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interpretedasdeeplyboundkaonicnuclearsystems,which werepredictedby Akaishi andYa-

mazaki.If thosepeaksareindeedfoundto bedeeplyboundkaonicnuclearstates,it impliesthat

therealpartof thekaonopticalpotentialin nucleicanbevery large. Herewe considerthis pos-

sibility of very largekaonopticalpotentialin theframework of amodifiedquark-mesoncoupling
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is foundthat thecompositionof matteris very sensitive to theinteractionstrengthof kaonswith

matter. The presenseof kaoncondensationchangesdrasticallythe populationof octetbaryons
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themodifiedquark-mesoncouplingmodel.
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1. Introduction

The interior of a neutronstar is believed to have greatdiversity. At densitiesaroundthe
saturationdensityρ0, the matteris composedof nucleons,electronsandmuons,andit is mostly
populatedby the neutronsto satisfythe β -equilibrium, charge neutralityandPauli blocking. At
densitieshigherthanρ0, maybeatρ � 2ρ0, thesituationbecomesquiteunclear. Many possibilities
havebeenproposed;creationof hyperons[1], pion[2] or kaon[3] condensation,strangematter[4],
quarkdeconfinement[5, 6, 7] andetc.Thoughmuchprogresshasbeenachievedin theobservation
of neutronstarpropertiessuchasmass,radius,andtemperature,understandingthemstill confronts
many problemsanduncertaintiesdueto lack of our knowledgeaboutthe stateof matterat high
densities.

In this work, we considerthe possibility of hyperoncreationandkaoncondensationin the
neutronstarmatter. Themassesandenergiesof thehyperonsandkaonsin mediumaresensitive
to their interactionswith surroundingmatter. In themeson-exchangepicture,meson-hyperonand
meson-kaoncouplingconstantsdeterminethestrengthof theseinteractions.Themeson-hyperon
couplingconstantsmaybedeterminedfrom thebindingenergiesof hyperonsin hypernuclei,for
instance.Themeson-kaoncouplingconstantshave beenstudiedby usingthekaon-nucleonscat-
teringandkaonicatomdata.Somecalculations[8, 9, 10] show thattherealpartof theK � -nucleus
opticalpotentialUK � is shallow (UK ���	� 50 MeV), but someothercalculationssuggestthatUK �
canbeaslargeasabout � 120MeV [11, 12] or evencloseto � 200MeV [13].

Recently, Akaishi andYamazakipredictedtheexistenceof deeplyboundkaonicnuclei [14],
in whichUK � atnormaldensityρ0 is estimatedto beabout� 120MeV. Observationsof theclaimed
tribaryonkaonicnuclei,S0 [15] andS
 [16] seemto indicatethat K � may be even moredeeply
boundin a nucleusthanthetheoreticalprediction[14]. A BNL experimentwith 16O� K �
� n � reac-
tion [17] andFINUDA collaborationatDAΦNE [18] alsoreporteddistinctpeaks.Theidentitiesof
thesepeaksneedto bestudiedfurtherexperimentallyandtheoretically. However, in this work, we
considerthepossibilityof deepopticalpotentialof kaonsandapplysuchdeeppotentialsto neutron
starmatterto exploretheconsequencesin theequationof state(EoS)of densematterandneutron
starproperties.

We employ the modifiedquark-mesoncoupling(MQMC) model [19] for the descriptionof
densematter. Nucleonsandhyperonsin the baryonoctetaredescribedasMIT bags. The bag
constantBB andphenomenologicalconstantZB for baryonB aredeterminedto reproducethefree
massof eachbaryon.Couplingconstantsbetween(u, d)-quarksin thebagsand(σ , ω , ρ)-mesons
areadjustedto producethesaturationdensityρ0 � 0� 17fm � 3, bindingenergy peranucleonEb � A �
16 MeV andsymmetryenergy at the saturationasym � 32� 5 MeV. Sincethe interactionbetween
thes-quarkandmesonsarenotwell known, weadoptthestandardquarkcountingruleandassume
the s-quark is decoupledto (σ , ω , ρ)-mesons.To take into accountthe interactionsbetweens-
quarks,we introduceσ

