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Recentexperimentsat KEK, BNL, and DA®NE revealedvery interestingpeaksthat might be
interpretedas deeplyboundkaonic nuclearsystemswhich were predictedby Akaishi and Ya-
mazaki.If thosepeaksareindeeddeeplyboundkaonicnuclearstatesijt impliesthattherealpart
of thekaonoptical potentialis very large. We considetthis possibilityandtry to fix the coupling
constantdor strangequarkswithin the framavork of a modified quark-mesorcouplingmodel.
We thenapply the modified quark-mesorcouplingmodelto the neutronstar matterand obtain
the equationof stateandthe maximummassof a neutronstar It is found that the equationof
state,compositionof matterandpropertiesof a neutronstararevery sensitve to the interaction
strengthof a kaonin matter We find interestingcritical phenomenavhenthe magnitudeof the
real partof the kaonoptical potentialin matterat the saturationdensitybecomesslarge as140
MeV.
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1. Introduction

Theinterior of a neutronstaris believed to have greatdiversity At nuclearmatterdensities
aroundthe saturationdensity pg, the matteris composedf nucleonselectronsand muons,and
it is mostly populatedby the neutronsto satisfy the -equilibrium, chage neutrality and Pauli
blocking. At densitieshigherthan pg, maybeat p > 2pg, the situationbecomegquite unclear
Many possibilitieshave beenproposedcreationof hyperong1], pion[2] or kaon[3] condensation,
strangematter[4], quarkdeconfinemenf5, 6, 7] andetc. It is, at presentyery difficult to predict
whatthe interior of a neutronstarlookslike, but to someextentwe may formulatethe dynamics
anddrav somepicturesby exploring variouspropertiesof a neutronstar

In this work, we considerthe possibility of hyperoncreationand kaon condensatiorin the
neutronstarmatter Themassesindenegiesof the hyperonsandkaonsin mediumaresensitie to
their interactionswith surroundingnucleons.In the meson-gchangepicture,meson-gperonand
meson-kaorcoupling constantsleterminethe strengthof theseinteractions. The meson-lgperon
coupling constantsmay be determinedfrom the binding enegies of a hyperonin hypernuclei,
for instance. The meson-kaorcoupling constantshave beenstudiedby using the kaon-nucleon
scatteringand kaonicatomdata. Somecalculationg8, 9, 10] showv thatthe real part of the K—-
nucleusoptical potentialUg - is shallav (Ux- ~ —50 MeV), but someothercalculationg11, 12]
suggesthatUyx- canbeaslargeasabout—120MeV or evencloseto —200MeV [13].

Recently AkaishiandYamazakpredictedheexistenceof deeplyboundkaonicnuclei[14], in
whichUk- atnormaldensitypg is estimatedo beabout—120MeV. Obsenationsof thetribaryon
kaonicnuclei, S° [15] andS* [16] seento indicatethatkK~ may be even moredeeplyboundin a
nucleusthanthetheoreticalprediction[14]. A BNL experimentwith 6O(K~, n) reaction[17] and
FINUDA collaborationat DA®NE [18] alsoreporteddistinctpeaks.Theidentitiesof thesepeaks
needto bestudiedfurtherexperimentallyandtheoretically However, in thiswork, we considelthe
possibility of deepoptical potentialof kaonsandapply suchdeeppotentialsto neutronstarmatter
to studytheconsequenceda theequatiorof state(EoS)of densanatterandneutronstarproperties.

