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Onset of hyperon formation in neutron star matter from Brueckner theory
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We determine fully self-consistent single-particle potentials and chemical potentials of nucleons and hyper-
ons in asymmetric nuclear matter, using an extended Brueckner-Hartree-Fock formalism. We carefully analyze
the onset of2,” and A formation in 8 stable and charge neutral matter. The role played by the three-body
nucleon interaction is widely discussed. The results indicate that formation of hyperons sets in #2aBput
times normal nuclear matter density, for all the different nucleonic equations of state that are considered.
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I. INTRODUCTION Me= My, (1a)

The properties of neutron sta(blS) [1] depend on the Bn= Mpt He, (1b)
knowledge of the equation of stateOS over a wide range

of densities, i.e., from the density of iron at the star’s surface 2mn= ppt+ s -, (10
to several times the density of normal nuclear matigy (

~0.17 fm 3) encountered in the core. Obviously determin- U= A (1d)

ing the EOS over such a huge density range is a hard task.
However, as far as the crust of a NS is concerned, rathahat are specific cases of the general formula
reliable EOS's are available in the literaty&. In the mod-
erately dense regimey~pg, the matter consists mainly of u=bu,—que, 2
nucleons and leptons, but at higher densities several more
species of particles may appear due to the fast rise of thstating that the chemical potential of any particle is a linear
baryon chemical potentials with density. Among these newcombination ofu,, and u., weighted by the baryon number
particles are strange baryons, namely, theX, and= hy- b and the electric charge numbeircarried by the particle.
perons. While the chemical potentials of the leptons are simply
The hyperon thresholds are reached at densities of abogiven by the free noninteracting expressidesg., for the
(2-3 times normal nuclear density or larger, the exact valueelectron u.~ (372pe) Y in ultrarelativistic approximatiol
being strongly dependent on the nuclear equation of stateéhe chemical potentials of the baryons as functions of total
This dependence is traditionally investigated within relativ-density and concentrations need to be determined by a mi-
istic mean field 3] and more phenomenological approachescroscopic calculation due to their strong interaction with the
[4] to the effective nucleon-nucleon and nucleon-hyperon inbaryonic environment.
teractions, and a wide range of possible values of the thresh- In this article we present such a microscopic investigation
olds is usually obtained, according to the chosen set of pawithin an extended BHF scheme that allows us to determine
rameters. It appears therefore appropriate to pin down athe chemical potentials of the different speciesp(A,2 )
accurately as possible the hyperon onset densities within ia a fully self-consistent manner. This requires in general the
microscopic, parameter-free scheme. knowledge of the nucleon-nucleon, nucleon-hyperon, and
In this work we will examine the onset &~ and A hyperon-hyperon strong interaction potentials in the various
hyperon formation within the framework of the Brueckner- channels. We use in our calculation the Pd8$ and the
Hartree-Fock BHF) theory. We will neglect the possible ap- Argonne V4, [9] nucleon-nucleon interactions, eventually
pearance of other species like piofd and kaong6], as  maodified by a three-body nucleon interactiogrBF). As dis-
well as the possible formation of quark matter at high densitycussed in Ref.10], the inclusion of TBF in the nuclear mat-
[7]. These phenomena lie outside the scope of Bruecknder equation of state is essential in order to get the correct
theory that is applied here. saturation point. In this work, special emphasis is put on the
Due to its negative charge, the~ hyperon is the first role played by the TBF in the hyperon threshold densities.
heavier baryon naively expected to appear with increasing As far as the nucleon-hyperon interaction is concerned,
density in the reactiom+n—p-+X~ (or n+e—3") in  we use the Nijmegen soft-corfd 1] potentials. However,
spite of its substantially larger mass compared to the neutrdhere are currently no realistic hyperon-hyperon potentials
A hyperon Ms-=1197 MeVM , =1116 MeV). available, due to the quasicomplete lack of experimental con-
Quantitatively the concentrations of the various species irstraints. Fortunately, for small hyperon fractions that are ex-
the dense matter are determined by the condition of chargeected ing stable matter, and in particular for the purpose of
neutrality together with the equality of chemical potentialsdetermining theonsetof hyperon formation that will be dis-
(including rest masseon both sides of the possible weak cussed here, the knowledge of the hyperon-hyperon interac-
interaction reaction equations. In particular we have tion is not required.
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Il. FORMALISM lows one to compute tha and3 ~ single-particle potentials

without extending the scheme X and> *.

