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Recentexperimentsat KEK, BNL, and DA®NE revealedvery interestingpeaksthat might be
interpretedas deeplyboundkaonic nuclearsystemswhich were predictedby Akaishi and Ya-
mazaki.If thosepeaksareindeedfoundto be deeplyboundkaonicnuclearstatesjt impliesthat
thereal partof the kaonoptical potentialin nucleicanbevery large. Herewe considerthis pos-
sibility of very large kaonopticalpotentialin the frameawork of amodifiedquark-mesomoupling
model. We thenapply the modified quark-mesorcouplingmodelto the neutronstar matter It

is foundthatthe compositionof matteris very sensitve to the interactionstrengthof kaonswith

matter The presensef kaoncondensatiorthangegirasticallythe populationof octetbaryons
andleptons.We comparethe resultsfrom the modifiedquark-mesortouplingmodelwith those
of quantumhadrodynamicsThe kaoncondensatiorstartsto take placeat lower densitieswith

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

1. Introduction

The interior of a neutronstaris believed to have greatdiversity. At densitiesaroundthe
saturationdensity pg, the matteris composef nucleonsgelectronsand muons,andit is mostly
populatedby the neutronsto satisfythe -equilibrium, chage neutrality and Pauli blocking. At
densitieshigherthanpg, maybeat p > 2pg, the situationbecomegjuiteunclear Mary possibilities
have beenproposedgreationof hyperondi], pion [2] or kaon[3] condensatiorstrangematter(4,
quarkdeconfinemeri, B, 7] andetc. Thoughmuchprogress$asbeenachiezedin theobsenation
of neutronstarpropertiessuchasmassyadius,andtemperaturelinderstandinghemstill confronts
mary problemsanduncertaintiegdueto lack of our knowledgeaboutthe stateof matterat high
densities.

In this work, we considerthe possibility of hyperoncreationand kaon condensatiorin the
neutronstarmatter The massesandenepiesof the hyperonsandkaonsin mediumare sensitve
to their interactionswith surroundingmatter In the meson-gchangepicture, meson-lperonand
meson-kaorcoupling constantsieterminethe strengthof theseinteractions. The meson-lgperon
couplingconstantsnay be determinedrom the binding enegiesof hyperonsin hypernuclei,for
instance.The meson-kaorcoupling constantdhave beenstudiedby usingthe kaon-nucleorscat-
teringandkaonicatomdata.Somecalculationg&, 9, 10Q] shav thattherealpartof theK~-nucleus
optical potentialUk- is shallov (Ux- ~ —50 MeV), but someothercalculationssuggesthatUy-
canbeaslargeasabout—120MeV [{1, 17] or evencloseto —200MeV [[3].

Recently Akaishi and Yamazakipredictedthe existenceof deeplyboundkaonicnuclei[i4],
in whichUg - atnormaldensitypg is estimatedo beabout—120MeV. Obsenationsof theclaimed
tribaryonkaonicnuclei, ° [15] andS* [16] seemto indicatethatK~ may be even moredeeply
boundin a nucleusthanthe theoreticalprediction[14]. A BNL experimentwith 180(K~,n) reac-
tion [17] andFINUDA collaboratiorat DA®NE [L8] alsoreporteddistinctpeaks.Theidentitiesof
thesepeaksneedto be studiedfurtherexperimentallyandtheoretically However, in this work, we
considetthe possibilityof deepoptical potentialof kaonsandapplysuchdeeppotential¢o neutron
starmatterto explorethe consequenceia the equationof state(EoS)of densematterandneutron
starproperties.