We employ the modified quark-mesorcoupling (MQMC) model[19] for the descriptionof
densematter Nucleonsand hyperonsin the baryonoctetare describedas MIT bags. The bag
constanBg andphenomenologicatonstanZg for baryonB aredeterminedo reproducehefree
massof eachbaryon.Couplingconstantbetweer(u, d)-quarksand(o, w, p)-mesonsreadjusted
to producethe saturationdensitypp = 0.17fm 3, binding enegy per a nucleonE, /A = 16 MeV
andsymmetryenegy atthesaturatiorasym = 32.5 MeV. Sincetheinteractionbetweerthes-quark
andmesongarenotwell known, we adoptthe standardjuarkcountingrule andassumehe s-quark
is decoupledo (o, w, p)-mesons. To take into accountthe interactionsbetweens-quarks,we
introducec™(fp(980)) and (1020 mesondollowing Ref.[20]. The couplingconstantbetween
thes-quarkand(o*, g)-mesonsarefixedby SU(6) symmetry In this work we assumehe kaonas
a point particle. This treatmentallows usto useUk- asaninputto fix the kaon-mesorcoupling
constantsln ourmodeltherealpartof theopticalpotentialcanbewrittenasUy - = —(gok 0(po) +
guwk W(Po)), Whereo (pp) andw(pp) arethevaluesof the mesorfieldsat pp. By usingthevalueof
Jwk givenby thequarkcountingrule, we candetermineggk for eachgivenvalueof Uk -. Oncethe
parameter®f the modelarefixed, the compositionprofile of neutronstarmattercanbe obtained
from B-equilibrium and chage neutrality Then EoS can be easily obtainedby computingthe
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enepy densityandthe pressureThe EoSis insertedn the Tolman-Oppenheimevolkoff equation
to give amass-radiuselationof a stableneutronstar We find thatthe compositionof neutronstar
matterchangesiramaticallydependingnthevalueof Uy - andthatthemaximummassandradius
of aneutronstaralsochangesizably

2. Theory

2.1 Modd

ThemodelLagrangiarcomprisegheoctetbaryon leptonandkaonterms: Ao = 48+ .4 +
k. Octetbaryonandleptontermsin the meanfield approximatiorcanbewritten as

— . 1
LB+ 4 = g‘-llB [Iv- d-mg(0,0%)—y° <ngCUo+g<pBCIh+ éngTzP03>] Ys
(Moo + e o) + 3 iy 0 -m)ih. 21

whereB denoteshe sumover all the baryonoctet(p, n, A, >*, 30, 3=, =0 =-), andl stands
for the sum over the free electronsand muons(e~, u~). g, w and p mesonsaccountfor the
interactionsetweerthenon-strangdight quarks(u andd). g* andg mesonsnediatenteractions
betweers quarks.

In theMQMC model,the effective massof abaryonmg (o, 0*) canbewritten as[20, 21]

s — Eé—%(%)z. 2.2)

Thebagenegy of abaryonis givenby

Qqy Zg 4

whereBg andZg arethe bagconstantanda phenomenologicatonstanfor the zero-pointmotion
of abaryonB, respectiely. Qq = , /¢ + (Ry;)2, whereny;(= mq — g3 0 — g3.0”) is the effective

massof aquarkwhosefree massis my. We take mq = 0 for g = u,d andmg = 150MeV for g =s.
Xq is determinedrom the boundaryconditiononthe bagsurfacer = R,

jo(Xq) = Bqi1(Xq), (2.4)

Qq- R,
QTR

In thiswork, we extendthe form usedin [19] to includethe contrikution from o* as

wheref; = In the MQMC model,thebagconstanBg is assumedo depencbn density

Bg(o, 0%) :BBoexp{—4g’3< Z Ngo + (3— Z nq)\/ia*) /mB}, (2.5)

g=u,d g=u,d

wheremg is the bare massof the baryonB. Note that the exponenton the right handside of
Eq. (2.5 shavsthato mesoncouplesonly to u andd quarks,ando* mesononly to s quark. The
factory/2in front of o* is introduceddueto SU(6) symmetry
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o | b | dgb | gi | mi/my | K (Mev)
10 | 271 | 227 | 7.89| 0.78 | 2855

Table 1: Thecouplingconstantdor (u, d)-quarksand(o, w, p)-mesonsn the MQMC modelto reproduce
the bindingenegy E, /A = 16 MeV atthe saturationdensity0.17 fm—3 andsymmetryenegy asym = 325
MeV. my, /my andK aretheeffective masgatioto thefreemassof thenucleonandthecompressiomodulus
atthe saturatiordensity respectrely.