We briefly outline our formalism in the following and D .
. . . The total nonrelativistic energy density of hyperon-free
refer to Ref[12] for a detailed presentation. In relation to a : -
asymmetric nuclear mattee, and the total binding energy

usual purely nucleonic BHF calculation, the problem is com- or barvonB/A. can be evaluated from the nucleon sinale-
plicated by a coupled-channel structure: Whereas for thgarticley ot,entiéIS' 9
nucleon-nucleon interaction there are only two separat@ P '

channelsnn, np, or, equivalently, total isospinr=0,1, 1 [ K 1
strong interaction transitions link the different nucleon- €= E — | 7 dk kz(erEUN(k)), W)
hyperon channels with given total charge, namely N=np T Jo N
(nA,n2%p3 ") and EA,p2°nS ™). There are in general B
2x6+2 different potentials °__ € )
A pntpp
\Y Vv o V -
(nA)(nA) (nAY(nZ5) (nA)(P27) They depend on the total density of the systemsp,
Vinsoma)  Vinsomso)  Vinsoyps-) |, +pp, and on the proton fractiox=p,/p.
Vipsyma) Vs )ms®  Vips-)ps) The knowledge of the total energy as a function of total
density and concentrations allows one to compute the chemi-
Vonmy  Vonesd  Vipans+ cal potgntlgls of the various b_aryons that are required for the
Vv Vv Vv determination of the equilibrium composition @ stable
(pE0)(pA) (p20)(p20) (PEO(nzh) |, matter. The neutron and proton chemical potentials in asym-
VisHipa) Vis+)ps0)  Vins+)mns+) metric matter are given by
Vins sy Vips st - &) de B (9 9B
(n=7)(nx7) (P2 T)(pZ™) X)=—=—4|p——x—|—
Hn(p;X) oo AT Pa X A (9a)

Based on these potentials, the varigisnatrices are evalu-
ated by solving numerically the Bethe-Goldstone equation _Jde B d J\B
[13], written schematically[the indices a,b,c indicate pp(pX)= =g F| po+(1=x) |+ (9b)
. Pp p
nucleon-hyperon pairs\Y) as abové
As is well known[13,14), in Brueckner theory the following
, Q. , relation holds between the chemical potentiabf a species
Gab[W]=Vab+§ E VadPP") = Ec+ie<pp Gl W] and its Fermi energyer=k2/2m+U(kg), as determined
PP (4)  from the single-particle potential:
with the angle-averaged Pauli opera@mand energyE of a p=eptUs(ke) -+, (10

nucleon-hyperon pair: where the higher order terms represent the so-called rear-

rangement contributions to the single-particle potential. They

2 2
Eny = 4 Y 4 ReUy(ky) +ReUy(ky) +my+my . were recently calculated for pure neutron matter and found to
2my - 2my be rather small15]. In particular it is worth noting here that

®) in pure neutron matter the second ordar the hole line
expansioh contributionU, vanishes for all species different
from the neutron, in particular for the proton and the hyper-
ons.[This is so sincdJ, represents the conversion ofreeu-
tron) hole state into a particle staj&his fact allows one to

The hyperon single-particle potentials are given by

UY(k)=N§np UM (k)

=> > (KK'|Gnvy Ny Eny) (K K" TIKK')
N=n,p kr<k5:N)

reliably approximate the hyperon chemical potentials by
their Fermi energies.

Furthermore, knowing the chemical potentials, the proton
fraction x in hyperon-free matter is obtained by solving the
relevant equations for chemical equilibrium and charge neu-

(6) trality,
and have separate contributions due to the neutrons and pro- Me=Mu=Hn— fp, (119
tons in the environment. The previous equations define the
BHF scheme with the continuous choice of the single- X=Xe+X,, . (11b)

particle energies. Due to the occurrencéJgf andUy in Eq.
(5), the set of equation@)—(6), together with the appropri- Equations(11a and(11b) form a system of three equations
ate ones for the nucleons, constitutes a coupled system thiax the three unknown variables x., andx, , which can be
has to be solved in a self-consistent manner. Currently wsolved numerically. In practice, the solution is uniquely de-
retain only one approximation in order to reduce the extentermined by the quantity

sive computing time, namely we assume that the single-
particle potentials of the three typesdfhyperons appearing