We emplgy the modified quark-mesorcoupling(MQMC) model[19] for the descriptionof
densematter Nucleonsand hyperonsin the baryonoctetare describedas MIT bags. The bag
constanBg andphenomenologicatonstan®g for baryonB aredeterminedo reproducehefree
massof eachbaryon.Couplingconstantbetween(u, d)-quarksin thebagsand(o, w, p)-mesons
areadjustedo producethesaturatiordensitypp = 0.17fm 3, bindingenegy peranucleonEy /A =
16 MeV andsymmetryenegy at the saturationasym = 32.5 MeV. Sincethe interactionbetween
thes-quarkandmesonsarenotwell known, we adoptthe standardjuarkcountingrule andassume
the s-quarkis decoupledo (o, w, p)-mesons.To take into accountthe interactionsbetweens-
quarks,we introducec™(fo(980)) and (1020 mesondollowing Ref.[20]. We assumehe kaon
asapointparticle. Thistreatmentllows usto useUgk- asaninputto fix thekaon-mesoroupling
constantsin ourmodeltherealpartof theopticalpotentialcanbewrittenasUx- = — (gok 0 (00) +
Juwk W(Po)), Whereo (pp) andw(pp) arethevaluesof the mesorfieldsat pp. By usingthevalueof
dwk givenby thequarkcountingrule, we candeterminegyk for eachgivenvalueof Uy -. Oncethe
parametersf the modelarefixed, the compositionprofile of neutronstarmattercanbe obtained
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from B-equilibrium and chage neutrality We find that the compositionof neutronstar matter
changedramaticallydependingon the value of Ux-. To investigate the modeldependenceve
emplgy quantumhadrodynaic§QHD) modelandcomparethe resultsfrom QHD with thosefrom
the MQMC model. We find the onsetdensityof the kaon condensatiorand the compositionof
matterat high densitiesaresubstantiallydifferent.

2. Theory

In this sectionwe briefly sketchthe MQMC and QHD modelsby giving the model La-
grangians.Thencouplingconstantsn eachmodelaredeterminedo producethe samesaturation
propertiesithe saturationdensity the binding enegy, the symmetryenepy, the nucleoneffective
massandthe compressiomodulus.Finally we describehow the variablesthatdeterminghe EoS
of the neutronstarmattercanbe solved self-consistently

2.1 Models

ThemodelLagrangiarcompriseghe octetbaryon,exchanganesonjeptonandkaontermsas
Lot = LB+ Ln+ -4 + Zk. Octetbaryon,exchangemesonandleptontermsin the meanfield
approximatiorcanbewritten as

— . 1
Lp = glﬂa [IY' 0-mg(0,0%)—y° <9w50b+grpsflb+ Engszos’)} s (2.1)

Fin = — 0?02 S+ e+ e ph, 22)
A= Zlﬁ(iv-ﬁ—m)% (2.3)

whereB denoteghe sumover all thebaryonoctet(p, n, A, =*, 5%, ¥, =0 =-), andl standdor
the sumover thefree electronsandmuons(e™, u~). o, w andp mesongnediatethe interactions
betweenthe non-strangdight quarks(u andd). ¢* and ¢ mesonsare introducedto take into
accountheinteractiondetweers quarks..£s is of theidenticalform for boththe MQMC andthe
QHD models but thetwo modelsdiffer in the expressiorfor the effective baryonmassmg.

MQMC

In the MQMC model,abaryonis acompositesystemwith quarksin asphericabag,andthus
its massis givenin termsof bagparameterandquarkenegy. The effective massof a baryonin
mattermi(o, o*) canbewritten as[20, 21, 2]

2
m= B3-S (%) . 2.4)
q
Thebagenegy of abaryonis givenby
Q9 28
Eg = ﬁ—ﬁJr TR® Bg, (2.5)

whereBg andZg arethe bagconstantanda phenomenologicatonstanfor the zero-pointmotion
of abaryonB, respectiely. Qq = , /x(% + (Rma)z, Wheren{;(: mg — gao— g‘j,*a*) is the effective
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massof aquarkwhosefree massis my. We take mq = 0 for g = u,d andmy = 150MeV for g =s.
Xq is determinedrom the boundaryconditiononthe bagsurfacer = R,

Jo(Xq) = Baj1(Xq), (2.6)

Qq TRy

wherefy = 4/ 2R |5 the MQMC model,thebagconstanBg is assumedo depencbn density
In this work, we extendtheform usedin [19] to includethe contritution from o* as

Bg(0, 0%) = BBoexp{—4g’2 ( > ngo+(3-y nq)\/§0*> /mB}, (2.7)
g=u,d g=u,d
wheremg is the free massof the baryonB. Notethat o mesoncouplesto u andd quarksonly, and
o* mesonto s quarkonly. Thefactory/2 in front of * is introduceddueto SU(6) symmetry
QHD
In the QHD model,abaryonis treatedasa point particle,andthusits effective masss simply
writtenas

Mg = Mg — goBO — Jo+BO (2.8)

In orderto reproducehe samesaturatiorpropertiesasthe MQMC, self-interaction®f the o-field