Theeffective Lagrangiarfor the kaoncanbeexpresseds[22]
k=D K*DHK — m KK, (2.6)

whereDy, =y + iQuwKk Wy — gk P + 1390k T - By, andthe effective massof a kaonasa point
particleis givenby
M = MK —Jok 0 — Go kO (2.7)

Theequationof motionfor akaonis obtainedas
[D,D* +mi?]K (x) = 0. (2.8)

In uniform infinite matter the kaonfield K(x) canbe written asa planewave. Substitutingthe
planewave solutioninto the equationof motion,we obtainthedispersiorrelationfor theanti-kaon

WK = M — ook Wo + K @ — Jok 13K P03, (2.9

wherelsk is theisospinthird componentf the anti-kaon.(In thiswork it is theanti-kaonK ™~ that
playsanimportantrole, but we shallreferto bothkaonsandanti-kaongust askaonsfor brevity.)

2.2 Model parameters

MIT bag parameter8g and Zg are determinedto reproducethe free massof a baryonB,
mg \p:o =mg, ata given bagradius,which we chooseas Ry = 0.6 fm, with the minimization

Threeconditionspg, Ey/A, andasym could determinethreequark-mesorcoupling constants
g‘éd, gﬁd andg;‘,’d, assumingu andd quarksareidentical particlesin anisodoublet. But asseen
in Eq. (2.5, useof the MQMC modelintroducesan additionalconstantg®, and thusfour cou-
pling constantsannotbe determinediniquely Thuswefix gJ = 1, andadjusttheremainingthree
constantgo satisfythe threeconditions. The obtainedcoupling constantsare given in Table 1,
wheretheresultingmassratio of the nucleon,my /my, andthe compressiomodulusk at the sat-
urationdensityarealsogiven. The MQMC modelproducesry, andK within reasonableanges;
my, = (0.7 ~ 0.8)my andK = (200~ 300) MeV. The coupling constantdbetweens-quarksand
mesonscannotbe determinedrom the conditionsat the saturationdensity In principle, experi-
mentaldatafrom hypernuclei kaon-nucleuscatteringandkaonicatomcouldbeusedto determine
meson-gperon coupling constants. However, at presentthesecoupling constantsare not well
known, andfor simplicity we assumehatthe s quarkdoesnotinteractwith u andd quarks.Then
we have

e am o
condition TRB’ =0.

g6 =0 =0p=0. (2.10)
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|Ug-| (MeV) | 80 | 100 120 140 160
Jok 125 201 | 275 | 3.50 | 4.25

Table 2: ggk determinedor severalUx - values.

For the meson-baryorouplingconstantsye usethe quarkcountingrule, which givesusthe
relations

g _ 1 1 1
gw—sng—ZgwA—zng—gw:a
g4 = OoN = Gpz = Gp=, Gpn =0,

1
Jp = Ogn = Ogz = 590 (2.11)

wheregstp = \/igﬁd from the SU(6) symmetry With the quark-mesorouplingconstantgivenin
Tablel andEg.(2.10, themeson-baryorouplingsarecompletelydeterminedhroughEq. (2.11).

For the meson-kaorcoupling constantsggk andgex may be fixed by the quark counting
rule; geok = g, and Ook = gg. Also, go-k andgyk canbe determinedirom SU(6) symmetry;
Jo'k = V20ok andgek = v/2gwk. Thentheremainingcouplingconstantgok, canbe relatedto
therealpartof the optical potentialof a kaonatthe saturatiordensity;Ux- = —(ggk T + QK (o).
gok Valuesthusdeterminedaresummarizedor severalUy- valuesin Table2.

