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Abstract

WbhavecarriedoutthehighGalacticmolecularCloudsobservationswiththe
NANTENtelescopeinordertorevealthedistributionandphysicalpropertiesof

molecularCloudsathighGalacticlatitude.Thethreetypesofanobservationhave
beenexecutedathighGalacticregion･

Firstly,aSurVeyforhighGalacticlatitudemolecularcloudswascarriedoutto-

wardthe680ffar-infrared-eXCeSSCloudsofReachetal.(1998)byusing12co(J=1-
0)1ine.COemissionwasdetectedfrom32infraredexcessclouds,COrreSPOndingto
thedetectionrateof47%.TheCOdetectionratesforthecoldandwarminfr訂ed

excesscloudwhosedusttemperaturearelowerandhigherthan17Kis72%and
33%,reSpeCtively.ThisindicatesthatthecoldcloudsareWellshieldedfromex-

ternalUVradiation,reSultinginahighCOabundanceandalowtemperatureof
theclouds.Theinfrared-eXCeSSCloudswithnoCOemissionaremostlikelytobe

molecularhydrogencloudsbecausethetemperatureissimilarto,Orlowerthan,that

ofthesurroundingHIgaB･ThemoleculargaswithoutCOemissionseemstooccupy

morethan90%oftheareaoftheinfrared-eXCeSSClouds.

Next,WeCarriedoutaCOsurveyofhighGalacticlatitudemolecularclouds
towardanHIfilamentincludingMBM53,54,and55･Wbcoveredthewholearea

oftheHIfi1amentin12co(J=1-0)witha41gridspacing･Thefi1amentconsists
ofmanyclumpymolecularclouds･11012cocloudsareidentifiedandtotalmassis

estimatedtobe～1200Mb.13co(J=1-0)observationswerecarriedouttowardthe
regionofhigh12cointensitiesinordertomeasuretheopticaldepthofmoleculargaS･
ThereisnodetectioninC180(J=1-0)1ineintheobservedregion･Thisindicates
thattherearenocloudsdenseenoughtoleadstar-formationinthenearfuture･
Theseobservationsspatia11yresoIvedtheentirega5distributionofMBM53,54,

and55forthefirsttime,andwehavefoundamassivecloud)InCG92-35whose

massis～330M&,COrreSpOndingtol/40fthetotalmass･ThisCOcloudoccupies
theGalacticwesternhalfofacircularHIcloudtoward(l,b)～(920,-350),and
theHItoCOmassratioisestimatedtobethelargestintheobservedregion･Fhr-

infrared_eXCeSSCloudstowardHLCG92-35arethelargestintheobservedregion･
TheratiooftheluminosityoftheinffaredexcesstoCOmaBSisalsosignificantly

largerthanthoseoftheotherclouds,byafactorof～5･Thesefactsindicatethat

HLCG92-35isaCO-formingmolecularcloud)WhichisyoungerthantheMBM

cloudsintermsofmolecularcloudformation.Somepastexplosiveeventhasbeen

suggestedbyGiretal.(1994)towardtheHIfi1ament･TbwardHLCG92-35,the
moleculargaSdistributedalongthewesternedgeoftheHIcloud,Whichimpliesthat
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themoleculargasmaybeformedbyacompressionofexpandingHIshe11.

Finally,WeCarriedoutlargescaleCOobservationstowardaloop-1ikestructure

infarinfraredwhoseangularextentisabout20×20degreesaround(l,b)～(1090,

-450)inPegaBuSWhosediametercorrespondsto～26pcatadistanceoflOOpc,
thesameasthatofastarHD886(B2IV)atthecenteroftheloop.Ⅵねcoveredthe
loop-1ikestructureinthe12co(J=ト0)emissionat4′-8′gridspa?ingandinthe
13co(J=1-0)emissionat2′gridspacingforthe12coemittingreglOnS.The12co
distributionisfoundtoconsistof78sma11clumpycloudswhosemassrangesfrom

O･04MbtollM;･Interestingly,about83%ofthe12cocloudshaveverysma11

masseslessthanl.OM&.13coobservationsrevealedthat190fthe7812coclouds

Showsignificant13coemission.13coemissionwasdetectedtheregionwherethe
molecularcolumndensityof12cocloudsisgreaterthan5×1020cm-2,COrreSpOnding

toAvof～1mag.WbfindnoindicationofstarformationinthesecloudsinIRAS

PointSourceCatalogand2MASSPointSourceCatalog.Theverylowmassclouds

identifiedareunuSualinthesensethattheyhaveveryweak12coTpeakofO.5K-

2･7KandthattheyaggregateinareglOnOfafewpcwithnomainmas$iveclouds;

COntrarilytothis,Similarlowmas占cloudslessthanlM;areseenintheother

regionspreviouslyobservedincludinghighGalacticlatitudeareallassociatedwith

moremassivemaincloudsof～100Mb.Acomparisonwithatheoreticalworkon

molecularcloudformation(Koyama&Inutsukn2002)suggeststhattheverysma11
CloudsmayhaⅦbeenformedintheshockedlayerthroughthethermalinstability.
ThestarHD886(B2IV)maybethesourceofthemechanical1uminosityviastellar
Windstocreateshocks)formlngtheloop-1ikestructurewheretheverysmallclouds

areembedded.
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Chapterl

Introduction

1.1 Molecular Cloudsin theInterstellar Medium

Theinterstellarmediummostlyconsistsofatomicandmolecularhydrogen(here>

afterHIandH2)･Sincethe21cmlineofHIwasdiscovered(Ewen&Purcel11951;
Muller&00rt1951;Pawsey1951),ithasbeenusedforyearstostudythedistri-

butionandkinematicsofinterstellarclouds(e･g･,Heiles1979;Hartmman&Burton

1997).Ontheotherhand,mOlecularcloudsininterstellarspacemostlyconsistof
H2.But H2CannOt bedirectoryobservedbecauseit has nopermanent electric

dipolemomentanddosenotradiativeatusefu1wavelengthandintensity.Inorder

tosearchformolecularclouds,theradiationof12c160(hereafter12co)molecules
andtheirisotopesatradiowavelengthshasbeengenerallyused.COmoleculesare

themostsuitabletracerofH2fromfo11wingregions,1)theyhaveapermanentelec-
tricdipolemoment,2)theyarethesecondabundantmoleculesintheinterste11ar

mediumand3)theyrelativelystablecomparedwithothermolecules.12co(J=ト
0)tracesH2Whosedensityisgreaterthan～102cm-3andhasbeenusedtosearch
fordiffusemolecularclouds･12cohasalsobeenusedtoinvestiga七ethelargescale

distributionofmolecularcloudsintheMilkyway(Dameetal･2001;Solomonetal･

1987;Matsunagaetal.2001).Dameetal.(2001)revealedthewholedistribution

andkineticsofmolecularcloudsaroundtheGalacticplane(lbl≦100)intheMilky

waywithtwol.2mtelescopes.13c160(hereafter13co)(J=1-0)and12c180(here-
afterC180)(J=1-0)tracehigherdensityregionsofmolecularcloudsthan12co･
C180hasbeengenera11yusedtosearchforthedensemolecularcloudswhichappear

tobeformingproto-StarS(e･g･,Onishietal･1998,1999;Mizunoetal･1999;Haraet
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al.1999;1もchiharaetal.2000)･MostastronomicalphenomenasuchasHIIregions
OrSupernOVae,OCCurWithintheGalacticplaneandmolecularcloudsaregreatly

a鮎ctedbythosephenomena.Fbrthesereasons,manymOlecularobservationshave

beenperformedtowardn?ar-bystarformingregionsand/orlowGalacticlatitudes
WheretheGalacticplanelSCOVered`.