U = 10,031 Lg50° (2.9)
3 4
areaddedo Eq. (2.2) sothat
£ = 4, —uQP, (2.10)
The baryonandthe leptonLagrangiangor the QHD modeltake the form givenby Egs.(2.2) and
Kaon

Theeffective Lagrangiarfor thekaoncanbe expresseds[23]
Zk =D K*DHK — m KK, (2.11)

whereDy, = 9 +iguwk Wy — iGgKk Pu +139pk T - Py IN thiswork we treatthe kaonasa point particle
in bothMQMC andQHD models,andits effective massis givenby

Mk = MK —Jok 0 — gk 0" (2.12)
The equationof motionfor a kaonis obtainedas
(DD + miZIK (x) = 0. (2.13)

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 + oK @ — Jok 13K P03, (2.14)

wherelzk is theisospinthird componenbf theanti-kaon.(In thiswork it is the anti-kaonK — that
playsanimportantrole, but we referto anti-kaongust askaonsfor brevity.)
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B | msg(MeV) | By (MeV) | Zg
N 939.0 188.1 2.030
A 1115.6 197.6 1.926
Pt 1189.4 202.7 1.829
30 1192.0 202.9 1.826
i 1197.3 203.3 1.819
=0 1314.7 207.6 1.775
=- 1321.3 208.0 1.765

Table 1: Bagconstant8gy andphenomenologicatonstantZg for octetbaryonsobtainedo reproducehe
freemassof eachbaryon.BagradiusR = 0.6 fm for all baryonoctetandthe baremassof quarksmyg) =0
MeV andmg = 150 MeV.

o | b | db | gi | mi/my | K (Mev)
10 | 271 | 227 | 7.88| 0.78 | 2855

Table 2: Thecouplingconstantdor (u, d)-quarksand(a, w, p)-mesonsn the MQMC modelto reproduce
the bindingenegy E, /A = 16 MeV atthe saturationdensity0.17 fm—3 andsymmetryenegy asym = 325
MeV. i /my andK aretheratio of the effective massto the free massof the nucleonandthe compression
modulusatthe saturatiordensity respectiely.

2.2 Model parameters

MQMC
In the MQMC model, MIT bagparameter8gg andZg aredeterminedo reproducethe free
massof a baryonB, mg \pzo = mg with the minimizationcondition %—”F‘{B = 0 atagivenfree
W

bagradiusRy, whichwe chooseasRy = 0.6 fm. Tabled; shawvs the bagparameterﬁgo andZg for
theoctetbaryons.

Threesaturationconditionspg, Ep/A, andasym could determinethreequark-mesorcoupling
constantsg‘c’;d, g%d andgf,’d, assumings andd quarksareidenticalparticlesin anisodoublet.The
MQMC model, however, introducesan additionalconstantg@,B, andthusfour coupling constants
cannotbe determinecuniquely We fix g3 = 1, andadjustthe remainingthreeconstantgo meet
the threeconditions. Obtainedcoupling constantsaregivenin Tabled togethemwith the effective
massratio of the nucleonmy,/my and the compressiormodulusK. Table 2 shavs ny; and K
arereproducedvithin reasonableanges;my = (0.7 ~ 0.8)my andK = (200~ 300) MeV. The
coupling constantsbetweens-quarksand mesonscannotbe determinedfrom the conditionsat
the saturationdensity In principle, experimentaldatafrom hypernuclei,kaon-nucleuscattering
andkaonicatomcould be usedto determinemeson-iperoncoupling constants.However, these
couplingconstantsare not well known yet, andfor simplicity we assumehatthe quarkcounting
rule hold andthatthe s quarkdoesnot interactwith u andd quarks.Thenwe have

9o =0u=0p=0. (2.15)

Applying the quark countingrule to the meson-baryorcoupling constantsvhich appearin the
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JoN JoN Oon | G2 (fm™) | g3
8.06 8.19 7.88 12.139 | 48.414

Table 3: Themeson-nucleogouplingconstantandthe coeficientsof the a-mesonself interactionterms
in theQHD model. They reproducehefive saturatiorpropertiespo, Ey,, asym, My, andK asgivenin Table2.

