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Abstract

Toinvestigatethephasestructureofrelativisticquantum.fieldtheory,theeffectivepotential(EP)

iswidelyusedasapowerfulandconvenienttool1).IncalculatingtheEPperturbativelyintermsofthe

loop-wiseexpansionitisnecessarytorenormalizethetheorywithadefiniterenormalization-scheme

(RS).ItisnowwellknownthattheperturbativelycalculatedEPhasastrongdependenceonthe

artificiallychosenRS2),e.g.,therenomalizationscaleμandtherenormalizationtemperatureToas

wellinthermalfieldtheories,thusnoreliablepredictioncanbemadewithoutresolvingtheproblemof

RS-dependence.Thereareanotherbigtroublesespeciallyinthermalfieldtheories,e.g.,the

unreliabilityoftheperturbationtheory3).Allthesetroubleshaveessentiallythesameorigin:the

emergenceoflargepe血rbativecorrcctiontems(large-logtermsinthevacuumtheory,andlarge・

T(7'2)termsinadditioninthethermaltheory)whichdependexplicitlyontheRSchosen.Takingthis

factintoaccount,tobreakawayoutoftheabovetroublesweneedsomeprocedurestocarryout

systematicre.summationofatleastthedominantlargecorrectionterms.Ifwecanconstructsucha

systematicresummationprocedure,thenwemayhavesomehopethatitcanalsoworkasa

calculationalprocedureforincorpolatingtheessentialnon-perturbativeeffectintotheEP,thushelping

ustounderstandthephasestructureofthetheory,towardwhichavarietyofmethodshasbeenused4}

6).

Recentlyasimplebutefficientsystematicresummationschemeonthebasisofthe
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rcnomalizationgroup(RG)techniqucisproposed.7)・8)Bandoetal7)haveproposedalarge-log

resummationschemeinthevacuumtheory,andwehaveslightlyextendedtheirideaproposingg)a

resummationschemeofthedominantlargecorrectiontermsinthethermalcaseaswell.Inthispaper

weapplyourresummationschemealaRG,namelytheRGimprovrmrntproceduretothemassive

scalarφ4modelandfullyinvestigatethephasestructureofthemodelbothatzeroandatfinite

temperatures9),showingthatourRG-improvementprocedurenotonlyresolvestheproblemoftheRS-

dependence,butalsoincorpolatesimportantnon-perturbativeeffects.

Mainoutcomesofthepresentanalysisarethefollowings;

i)Atfinitetemperaturethesimplemassivescalarφ4modelactuallyhasthreephases,onephase

Iinwhichthesymmeryisrestored,andtwophasesIIandIIIwheresymmetryisbroken,onlyoneof

them(thephaseII)canbeseenintheordinaryperturbativeanalysis.OthertwophasesIandIIIemerge

asaresultofthesystematicresummationofdominantlargecorrectionterms,oneofthem(thephase

III)havingatrulynon-perturbativenatureandunabletobeseeninthehightemperatureexpansion

analysis.Temperature-dependentphasetransitionproceedsthroughtheexplicitfirstordertransition

betweentheordinarysymmetry-brokenphaseIIandthenewsymmetry-restoredphaseI.Thesmallφ

regionproblem,pointedoutbyAmelino-Camelia10),ofthepresentanalysisisalsocarefully

investigated.

ii)TheO(N)symmetricmassivescalarφ4modelatfinitetemperatureinthelarge一 ノVlimithasa

completelydifferentphasestructurefromthesimplemodel.Ithastwophases:theordinaryphaseand

thetrulynon-perturbativephase.Intheordinaryphasethepotentialchangesitsformasthetemperature

increasesfromthesymmetry-brokenwine-bottleformtothesymmetry-restoredonethroughthe

secondordertransition.

iii)Thephasest川ctureofthemodelatzcrotemperaturecouldbestudiedintwodifferentways:

studyingthemodelatexactzerotemperaturebyapplyingtheresummationschemeinthevacuum

theory,orstudyingtheT→OlimitofthemodelatT≠Obyapplyingtheresummationschemeinthe

themaltheory.Weshowthatthesimplemassivescalarφ4modelhおa貢chthree・phasestructure

with,evenat1』0,aphaseinwhichthesymmtryisrcstored.Inaddition,theT→Olirnitofthesimple

modclatT≠Odoesnotingeneralcoincidewiththesamemodelinthevacuumtheory:a)Themodelill

thevacuumtheory,i.e.,atexactzerotemperaturehasanunstablethree-phasestructurewithonephase

(i.e.,thesymmetricphaseappearingasaresultofresummation)characterizedbythepotential

unboundedfrombelow.Othertwophasesarethesymmetry-brokenphases.Allthethreephasesare

connectedanalytically,i.e.,amongthemwecanmovefromonephasetoanotherwiththecontinuous

changeoftheparameterinthetheory,thussuggestingthemodelbeingunabletoexistasastable

thcory.b)ThcT→OlimitofthesamemodelatT≠Oisnotunique,namelythemodelatT≠Oisnot

analyticatT』0.WithasuitableT→Olimittingprocedure,theT→OlimitofthcmodelatT≠Ohas,

togetherwiththethreephasesappearedinthemodelatexactzerotemperature,anisolatednewphase

whichcannotbeconnectedwithotherthreephasesanalyticallybythecontinuouschangeofthe

parameterinthetheory.Thisisolatedphaseisacompletelymasslessphasewiththesymmetry

restored.ThereisaT→OprocedurewithwhichtheT→OlimitofthemodelatT≠Ocoincideswiththe

modelinthevacuumtheoryaboveina).

iv)TheO(N)symmetricmassivescalarφ4modelinthelarge-Nlimithasauniquczero

tcmperaturelimit,namelytheT!→OlimitofthemodclatT≠Oalwayscoincideswiththesamemodcl

inthevacuumtheory.Inthismodelthcstabletwo-phascstructureatT≠Osurvivesatzerotemperaturc

andthesymmetry-restoredphaseneverappearsatT=O.Thetruevacuumisrealizedattheminimumof

theEPinthesymmetrybrokenordinaryphase.
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