0 B
in the energy denominator of E¢4) are all equal. This al- Lin= ppl(p2) == 20 2 (P, (12
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FIG. 1. Nucleon ,p) and hyperon¥ ~,A) single-particle potentials in asymmetric nuclear matter of normal depgity0.17 fm 2 and
varying proton fractiorx=0.0,0.5(0.1)(from left to righy. The vertical lines denote the positions of the neutfsolid line) and proton
(dashed ling Fermi momenta. Results obtained with the Pé&ap row) and the Argonné&/,, (bottom row nucleon-nucleon potentials are
compared.

It turns out that in the BHF approximation the binding en- [ll. RESULTS AND DISCUSSION
ergy per nucleon in asymmetric matter depends to a good
approximation quadratically on the asymmetry parameter
B=1—2x (parabolic approximation[16], i.e., We come now to the presentation of our results. We begin
in Fig. 1 with the display of the single-particle potentials
(13) (real part$ of neutrons, protonsA, and X~ hyperons in
asymmetric nuclear matter of normal nuclear dengityp,
and varying proton fraction=p,/p. The calculations have
been performed with either the Pafigpper pangl or the
?Argonne V14 (lower panel nucleon-nucleon potential. We
see that for pure neutron mattee= 0) the proton mean field
19B U(k=0) is much deeper<£ — 105 MeV) than the one of the
Esyrlp) == 7 o a(p.x=0) (14 neutron &—55MeV), due to the strong attraction in the
3SD, channel of the proton-neutron interaction. With in-
B B creasing proton fraction the two curves approach each other
~ K(p,ﬂZ 1)— K(p,ﬁzO). until they coincide for the case of symmetric nuclear matter
(x=0.5).
9 The hyperon single-particle potentials are in general
The composition of neutron star matter is therefore depenweaker than those of the nucleons due to the weaker
dent on the nuclear symmetry energy. This quantity stronghnucleon-hyperon interaction. The lambda mean field varies
affects the onset of hyperon formation, as well as other profrom about—40 MeV in pure neutron matter to abott30

A. Asymmetric nuclear matter

B B )
K(paﬁ)” K(P’IBZO)"'IB Esym(P),

where the so-called symmetry enery,, can then be ex-
pressed in terms of the difference of the energy per particl
between pure neutrorBE 1) and symmetric 8=0) matter:

cesses like the neutron star cooling reteg|. . MeV in symmetric matter. Since the lambda is an isoscalar
In the parabolic approximation, E¢L3), one obtains for  particle, this variation is exclusively due to the different in-
the individual chemical potentials termediate states in the Bethe-Goldstone equation; it does

J not occur in a simple mean-field treatment. The predicted
Mp,n(PuB):MN(PvO)+ﬁzp_Esyn1(p)_(B2i 2B)Egyn(p) binding of lambda hyperons in symmetric nuclear matter is
ap in good agreement with experimental data/’ormypernuclei
(16) [18]. TheX ™ instead is rather weakly bound with a depth of
(+ for p, — for n), whereuy(p,0) is the chemical potential the mean field close to zero. There is a slight variation of the
of a nucleon in symmetric matter. In particular Eg2) re-  Shape of theX ™ single-particle potential with the proton
duces to fraction. Here the experimental situation regarding sigma hy-
pernuclei is still quite uncertaifl9]. The predicted fairly
[sn—apl(p,B)=4BEsy(p). (17)  small attraction of the sigma in nuclear mattabout —7
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FIG. 2. Left side: Binding energy per nucleon of asymmetric
nuclear matter as a function of nucleon densgityp,,+ p, and pro-
ton fractionx=p,/p. The projected curve in the plot is the line of
B stability as determined from Eq$l113g and (11b). Right side:
Nuclear symmetry energy determined by different methods. The
results are obtained with the Paris potential.

MeV) seems at least not in contradiction with recent experi-
mental data.