� � f0 � 980��� andφ � 1020� mesonsfollowing Ref. [20]. We assumethekaon
asa point particle.This treatmentallows usto useUK � asaninput to fix thekaon-mesoncoupling
constants.In ourmodeltherealpartof theopticalpotentialcanbewrittenasUK � � � � gσKσ � ρ0 ���
gωKω � ρ0 ��� , whereσ � ρ0 � andω � ρ0 � arethevaluesof themesonfieldsatρ0. By usingthevalueof
gωK givenby thequarkcountingrule,wecandeterminegσK for eachgivenvalueof UK � . Oncethe
parametersof themodelarefixed, thecompositionprofile of neutronstarmattercanbeobtained
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from β -equilibrium and charge neutrality. We find that the compositionof neutronstar matter
changesdramaticallydependingon the valueof UK � . To investigate the modeldependencewe
employ quantumhadrodynaics(QHD) modelandcomparetheresultsfrom QHD with thosefrom
the MQMC model. We find the onsetdensityof the kaoncondensationandthe compositionof
matterathighdensitiesaresubstantiallydifferent.

2. Theory

In this sectionwe briefly sketch the MQMC and QHD modelsby giving the model La-
grangians.Thencouplingconstantsin eachmodelaredeterminedto producethesamesaturation
properties;thesaturationdensity, thebindingenergy, thesymmetryenergy, thenucleoneffective
massandthecompressionmodulus.Finally we describehow thevariablesthatdeterminetheEoS
of theneutronstarmattercanbesolvedself-consistently.

2.1 Models

ThemodelLagrangiancomprisestheoctetbaryon,exchangemeson,leptonandkaontermsas�
tot � �

B � � M � � l � � K . Octetbaryon,exchangemesonandleptontermsin themeanfield
approximationcanbewrittenas

�
B � ∑

B

ψ̄B iγ � ∂ � m
�
B � σ � σ

� � � γ0 gωBω0 � gφBφ0 � 1
2

gρBτzρ03 ψB (2.1)

�
M � � 1

2
m2

σ σ2 � 1
2

m2
σ � σ

� 2 � 1
2

m2
ωω2

0 � 1
2

m2
φ φ2

0 � 1
2

m2
ρρ2

03� (2.2)
�

l � ∑
l

ψ̄l � iγ � ∂ � ml � ψl � (2.3)

whereB denotesthesumoverall thebaryonoctet(p � n � Λ � Σ 
 � Σ0 � Σ �
� Ξ0 � Ξ � ), andl standsfor
thesumover thefreeelectronsandmuons(e � , µ � ). σ , ω andρ mesonsmediatetheinteractions
betweenthe non-strangelight quarks(u and d). σ

�
and φ mesonsare introducedto take into

accounttheinteractionsbetweens quarks.
�

B is of theidenticalform for boththeMQMC andthe
QHD models,but thetwo modelsdiffer in theexpressionfor theeffectivebaryonmassm

�
B.

MQMC
In theMQMC model,abaryonis acompositesystemwith quarksin asphericalbag,andthus

its massis given in termsof bagparametersandquarkenergy. Theeffective massof a baryonin
matterm

�
B � σ � σ

� � canbewrittenas[20, 21, 22]

m
�
B � E2

B � ∑
q

xq

R

2 � (2.4)

Thebagenergy of abaryonis givenby

EB � ∑
q

Ωq

R � ZB

R
� 4

3
π R3 BB � (2.5)

whereBB andZB arethebagconstantanda phenomenologicalconstantfor thezero-pointmotion

of a baryonB, respectively. Ωq � x2
q ��� Rm

�
q � 2, wherem

�
q � � mq � gq

σ σ � gq
σ � σ

� � is theeffective

3



P
o
S
(
J
H
W
2
0
0
5
)
0
2
7

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

massof aquarkwhosefreemassis mq. We take mq � 0 for q � u � d andmq � 150MeV for q � s.
xq is determinedfrom theboundaryconditionon thebagsurfacer � R,

j0 � xq � � βq j1 � xq � � (2.6)

whereβq � Ωq � Rm�q
Ωq 
 Rm�q � In theMQMC model,thebagconstantBB is assumedto dependondensity.