2.3 EoSof neutron star matter

To obtainthe EoS,we needto determinethe following 16 variablesat eachdensity:5 meson
fields(o, w, p,0*, @), 8 octetbaryondensities? leptondensitiesandthekaondensitypx. 5 meson
fieldscanbe determinedrom their equationf motion:

Mo = ggoBCB(G) Zleal;Zl/()kB 2 +T%2]1/2 k?dK + gok Ok, (2.12)
mg. 0" = gga*BCB(U*) ZJZB; ! /O ¢ % +nnf?é2]l/2 k2dk -+ go-k Pk, (2.13)
UASES % Gan(23e + 1)k3/(67%) — uok Pk (2.14)

Mo = ggws(ﬂs +1)k3/ (677) + Jyk PK (2.15)

M5 oz = %9p8|3s(235+1)k§/(6ﬂ2) — Opk I3k Pk, (2.16)

whereJg andlsg arethe spinandtheisospinprojection,respectiely, andkg is the Fermimomen-
tum of the baryonspeciesB. In Egs.(2.12 and(2.13), thefactorsCg(o) andCg(0™*) areobtained

027/5



Kaon optical potential in nuclei and kaon condensation in neutron star C.Y.Ryu

=5

by theconditionsgysCs(0) = —% andgy,+gCg(0
us7 relations

B-equilibriumof thebaryonggives

Hn = HA = Hso = M=o,
Hn+ He = Hs- = H=-,
Pn— He = Hp = s+, (2.17)

wherethechemicalpotentialof abaryonB is givenby g = \/ké + m’éz(o, 0*) +JwBWo+ e +
0pBl3P03. We assuméeptonsdo notinteract,andthusthechemicalpotentialof aleptonl is simply

writtenasp = |/k? + m?. Theleptonicequilibration
He = Hy (2.18)

determineshedensityof muons.As densityincreasesi-ermimomentunof theelectronincreases,
andat a densitywherethe condition

WK = He (2.19)
is met,kaonsbecomecondensedFinally, chage neutralityis expresseds
gqsps—pK—pe—pu =0, (2.20)

where gg is the chage of baryonspeciesB and pg is the numberdensity of B. Solving the
Egs. (2.12-2.20 self-consistentlyand simultaneouslytogetherwith the quark eigervalue equa-
tion Eq. (2.4), onecandeterminghe 16 variablesuniquely Oncethesel6 quantitiesarefixed, it is
straightforvardto computethe EoSby usingthe enegy density
1 y 1
~ SMB oN.0" 2+ 2R g+ S0,
2)s+1 2 1/2,2 / 2 1/2,2
o /0 2+ m it Y 2 (K2 + | Y/ 2Kk2dk

+m’r‘<pK’ (221)

andthepressure

1 1 1
P = *émgaz 2”‘%*0*2 é”ﬁ)“ﬁ+—”1?p¢l)2+ mzpos
1 2JB+1/ k4dk / k4dk
34 2 Jo [K24+my?l/2 3Z 2 Jo [k2+mgj2/2’

Notethatthereis no contrikution to the pressure&omingfrom kaonsbecausé&aonmomentum
is setto zero.

(2.22)

3. Resaults

3.1 Composition of neutron star matter

Fig. 1 shavs the compositionprofile of the neutronstar matterfor variousUg- values. For
alarger |Uk-| value,kaonsappearat lower densities. This behaior canbe easily understoody
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Figure 1: Composition®f neutronstarmatterwith octetbaryonsglectronsmuonsandkaons.

noting thatwith alarger |Uk-|, 9ok becomedarger, andasa resultmi becomesmaller With a
smallermy, the chemicalequilibrium conditionEg. (2.19 that determinekaon condensatioris
fulfilled atalower density andthis leadsto anearlieronsetof kaoncondensationFor |Uk-| = 80
MeV, the kaon startsto appearat p ~ 4pp. Sinceggk (= 1.25) is relatively small, the effective
massof the kaon decreaseslowly, andthe creationof kaonsis suppressedy the hyperonsat
higherdensities.The populationof the hyperonsis slightly affectedby the presencef the kaon,
but the overall compositionprofile is in generalthe sameas that without kaons. However, for
|Uk-| > 100 MeV, the populationof the hyperons,especiallythe numberof negatively chaged
particles,is stronglyaffectedby the presencef kaons.With alarger |Ux |, the effective massof
thekaondropsrapidly, andthusthe kaonis favoredmorethanthe hyperonsasa negatively chaged
particlewith strangenesd\otethatthe densitiesvhereZ™ andA arecreatedemainthe samefor
differentvaluesof Ux- aslong asthe onsetof the kaoncondensatiomccurslaterthanthe hyperon
creation. However, as|Ux-| getslargerthana critical valuearound140 MeV, at which the kaon
condensatiorappearsrior to hyperoncreation,the compositionbecomesiramaticallydifferent
from the onewithout kaons. For instance asshavn in Fig. 1 for |Uk-| = 160 MeV the negative
chagesarepredominatlycarriedby thekaonswhich suppressethe creationandpopulationof the
hyperons.Whenhyperonpopulationbecomedow, mostof the positive chagesarecarriedby the
protons.

