresponding equation of motion f&r in a z=N  (QM) choicea,=a, =3, as expected from naively counting
nucleus can be expressed by the KG equatinwith the  the nonstrange quarks in tli€ with respect to those in the
real part of the optical potential given at threshold by nucleon[21], leads to a very poor fit to the data, as is clearly
seen in Table | for this RMF-in potentiéther parametriza-
tions of ImV,, led to invariably poor fits Therefore, in the
next stage, we treated both. and«,, as free parameters and
searched for their best fit values. In this particular case, the
whereS=g,xo(r) andV=g, xwo(r) in terms of the mean effects of theA (1405) which are expected at low densities,
isoscalar fields. Similar considerations have been made re&re not includeda priori. The best fit potentialdenoted by
cently for the interaction of kaons with nuclgi7]. Note that RMF-fit in Table ) consists of a strongly attractive vector
for antikaons, the vector potenti® contributes attraction, potential and a stronglyepulsivescalar potentialnote the
just opposite to its role for kaons and nucleons. Each of theninus sign fora,,). The optical potential R¥, correspond-
three terms on the RHS of Ep), thus, gives rise to attrac- ing to these coupling ratios is attractive in the nuclear inte-
tion. Consequently, it becomes impossible to satisfy the lowior with the depth of about 190 MeV, in close agreement
density limit which requires that, due to the subthresholdwith the DD potential§12]. The solid curve in Fig. 2 shows

IV. RELATIVISTIC MEAN FIELD
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0.0 - - - . =TT region where th& ™ interaction with the nuclear medium is
affected by theA (1405). In this region, since no theoretical
model has been shown to be successful, we adopted the DD
potential of Friedmaret al. [8,9], as described in Sec. I,

- which takes the effect of tha (1405) hyperon into account
at least phenomenologically by imposing the low density
limit. On the other hand the RMF description is well justified
within the nuclear interior, for densities larger than about
0.20¢, where the effect o\ (1405) can be neglected as dem-
onstrated in Refd.11,27. We have therefore combined the
two approaches into a hybrid model as follows.

In the hybrid model, the functional RMF form E(p) is
used in the nuclear interior for R&,;, whereas the purely
phenomenological DD form Ed?2) is used in the surface of
the nucleus and beyond. The radRig where the two forms
are matched to each other is choserRgs~R,+0.1 fm,
where p(R1) = po/2. The sensitivity to the choice dRy,
was checked and found to be small. The value chosen corre-
sponds to the minimal spread of the fitted coupling constant
ratio «, for the various nuclei. The densip(Ry) is suffi-
ciently high to justify using the RMF approach, and suffi-

-250.0 . ' ' ' ' ' : ciently low so that the atomic data are still sensitive to the
00 1.0 20 30 r‘(‘f',?,) 50 60 70 80 RMF form. Figure 4 of Ref[12], and in particular Fig. 3 of
Ref. [18] for Ni, show that by analyzing kaonic atoms one

FIG. 2. Real optical potentials for kaonic atoms of Ni: dasheddetermines the real part of th€™ nucleus DD optical po-
curve for the RMRL) input potential(only ImV,,; adjusted, solid  tential up to p=0.9,. This is well above the density at
curve for the RMKL)-adjusted potential, and dot-dashed curve forwhich the RMF form takes over in the present approach.
the phenomenological DD potential. Fitting to theK ™~ atomic data, the RMF vector coupling

constant ratiax,, was kept fixed, guided by theoretical con-
this best fit RMKL) potential for Ni. Also shown in this siderations, and the RMF scalar coupling constant ratjo
figure are the DD potential for this example of Ni and thewas varied together with the parameters of the DD real po-
QM input RMFL) potential with @, = a,=3. The best fit tential form (for r>Ry,). For the imaginary potential, since
RMF potential is steeper in the surface region than the inputhe RMF approach does not provide any specific prescrip-
RMF potential, and it becomes, in fact, repulsive at largetion, the purely phenomenological DD potential form was
radii. Kaonic atoms data thus force the RMF potential toused throughout. For the coupling constgpk we used ei-
qualitatively satisfy the low density limit of being repulsive ther the constituent QM value =31, or the SU3) relation
at large radii. The sizable departure of the fitted values of theg,,«=g,,=6.04 [denoted by S(B) in Table I|. Table |
parametersy, and«,, from those of the input QM values, as shows that the various hybrid RMMDD potentials describe
well as the sharp decrease p#/N associated with the RMF  the data reasonably well with?/N values of 1.4-1.5.
fit (see Table), reflecta posteriorieffects of theA (1405) at Figure 3 shows the hybrid RME)+DD best fit real po-
low densities. Various choices for the functional form of tentials for Ni, for the QM and S(3) options. The DD po-
Im V,; Were tried, leading to qualitatively similar results re- tential is also shown, for comparison. It is seen that the
garding the reversal &(r) from attraction to repulsion. The depths of the hybrid real potentials in the nuclear interior for
imaginary part of the potential used in the RMF fits specifiedthe different values ot are about 185 MeV and are very
in Table I and shown in Fig. 2 was taken in thieform. Itis  close to each other, and also to the depth of the purely phe-
also seen from Table | that IV, is well determined for the nomenological DD potential. We note that omitting té
RMF-fit potential, with a depth of about 60 MeV, close to term in Eq.(5), and refitting theK ™~ atomic data, the result-
the value expected from the low density limit. This featureing depths are smaller than the RMF+DD depths shown
remained essentially unchanged in the subsequent fits dig Fig. 3 by less than 10 MeV.
cussed below. Figure 4 shows the dependence of the RMPD best fit
real potentials for Pb on the type of RMF model used: the
linear model L[15], and the nonlinear models NL[16] and
NLS [23]. The latter nonlinear model, due to Shargtaal,,