In thiswork, weextendtheform usedin [19] to includethecontribution from σ
�

as

BB � σ � σ � � � BB0exp � 4g� Bσ ∑
q � u � d

nqσ ��� 3 � ∑
q � u � d

nq ��� 2σ
� � mB � (2.7)

wheremB is thefreemassof thebaryonB. Notethatσ mesoncouplesto u andd quarksonly, and
σ
�

mesonto s quarkonly. Thefactor � 2 in front of σ
�

is introduceddueto SU(6)symmetry.
QHD
In theQHD model,abaryonis treatedasapointparticle,andthusits effectivemassis simply

writtenas

m
�
B � mB � gσBσ � gσ � Bσ

� � (2.8)

In orderto reproducethesamesaturationpropertiesastheMQMC, self-interactionsof theσ -field

UQHD
σ � 1

3
g2 σ3 � 1

4
g3 σ4 (2.9)

areaddedto Eq.(2.2) sothat

� QHD
M � �

M � UQHD
σ � (2.10)

ThebaryonandtheleptonLagrangiansfor theQHD modeltake theform givenby Eqs.(2.1) and
(2.3).

Kaon
TheeffectiveLagrangianfor thekaoncanbeexpressedas[23]

�
K � D

�
µK

�
DµK � m

�
K

2K
�
K � (2.11)

whereDµ � ∂µ � igωKωµ � igφKφµ � i1
2gρK �τ � �ρµ � In thiswork wetreatthekaonasapointparticle

in bothMQMC andQHD models,andits effectivemassis givenby

m
�
K � mK � gσKσ � gσ � Kσ

� � (2.12)

Theequationof motionfor akaonis obtainedas
�
DµDµ � m

�
K

2 K � x � � 0� (2.13)

In uniform infinite matter, the kaonfield K � x � canbe written asa planewave. Substitutingthe
planewavesolutioninto theequationof motion,weobtainthedispersionrelationfor theanti-kaon

ωK � m
�
K � gωKω0 � gφKφ0 � gρKI3Kρ03 � (2.14)

whereI3K is theisospinthird componentof theanti-kaon.(In this work it is theanti-kaonK � that
playsanimportantrole,but we referto anti-kaonsjustaskaonsfor brevity.)
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B mB (MeV) B1! 4
B0 (MeV) ZB

N 939.0 188.1 2.030

Λ 1115.6 197.6 1.926

Σ 
 1189.4 202.7 1.829

Σ0 1192.0 202.9 1.826

Σ � 1197.3 203.3 1.819

Ξ0 1314.7 207.6 1.775

Ξ � 1321.3 208.0 1.765

Table 1: BagconstantsBB0 andphenomenologicalconstantsZB for octetbaryonsobtainedto reproducethe
freemassof eachbaryon.BagradiusR0 " 0# 6 fm for all baryonoctetandthebaremassof quarks,mu $ d % " 0
MeV andms " 150MeV.

gq
σ gq

ω g� Bσ gq
ρ m

�
N � mN K (MeV)

1.0 2.71 2.27 7.88 0.78 285.5

Table 2: Thecouplingconstantsfor & u ' d ( -quarksand & σ ' ω ' ρ ( -mesonsin theMQMC modelto reproduce
thebindingenergy Eb ) A " 16 MeV at thesaturationdensity0.17fm * 3 andsymmetryenergy asym " 32# 5
MeV. m +N ) mN andK aretheratio of theeffective massto thefreemassof thenucleonandthecompression
modulusat thesaturationdensity, respectively.

2.2 Model parameters

MQMC
In theMQMC model,MIT bagparametersBB0 andZB aredeterminedto reproducethe free

massof a baryonB, m
�
B ρ � 0 � mB with theminimizationcondition ∂mB

∂R R � R0
� 0 at a given free

bagradiusR0, which we chooseasR0 � 0� 6 fm. Table1 shows thebagparametersBB0 andZB for
theoctetbaryons.