Uk [(MeV) | 80 [ 100 | 120 | 140 | 160
gok (MQMC) | 1.25] 2.01 | 2.75 | 350 | 4.25
gok (QHD) | 1.26| 2.04 | 2.82 | 3.61 | 4.39

Table 4: gyx determinedor severalUy valuesin the MQMC andthe QHD models.

modelLagrangianwe obtaintherelations

g 1 1, 1 .
gw—sng—Zgw/\—zng_nga

g?) = OpN = 0Gpz = 0p=, Gpn =0,

1
Jp = Yon = Ogs = 500 (2.16)

Wheregfo = \/Egﬁd from the SU(6) symmetry The quark-mesorcouplingconstantgjivenin Ta-
ble 2 andthe quarkcountingrelationsEgs.(2.15 and(2.16 determineall the meson-baryormou-
pling of the MQMC model.

QHD

In the QHD model,gsn andgen areadjustedo yield pg andEy, andgpy is fitted to produce
asym. 02 andgz in U"P arefixedto reproducery; andK valuesof the MQMC modelin Tabled.
Thusdeterminedtouplingconstantsregivenin Tabled. As in theMQMC model,hyperon-meson
couplingconstantsn the QHD arefixed by the quarkcountingrule andthe SU(6) symmetry

Kaon

Thereare5 meson-kaortouplingconstantsggek , Juk, 9ok, Gork @andgek. Jwk andgpk are
fixedfrom thequarkcountingrule; 9ok = g¢, andgok = g go-k canbefixedfrom fo(980) decay
[24], andggk from the SU(6) relationtogetherwith the value of g, asgivenby \/ig(,,K = Onp-
Jo+k andgek thusfixed are2.65and4.27,respectiely. The remainingcouplingconstantgok,
canbe relatedto the real part of the optical potentialof a kaon at the saturationdensity;Ux =
—(9oK O + Jek Wo). Jok Valuesthusdeterminedaresummarizedor severalUy  valuesin Table4.

2.3 EoSof neutron star matter

To obtaintheEoS,we needo determinghevariablesateachdensity:5 mesorfields(o, w, p. o*, @
), 8 octetbaryondensities? leptondensitiesandthe kaondensitypx . 5 mesorfieldscanbedeter
minedfrom their equationsf motion:

9 | qHD 2l +1 e mg 2
M50+ 55US"" = 3 9osCal0) 55 /0 ek e (247)
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. L 2Jg+1 m; )
760" = 3 00Ce(0") G [ T e G (2.18)
My = gng(ZJB +1)k3/(67) — Guok Ok, (2.19)
M@ = gg¢5(2J5+1)k§/(6n2) + Gk Pk (2.20)
M5 o3 = ggpalss(ZJB%-l)kg/(Gﬂz) — Opk I3k Pk » (2.21)

where Jg and lsg arethe spin andthe isospinprojection, respectiely, and kg is the Fermi mo-
mentumof the baryonspeciesB. In Eq. (2.17), US"P is only for the QHD model, andis not
to be included for the MQMC model. CB( ) and Cg(o™*) are determinedfrom the relations
0o8Cs(0) = omg andgg-gCg(0*) = mB . B-equilibrium of the baryonsgivesus the follow-
ing 7 relations

Hn = HUA = Hso = M=o,
Hn+ He = Hz- = H=-,
Hn— He = Hp = Hs-+, (2.22)

wherethechemicalpotentialof abaryonB is givenby g = \/ké + m’gz(a, 0*) 4+ gwsWo +gps @ +
gpBl3sPo3. FOr non-interactingeptons,the chemicalpotentialof a lepton| is simply written as

= 1/k?+nm¢. Theleptonequilibriumcondition
He = Hy (2.23)
determineshe densityof muons.At a densitywherethe condition
X = Hn—Hp (2.24)

is satisfied kaonsarecondense@ndthe kaondensitypx becomeson-zero.Finally, chage neu-
trality is expresseds

gqsps—pK—pe—pu =0, (2.25)

wheregg is the chalge of baryon speciesB and pg is the numberdensityof B Solving the

tion Eq. (.’_ZLQ), onecandeterminghe 16 variablesuniquely Oncethesel6 quantitiesarefixed, it is
straightforvardto computethe EoSby usingthe enegy density

1 1
—Emgau mﬁm +5 wwo+ Mm@ + = mzp§3+UQHD

2)s+1
287.[2 /O [ rnB ]1/2k2dk+Z / k2+rq2 1/2k2dk

+Mk Pk, (2.26)
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Figure 1. Compositionsof neutronstarmatterfrom the MQMC (left panels)andthe QHD (right panels)

models.

andthepressure

NotethatUS"™® in & andP is alsoonly for the QHD andit is to be absenfor the MQMC model.