Let us compareour resultswith thosein the literature. The propertiesof the kaonin nuclear
matter[23] andthe neutronstarwith kaoncondensatioffi24] areinvestigatedwith the QMC (not
the MQMC modelwe areusing). In thesecalculationsa kaonis treatedasan MIT bag,andthe
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|Uk-1| (MeV) 80 | 100 | 120 | 140 | 160
pc/Po (MQMC) 41| 30 | 24 | 21 | 19
pc/Po (withouto* ande) | 3.8 | 3.0 | 24 | 21 | 1.9

Table 3: Onsetdensitiesof the kaoncondensatiomp in the MQMC modelsfor variousUx - values. The
third row shavs the onsetdensitieswithoutincludingthe o* and@ mesonsn the calculation.

kaono, -w and-p mesoncouplingconstantaredeterminedy thequarkcounting.In Ref.[23], it
is discussedhattherepulsiondueto non-zergo mesorfield in theasymmetrianattermakeskaon
condensatiofesslikely to occur In Ref.[24], kaoncondensatiomwith hyperonss explicitly taken
into accountin the neutronstarmatterandis shavn to occurataround4pg. In Ref.[25], we have
shavn thatthekaon-mesormouplingconstanfrom thequarkcountingrule givesusthe sameeffec-
tive massof the kaonaswhatwe cangetby usingUx- = —100MeV. Ourresultfor Ux- = —100
MeV from the MQMC modelandFig. 5 of [24] from the QMC modelcanbe directly compared
with eachother Ref.[24] shavs kaonscondenseat densitieshigherthanthe densitiesvherehy-
peronsare createdbut soonafterthe creationof kaons,the numberof Z~ quickly decreaseand
the populationof kaonsexceedthat of hyperons. On the contrary our resultswith Ux- = —100
MeV shaws co-existenceof the octetbaryonsogethemwith kaonsevenat p ~ 10pg.

To exploretheeffectof o* andg, we have calculatedheonsetdensityp. of kaoncondensation
without o* andg, andtheresultsaregivenin thethird row of Table3. Onecanseethatwhetheror
notwe include o* and ¢ mesongdoesnot make a significantdifferencein the condensatiommnset
density Sincehyperonsarethe sourcesf thesemesonfields (seeEgs.(2.13 and(2.15), atthe
densitieswherethe populationof the hyperonsis not large the magnitudesf ¢* and ¢ fields are
quitesmallcomparedo thoseof o andw mesonsMoreover, evenwhenthemagnitude®f o* and
@ becomerelatively large at higherdensitiesthe contribution from o* to the enepgy of the kaon
wx hasa signoppositeto thatfrom ¢. Therefore the effectsof * and ¢ to the onsetof the kaon
condensatioranceloutandbecomansignificant.lt is worthwhileto notethatif thekaonsappear
prior to thehyperons,g* andg mesonglay norole to p; sincec*- and¢-fieldsbecomenon-zero
only afterthekaondensitypx becomedinite.