Regarding the differences between the two nucleon-
nucleon potentials used, we find that the hyperon single-

particle potentials are n_early gnaffected by their choice_, SINCE ™ 4 01020304050607 0 010203 04050607 08
the (_)nly mfluen_ce is |nd|re<_:t via the_neutron or proton single- p [fm™3] p [fm3)

particle potentials in the intermediate states of the Bethe- _ _

Goldstone equation, Ed4). These are more repulsiv@n FIG. 3. The Fermi energies of (top panelsandX ™ (bottom

particularU,) with the Paris potential at high momenta. panel$ hyperons in_ asymmetric nuclear matte_r as functions of the
In Fig. 2 we show on the left-hand side the binding energ)}Otal nuclepn denglty) for dn‘fe_rent proton fractionx. The rt_asults

per nucleon,B/A, as a function of density and proton :jcrleeo?ﬁtﬁza ntgt;rf]lgalzarléeft) or the ArgonneV,, (right)

fraction x, as obtained with the Paris potential. We observe '

that it decreases monotonically with the proton fraction for 8rhese are determined by the vanishing along the ling of

fixed density. As mentioned before, the parabolic approxima-st‘,ib”i,[y of the following quantities:

tion Eq. (13) is well fulfilled. The corresponding nucleonic ’

symmetry energy in neutron matté, (p), is displayed on [2p0— pp— ps-1(pX), (189

the right hand side of the figure. It increases nearly linearly

with density. We compare in the figure the result according [n—pal(p,X) (18b
n 1 .

to the definition Eq(14), with the approximate way&) due

to th9 parapohc approximation EQ15), qnd (b) from the These equations have to be considered together with Egs.
Fermi energies, Eq$10) and(12), neglecting rearrangement (118 and (11b). The latter must be modified to include the
terms. As can be seen, and discussed in the previous sectichn )

all three methods agree surprisingly well over the Wholeayggrs(;ré Cshzt[g% g?rf?\zy: XS;—ti)(()la-is-)i(r%}.r](l_nfit\;)etalljn(l)(:gv?r?tion—
range of neutron density. The predicted value at normal den- y q

; N o : centrations. Note, however, that since we use in these equa-
Elitr)i/(,:aElsgg(g (Oigzz iﬂl\g\%\/’ is in good agreement with the em- ;"o chemical potentials determined in hyperon-free
With these results .We can determine the proton fractionnume":lr matter, the extractédonset point is an approximate
X(p) in 8 stable and éharge neutral matter according to EqSone, because for its precise determination all the chemical
(113 and(11b). The resulting line of3 stability, [ p,x(p)], potent|al_s at finites, :‘cractlon WQUId be rr::‘qwred. -LhE
is displayed on the left-hand side of Fig. 2. We notice thatonhSet Eomt IS exact, o cpurrs]e, smg_e atthis stage there are no
the proton fraction increases with the baryon density, buf t :tr th)(/ap?)?s,nest gLeesint ::rctnechmeem:g;?. otentials are simpl
does not reach the critical value of about 15% needed for theiven by m +U’ (kzoy)p beinamv the rﬁ) eron mass anc?y
occurrence of direct Urca proces4ds], which are respon- 9 Yy My Uyl + beingmy the hyper .
sible for a fast neutron star cooling. In a previous wptg] U.Y t_he hyperon smgle-parycle potent|a_1ls, Wh|ch.are obtained
we have seen that this critical value can be reached if TBIA—NIthln our BHE calculation. '_I'he_ smgle-partu_:le depths
are included in the equation of state. UY(k=0),Y=.E A are shown in Fig. 3 as funcuoqs of the

nucleon density for different proton fractions. We find that
the, ~ is very weakly bound at low densities, whereas the
hyperon is strongly attracted in the nucleonic medium up to
We proceed now to the determination of thé and A densitiesp~0.6 fm 3. Ultimately, with increasing density,

threshold densities in thg stable and charge neutral matter. the repulsive short-range part of the nucleon-hyperon inter-

B. Onset of hyperon formation
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FIG. 4. Chemical potentials of nucleons,p) and hyperons arrows indicate the onset densiti(_es Bf gnd A. The_ different
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following the exact results for the hyperon onset with an