3. Resaults

Fig. & shawvs the relative population(the ratio of the densityof a particleto the total baryon
density)in the neutronstar matterup to 10py. The left panelsshav the resultsfor the MQMC

1
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Figure 2: Kaonenegy ax with |Uk-| = 120MeV (dashed)140MeV (dotted)and160MeV (dot-dashed)
is comparedwith pin — [ (Solid). At densitiesvherewx andu, — Up intersectkaonstartsto condenseThe
left panelis theresultfrom the MQMC modelandtheright from the QHD.

120 ; . . . 120

100 -

80 -
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40 |
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20 +
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Figure 3: Mesonfieldsin MeV from the MQMC (left) andthe QHD (right).

modelandtheright for the QHD model. Thetwo modelsconsistentlyshowv thatthe onsetdensity
of thekaoncondensatiofocit) becomesmallerwith alarger|Uk- | value.A larger |Uk- | givesus
alargergqk , andthusleadsto a fasterdecreasef my. A smallermy makesax valuesmaller and
consequentlyhe chemicalequilibrium conditionfor the kaoncondensationkq. (2.24) is satisfied
atalower density Fig. Z illustratesthis feature.Theleft (right) panelshavs ax andpn — pp from

the MQMC (QHD) model. pgi is determinedby the intersectionof the curve for w¢ with the
curve for un — pp. WhenUg - changesonly gox changesamongthe variablesthatdetermine .

ThereforeFig. 2 shovstherole of Uk - in thedeterminatiorof pgii. Thelarger|Uk-| is, thesmaller
Perit iS.

Anothercommonfeatureof thetwo modelsis thatregardlessof p.i;, oncethekaonis created,
its densitypiles up very quickly, andeasily overwhelmsthe populationof the hyperonsandeven
thenucleons This behaior wasalsoobtainedby otherauthorg23, 25, ¥6, 27]. Thereasormaybe
partly attributedto the oppositesignsof the w-mesortermsin theenegy of K~ andoctetbaryons;
negative for theformerandpositive for thelatter. In Fig. 3, we plotthemesorfieldscalculatedrom
the MQMC (left) andthe QHD (right) modelasa functionof p. >Fromthefigure,onecaneasily
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Figure 4: Effective massof thenucleon.

deducehatthe w-mesonis a significantcontributor to theenegy of K~ andoctetbaryons.Since
the w-mesorcontritutionto ax is smallerthanthe hyperonsby theorderof g3 ay, oncethekaonis
condensedgroundstatestronglyfavors kaonsthanthe hyperons andthis leadsto fastincreaseof
thekaondensity Sincenggatively chagedhyperonscompetedirectly with thekaonin the chage
neutrality condition, they are highly suppressety the presencef the kaon,andthey disappear
or arenot createdat all assoonasthe kaoncondensatiosetsin. Positvely chagedhyperons,on
the otherhand,undego oppositeinfluencefrom the kaon condensationCreationdensityof "
getsloweredas |Uk - | increasesDue to the chage neutrality large abundanceof the kaonleads
to enhancementf the protondensity andit facilitatesthe chemicalequilibrium conditionof the
positively chagedhyperons.

Let usnow discusdifferentaspect®f thetwo models.Firstly the MQMC modelpredictsogit
to besmallerthanthatof the QHD for agiven|Uk-| value.For |Uk-| = 120,140and160MeV, pciit
valuesareb.9p0g, 3.8p9 and3.0pg in the MQMC model,respectiely, while pgit is 9.80g, 4.300 and
3.3pp in the QHD model. Secondlythe MQMC modelpredictslarger populationof the kaonthan
the QHD for a given |Uk - | value. Fig. 2 illustratesthe origin of the differencein pgi; valuesfrom
thetwo models.With a givenUk- value,wx in the MQMC modeldecreasefasterthanthatin the
QHD becauser-mesonfield is largerin the MQMC thanin the QHD, asseenin Fig. 8. Another
reasorfor thedifferencein peir canbefoundin the behaior of pn, — up. Roughlyspeakingup to
P ~ 4po, Un — Hp behaessimilarly in bothmodels but asdensityincreasegurther, it dropsdown
morerapidly in the QHD model. The reasonasshavn in Fig. 4, is mainly dueto the behaior
of my,, which decreasesorerapidly in the QHD modelthanin the MQMC. Larger population
of the kaonsin the MQMC model canbe understoodn the sameground. With smallerax and
larger effective massof hyperons the chemicalequilibrium conditionis more easily satisfiedby
thekaonsthanthe hyperons.This suppressethe numberof hyperonswhile increasinghe density
of thekaons.