We have alsoinvestigatedtheeffectof thecouplingconstantgy«k andgek . Theresultsshavn
in Table3 areobtainedby useof the contantddeterminedy SU(6) symmetrybut g5+ canalsobe
fixedfrom fo(980) decay[26], andgek canbe determinedrom the SU(6) relationtogetherwith
thevalueof g, asgivenby v'2gek = gnp- 9ok andgex thusfixedare2.65and4.27,respectiely.
We have usedthesenew o*- and¢-K couplingconstantso calculatethe onsetdensityof the kaon.
The ratios pc/po turn outto be 3.9,3.0,2.4,2.1and 1.9 for |Uk-| = 80, 100, 120, 140 and 160
MeV, respectiely. Thoughdifferentvaluesof go+k andgek areused,the newly obtainedratios
Pc/pPo arequite similar to the resultspresentedn Table3. It is again partly becausehe o*- and
@-field valuesaresmallandpartly becauser* and ¢ termscanceleachotherin the enepgy of the
kaon.

3.2 EoS and neutron star bulk properties

The EoSfor neutronstarmatterwith octetbaryonsandkaonsareplottedin Fig. 2 for various
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Figure 2: TheEoSof neutronstarmatterwith only neutronsandprotons(dots)andwith includinghyperons
andkaoncondensatioffior variousUy - values.
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Figure 3: Mass-radiuselationof the neutronstarwith octetbaryonsandkaons.Massis in unitsof thesolar
mass.

valuesof Uk-. The EoSobtainedby including only neutronsandprotons(plottedby the dots)is
above all theotherEoScurveswith includinghyperonsandkaons.Whenhyperonsareincludedin
thecalculationthe EoSgetssoftenedandbecomegssentialljthe sameasthe EoSfor Ux- = —80
MeV, sois notplottedin thefigure. ThisalsoindicateghatwhenUy - = —80MeV thecomposition
of the matteris seldomaffectedby the kaoncondensationWhen |Ux- | becomedarger, the for-
mationof thekaoncondensatiosoftensurtherthe EoS.Whenthekaoncondensatiotakesplace,
oneshouldtake into accountthe phasetransitionfrom baryonicmatterto mixed phase.Neutron
star matterhastwo consered chages; baryonnumberand electric chage. It wasdiscussedn
Ref.[22] thatthe Gibbsconditionshave to beimplementedor the descriptionof the mixed phase
in neutronstarmatter For the sale of simplicity, however, we employ the Maxwell construction
for the mixed phasein this work. Thoughnot fully consistentMaxwell constructioncanprovide
reasonableesults.Flat portionsof the curvesin Fig. 2 for |Ux-| = 140and160MeV correspond
to the mixed stateswith a constanpressure.
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lUk-| (MeV) | 80 | 100 | 120 | 140 | 160
Mmax/Ms | 1.64| 1.60 | 1.55 | 1.52 | 151
Rmax(km) | 11.7 | 11.3 | 103 | 9.6 | 9.1

Peen/ Po 58 | 65 | 83 | 96 | 103

Table 4: Maximummassn units of the solarmassandthe correspondingadiusandcentraldensitypcen Of
aneutronstar Smallermaximummassfavorskaonsthanhyperonsasstrangepatrticles.

Bulk propertiesof the neutronstarare obtainedby solving the Tolman-Oppenheimevolkoff
equationwith the above E0S. Resultingmass-radiuselationsof the neutronstar are shavn in
Fig. 3. Themaximummasscorrespondingadius,andthe centraldensityof a stableneutronstar
for eachEoSaregivenin Table4. The mass-radiusurve without kaonsis almostthe sameasthe
cune for Ug- = —80 MeV asexpectedfrom the similarity of the EoSin thetwo casesandis not
shavnin thefigure. As |Uk - | increasesthemaximummassdecreasesonotonically When|Uk - |
is largerthan120MeV, the maximummasschangeslowly with [Uk- |, but the two extremecases
|Uk-| = 80and160MeV showv asizabledifference(~ 8%).