1.2Introduction to High Galactic Latitude Re-

gion

Generallyspeaking,Theregionatlbl≧200isknownasthehighGalacticlatitude

region.Thisregioncovers～66%ofthewholeskyanditis～7.6timeslargerthan

theregionofGalacticplane(lbl≦50)･Sincethegaussianscaleheightofmolecular

cloudsisestimatedtobe～100pc(Magnanietal.2000),aStrOnOmicalobjectsat
highGalacticlatitudeshouldbeclosetotheSun.Thepossibilityofoverlapping

withotherobjectsalongthelineofsightislow.MolecularcloudsathighGalactic
latitude(hereafterHLCs)haⅦalowerdensitycomparedwithdarkcloudswhere
theopticalobscurationisslgnificantlylargeandtheyareoftencalledtranslucent

cloudsordiffuseclouds(e.g.,Ⅴ弧Dishoeck&Black1988)･ThereforesomeHLCs
areCOnSideredtobethetranSitionphasefromatomictomoleculargas.MostHLCs

arenotsitesofactivestarformation,althoughafewofthemcontainT-Tauristars
(e.g.,Magnanietal.1995;Pound1996;Heartyetal･1999)･SinceHLCsarefar
fromfar-UVsources,mOStOfthemareprobablyexposedtotheaverageinterstellar

far-UVfieldstars(seevanDishoeck&Black1988;Draine1978)･

1.3 PastObservationsandStudiesatHighGalac-

tic Latitude

GiventheverysmalldistanCeOfHLCs,itisachallengingtaskforobserversto

makeacompletesurveyforHLCsoveralargePOrtionofthesky.12co(J=1-0)
emissionhasbeenusedtosearchfor HLCsbecauseitslineemissionisstrongest

amongthetherma11yorsub-thermallyexcitedmmlinesofimierstellarmolecular

SpeCies.Itis,however,di凪culttocoverthelargeareasubtendedbysomeHLCs

aslargeaStenSSquaredegreeswithexistingmm-WaVetelescopesinareasonable

timescalebecauseofthegeneralweaknessofthe12coemission,tyPically～afew
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K.HLCs havethereforebeensearchedfor by utilizingvarious data8etS at Other

waⅦ1engths.PioneeringworksonHLCswereperformedbyBlitzet al･(1984)

andMagnanietal･(1985)･TheyselectedtheirtargetSbylookingforapparent
opticalobscurationonthePalomarObservatorySkySurvey(POSS)printsandthe
WhiteoakextensiontothePOSS.Theydetected57molecularcloudsin35complexes

atlbl≧250.TheyfoundthatthesecloudsshowweakCOemission(typicallyafew
K)andthattheydonotseemtobegravitationarybound･Ftomtheircloudto
Cloudvelocitydispersion,theysummarizedthatthesemolecularCloudsarewithin

lOOpcoftheSun.Keto&Myers(1986)performedCOobservationstowardfaint
ObscurationorreflectionbyuslngOnehundredandfiftyoneprintsfromtheEuropean

SouthernObservatory(ESO)skysurvey･TheysuggestedthatHLCshaveamassat
leastlOtimeslessthanthatneededtobindthembyself-graVity.Fbr-infrareddata

havealsobeenusedasaprobeformoleculargas,andtherehavebeenob白ervations

towardinfraredclouds,SOmeOfwhichareprObablycandidatesformolecularclouds

(e.g.,Reach,Koo,&Heiles1994)･Fbr-infraredexcessoverHI(Blitzetal･1990)

canbeusedasananotherprobe.Blitzetal.(1990)detected12cotowardonly
13%ofthesample.Magnanietal.(1996)summarizedthesurveysofHLCsand
havecataloguedmorethanlOOobjectsaBOfthismoment.Asanotherapproachfor

searchingforHLCs,anunbiasedsurveyin12co(J=1-0)athighGalacticlatitude
haBbeenperformedbyHartmannetal.(1998)inthenorthernGalactichemisphere

andMagnanietal.(2000)inthesouthernGalactichemisphere･Theseobservations
werecarriedoutusingthel.2mmillimeter-WaVetelescopeatCambridge,MA,Where

theyobservedthewholeareaabove[300linelevationfromthetelescopewithaloca11y
CartesiangridoflO,reSultinginasmallsamplingfactorofafew%･InMagnanietal･

(2000),ifallofthecloudsinMagnanietal･(1996)withintheboundsofthesurveyed

regionareincluded,then260f41cloudsweredetectedforadetectionratioofO･63･
Bhatt(2000)summarizedabovetwosurveyresults･ThesesurveysofHLCsshow
thatthedistributionofHLCsisnotuniformathighGalacticlatitude,andthereare

SOmegrOupSOrCOmplexesofHLCs,Whoseangularextentis～10degreesorlarger･

ThepastobservationsofsuchcomplexesofHLCswithhighangularresolutionhave

beenlimitedtoafewregionsincludingthePolarisflare(Heithausen&Thaddeus

1990)andtheUrsaMajor(Pound&Goodman1997)･Pound&Goodman(1997)
showedthearc-1ikestructureofthemolecularcloudsystemandtheysuggestedthat

theoriginofsuchstructurescouldbesomeexplosiveevents･

Observationswithhighresolutionhavebeenalsoperformedtowardsomealready

knownHLCs(e.g.,Poundetal･1990)･ObservationsofhighJtransitionsofCO

havebeenperformedtowardsomeHLCs(e.g･,Fblgaroneetal･1998;Ingallsetal･
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2000)andobservationsofCI(3pl-3po)havealsobeenperformedtowardsomeHLCs
(e.g.,Ingallsetal.1997;Stark&vanDishoeck1994;Benschetal･2003)･Inga11set

al.(2000)foundthat丘omobservationsofJ=4-3,3-2,2-1andトOtransitionsof
CO,theCOgastemperaturemustnotbegreaterthan30Kandthemostprobable

solutionofanLVGmodelisahigh-densityandlow-temPerature(HDI∬)solution,
withvolumedensityoflO4･5士0･5cm-3andkinetictemperatureof穴ゴ8K･Reachetal･

(1995)observedJ=3-2,2-1andl-OtransitionsofCS,andtheJ=1｣)transitionsof
HCO+andHCNtowardsomedenseHLCs･TheCHobservationsofthe2Ill/2F=1-

1hyperfinetransitionhavebeenperformedtowardMBM16and40byMagnaniet

al.(1998).
OtherwavelengthobservationshavealsobeenperformedathighGalacticlati-

tude.IRASSkySurveyAtlas(ISSA)coveredthewholehighGalacticlatituderegion･
Cleary,Heiles&Haslam(1979)revealedtheHIdistributionat6≦-300andHart-

mann&Burton(1997)revealeditoftheentireskyaccessiblefromDwingelooradio
telescopeoftheNetherlandsFbundationforResearChinAstronomy.Schlegeletal･

(1998)createdreprocessedlOOpm.mapsofthewholeskyusingtheCOBE/DIRBE

andIRAS/ISSAmapsandremovlngthezodiacalforegroundandconfinedpoint
SOurCeS.Thedistributionoffar-infraredexcessoverHI,Whichisagoodindexof

molecularhydrogen,tOWardafairreglOnOfthewholeskywasrevealedbyReach

etal･(1998)･Theseresultssuggestthatthedistributionofdust,HIandH2are
notalsouniformaroundtheSunandtherearesomelargefilamQntaryOrloop-1ike

structureswhichmaybeundergoingthee鮎ctofthepastand/orpresentactivities
Ofastronomicalobjects.
Boulangeret

al.(1996)correlatedthefar-infraredemissionwithHIathigh
Galacticlatitude.Theyfoundthatthereisagoodcorrelationbetweenfar-infrared

emissionandHIatallwaNelengthsfromlOOpmtolmmforHIcolumndensities

smal1erthan5×1020cm-2･TheirdataiswellfittedbyaslnglePlankcurveof

T=17.5K,indicatingthat thereis no colder component ofsignificance onlarge

angularscales.

1.4 The Aim ofThis Study and The NANTEN

Tblescope

Under circumstancesin Sectionl.3,WehaNe Carriedout observations at high

4



Galacticlatitude.Inspiteoftheexistenceofseverallargeangularscalestructuresin

HIandfarinfraredradiation,mOlecularobservationsha㈹beencoveredtowardonly

twoofthem(fordetails,SeepreVioussubsection)･Inordertobetterunderstandthe
structureofHLCsandtopursuetheevolutionofHLCcomplexes,COobservations

coveringtensofsquaredegreesatahighangularresolutionarecrucial･Inaddition,

Itislikelytha七alargenumberofHLCshavenotyetbeendetectedinCO･Actually,

Reachetal.(1998)identifiedgoodcandicatesformolecularcloudsandmorethana
halfofthemhavenotbeenobservedinatracerofmolecularclouds.Therefore,We

haveobservedtheseobjectswiththeNANTENtelescope.Theaimofourstudyisto

revealthedistributionandphysicalpropertiesofHLCs,andtorevealobservationally

themechanismofmolecularcloudformation.