Threesaturationconditionsρ0, Eb � A, andasym coulddeterminethreequark-mesoncoupling
constantsgu � d

σ , gu � d
ω andgu � d

ρ , assumingu andd quarksareidenticalparticlesin anisodoublet.The
MQMC model,however, introducesan additionalconstantg� Bσ , andthusfour couplingconstants
cannotbedetermineduniquely. We fix gq

σ � 1, andadjustthe remainingthreeconstantsto meet
the threeconditions.Obtainedcouplingconstantsaregiven in Table2 togetherwith theeffective
massratio of the nucleonm

�
N � mN and the compressionmodulusK. Table 2 shows m

�
N and K

arereproducedwithin reasonableranges;m
�
N � � 0� 7 , 0� 8� mN andK � � 200 , 300� MeV. The

coupling constantsbetweens-quarksand mesonscannotbe determinedfrom the conditionsat
the saturationdensity. In principle, experimentaldatafrom hypernuclei,kaon-nucleusscattering
andkaonicatomcouldbeusedto determinemeson-hyperoncouplingconstants.However, these
couplingconstantsarenot well known yet, andfor simplicity we assumethat thequarkcounting
ruleholdandthatthes quarkdoesnot interactwith u andd quarks.Thenwehave

gs
σ � gs

ω � gs
ρ � 0� (2.15)

Applying the quark countingrule to the meson-baryoncoupling constantswhich appearin the

5
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gσN gωN gρN g2 (fm � 1) g3

8.06 8.19 7.88 12.139 48.414

Table 3: Themeson-nucleoncouplingconstantsandthecoefficientsof theσ -mesonself interactionterms
in theQHD model.They reproducethefivesaturationpropertiesρ0, Eb, asym, m +N andK asgivenin Table2.

-
UK � - (MeV) 80 100 120 140 160

gσK (MQMC) 1.25 2.01 2.75 3.50 4.25

gσK (QHD) 1.26 2.04 2.82 3.61 4.39

Table 4: gσK determinedfor severalUK � valuesin theMQMC andtheQHD models.

modelLagrangian,weobtaintherelations

gq
ω � 1

3
gωN � 1

2
gωΛ � 1

2
gωΣ � gωΞ �

gq
ρ � gρN � gρΣ � gρΞ � gρΛ � 0�

gs
φ � gφΛ � gφΣ � 1

2
gφΞ � (2.16)

wheregs
φ � � 2gu � d

ω from theSU(6)symmetry. Thequark-mesoncouplingconstantsgiven in Ta-
ble 2 andthequarkcountingrelationsEqs.(2.15) and(2.16) determineall themeson-baryoncou-
pling of theMQMC model.

QHD
In theQHD model,gσN andgωN areadjustedto yield ρ0 andEb, andgρN is fitted to produce

asym. g2 andg3 in UQHD
σ arefixedto reproducem

�
N andK valuesof theMQMC modelin Table2.

Thusdeterminedcouplingconstantsaregivenin Table3. As in theMQMC model,hyperon-meson
couplingconstantsin theQHD arefixedby thequarkcountingruleandtheSU(6)symmetry.

Kaon
Thereare5 meson-kaoncouplingconstants,gσK , gωK , gρK , gσ � K andgφK . gωK andgρK are

fixedfrom thequarkcountingrule;gωK � gq
ω andgρK � gq

ρ . gσ � K canbefixedfrom f0 � 980� decay
[24], andgφK from the SU(6) relationtogetherwith the valueof gπρ asgiven by � 2gφK � gπρ .
gσ � K andgφK thusfixed are2.65and4.27, respectively. The remainingcouplingconstant,gσK ,
canbe relatedto the real part of the optical potentialof a kaonat the saturationdensity;UK � �
� � gσKσ � gωKω0 � . gσK valuesthusdeterminedaresummarizedfor severalUK � valuesin Table4.