Thecomparisorof the populationcalculatedrom the MQMC andthe QHD modelsindicates
thatthe sameinputssuchasthe saturationpropertiesand |Uk - | canresultin quite differentcom-
positionprofile at high densitiesdependingon the model. Onereasorfor this differencemay be

10
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saidto be differentpropertiesof eachmodelat high densitiessuchasthe role of self interactions
of exchangedmesonswhich arenot controlledat saturationdensityin the presentconsideration.
Moredirectinformationathigh densitiesrom eitherexperimentsor reliablecalculationfrom more
fundamentatheorywould helpto reducethe presenuncertainties.

4. Conclusion

Using the modified quark-mesorcoupling model, we have obtainedthe compaositionprofile
of neutronstarmatter focusingon the role of the strangeparticlessuchashyperonsandkaons.
Motivatedby recenttheoreticapredictionsof deeplyboundkaonicstatedil4] andthe subsequent
obsenationsof interestingpeaksoundin KEK, BNL andDA®NE experimentsspeciakattentions
paidto theeffectof largekaonopticalpotentiallx - ontheneutronstarmatter By varyingthevalue
of Ux-, we have investicgatedhow the onsetdensityof the kaoncondensatiomndthe composition
of the stellarmatterchange Employing a QHD modelthatsatisfieshe samesaturationconditions
astheMQMC model,we investigatedthe modeldependencef theresults.

We obsenedtwo commonfeaturesn themodels.First,alarger|Uk - | producesismalleronset
densityof thekaoncondensationThisbehaior is easilyunderstoodrom therelationbetweerUy -
andggk togethemith therole of gy to theenegy of thekaonwy . Secondlythe numberof kaons
increasesery quickly, andsuppressethe numberof hyperons gspeciallynegatively chagedones
very strongly This behaior is dueto the differentsign of the w-mesonin enepy of kaonand
baryon;negative for theformerandpositive for thelatter.

Ontheotherhand,somemodeldependencwasalsoobsered. The onsetdensityof thekaon
condensatioms smallerin MQMC modelthanin QHD modelwith the sameUk- value,andthe
numberof kaonsalsodiffersat a givendensity Thesedifferencesanbeattributedto propertiesof
thekaonandthebaryon.Self-consistengconditiongivesdifferentbehaior of mesorfieldsin each
model. Theeffective masgandconsequentlyhechemicalpotential)of abaryonasa pointparticle
differs substantiallyfrom that asa compositesystemas densitybecomedarger. This indicates
thatsaturatiorconditions which provide goodstartingpoint for thedensematter don't have much
controloverthe high densitystate.For instancejn this work we fixedggx with agivenUg- value
andtheremainingkaon-mesortouplingconstant@aredeterminedy a simplequarkcountingrule.
Howeverit is noticedthatK* canfeel aweakrepulsionat the saturatiordensity[28], whosevalue
is about+10 MeV. In our schemepptical potentialof K is givenasUx+ = —0ggk O + Quk Wo. If
we assume valuefor U+ at the saturationdensity togetherwith a givenUy -, ggx andgqk can
be fixed uniquely With ggx andguk thusdeterminedgx will behae differently from whatwe
have in this work sincethe contritution of w-mesonwill behace differently from the g-mesonat
highdensities.Thereforet canbesaidthatmoredirectinformationon the high densitymatterwill
beimportantto understandhe stateof matterthatconstituteshe neutronstar

In this work we have consideredhe compositionof the neutronstar matteronly. Equation
of state,insertedin the Tolman-Oppenheimevolkoff equationwill give us a direct relationship
betweerthemassandtheradiusof theneutronstar Calculationof theequatiorof stateandsolving
the Tolman-Oppenheimevolkoff equationarein progress.
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