Figureト1showsaphotographoftheNANTENtelescopeat LasCampanas

Observatory(LCO),Chile･ThistelescopehasobservedtheLMC,SMC,Galactic
Plane,manyStar-formingreglOnSandsoonfromLCOsince1996underamutual

agreementbetweenNagoyaUniversityandtheCarnegieInstitutionofWashington･
TheresultsfromNANTENhaNebeenpublishedinNANTENspecialissuesofPub-

1icationsoftheAstronomicalSocietyofJapan(PASJVbl･51,No･6,1999andVbl･

53,No.6,2001)andinsomeforeignjournalssuchasAstrophysicalJournal,and
hEWebeenpresentedatmanyastronomicalconferences･

TheparametersoftheNANTENtelescopearesummarizedinlもblel-1･The

Primarymirrorhasadiameterof4mandthesurfaceaccuracyis S50pm･The

highaccuracylSmaintainedeveninthedaytimeowlngtOthelowthermalexpan-

sioncoe凪cientofthematerial,CFRP(CarbonFiberReinforcedPlastic)(Fbkui
&Sakakibara1992).Ithasabeamsizeof216atafrequencyof12co(J=1｣))

emission,115.271GHz,COrreSPOndingto～0.08pcatadistanceoflOOpc,atypical

distanCetOHLCs.Thereceiverfront-endisa4KcooledNbSuperconductorInsula-

torSuperconductor(SIS)tunneljunctionmixerreceiverwhichwasdevelopedatthe
DepartmentofAstrophysics,NagoyaUniversity(Ogawaetal.1990)･Thereceiver
exhibitsabestnoisetemperatureoflessthanlOOKinaslnglesidebandat85-115

GHz.Thesystemnoisetemperature,includingtheskytowardthezenith,is～120

Kat85-110GHzand～240Katl15GHz.Fbrthebackend,therearetwoacousto-

opticalspectrometers(AOS)with2048channels.Onecoversawideband(～250
MHz,COrreSpOndingtoavelocitycoverageof～650kms~1)andtheothercovers

anarrowband(～40MHz,COrreSpOndingtothatof～100kms-1).Thepointing
accuracywasmeasuredtobebetterthan～20//,aBCheckedbyopticalobservations

withaCCDcameraattachedtothetelescopea5Wellasbyradioobservationsof

Jupiter,Vbnus,andtheedgeoftheSun.Alloperationandreductionsoftwarehas

5



beendevelopedbymembersofourlaboratory.

1.5 Contents ofThis Thesis

InordertorevealthedistributionofmolecularcloudsathighGalacticlatitude,
we carried out the three

types ofobservation at highGalacticlatituderegions･
ResultsoftheseobservationsareShowninchapters2to40fthisdissertation.

Inchapter2,theresultsofobservationsoftheJ=1-Otransitionof12cointhe

farinfraredexcessclouds,WhichwerecatalogedbyReachet
al.(1998),SurVey

arepreSented.Figurel-2showsthedistributionofthefarinfraredexcessclouds･

Inordertorevealtherelationbetweenthosecloudsandthemolecularclouds,We

carriedoutobservationsofal1farinfraredexcessclouds(fi11edcirclesinFigurel-2)
accessablefromNANTENtelescopein12co･

TherearetWOlargescalestructureswithinthedottedlineinFigurel-2･Figure

l-3showsalargescalemapoflOOpmderivedbySchlegeletal･(1998)toward
thedottedlineinFigureト2.Inchapter3,theresultsoftheobservationsofthe

molecularcloudcomplexincludingMBM53,54,and55,Whichisthelargestructure

ontherighthandsideofFigurel-3,madeintheJ=1-Otransitionof12co,13co
andC180arepresented･Tbwad:dMBM53,54and55,thereisalargeHIfi1ament

whichmaybeexpanding,aSSeenfromtheposition-VelocitymapofHI(Giretal･
1994).Martin&Kun(1996)andLietal･(2000)confirmedtheexistanceofT-tauri
starsintheHIfilament.Inordertorevealtheovera11distributionandphysical

propertiesofmolecularcloudsassociatedwiththeHIfilament,WeCarriedoutthe

observationstowardthewholeHIfi1amentin12co,13coandC180･Inchapter

4,theresultsoftheobservationsofthemolecularcloudstowardalargeloop-1ike

structureinPegasus(thelargeStruCtureOfleftsideinFigureト3)madeinthe
J=1｣)transitionof12coand13coarePreSented･Thereisoneoflargeloop-1ike

structuresshowninfarin丘aredandHIinPegasus.Inordertorevealtheovera11

distributionandphysicalpropertiesofmolecularcloudsassociatedwiththeloop-

1ikestructureandthee鮎ctoftheexternalenvironmentonthemolecularClouds,

wecarriedoutobservationsofthewholeloop-1ikestructurein12coand13co･

Finally,WeSummarizethemainfindingsofthepresentstudy,andremaining

questionsandfutureprospectsinChapter5.
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1もblel-1.TheperformanCeOftheNANTENtelescope

Parameter Value

Antenna

Diameter

Type

Beamwidth

Surfaceaccuracy

Pointingaccuracy
Receiver

s濫恕踪r血｡*IntermediateFtequency
First

Second

Third

BackendType

Narrowband

Ftequencyresolution

Ftequencycoverage

Wideband

Ftequencyresolution

Ftequencycoverage

ObservlngMode

Location

Coodinates

Altitude

4m

Cassegrain(CFRP)
216atl15GH2:

217atllOGⅢz
47

≦鰐rmSrmS
4KcooledNb SISmixer

≦100KinSSBat85-115GHz

～120K at85-110GHz

～240K atl15GHz

1500土500MEz;
375土125MH2;

65土20MH2;

Acousto-OpticalSpectrometer(AOS)

芸3濫(冒i認監ニミi

ミ～

諾諾藍蒜∑ile

250kHz(0.65kms~
250M鱒z(650kms.

2400m

*Typicalvaluesduringtheobservation,tOWardthezenithincludingtheatmosphere.
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Figurel-1.TheNANTENtelescopeatLaBCampanaSObservatOry,Chile-
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Figurelr2. Thedistributionoffarinfraredexcessclouds.Thefi11edcirclesand

crossesindicatethe farinfrared excess cloud5Which can and can not be accessed

fromtheNANTENtelescope,reSpeCtively.Theshadedareaisthepartofthesky

invisiblefromtheNANTENtelescope.Thedottedlineindicatestheareawheretwo

largescalestruCtureSeXist(Indetai1s,SeefiglL3)･
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observedreglOnSOftwolargestructuresaredenotedbysolidlines･
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Chapter2

AsurveyforHLCstoward

Infrared-Excess Clouds

Abstract

AsurveyforhighGalacticlatitudemolecularcloudswaBCarriedouttowardthe

far-infrared-eXCeSSCloudsofReachetal.(1998,AAAO70.131･207),uSingtheNAN-
TENtelescope･Al168infrared-eXCeSSCloudsthatareobservablefromNANTEN

weremappedintheJ=1-01ineof12co･COemissionwasdetectedfrom32in-

fraredexcessclouds,COrreSpOndingtoaCOdetectionrateof47%･Mostofthese

COcloudswereidentifiedandmappedashigh-latitudecloudsforthefirsttime･

TheCOdetectionrateforthecold(7L｡St<17K)infraredexcesscloudsis72%,

whichismorethanafactoroftwohigherthanthatofwarmerones,33%･Thisin-
dicatesthatthecoldcloudsareWellshielded丘omexternalUVradiation,reSulting

inahighCOabundanceandalowtemperatureoftheclouds･Theinfrared-eXCeSS

cloudswithnoCOemissionaremostlikelytobemolecularhydrogencloudsbecause

thetemperatureissimilartO,Orlowerthan,thatofthesurroundingHIgas･The

moleculargaswithoutCOemissionseemstooccupymorethan90%oftheareaof
theinfrared-eXCeSSClouds.

KeyWbrds:ISM:Clouds-ISM:dust,eXtinction-ISM:individual(High

LatitudeClouds)-ISM:mOlecules
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2.1Introduction

MostofthesubsequentHLCssurveyswerecarriedoutmainlyinthenorthern

hemisphere(Magnanietal･1996andthereferencestherein),althoughsomeauthors

SurVeyedhigh-1atitudecloudsinthesouthernsky(e.g.,Keto,Myers1986;Kawamur
etal･1999).SinceHLCsarefarfromfar-UVsources,mOStOfthemareprobably

exposedtotheaverageinterstellarfar-UVfieldstars(seev弧Dishoeck,Black1988;
Draine1978).Theabsenceofinternaldisturbingsourcesandauniformfar-UVfield
makesthestudyofHLCssimplerthanthatofstar-formingclouds.Magnanietal.

(1996)summarizedsurveysofHLCsandcatalogedmorethanlOOobjectsasofthis

moment.ItistobenotedthatnotalloftheobjectswerefullycoveredbytheCO

Observations.Manyofthemwereobservedjusttowardonlyafewpositions.