2.3 EoS of neutron star matter

ToobtaintheEoS,weneedtodeterminethevariablesateachdensity:5mesonfields(σ � ω � ρ � σ � � φ
), 8 octetbaryondensities,2 leptondensitiesandthekaondensityρK . 5 mesonfieldscanbedeter-
minedfrom their equationsof motion:

m2
σ σ � ∂

∂σ
UQHD

σ � ∑
B

gσBCB � σ � 2JB � 1
2π2

kB

0

m
�
B�

k2 � m
�
B

2 1! 2 k2dk � gσKρK � (2.17)

6
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m2
σ � σ

� � ∑
B

gσ � BCB � σ � � 2JB � 1
2π2

kB

0

m
�
B�

k2 � m
�
B

2 1! 2k2dk � gσ � KρK � (2.18)

m2
ωω0 � ∑

B

gωB � 2JB � 1� k3
B � � 6π2 � � gωKρK � (2.19)

m2
φ φ0 � ∑

B

gφB � 2JB � 1� k3
B � � 6π2 �.� gφKρK � (2.20)

m2
ρρ03 � ∑

B

gρBI3B � 2JB � 1� k3
B � � 6π2 � � gρKI3KρK � (2.21)

whereJB and I3B are the spin and the isospinprojection,respectively, and kB is the Fermi mo-
mentumof the baryonspeciesB. In Eq. (2.17), UQHD

σ is only for the QHD model, and is not
to be included for the MQMC model. CB � σ � and CB � σ � � are determinedfrom the relations
gσBCB � σ � � � ∂m�B

∂σ andgσ � BCB � σ � � � � ∂m�B
∂σ � � β -equilibrium of the baryonsgivesus the follow-

ing 7 relations

µn � µΛ � µΣ0 � µΞ0 �
µn � µe � µΣ� � µΞ� �
µn � µe � µp � µΣ/ � (2.22)

wherethechemicalpotentialof abaryonB is givenby µB � k2
B � m

�
B

2 � σ � σ � �0� gωBω0 � gφBφ0 �
gρBI3Bρ03 � For non-interactingleptons,the chemicalpotentialof a lepton l is simply written as

µl � k2
l � m2

l � Theleptonequilibriumcondition

µe � µµ (2.23)

determinesthedensityof muons.At adensitywherethecondition

ωK � µn � µp (2.24)

is satisfied,kaonsarecondensedandthekaondensityρK becomesnon-zero.Finally, chargeneu-
trality is expressedas

∑
B

qBρB � ρK � ρe � ρµ � 0� (2.25)

where qB is the charge of baryonspeciesB and ρB is the numberdensityof B. Solving the
Eqs. (2.17–2.25) self-consistentlyand simultaneouslytogetherwith the quark eigenvalue equa-
tion Eq.(2.6), onecandeterminethe16variablesuniquely. Oncethese16quantitiesarefixed,it is
straightforwardto computetheEoSby usingtheenergy density

ε � 1
2

m2
σ σ2 � 1

2
m2

σ � σ
� 2 � 1

2
m2

ωω2
0 � 1

2
m2

φ φ2
0 � 1

2
m2

ρρ2
03 � UQHD

σ

� ∑
B

2JB � 1
2π2

kB

0

�
k2 � m

�
B

2 1! 2k2dk � ∑
l

1
π2

kl

0

�
k2 � m2

l
 1! 2k2dk

� m
�
KρK � (2.26)
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Figure 1: Compositionsof neutronstarmatterfrom the MQMC (left panels)andthe QHD (right panels)
models.

andthepressure

P � � 1
2

m2
σ σ2 � 1

2
m2

σ � σ
� 2 � 1

2
m2

ωω2
0 � 1

2
m2

φ φ2
0 � 1

2
m2

ρρ2
03 � UQHD

σ

� 1
3 ∑

B

2JB � 1
2π2

kB

0

k4dk�
k2 � m

�
B

2 1! 2 �
1
3 ∑

l

1
π2

kl

0

k4dk�
k2 � m2

l
 1! 2 � (2.27)

NotethatUQHD
σ in ε andP is alsoonly for theQHD andit is to beabsentfor theMQMC model.