The existence of tha (1405) resonance poses a difficulty Was showri24] to fit particularly well the Pb isotopes, and it
for the RMF approach if the parametets, are allowed to IS therefore gratifying that it yields a very similé, to that
deviate only moderately from the values suggested by théor the linear model. The QM valuer,=1/3 was used
underlying hadron symmetries. It is also clear that a meafroughout these best fit potentials. -
field model cannot be applied reliably in the low density It is interesting to note the following expression for te

kaonic atoms of Ni 7

-50.0

-100.0

Re V., (MeV)

-150.0

-200.0

V. HYBRID MODEL
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FIG. 3. Combined RMHR.)+DD best fit real potentials for Ni: FIG. 4. Combined RMR-DD best fit real potentials for Pb using

solid curve for the QM version, dashed curve for the(®Wersion, the QM version, see text. The solid curve is for modgllE], the
see text. Also showrdot-dasheglis the phenomenological DD po- dashed curve is for model NLI16] and the dotted curve is for
tential. model NLS[23]. Also shown(dot-dasheglis the phenomenological
DD potential.
real potential(attractive depth:
. (S=1) K-nucleus potential deptt ) which can be derived
(a,Uy") 6 fom Eq.(6) reversing the sign ofr,,. The QM choice yields
2mg 66 MeV repulsivedepth, whereas the $8) choice yields 14
MeV attractive depth. Allowing «, to depart moderately,
in terms of the nucleon vector and scalar potential depthssay, from the QM value, it is possible to get a comparable
respectively, which for the linear model L in the mean field K~ atomic fit which yields a repulsive depth®® at thresh-
approximation are given by old of about 30 MeV, as expected from the scattering length

U(;)=%aUU(SN)+ awUs,N)—l—

g2 i approximationsee Eq(11) of Ref.[2]]. The value ofu(¥)
US/N):me%Nv U(sN)=PsH02N’ 7) E(; t(rg)s fit remains remarkably close to the value given by

" The present values af,, and «, are not directly related
wherepy and pg are the nuclear vector and scalar densitiesy; the ones encountered in calculations of two-bdeiy

respectively, evaluated at nuclear matter density. Analogoughase shifts. For example, the OBE potential model A of
expressions for the potential depths of hyperons in nucleagiiiigen et al. [27], which uses the Bonn potential coupling
matter were discussed '”7'39@5’2@- Forpy=po andps  constantsy,, in the nucleonic sector, treats, and a,, as
=0.900, with po=0.16 fm"*, Eq. (6) yields for model L free parameters. Although their value @f =0.312 is very
— close to the QM valug adopted here in one of the hybrid
U®=189 MeVv (QM), 181 MeV [SU®3)], (8  model fits, the magnitude af,, is somewhat larger in their
) ) ) _calculation than that used in the RMF calculation of Horow-
in excellent agreement with the results of the fits shown ini, 5ng Serof15] adopted in the present work. Hence the

Figs. 3 and 4. Thus, for a given model fay,, fitting to the o ) .

= i i ) LK) vector contribution th. .vvoulld be correspo_ndlngly larger
K™ atomic data yields a value far, which results inU than the vector contribution in our calculations. However,
~185 MeV. This depttu ) clearly has more physical con- their value of a,=0.158 is considerably smaller than the
tent than the separate values,, given in Table | for the values obtained in our hybrid model fits, so that the scalar

coupling-constant ratios. We note in passing that this apgontribution toU®) is almost negligible, less than 20 MeV,
proximate model independence Wf*) is not shared by the for their parameters. Altogether, the parameters of model A
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of Ref.[27] would yield U= 175 MeV, fortuitously close t€fing conventional approach W, breaks down for the™

to our hybrid model fit values of E48). Subsequent studies nucrl]eus system, unless a self clonS|stency requwemegt similar
ar - 1 L 4 - -

by the Jlich group of theKN system[28] and of theKN {o that considered very recently by L#4] is imposed on

. : . theK™ optical potential. However, this self-consistent treat-
s_ystem[29] relied on model B of.Ref[27], using an addi- ment gives even shallowét™ nucleus potential than due to
tional scalar meson exchange with unspecif@garity na-