AsurveyforHLCsin12cowasmadebyHartmann,Magnani,andThaddeus

(1998)and Magnaniet al.(2000).Theyestimatedthemass surfacedensityof

moleculargasbaBedonthesurvey.The'extremelysparsesamplinggridcompared

Withits beam size may howeverlead to misslng Sma11molecular cloudslocated

betweentheobservedpoints(indetails,SeeSeCtionl.3)･

UndertheabovecircumstanCeS,Wehavestartedahigh-1atitudemolecularcloud

SurVeyuSlngtheNANTENtelescope.Thistelescopehasami11imeter-WaVereCeiver

withoneofthebestsystemnoisetemperaturesandexcellentskyconditions(see
Tableト1)･ThisenabledustosurveyforqlOlecularcloudsoveralargeareawithin

ashorttime.Evenwiththistelescope,theareaofGalactichigh-latitudeisvery
largeandtheintensityofthelow-densitycloudsissoweakthatwecannotcoverthe

Wholeareawithafull-SamplinggridinareaBOnablyshorttime.

Fbr thefirst surveyofHLCsby NANTEN,We uSedacatalogoffar-infrared

excesscloudsathighGalacticlatitudebyReach,W叫andOdegard(1998;hereafter
RWO).Theseauthorssuggestthatcloudswithfar-infraredexcessoverHIemission
aregOOdcandidatesformolecularclouds.Becausetheareafi11ingfactoroftheir

Cloudsisaboutl.4%ofthewholeareaOflbl>250,WeCanCOVera1lofthecloudsin
arelativelyshortobservationtime丘omthesourthernhemisphere.

Inthischapter,WepreSenttheobservationparametersinsection2.2,andthe

resultsofthesurveylnSeCtion2.3.Insection2.4,Wediscussthephysicalprop-

erties ofthe detected CO clouds and theinfrared excess clouds aB Wellasfuture

observations.
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2.2 0bservations

2.2.1 払r_Infrared Excess Clouds

Thetargetswhichweobservedwerechosenfromacatalogoffar-infraredexcess

cloudsbyRWO.ThiscatalogisanupdatedversionofthatbyD6sert,Bazell,and

Boulanger(1988,hereafterDBB)withabetterdatasetofbothfar-infraredandHI
data.Theinfraredexcessisdefinedtobetheobservedinfraredsurfacebrightness

minusthecontributionsfromdustassociatedwiththeatomicinterstellarmedium,

thezodiacallight,andthecosmicinfraredbackgroundradiation･Ifweassumethat
theamOuntOfdustisproportionaltothatoftheatomichydrogenplusrnolecular

hydrogen,andthattheradiationfield,gaS-tO-dustratio,andtemperature′areuni-

formthroughouttheentirereglOn,theamountofinfraredexcessisexpectedtobe

proportionaltothatofmolecularhydrogen･RWOmademapsoftheinfraredexcess

overHIbyusingfar-infrareddatafromtheCosmicBackgroundExplorer(COBE)
DiffuseInfraredBackgroundExperiment(DIRBE)(Hauseretal･1998)andHIdata
fromthecombinedLeiden-Dwingeloo(Hartmann,Burton1997)andParks(Cleary

etal.1979)21cmlinesurveys･Becausethedusttemperatureoftheexcesscloud
isfoundtobesimilarto,OrCOlderthan,thatofthesurroundingdustinHIclouds,

theyconcludedthattheexcessiscausedbydustassociatedwithgasotherthanthe

atomicinterstellarmedium,1.e.,mOleculargas.Therefore,theseexcesscloudsare

goodcandidatesforcloudsthatcontainmolecularmaterial･Thespatialresolution

ofthemapis～lO,WhichisfairlylargecomparedwiththatofIRASorNANTEN

(～afewarcmin)･

Wbshouldnoteherethat Blitz,Bazell,andD6sert(1990)observedinfrared-

excesscloudscatalogedbyDBB.TheydetectedCOemissiononlytoward13%of
thesample.They discussedthat the DBB clouds without

CO arelikelytobe

diffusemolecularCloudsandthatmanyofthelow-eXCeSSCloudsmaybeartifactsof

theanalysisbecauseofthequalityofthedatasettheyused･Anotherpossiblecause

ofthislowdetectionrateisthatBlitzetal.(1990)observedonlyoneortwopoints
towardtheexcessclouds.Inthepresentstudy,Wethereforedecidedtocovermost

oftheareaofthefar-infraredexcesscloudsbyRWO,Whousedadatasetofbetter

qualitythanthatbyDBB.
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2.2.2 COObservationsbyNANTEN

Ftomtheinfrared-eXCeSSCloudcatalogbyRWO(Table4),Wehaveobserveda1l

Objectswhosemaximumelevationangleisgreaterthan300atLasCampanaBinthe
J=1-01ineof12co(restfrequencyofl15.207GHz).Thenumberofthetargetsis
68.Sincethespatialresolutionofthemapsofinfraredexcessismuchlargerthan

thatoftheNANTENtelescope,WeuSedIRASlOOpmimagesasguidemaps.First,

WeObservedanIRASlOOpmcloudnearthepositionofRWO.IfCOemissionwas

notdetected,WeObservedanareaofatleast20×20withagridspaclngOf8′with

rmsfluctuationsof～0.4K(in花)inO･1kms~1resolution･Thetotalnumberof
Observedpositionwas～15000.IfCOemissionexistsattheedgeofthemap,We

extendedtheobservationuntiltheemissiondisappeared.Someofthesma11CO

Cloudswereobservedwitha4′or2′grid.

Theobservationswerecarriedout withtheNANTENtelescopein1999May

andOctober.Theobservationwasperformedbyfrequencyswithingmodeandby

uslnganaCOuStO-Opticalspectrometerofnarrowband.Atypicalintegrationtime

perobservedpointswas～30s.ThedetailedparameterSOftheNANTENtelescope

aredescraibedinsectionl.4.

Aroom-temPeratureChopperwheelwasemployedforanintensitycalibration.

Anabsoluteintensitycalibrationwasmadebyobserving OrionKL[α(1950)=

5h32m47.SO,6(1950)=-5024′21〝】for12co(assuming65K).

2.3 Results

Amongthe68infrared-eXCeSSClouds,WedetectedCOemissiontoward320bjects.

Inlもble2-1,WepreSentatableoftheobservedandCOdetectedobjectsaswell

asthepeak(花)ofeachone･Column4inTもble2-1showsthehighest了芸ineach
Cloud,andcolumns5and6initshowthepositioninGalacticcoordinates.The

"no"in column4inthetableindicates
no detection ofCO.The detectionrateis

then47%.ThisvalueismuchhigherthanthatofBlitzetal･(1990)forDBBclouds･
MostoftheCOcloudswerenotidentifiedasCOhigh-1atitudecloudspreviously.
DIRO71-43,DIRlO5-38,DIRlO5-31,DIR121-45,DIR164-44,DIR172-42,

andDIR203-32wereobservedbyMagnanietal.(2000)duringthecourseofa
lOgridsurveyforhigh-1atitudeclouds.BecauseofthecoarsesamPling,eaChDIR

Cloudtypical1yhasafewobservedpoints･

Thedistributionoftheinfrared-eXCeSSCloudsinTもbles3,40fRWOispresented
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inFigure2-1.Inthisfigure,thedistributionisnotsymmetrical･FbrtheGalactic

SOuth(b<-25O),theCOdetectionrateinGalacticea鴎00<l<1800,WaS
calculatedtobe82%,WhereasthatinGalacticwest,1800<l<3600,isonly24
%.AlthoughtheshadowedareaCOuldnotbeobservedinthissurvey,thenumber

OftheCOhigh-1atitudeclouds,includingthepreviouslyidentifiedones,SeemStObe
preferentiallyconcentratedintheGalacticsouthwestarea.