3. Results

Fig. 1 shows the relative population(the ratio of the densityof a particleto the total baryon
density)in the neutronstarmatterup to 10ρ0. The left panelsshow the resultsfor the MQMC
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Figure 2: Kaonenergy ωK with 2UK � 2 = 120MeV (dashed),140MeV (dotted)and160MeV (dot-dashed)
is comparedwith µn 3 µp (solid). At densitieswhereωK andµn 3 µp intersect,kaonstartsto condense.The
left panelis theresultfrom theMQMC modelandtheright from theQHD.
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Figure 3: Mesonfieldsin MeV from theMQMC (left) andtheQHD (right).

modelandtheright for theQHD model.Thetwo modelsconsistentlyshow thattheonsetdensity
of thekaoncondensation(ρcrit) becomessmallerwith a larger

-
UK � - value.A larger

-
UK � - givesus

a largergσK , andthusleadsto a fasterdecreaseof m
�
K . A smallerm

�
K makesωK valuesmaller, and

consequentlythechemicalequilibriumconditionfor thekaoncondensation,Eq. (2.24) is satisfied
at a lower density. Fig. 2 illustratesthis feature.Theleft (right) panelshows ωK andµn � µp from
the MQMC (QHD) model. ρcrit is determinedby the intersectionof the curve for ωK with the
curve for µn � µp. WhenUK � changes,only gσK changesamongthevariablesthatdetermineωK .
ThereforeFig. 2 showstheroleof UK � in thedeterminationof ρcrit. Thelarger

-
UK � - is, thesmaller

ρcrit is.

Anothercommonfeatureof thetwo modelsis thatregardlessof ρcrit, oncethekaonis created,
its densitypilesup very quickly, andeasilyoverwhelmsthepopulationof thehyperonsandeven
thenucleons.Thisbehavior wasalsoobtainedby otherauthors[23, 25, 26, 27]. Thereasonmaybe
partlyattributedto theoppositesignsof theω-mesontermsin theenergy of K � andoctetbaryons;
negativefor theformerandpositivefor thelatter. In Fig.3, weplot themesonfieldscalculatedfrom
theMQMC (left) andtheQHD (right) modelasa functionof ρ. >Fromthefigure,onecaneasily
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Figure 4: Effective massof thenucleon.

deducethat theω-mesonis a significantcontributor to theenergy of K � andoctetbaryons.Since
theω-mesoncontributionto ωK is smallerthanthehyperonsby theorderof gq

ωω0, oncethekaonis
condensed,groundstatestronglyfavorskaonsthanthehyperons,andthis leadsto fastincreaseof
thekaondensity. Sincenegatively chargedhyperonscompetedirectly with thekaonin thecharge
neutralitycondition,they arehighly suppressedby the presenceof the kaon,andthey disappear
or arenot createdat all assoonasthekaoncondensationsetsin. Positively chargedhyperons,on
the otherhand,undergo oppositeinfluencefrom the kaoncondensation:Creationdensityof Σ 

getsloweredas

-
UK � - increases.Due to the charge neutrality, large abundanceof the kaonleads

to enhancementof theprotondensity, andit facilitatesthechemicalequilibriumconditionof the
positively chargedhyperons.

Let usnow discussdifferentaspectsof thetwo models.Firstly theMQMC modelpredictsρcrit

to besmallerthanthatof theQHD for agiven
-
UK � - value.For

-
UK � - = 120,140and160MeV, ρcrit

valuesare5� 9ρ0, 3� 8ρ0 and3� 0ρ0 in theMQMC model,respectively, while ρcrit is 9� 8ρ0, 4� 3ρ0 and
3� 3ρ0 in theQHD model.Secondly, theMQMC modelpredictslargerpopulationof thekaonthan
theQHD for a given

-
UK � - value.Fig. 2 illustratestheorigin of thedifferencein ρcrit valuesfrom

thetwo models.With a givenUK � value,ωK in theMQMC modeldecreasesfasterthanthatin the
QHD becauseσ -mesonfield is larger in theMQMC thanin theQHD, asseenin Fig. 3. Another
reasonfor thedifferencein ρcrit canbefoundin thebehavior of µn � µp. Roughlyspeaking,up to
ρ , 4ρ0, µn � µp behavessimilarly in bothmodels,but asdensityincreasesfurther, it dropsdown
morerapidly in the QHD model. The reason,asshown in Fig. 4, is mainly dueto the behavior
of m

�
N , which decreasesmorerapidly in the QHD model thanin the MQMC. Larger population

of the kaonsin the MQMC modelcanbe understoodon the sameground. With smallerωK and
larger effective massof hyperons,the chemicalequilibrium conditionis moreeasilysatisfiedby
thekaonsthanthehyperons.This suppressesthenumberof hyperonswhile increasingthedensity
of thekaons.