) . the coupled channel model of Refl0,11. Finally, we
Iﬁrees.elt/vlgrllzseyond the scope of the present paper to d'scuﬁﬁention attempts to construct microscopically the density

dependence df,,;, considering explicitlyA (1405) degrees
of freedom, by using & (1405) particle-nucleon hole model
VI. CONCLUSION fc_)r the nucllear (_axc_:itations invol\ie(cﬂzef. [_35] and references
cited therein. Limited sets of K™ atomic data have been
To summarize, by testing several models of ke fitted in such models, at the expense of introducing new pa-
nucleus interaction, we have found that only the hybridrameters that have to do with the hypothesized complex
model RMF+DD optical potentials lead to a good agreementmean field experienced by the(1405). The simplest term
with the existing atomic data. These potentials have an athat must be added to the underlying Lagrangian, in order to
tractive real part in the nuclear interior with a depth of 180enforce such attempts, is an effective four Fermi interaction
+20 MeV. This result confirms previous phenomenologicalinvolving bothN and A (1405), with unknown coupling con-
DD analyse$8,9,12 where the density dependent potentialsstant. The problematics of this approach are discussed in Sec.
are constrained to respect the low density limit, thus includ5 of Ref.[32].
ing implicitly effects of theA (1405) resonance. The failure of the RMF model, with couplings not too
The failure of the chirally motivated coupled channel dissimilar to those motivated by the QM or &), is less of
model [10] to produce reasonable agreement with Kie  a theoretical concern, since the resultWig, which is attrac-
atomic data is disturbing, since the input free spaGe tive everywhere ignores the effect of th€1405) by violat-
=0) to theK™ nucleus potentiaV/,,=t(p)p is constrained ing the low density limit. It appears that a necessary condi-

in this model by the available low enerd$N experimental tion for Vo, to produce a good agreement with the
data. Recall that the model generates dynamically the suifomic data is that it behaves properly at low density. This is
thresholdA (1405) unstable bound state which is believed toth® prime motivation for introducing the hybrid RMMBD
dominate the low energ ~p physics. The parameters used model in Sec. V. Previous appllcatlon_s of the RMF approgch
in Ref.[11] have been updated in R¢L3]; furthermore, the 10 theK™ sector([2] and references cited therein plus, quite

k meson coupling model calculation
KN— =Y coupled channel mod¢lL0] has been recently ex- recently, the related quar S upiing uat

tended to include alsa)Y andK= channels14], Yet, the [_36]) have not been meaningfully constrained by low energy

depth of the resultindd~ nucleus optical potential has re- KN data. It is worth recalling in this context that the RMF
mained low, about 100 MeV according to REB0]. How- nucleon couplings, also, do not follow directly frodN
ever, the spectacular failure of the chirally motivated coupledi@ta, although they roughly follow from the Lorentz struc-
channel models ¥2/N~15) cannot be linked just to the ture of several OBENN potential models. However, for the
depth of the potential in the nuclear interior, since tpe ~RMF approach to assume a broad validity in hadronic phys-
potential which fits relatively well ¢2/N~2) theK ~ atomic IS, one would like the couplings in thg=—1 strange sec-
data is also found to have a depth of about 100 NI&%]. In tor to be related to those in tHfe&=0 nonstrange sector, as

summary, it is fair to state that these model extrapolations ofuggested by the underlying symmetries governing hadron
structure, such as the QM and &YJused here. This harmo-

‘nious viewpoint is only partially successful in RMF studies

! i . i . of hypernuclei37] and of ~ atoms[20]. Similarly, for the
The optical _potentlat(p_)p is the first order te”!" Ina coupling ratios determined by fitting the hybrid RMBD

multiple scattering expansion ¥, (€.g., Ref[31]). Higher model to theK™ atomic data(Table I), moderate departures

order terms are not necessarily negligible. The second ord%érgcur from a pure adherence to the QM, or to the(BU

term isl dge to nuclear ps\'/r correllaggns arlld ha; taeenﬁstutdle upling ratios. We conclude that the hybrid model poten-
recently by two groups. Wazet al.[32] evaluated the effect ;. " oresent the most theoretically inclinéd nucleus

d : ; i
of Paul_l and of short range corre_latlons and found Itto be O{)otentials which are worth using for extrapolating into high
a relatively medium sizedepulsive nature. Pandharipande density matter

et al. [33], in a calculation geared to high density neutron
stars, found larger repulsive contributions. The leading
power of the density with which nuclear correlations affect
Vopt is p*3. We note, however, that the purely phenomeno-  This research was partially supported by the Israel Sci-
logical best fit DD ReV, specified in Table | is dominated ence FoundatiofE.F), by the U.S.-Israel Binational Science
in the nuclear interior by amttractive p** term. Thus, the Foundation(A.G.) and by the Grant Agency of the Czech
above two model$32,33 give rise to a considerably shal- Republic (A.C. and J.M., Grant No. 20204%2J.M. ac-
lower K™ nucleus potential in the nuclear interior than the knowledges the hospitality of the Hebrew University. A.C.
best fit DD potential. This discrepancy poses a major theothanks T. Waas for useful information on the subject matter
retical challenge. One cannot rule out that the multiple scatef Ref.[11].

the KN dynamics at threshold, from free space to finite den
sity, fail to pass a quantitative test Kf atoms.
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