Wb present here the aⅦrage physicalproperties oftheclouds.Most ofthe

infraredexcesscloudswith■COemissionhavemultiplecloudclumpsinthem.Wb

identified137clumpsintotal.Fbrthe63clumpswithmorethan30bservedpoints,

Wederivedthephysicalparameters.WbassumethedistancetothecloudstobelOO

pcinthefo1lowing.Theradius,linewidth(FWHM),Peak7芸,maSSderivedfromCO
luminosity,andvirialmassareO.15-0.67pc,0.8-3.4kms~1,1.0-10.6K,0.4-14Mb,

and40-1500M｡,reSPeCtively.WbassumedtheCO/H2ratio【N(H2)/W(CO)]tobe
l.3×1020cm~2(Kkms-1)~1(RWO)whenwecalculatedthemass･TheaNerageS

areo.33pc,1.95kms,1,2.9K,3.2M;,and300Mb,reSpeCtively.TheseparameterS

aresimilarltothoseofpreviouslyidentifiedhigh-latitudeclouds,althoughthesize
andmassissmaller,prObablybecauseofthesmallbeamsizeofthetelescope.The

totalmassderivedfromtheCOluminosityisestim如edtobe～250Mb.These

physicalparametersofmoleculercloudsarelistedinTもble2-2･

Figure2-2showsanintegratedintensitymapofmolecularcloudswedetected･

DIR172-42isthelargestoneamongthedetectedCOclouds･Thetotalmassis

estimatedtobe～80鳩fromtheCOluminosity･Itisshownthatthecloudconsists
Of～30smallclumps.TheradiiofmostoftheclumpsarelessthanO.5pcandthe

massesaretypical1ylM;orless.TwoofthelargestoneshaNeamaSSOflOand5
M&,aradiusofO.55andO･39pc,reSpeCtively･
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2.4 Discussion

2.4.1Distribution of Newly Detected CO High Latitude

Clouds

Intotal,32high-1atitudecloudshavebeenmappedinCOforthefirsttime,Which
includes137COclumps･TheareaofCOdetectionis～10deg2!COrreSpOndingtoa

surfacefillingfactorofO.05%oftheareaoflbl>250.Thisvaluecorrespondsto20%
Oftheestimatedsurfacefi11ingfactorforthenorthernGalactichemispherebased

onobservationswithalOgridofO.25%(Hartmannetal.1998).Fbrthesouthern
Galactichemisphere(Magnanietal･2000),thevalueismuchhigher,althoughonly

asmallfractionofthesouthernskywasobserved.ThetotalmaBSOfmolecular

cloudsinnorthernGalactichemisphereisestimatedtobe～800Mowiththesame

COnVeチSionfactorfromN(CO)toN(H2)(Hartmannetal･1998)･Ourobserved
massIS～250M①,Whichcorrespondsto～30%comparedwiththeirmass･Thisfact
indicatesthattheamOuntOfmoleculargasfoundbythepresentsurveylSStillnot

negligible,althoughvarioustypesofsurveysforHLCswerecarriedoutpreviously･
Thetotalareaoftheinfrared-eXCeSSCloudswithCOwascalculatedtobe～130

deg2･Therefore,thesurfacefi11ingfactoroftheCO-emittingareaintheinfrared-

excesscloudsisonly～8%.TheCOcloudismuchsmallerthantheinfraredclouds,
typicallysmallerthanafewxlO/)andappearStObeembeddedinthem･

Alloftheseresultssuggestthatthesurvey■ofHLCswithagridspacingof≦

10′notbiasedonopticalobscurationisstillneededtounderstandthemolecular

distributionathighGalacticlatitude･

2.4.2 Detection Rate ofCO towardInfrared-Excess Clouds

Asmentionedinsection2.3,theCOdetectionrateoftheinfrared-eXCeSSClouds

ofRWOisobservedtobe47%.Thishighdetectionrateimpliesthattheinfrared

cloudsofRWOaremOStlikelymolecularClouds,andthatthemethodusedbyⅣⅣO

isveryusefu1tosearchformolecularcloudsathighGalacticlatitude･

ThepresentdetectionrateismuchhigherthanthatofBlitzetal･(1990)forDBB
clouds.Themaincauseofthisisprobablytheworsedataqualityoffar-infrared

andHIdatainDBB,aSdiscussedbybothBlitzetal.(1990)andRWO.Abouthalf
oftheDBBcloudshavenoinfraredexcessintheRWOmap(RWO)･Ifwetakethis

valueimioaccount,thepercentagegivenbyBlitzetal.(1990)increasesupto26%･
Thisvalueistoosma11toexplainourhighvalueof47%.Thisisprobablybecause
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theyobservedonlyoneortwopositionstowardtheDBBclouds･Thesizeofthe

DBBorRWOcloudsis…afewdeg,WhereasthatoftheCOclumpsis～20′(see

SeCtion2.3).ThismeansthatobservationsofonlyoneortwopointsmaymissCO
molecularcloudswithhighprobability.

2.4.3 COPropertiesoftheInfrared-ExcessCloud

Wbnowdiscussthedi鮎rencebetweeninfrared-eXCeSSCloudswithandwithout

COemission.Figure2-3(a)showshistogramSOfthedusttemperaturemeasured
fromlOOpmand240pm(ⅣⅣ0)forinfrared-eXCeSSCloudswithandwithoutCO･
Itis apparentthat thedust temperature oftheinfrared-eXCeSS Clouds with CO

is colderthan that without CO.Actually,thedetectionratesforinfrared-eXCeSS

cloudswhosedusttemperatureislowerandhigherthan17Kare72%and33%,

respectively.Figure2-3(b)showshistogramsofthetotalamountofinfraredexcess
byRWO.ThereseemstobenocorrelationbetweentheCOdetectionrateandthe

amountofexcess.

Thefact that colderinfrared-eXCeSS Cloudstendto have CO emissionindicates

that these clouds arewe11shieldedfrom the externalUVradiation,reSultingln

ahighCO abundance and alowtemperature oftheclouds･Warin,Benayoun,

andViala(1996)calculatedthechemicalabundancesofH2,CO,andtheisotopesin

molecularclouds(diffuse,tranSlucent,anddarkones)submittedtoanottoointense
radiationfield.The12comoleculebecomesabundantaround7b=0.5-1.Oasthegas

temperaturechangeSfrom20KtolOK･Ftomtheircalculations,thetemperature

OfaCOcloudisinevitablyclosetolOK.Our CO-detectedcloudistheninthe

regimeofatranSlucentcloudbasedontheircategory(alsoseev弧Dishoeck,Black
1988).
Wtshouldnoteherethatthefi11ingfactorofCOcloudsininfrared-eXCeSSClouds

isabout8%,aSdiscussedintheprevioussection,althoughtheaveragedusttemper-

atureoftheinfrared-eXCeSSCloudsshowsagoodcorrelationwiththeCOdetection

rate.IfweassumethatthetemperatureoftheCOcloudislOKandthesurround-

inggasis19K,theaveragedusttemperatureofthisin丘aredexcesscloudissti11

Calculatedtobe18K.ThisindicatesthatthesurroundinggasofaCOcloudinan

infrared-eXCeSSCloudmusthavealowertemperaturecomparedwiththatofatomic

gaB.Thereshouldbeanegativetemperaturegradientfromtheouterpartstothe

innerpartsoftheinfrared-eXCeSSClouds.

Then,Whatisaninfrared-eXCeSSCloudwithoutCOemission?Theinfraredexcess

Canbeobservedfrommolecularmaterial,fromgasatahighertemperaturethanthe
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SurrOundings,Orfromgaswithadi鮎rentgas-tO-dustratio,aBdiscussedbyRⅣO

andBlitzetal.(1990).ThedusttemperatureOftheinfrared-eXCeSSCloudswithout
COissti11similartO,Orlowerthan,thatoftheatomiccomponent.Therefore,the

excessisnotduetothehightemperatureoftheclouds･Thethirdpossibility,a
di鮎rentdust-tO-gaBratio,CannOtbecompletelyruledout･However,itisunlikely

thatmanytinyreglOnSWithdi鮎rentratiosaredistributedalmostuniformlyaround

thesky(seealsoBlitzetal.1990).Theseresultsindicatethattheinfrared-eXCeSS
CloudswithnoCOemissionaremostlikelytobemolecularhydrogenclouds.The

COmoleculeisprobablyselectivelydestructedbyUVradiationintheclouds･
Inatranslucentcloud,the COintensitycanfluctuatelargelyduetoasmall

changeinthephysicalparametersaccordingtochemicalcalculations(ⅧnDishoek,
Black1988;Vialaetal.1988).Inthesemodels,thereisapossibilitythatalayerof

moleculargaswithoutCOcanexist.Magnanietal.(1998)measuredtheconversion
factor,Xco,betweenthevelocity-integratedCO(J=1-0)antennatemperature,
W(CO),andtheH2COlumndensity,N(H2),basedonobservationsoftheCOand
CH hyperfinetransition.プわ0V訂ies atleast byanorderofmagnitudeevenin

asingleHLC.Thisalsoindicatesthatforlow-densitygastheCOabundancecan

changegreatly.TheCOabundanCeShoulddependonthemorphologyofthecloud,

includingboththecolumndensitiesandthedensityatthatposition,becausethe

UVradiationisconsideredtobeuniformaroundtheSolarsystemduetoalackof

UVsources,1ikeOBstars.ComparisonsamongIRAS,CO,andHIdatabyother

authorshaveledtoadiscussionontheexistenceofmoleculargasnottracedby

COemission.Abergeletal.(1995)hewereportedtheexistenceofmoleculargaB

nottracedbyCOemissioninTaurus,andBoulangeretal.(1998)summarizedthe
discussiononthistypeofcloud.