action becomes dominant and forces the single-particle pgapproximate treatment that assumes noninteracting hyperons
tentials to rise steeply with density. Concerning the depenfUy=0). The complete set of results is shown in Fig. 5.
dence of the hyperon mean fields on the proton fraction, w&here we display the line g8 stability [i.e., the actual pro-
find only moderate effects, in particular for the'. TheA is  ton fractionx(p)] together with the contour lines represent-
slightly stronger bound in pure neutron matter than in sym-ing the zeros of Eq9183 and(18b) in asymmetric nuclear
metric matter. Since tha is an isoscalar particle, this effect matter, respectively. The intersections of the two types of
is entirely due to the variation of the intermediate states ircurves determine the onset poifigryon density and proton
the Bethe-Goldstone equation with proton fraction. On thdraction) of the hyperons. Results with and without nucleon-
contrary, for the isovectoE ~ one could expect a stronger hyperon interaction, and both Paris and Argonne nucleon-
variation; instead, its mean field is nearly independent of théucleon potentials are compared.
proton fraction. In this sense our numerical results are con- As general features we note that, due to its negative
trary to the naive expectations. The dependence of the resultharge, thes ™~ hyperon appears always before the Also,
on the nucleon-nucleon interaction is only noticeable at higtthe hyperon thresholds with the Paris potential are lower than
densities, where the more repulsive character of the Parigith the Argonne, due to the more repulsive charagdseger
potential rendergindirectly) also the hyperon mean fields neutron chemical potentials, see Fig.of the former at high
more repulsive. densities. Compared to noninteracting hyperons, in the

The complete set of chemical potentials that are necessaproper calculation the onset points Bf and A are shifted
to compute Eqs(18a and(18b) is shown in Fig. 4, taking closer together, since tfe™ mean field is repulsive, and the
into account the relevant differences of the rest masses A mean field attractive at the relevant densitigse Fig. 3.
—m,. We see that, compared to these mass differences, tHe summary, in all cases the onset of the two types of hyper-
medium effects on the hyperons, in particular the depenens takes place within the density rangep
dence on the proton fraction, are relatively small. In pure~<0.4...0.7 fm3.
neutron matter the neutron is strongly repulsgidnificantly However, one should note that the above considerations
more with the Paris than with the Argonne potential at highcan be only qualitative, since the equations of state derived
density, whereas the proton is substantially bound over thewithin the BHF scheme are unrealistic, being the saturation
whole density range displayed. point of nuclear matter not correctly reproduced. This can be

Since in particular for th& ~ we find only small medium overcome by introducing three-body forcgR0], which is
effects at the relevant densities, it is worth comparing in thevidely discussed in the next paragraph.
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In the low density regiong=<0.3fm™3), both BHF+ TBF
FIG. 6. Nucleonic symmetry energies determined by varioussymmetry energies and DBHF calculations are very similar,
theoretical models. whereas at higher densities the DBHF is slightly stiffer. The
discrepancy between the nonrelativistic and relativistic cal-
C. Inclusion of three-body forces culation can be easily understood by noticing that the DBHF

Nonrelativistic calculations, based on purely two-body in-tréatment is equivaleri4] to introducing in the nonrelativ-
teractions, fail to reproduce the correct saturation point ofStic BHF the three-body force corresponding to the excita-
symmetric nuclear mattd0]. This well known deficiency fion of a nucleon-antinucleon pair, the so-called Z-diagram
is commonly corrected by introducing three-body forcesl 25, which is repulsive at all d§n3|t|es. On thg contrary, in
(TBF), for which a complete theory is not available so far. A the BHF treatment both attractive and repulsive three-body
realistic model for nuclear TBF is the so-called Urbanaforces are introduced, and therefore a softer EOS is expected.
model[21], which consists of an attractive term due to two-  R€cently, a detailed comparison of the symmetry energies
pion exchange with excitation of an intermediatereso- predlcteql by several “modern” nucleon-nucleon potentials
nance, and a repulsive phenomenological central term. WWas carried ouf26]. The results show a good agreement of
introduced the same Urbana three-nucleon model within th@!l calculations, very similar to the results with the Paris
BHF approach(for more details see Ref10]). In our ap- Potential reported here, whereas the Argoihg predicts
proach the TBF is reduced to an effective two-body force bysignificantly smaller values than all other potentials. In this
averaging on the position of the third particle, assuming thagense we consider our results with the Paris potential more
the probability of having two particles at a given distance isreliable than those with the Argonig,. Coincidentally the
reduced according to the two-body correlation function.Parist TBF results agree very well with the DBHF over the
Therefore the resulting effective two-body force is densitywhole range of densities.
dependent. The corresponding EOS satisfies several require- We can proceed now to the discussion of the onset of
ments: (i) it reproduces correctly the nuclear matter satura-yperon formation when TBF are included in the equation of
tion point[10]; (ii) the incompressibility at saturation is com- state. In Fig. 7 we present the results for three realistic equa-
patible with values extracted from phenomenol¢gg]; (i)  tions of state, namely ParsTBF, Argonne+-TBF, and
the symmetry energy is compatible with nuclear phenomDBHF. For comparison, also the previous results obtained
enology;(iv) the speed of sound does not exceed the speedith the Paris potential and with only two-body forces are
of light (causality condition repeated in the first panel. In all these calculations the