Thecomparisonof thepopulationcalculatedfrom theMQMC andtheQHD modelsindicates
that thesameinputssuchasthesaturationpropertiesand

-
UK � - canresultin quitedifferentcom-

positionprofile at high densitiesdependingon themodel. Onereasonfor this differencemaybe
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saidto bedifferentpropertiesof eachmodelat high densitiessuchastherole of self interactions
of exchangedmesons,which arenot controlledat saturationdensityin thepresentconsideration.
Moredirectinformationathighdensitiesfrom eitherexperimentsor reliablecalculationfrom more
fundamentaltheorywouldhelpto reducethepresentuncertainties.

4. Conclusion

Using the modifiedquark-mesoncouplingmodel,we have obtainedthe compositionprofile
of neutronstarmatter, focusingon the role of the strangeparticlessuchashyperonsandkaons.
Motivatedby recenttheoreticalpredictionsof deeplyboundkaonicstates[14] andthesubsequent
observationsof interestingpeaksfoundin KEK, BNL andDAΦNEexperiments,specialattentionis
paidto theeffectof largekaonopticalpotentialUK � ontheneutronstarmatter. By varyingthevalue
of UK � , we have investigatedhow theonsetdensityof thekaoncondensationandthecomposition
of thestellarmatterchange.Employing aQHD modelthatsatisfiesthesamesaturationconditions
astheMQMC model,we investigatedthemodeldependenceof theresults.

Weobservedtwocommonfeaturesin themodels.First,alarger
-
UK � - producesasmalleronset

densityof thekaoncondensation.Thisbehavior is easilyunderstoodfrom therelationbetweenUK �
andgσK togetherwith theroleof gσK to theenergy of thekaonωK . Secondly, thenumberof kaons
increasesveryquickly, andsuppressesthenumberof hyperons,especiallynegatively chargedones
very strongly. This behavior is dueto the differentsign of the ω-mesonin energy of kaonand
baryon;negative for theformerandpositive for thelatter.

On theotherhand,somemodeldependencewasalsoobserved.Theonsetdensityof thekaon
condensationis smallerin MQMC modelthanin QHD modelwith the sameUK � value,andthe
numberof kaonsalsodiffersatagivendensity. Thesedifferencescanbeattributedto propertiesof
thekaonandthebaryon.Self-consistency conditiongivesdifferentbehavior of mesonfieldsin each
model.Theeffectivemass(andconsequentlythechemicalpotential)of abaryonasapointparticle
differs substantiallyfrom that asa compositesystemasdensitybecomeslarger. This indicates
thatsaturationconditions,whichprovidegoodstartingpoint for thedensematter, don’t havemuch
controlover thehighdensitystate.For instance,in this work we fixedgσK with a givenUK � value
andtheremainingkaon-mesoncouplingconstantsaredeterminedby asimplequarkcountingrule.
However it is noticedthatK 
 canfeelaweakrepulsionat thesaturationdensity[28], whosevalue
is about � 10 MeV. In our scheme,opticalpotentialof K 
 is givenasUK / � � gσKσ � gωKω0. If
we assumea valuefor UK / at thesaturationdensity, togetherwith a givenUK � , gσK andgωK can
befixeduniquely. With gσK andgωK thusdetermined,ωK will behave differently from whatwe
have in this work sincethecontribution of ω-mesonwill behave differently from theσ -mesonat
highdensities.Thereforeit canbesaidthatmoredirectinformationonthehighdensitymatterwill
beimportantto understandthestateof matterthatconstitutestheneutronstar.

In this work we have consideredthe compositionof the neutronstarmatteronly. Equation
of state,insertedin the Tolman-Oppenheimer-Volkoff equation,will give us a direct relationship
betweenthemassandtheradiusof theneutronstar. Calculationof theequationof stateandsolving
theTolman-Oppenheimer-Volkoff equationarein progress.
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