Ifweassumethata1loftheinfrared-eXCeSSClouds(alltheobjectsinTables3and

40fRWO)aremolecular-hydrogenclouds,thesurfacefi11ingfactorisestimatedto
be～1.4%(340deg2)oflbI>250･Asdiscussedinsubsection4･1,theCO-emitting

regionisestimatedtobe8%ofthearea,eVenininffared-eXCeSSCloudswithCO･

Heithuasenetal･(1993)andMeyerdierksandHeithaus?n(1996)haveclaimedthe
existenceofmoleculargaswithouttheassociatedCOemlSSion,aCCOuntingforabout

l/30fthetotalmaBSinthePolarisFlare･Ourresultssuggestthatmostofthemass
oftheinfrared-eXCeSSCloudbyRⅣOseemtoconsistofmoleculargaswithoutCO

emission.Thismeansthatquitealargeareaisinthetransitionphasebetweenthe

atomicandmolecularCOmPOnentS.ItisofvitalimportancetoobservesuchreglOnS

inordertounderstandhowamolecularcloudisformedinatomic-hydrogenga乱

Observationsoffar-infrared(longerthan100pm)andHIwithafinerresolution
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COmparedwithmillimeter-Submillimeterobservationsof～afewarcminorsmaller

aredefinitelyneededbecauseCOcannOtbedetectedinsuchadi飢ISeregion.AIso,

CIObservationswiththesameresolutionareneededtodetectthephasetransition

betweenCIandCO.

2.5 Conclusions

AsurveyofhighGalacticlatitudemolecularcloudswascarriedouttowardfar-
infraredexcesscloudsusingtheNANTENtelescope.Thecatalogofinfrared-eXCeSS

CloudsisfromReachetal.(1998)･Thesecloudsareconsideredtobegoodcandidates
formolecularclouds.Themainconclusionspresentedinthispaperaresummarized

below:

1.Allofthe68infrared-eXCeSSCloudsthat areobservablefrom NANTEN have

beenmappedintheJ=1-01ineof12co･COemissionhasbeendetected丘om

32infrared-eXCeSSClouds.Mostofthecloudshavebeenidentifiedandmapped

inCOashigh-1atitudecloudsforthefirsttime･In32infrared-eXCeSSClouds,

weidentified137COcloudclumps.Theaveragepropertiesoftheclumpsare

presented.

2.TheCOdetectionrateisfoundtobe47%.Thisvalueismuchhigherthan

thatderivedbyBlitzetal.(1990),13%,basedonDBBclouds･Thecausesof
thislowdetectionareconsideredtobethepoorerdataqualityoffar-infrared

dataand HIdataandonlyoneortwoobservationstowardin丘ared-eXCeSS

clouds.

3.TheCOdetectionrateforthecold(7L｡St<17K)infrared-eXCeSSCloudsis
72%,WhichismuchhigherthanthatofwarmerOneS,33%.Thisindicatesthat
thecoldclouds arewellshieldedfromanyexternalUVradiation,reSulting

in alowtemperatureofthe clouds and prevention丘omdestruction ofthe

COmolecule.Thefi11ingfactorofCOcloudsininfrared-eXCeSSCloudsisonly

about8%,althoughtheaveragedusttemperatureofthein丘ared-eXCeSSClouds
ShowsagoodcorrelationwiththeCOdetectionrate.Thisindicatesthatthe

SurrOundinggasofaCOcloudinaninfrared-eXCeSSCloudmusthavealower

temperaturecomparedwiththatofatomicgas.Thereshouldbeanegative

temperaturegradientfromtheouterparttotheinnerpartoftheinfrared-

excessclouds.
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4.Theinfrared-eXCeSSCloudswithnoCOemissionaremostlikelytobemolecular

hydrogencloudsbecausethetemperatureissimilauto,Orlowerthan,thatof

thesurroundingHIgas.Themoleculargaswithout COemissionseemsto

occupymorethan90%oftheareaoftheinfrared-eXCeSSClouds.
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Thble2-1.COpropertiesofinfrared-eXCeSSClouds

Name n闇t 鳥Ⅹ
(K)(kJy)

J む

(0) (0)

DIROO9-30 16.5 2.50

DIRO13+40 17.1 1.31

DIRO15+54

DIRO18-37 12.2 0.04

DIRO20-45 18.9 0.69

DIRO21+52 17.5 0.29

DIRO25+35 21.8 2.96

DIRO27-3115.3 0.52
DIRO28+54 17.3 0.29

DIRO29+25 16.6 2.15

DIRO29+30 16.7 0.72

DIRO34+26 18.6 3.21

DIRO46-33 22.4 0.72

DIRO46-37 16.1 1.24

DIRO48+25 16.9 1.49

DIRO48+38 18.0 1.56

DIRO60-26 22.3 1.07

DIRO71-43 15.5 3.14

DIRO72-34 15.9 0.43

DIRO77-37 18.5 1.75
DIRO98-44 17.4 0.97

DIRlO5-3115.3 1.16
DIRlO5-38 15.7 2.48

DIRl17-44 18.0 0.70

DIR121-45 15.5 0.57

DIR134-36 16.3 0.62

DIR140-45 19.8 0.63

DIR152-47 16.2 2.74

DIR164-44 17.0 0.61

DIR172-42 15.6 2.87

DIR179-49 20.4 1.68

DIR187-43 20.4 0.58
DIR196+24 17.2 0.46
DIR198+32 15.8 0.61

DIR201-24 19.9 0.39

DIR203-32 14.9 0.33

DIR204-37 15.6 0.79

品慧0･43n｡n｡品品豊沼1･01慧ほ1･41捕縄消ぼ謂n｡n｡n｡n｡品3･25

1

772393

1

1971

-30.93
38.87

-36.57

26.27
-30.13

28.13 25.40

28.20 28.87

46.00
-32.07

45.53
-36.53

47.47 24.47

47.67 37.27

71.67
-42.77

71.23
-33.80

76.63
-38.87

96.53
-44.33

103.80
-31.40

103.73
-39.33

116.23
-44.93

121.93
-46.07

134.20
-35.47

138.80
-44.33

151.07
-46.20

162.93
-43.60

172.13
-39.87

203.53
-30.00

202.72
T36.68
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Tbble2-1.(Continued)

Name 7も恨七 島Ⅹ
(K)(kJy)

DIR223-37 22.3 1.21

DIR234-37 21.2 0.65
DIR237-44 19.7 0.72

DIR239-25 20.5 3.34

DIR245+35 17.1 0.88

DIR257+34 16.2 0.76

DIR265-3116.2 1.96

DIR274-46 18.1 0.63

DIR276+33 18.4 0.52

DIR280-55 17.0 0.91

DIR281+40 23.6 0.48

DIR282-4117.6 3.42

DIR288+32 18.5 2.12
DIR289-53 16.2 0.95
DIR290-62 18.3 2.20

DIR292-37 17.7 2.71

DIR310+39 16.8 0.99

DIR313-34 18.1 0.62

DIR314-47 19.8 2.76

DIR316+39 18.6 0.61

DIR321-36 19.2 2.32

DIR327-30 17.6 2.86

DIR331-34 21.4 0.69

DIR333-36 17.0 0.74
DIR335-40 19.1 0.71

DIR340-43 16.0 0.50

DIR349-46 20.1 0.93

DIR354+37 17.8 0.72

DIR357-29 15.7 0.60

n｡n｡n｡器0･83n｡n｡n｡n｡n｡品n｡n｡品0･77慧0･98晶n｡n｡n｡n｡n｡n｡n｡

373374424

7793082.2

3
0
0
9
6
4
6
8
4
3
3
3

一

一

7
3
3
0
1
1
3
0
3
9
1
1
2
3
3

7

7

2

4

7

9

3

2

0

3

2

5

6

6

1

2

3

3
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1もble2-2･PhysicalPropertiesof12coclouds

Name

(1)

T-む3

(

月 爪先0
(8)(9)