Let uscompareour resultswith thosein theliterature. The maximummassof a neutronstar
obtainedrom the QMC model[24] differsvery muchfrom whatwe have with the MQMC model.
The QMC modelwithout including kaonshasthe maximummass1.98M., which is about20 %
larger thanthe maximummassl.64M., from our MQMC modelfor Ux- = —80 MeV. (Note that
theEoSfor Ux- = —80MeV is almostthe sameasthatwithout kaons.)Whenkaonsareincluded,
our resultsfrom eitherUx = —1000r —120MeV canbe comparedo thoseof the QMC model
[24] becausdheseUy valuesarein the rangeof Ux obtainedby the QMC model(seeTable 1
of Ref.[24]). When—-120< Ux- < —100MeV, the MQMC modelgivesus the maximummass
of (1.55~ 1.60)M, but the QMC modelproducesl.94M, for Ux- = —123MeV. Therole of the
kaoncondensatioris, however, similar in both models. Kaon condensatiomakesthe maximum
masssmallerthanwithoutit. We canalsocompareheresultof the MQMC modelatUyx- = —160
MeV to thatobtainedfrom the quantumhadrodynamic$¢QHD) modelwith the samevalueof Uk -
[27]. The maximummassfrom the QHD calculationis 1.65M, with the radius10.8km, while
the MQMC model gives us 1.51M., with the radius9.1 km. It shouldbe noted, however, that
in Ref. [27] the parametersrefitted to saturationconditionssomeavhat differentfrom what we
emplgy, andthe Gibbsconditionsare usedfor the descriptionof the mixed phase.In Ref. [28], a
thoroughinvestigationwasmadeof the dependencef the EoSon the conditionsat the saturation
densityandthe hyperon-mesortoupling constants.It wasshaowvn that the resultwas sensitve to
thechoiceof thesaturatiomroperties.Therefore comparison®f theresultsfrom differentmodels
requirecarefulattentionto theinput parameterandassumptionsf the models.

4. Conclusion

Using the modified quark-mesortouplingmodel, we have obtainedthe compositionprofile
of neutronstarmatter the maximummassandthe radiusof the neutronstar focusingon therole
of the strangeparticlessuchas hyperonsandkaons. Motivatedby recenttheoreticalpredictions
of deeplyboundkaonicstateg14] andthe subsequenbbsenationsof interestingpeaksfoundin
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KEK, BNL andDA®NE experiments specialattentionis paidto the effect of large kaonoptical
potentialUx- onthe neutronstarmatter By varying the value of Uk -, we have investigatedhow
the onsetdensity of the kaon condensationthe compositionof the stellar matter and the bulk
propertieof the neutronstarchange.

The onsetdensityof thekaoncondensatioandthe mattercompositionarefoundto be sensi-
tive to thevalueof Uk -. For |Uk-| = 80 MeV, kaonsareproducedat p ~ 4po, but their population
doesnot build up dueto the creationof hyperons. With |Uk-| = 100 MeV, the onsetdensityis
lowereddown to 3pp, andat the densitiesaround4 < p/pp < 8, K~ is the mostdominantnega-
tively chagedpatrticlein matter However, strangenesss still mostly carriedby A hyperons.With
|Uk-| = 120MeV, kaonsappearat densitiescloseto thosewherethe hyperonsarecreated Nega-
tive chagesaredominantlycarriedby kaons,andstrangenesis sharedoy kaonsandA. For |Uk-|
largerthan120MeV, kaoncondensatiomakesplaceat around2pg, andboth negative chagesand
strangenesare dominantlycarriedby K—. The modeldependencef the onsetdensityandthe
compositionis discussedby comparingour resultswith otherresultsin theliterature. The MQMC
modelproducedifferentresultsfrom the QMC modelin boththe onsetdensityandthe population
of particles.Thekaoncondensatiownsetdensitydependdittle onthe couplingconstantgg-kx and
JoK -

Inclusionof hyperonsandkaonsmakesthe EoSsofterthanthatwith only nucleons.t shavs
thatthe strangeparticlesplay therole of makingthe neutronstarmorecompactwith smallermass
andsmallerradius. Changesn Uk - producesizableeffectson the maximummassof the neutron
star With |Uk-| = 160MeV, the maximummassis 1.51IM;, in the MQMC model,which is about
8% smallerthanthat without kaoncondensationHowever, dependencef the kaoncondensation
on the parameterselatedto saturationpropertiesand meson-baryortoupling constantgequires
further studies.The effect of theseinput parametersogetherwith Uy  valueswill be exploredin
futureworks.
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