Figure 6 shows the values of the symmetry energy for theaucleon-hyperon interaction is included. We expect that the
different EOS’s that we consider, namely the nonrelativisticthreshold densities will be lower than in the case without
Brueckner calculations with the Paris and the Argovhg  TBF because of the increased stiffness of the equation of
potentials with and without three-body forces. For compari-state. This is indeed the case. It is gratifying to see that in
son, we report also the symmetry energy of a recent calcuspite of the variances in the predicted symmetry energies, the
lation performed with a Dirac-BrueckngiDBHF) model hyperon onset points with the different methods and poten-
[23], but with the Bonn-A potential. tials agree very well now. In all cases the onset of bth
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and A hyperons takes place in the intervap pect the BHF approximation, and therefore our predictions,
~0.3...0.4fm?3. to be reasonably accurate, in particular for neutron matter,
We finally remark that now in both relativistic and non- Where the hole-line expansion appears to converge quite well
relativistic Brueckner-type calculations, the proton fraction [15.27. Within the BHF framework, the biggest problem for
can exceed the “critical” valuexy,.~(11-15)% needed the moment is the lack of quantitative knowledge regarding

for the occurrence of direct Urca proces§ed). the hyperon-hyperon interactions, that might hopefully be
remedied by the proposed new experiments on hypernuclear
IV. SUMMARY AND CONCLUSIONS physics[28]. In that case we will be able to extract a fully

microscopic equation of state for hypernuclear matter with

In conclusion, the knowledge of realistic nucleon-nucleonarbitrary strangeness fraction. Furthermore, in this work we
and nucleon-hyperon potentials allows the determination of ased only one nucleon-hyperon interaction, the Nijmegen
microscopic equation of state for asymmetric nuclear mattesoft-core model. Also here the availability of fresh experi-
including small hyperon fractions within a self-consistentmental data should lead to the improvement of existing and
Brueckner-Hartree-Fock scheme. In this article we studied ithe construction of new competing potentials. Nevertheless,
detail the onset densities of tf&~ and A hyperons. Our it should be noted that due to the weaker strength of the
final results indicate that regardless of the metfohrela- nucleon-hyperon interaction compared to the nucleon-
tivistic BHF+TBF or DBHF) and the nucleon-nucleon po- nucleon one, and the lower partial densities of hyperons
tentials used, the onset of the hyperons occurs at relativelpompared to nucleons, the equation of state is still most
low nucleonic density of about twice nuclear matter density strongly affected by thewucleonic properties of the dense
p~0.3...0.4fm?3, medium. It seems, therefore, that once the correct nuclear

Our results, based on a microscopic treatment of theaturation point is reproduced, the density of hyperon onset
nucleon-nucleon correlations, are in close agreement witis well determined within a narrow range.
the relativistic mean field predictions of Ref8]. This can We have assumed in this work that the neutron star matter
be considered as a further evidence that the accurate repris-composed exclusively of nucleons, leptons, and hyperons,
duction of the nuclear saturation point is one of the keyand have neglected any other componefi®ns, kaons,
requirements which determine the thresholds of hyperon onguarks that might as well appear with rising density, but do
set. Furthermore, our results provide strong restrictions omot fit into the framework of Brueckner theory. Clearly, how-
the possible phenomenological nucleon-nucleon anever, with the low hyperon onset densities predicted here, the
nucleon-hyperon effective interactions, often employed taappearance of other species will be delayed or entirely im-
study nuclear matter with strangeness contgfit This  peded by the presence of hyperons.
shows that a microscopic treatment is required for a reliable In another publication we will study these problems and
and accurate prediction. perform detailed calculations of neutron star properties based

In the density range~0.3...0.4fm 3 one can still ex- on our equations of state including hyperons.
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