DIRO27-31

DIRO29+25
DIRO46-33

DIRO46-37

DIRO48+38

DIRO71-43

DIRO72-34

DIRO77-37

DIRO98-44

DIRlO5-31

DIRlO5-38

DIRl17-44

DIR121-45

DIR134-36

DIR140-45

DIR152-47

DIR164-44

l
l
l
1
2
3
1
2
3
4
5
1
2
1
2
1
1
1
1
2
3
1
2
1
2
1
2
1
1
2
3
1
1
2
3
4
5
6

26.27
-30.13

28.13 25.40
45.73

-33.27
45.73

-33.80
45.87

-33.00
43.20

-36.47
43.60

-36.87
43.87

-36.20
44.60

-36.33
45.53

-36.53
47.67 37.27

47.93 38.13

71.40
-42.23

71.67
-42.77

71.23
-33.80

76.63
-38.87

96.53
-44.33

103.80
-31.40

103.93
-31.80

105.93
-30.60

103.73
-39.33

105.87
-38.40

116.23
-44.93

116.77
-44.67

120.07
-44.47

121.93
-46.07

134.20
-35.47

139.87
-44.87

140.27
-44.87

140.80
-45.27

151.07
-46.20

162.40
-44.13

162.93
-43.60

163.07 -44.40
163.60

-43.33
164.53

-43.60
164.93

-43.60

1.2
-1.5

1.5 0.15 0.4

3.1
-0.2

1.2 0.56 5.1

1.8 1.4 1.8 0.23 0.9

1.0 1.6 2.3 0.19 0.6

1.1 3.5 2.2 0.26

1.0
-4.4

2.0 0.26

1.3,-3.2 2.3 0.19
0.6
-4.2

2.3 0.15

2.4 3.0 1.5 0.23
4.3 0.2 3.4 0.35

2.0
-3.6

2.4 0.43

1.3
-3.0

1.9 0.15

3.2
-5.6

1.7 0.44

3.3
-6.3

1.4 0.45

5.8
-8.8

2.4 0.33

1.4
-6.9

1.6 0.13

1.9
-11.6

2.1 0.32

4.1
-9.3

2.0 0.51
1.6
-10.9

1.7 0.23

1.7
-9.6

2.4 0.56

4.3
-9.3

2.5 0.67
2.9
-3.9

2.5 0.59

3.8
-3.8

2.1 0.64

2.1
-2.7

2.7 0.45

2.7
-5.5

2.2 0.29

3.3
-2.1

1.8
-5.5

1.6
-1.0

1.5
-0.8

2.1 0.5

2.3
-9.1

2.0
-13.5

2.7
-5.4

0.9
-10.5

1.7
-7.0

1.1
-9.8

1.2
-9.1

1.7 0.39

0.8 0.35

3.0`0.23
2.2 0.23

1.8 0.37

1.7 0.39

1.8 0.23
2.2 0.23

2.2 0.23
1.8 0.29
2.7 0.29

1.1

0.9
0.5

0.3
0.9

2.7

4.1
0.4

4.5

5.0

3.5

0.1
2.1

5.9
0.7
5.3

11.2
13.5

13.8
4.2

2.1

4.2

1.4

1.6
1.2
3.0

4.0

1.1

1.0
0.8

1.6
1.5

1.6 0.23 0.9
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1もble2-2.(Continued)

-b3

(

LU4

( 懸
月何飾の

簡
花期

2 168.93
-43.20

3 169.60
-44.27

4 169.73
-42.53

5 169.47
-45.47

､6 169.73
-43.60

7 169.60
-44.00

8 170.13
-42.93

9 170.27
-43.07

10 170.53
-42.53

11 171.33
-41.33

12 171.60
-41.47

13 172.13
-39.87

14 173.47
-39.47

15 173.20
-41.47

16 174.00
-41.60

DIR203-32- 1 202.47
-31.27

2 202.80
-31.93

3 202.93
-31.67

4 203.53
-30.00

DIR204-37

DIR282-41
DIR313-34

DIR327-30

1 202.72
-36.68

1 282.40
-39.77

1 313.13
-34.40

1 326.60
-29.73

2 328.30
-30.77

2.0
-2.0

3.6 0.56 9.5

3.5
-9.0

2.7
-8.5

2.4
-10.2

2.3
-5.9

1.6
-10.4

1.6
-3.1

2.3
-9.5

2.0
-9.2

3.3
-7.6

1.6 10.2

4.0
-6.8

3.2
-8.6

3.8 9.1
3.8 7.9

1.8 0.51 5.5
2.0 0.39 4.8

1.8 0.35 2.8
1.6 0.23 0.9

1.5 0.23 1.1
3.4 0.44 4.0

1.1 0.23 0.9
2.1 0.35 2.4

1.6 0.42 3.9
2.4 0.63 8.9

1.8 0.49 7.0

1.5 0.59 7.2

2.5 0.32 4.3
1.4 0.32 3.2

3.4
-6.2'1.5

0.24 1.2

2.7 4.9
1.5 5.7

10.1
-4.8

3.3 12.8

2.2 3.3
2.2 5.8

1.8
-0.9

1.4 4.9

1.7 0.13 0.4
1.9 0.13 0.4

1.4 0.48 13.1
1.3 0.15 0.5

1.8 0.23 1.5
2.2 0.23 1.0

1.6 0.16 0.5

2.8 0.23 1.4

Note-Col.(1):Nameofinfrared-eXCeSSCloud,Col･(2):Cloudnumberofeachobject,Col･

(3)-(4):peak(l,b)positionindegree,Col.(5):PeaktemperatureinK,Col･(6):Peak

velocityofthepeakpositioninkms.1,Col.(7):Linewidthofthecompositespectruminkm

s-1,Col.(8):RadiusOfthemolecularCloudinpc,Col･(9):MaBSOfthemolecularCloudin
Mb.Col.(5)to(7)arederivedbyusingasingleGa11∬iunfitting･
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Chapter3

HLCsIn an HIFilament toward

theMBM53,54,and55complex

Abstract

WecarriedoutaCOsurveyofhighgalacticlatitudemolecularCloudstowardan
HIfilamentthatcontainsamolecularcloudcomplex,MBM53,54,and55,Withthe

NANTENtelescope.OurobservationcoveredthewholeareaoftheHIfi1amentin

12co(J=1-0)witha4′gridspacing･Thefi1amentisfoundtoconsistofanumber

ofclumpymolecularclouds,andweidentiBedllO12cocloudsinthereglOn,Whose

totalmassisestimatedtobe～1200M｡.13co(J=1-0)observationswerecarried

outtowardtheregionofhigh12cointensitiesinordertomeasuretheopticaldepth

ofmoleculargas.ThereisnodetectioninC180(J=1-0)lineintheobserved
reglOn,indicatingthattherearenocloudsdenseenoughtoformstarsinthenear
future.TheseobservationsspatiallyresoIvedtheentiregasdistributionofMBM53,

54,and55forthefirsttime,andwehavefoundamassivecloud,HLCG92-35,

around(l,b)～(920,-350)whose.massis～330M;,COrreSpOndingto～1/40fthe
totalmass.ThisCOcloudoccupleSagalacticwesternhalfofacircularHIcloud

toward(l,b)=(93ミ5,-35Ⅶ),andtheHItoCOmassratioisestimatedtobethe
＼1argestintheobservedreglOn.Thefar-infraredexcessoverHIemission,Whichisa

goodindicatorofanexistenceofmolecularhydrogen,tOWardHLCG92-35isthe

largestintheobservedreglOn.Theratiooftheluminosityoftheinfraredexcessto

COmassisalsosignificarrtlylargerthanthoseoftheothercloudsbyafactorof～5.

ThesefactsindicatethatHLCG92-35isaCO-formingmolecularcloud,Whichis

youngerthantheMBMcloudsintermsofmolecularcloudformation･Somepast
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explosiveeventhasbeensuggestedbyGiret al･(1994)towardtheHIfi1ament･
TbwardHLCG92-35,themoleculargasdistributedalongthewesternedgeofthe

HIcloud,Whichimpliesthatthemoleculargasmaybeformedbyacompressionof

expandingHIshe11.

KeyWbrds:ISM:atOmS-ISM:Clouds-ISM:mOlecules-ISM:StruCture

-StarS:format,ion

3.1Introduction

HLCsareusuallysurveyedandobservedintheJ=1-01ineof12c160(hereafter
CO),becausethelineisthestrongestamongthethermallyorsub-thermallyexcited
OneSOfallmolecularspecies.However,eVenthestrongestCOemissionisobservedto

befaint,花～afewK,tOWardHLCs･Thishasmadespatiallyextensiveobservations

withahigh-Spatialresolutionquitedi組cult.MostofthecatalogedcloudsasHLCs
inMagnanietal.(1996)were,however,mappedwithcoarsesamplespacingsof～301,

OrWereObservedonlytowardafbwobservedpoints･BecausetheJeans-1engthofgas

withn(H2)～afewxlOOcm.3andT～10Kisestimatedtobe～1pc,Observations
Withaspatialresolutionof≪1pcareneededtoinvestigatethephysicalproperties

Ofindividualcloudsandthedynamicalstate.Actually,thefo1lowinghigh-reSOlution
observations toward t,hese HLCs showed that the distribution ofmolecular clouds

Showssmallerstructures(e.g.,Wbuterlootetal.2000),andthenobservationswith
higherspatialresolutionsaredefinitelyneededtoinvestigatethephysicalproperties

ofthemolecularclouds.Theresult ofthefirstsurveywaspresentedinprevious

Chapter,detectingmorethan30newHLCsbyobservinginfraredexcesscloudsover

HIemissioncatalogedbyReachetal.(1998).ThesurveyshowsthattheNANTEN

cancoveranextensiveareawitharelativelyhigh-Spatialresolutionwithinashort
timeeventowardthehighlatitudereglOn.
Ftom Bhatt2000,it hasfound that thedistributionofHLCsis not uniform

andthere aresome groups or complexes ofHLCs,Whose angulareXtentis～10

degreesorlarger.Inordertopursuethemechanismoftheformationofthecloud

COmplexes,COobservationsoftheentiresystemwithahighspatialresolutionare

needed.Studiesofthelarge-SCaleHLCcomplexeswithhighspatialresolutionhave
beenrare,Sincethespatialextentisaslargeastensofsquaredegreesormore.Such

studieswarecarriedout onlybyHeithausen&Thaddeus(1990)towardPolaris
Flare,andbydeⅥies,Heihausen,&Thaddeus(1987)andPound&=Goodman
(1997)towardUrsaMajorclouds･Theyshowedthedetailedstructureoftheentire
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molecularCloudsystem,andPound&Goodman(1997)suggestedthattheoriginof
suchstructurescouldbesomeexplosiveevents.AnotherHLCcomplex,MBM53,

54,and55,isoneofthelargestandmostmassiveones,alittlesmallerthanPolaris

Flare.Tbwardthecomplex,thereisanHIfi1amentwhoseangularlengthisaslong

as～20degrees,andthefi1amentcontainstheMBMclouds･Inthepresentstudy)

wepresenttheresultsofaCOmappingwithNANTENtowardtheHIfi1amentthat

containsthehigh1atitudemolecularcloudcomplexofMBM53,54,and55regions･
MBM53,54,and55arecatalogedandnamedbyMagnanietal.(1985)andare
locatedat(l,b)～(92ミ97,-32ミ15),(92ミ97,-37ミ54),and(89ミ19,-40ミ94),reSPeC-

tively,Thee鮎ctivespatialresolutionofthemaplS～20'･Ahigh-reSOlutionstrip

lineobservationinMBM54and55wasdonebySakamoto(2002)andtheprecise

velocitystructurewasobtained.Amolecularemissionlineobservationtowarda

smallportionofMBM55byhigh-densitytracerswasdonebyReachetal･(1995)･
Thedistancetothe HLCsis estimatedtobe anorder of～100pcbecauseit

liesathighGalacticlatitude.Wbltyetal･(1989)measuredstronginterstellarNaI

absorptiontowards21starstowardornearMBM53,54,and55･Theysuggested

thatifthestrongDlineabsorptionsareassociatedwiththemolecularclouds,all

threecloudsareestimatedtobeatabout150pc.W6thenadopthereafteradistance

Of150pcforthecomplex.

AsearChforTTもuristarsisdonebyHeartyetal･(1999)andLietal･(2000)･

Lietal.(2000)fbundacandidate払raTTauristararoundMBM55･Kun(1992)
observedHαemissiontowardMBM53,54,and55,detectingtwelvecandidatesfor

emission-1inestars.However,Onlyonestarisfoundtobeacandidateforaweak-1ine

TTauristartowardMBM55bythebllow-upObservations(Martin&Kun1996)･
Thesefactsindicatethatthecloudmayha㈹eXperiencedstarformationinthepast.

However,theassociationofyoungerstars,i.e.,prOtOStarS,WiththemolecularClouds

isnotstudiedwell,becauseoftheabsenceofthehigh-reSOlutionmolecularmapto
becomparedwiththedistributionoffar-inftaredsources･

HIemissionat21cmisobservedtowardthereglOnincludingMBM53,54,and

55(Giretal･1994),andtheybundanHIfi1ament,Whoselengthis～60pc,☆hich
containsthemolecularcloudcomplex.TheyclaimedthatthisHIfi1amentmaybe

expandingfromthereductionoftheposition-Velocitymap･

TheseinterestingcharactersofthecomplexstronglyledustOthepresentstudy･

Inthepresentpaper,WeWillpresenttheobservationalresultsofthesurveytoward

thecomplexcoveringtheHIfi1amentinthelinesof12co(J±1-0),13co(J=1Ⅷ)

andC180(J=1-0).Themainpurposeofthesurveyistoprobeanevolutionary
status ofthe molecular cloudsin a same complex with a relatively highspatia1
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resolution.Thedetailsconcernlngtheobservationalproceduresaredescribedin

SeCtion3.2.Insection3.3,WeglVetheresultsofourobservations.Theresultsare

discussedinsection3.4.

3.2 0bservations

ObservationswerecarriedoutintheJ=1-01inesof12co,13co,andC180(rest

frequenciesofl15.271204GHz,110.201353GHz,andlO9.782182GHz,reSPeCtively)

WiththeNANTENtelescope.

Theobservedregionwas～141squaredegreestoward820≦l≦98Oand-450

≦b≦一290.Tbbeginwith,theobservationsin12coweremadeinGalacticco-

Ordinatesatagridspacingof8′×FOS(b)ingalacticlongitudeand8′ingalactic
latitude･Then,WeObservedthereglOnWherethe12coemissionhadbeensignifiー

Cantlydetectedatagridspacingof4′×COS(b)ingalacticlongitudeand4′ingalactic
latitude･Next,WeObservedthepositionofstrong12coemissionin13co･Ifthe

13coemissionexistsattheedgeofthemap,WeeXtendedtheobservationsuntil

theemissionbecomesundetectable･Fbrthermore,WealsoobservedC1801ineatthe

positionsofintense13coemission･Theobservationsof13coandC180weremade

atagridspacingof2′×COS(b)ingalacticlongitudeand2′ingalacticlatitude･The
periodsofobservationswereseveralsessionsbetween2001Juneto2002Fbbruary･

Alltheobservationsweremadebyfrequencyswitchingmethodwhoseintervalis

15MHz,COrreSpOndingto～38kms-1･Theobservationwasperformedbyusing

anacousto-Opticalspectrometerofnarrowband.Thedetailedparametersofthe

NANTENtelescopearedescraibedinsectionl.4.Tbtalnumberofpointsobserved

in12co,13co,andC180were15628,5687,and378,reSpeCtively･Theintegration

timesperpointfor12co,13co,andC180weretypically～30s,～20s,and～200

S,reSultingintypicalrmsnoisetemperaturesperchannelof～0.5K,～0.21K,and

～0.07Kintheabusoluteantennatemperature,花,reSPeCtively･Inreducingthe
SPeCtraldata,WeSubtractedforth-Orderpolynomialsfortheemission-freepartsin

Ordertoensureaflatspectralbaseline.Theobservationwasperformedbyfrequency

SWithingmodeandbyusinganacousto-Opticalspectrometerofnarrowband.

Ⅵねemployedaroom-temperatureChopperwheelfortheintensitycalibration

(Kutner&Ulich1981)･Anabsoluteintensitycalibrationwasmadebyobserving

OrionKL[α(1950)=5h32m47･SO,6(1950)=-5024′21′′】for12coand13coandp

OphEa如[α(1950)=16h29m20S.9,6(1950)=-24022′13′′]fbrC180andweobserved
themevery2hours.Wbassumedthe花OfOrionKLtobe65Kfor12coandlO
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Kfor13coandpOphEasttobe4･4KforC180･
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3.3 Results

3.3.112co

3.3.1.1LargeScaleDistributionof12coclouds

Outofthe156280bservedpositions,Slgnificant12coemissionwithanintegrated

intensitygreaterthanl.5Kkms~1(5q)wasdetectedtowardthe3164positions･
Figure3-1showsthespatialdistributionofthevelocity-integratedintensityof12co･

Theregionsurroundedbyblockbordersshowstheobservedregionin13co･12co

cloudsaredistributedalonganarc-1ikefilamenthavingalengthof～40pc･The

fi1amentaryStruCtureismadeupofsma11clumpyclouds,andtheradiusofeach

sma11cloudismeasuredtobelessthanO.5pc.MolecularCloudstoward(l,b)～
(92ミ97,-32ミ15),(92ミ97,-37ミ54),and(89ミ19,-40ミ94)correspondstoMBM53,

54,and55detectedbyMagnanietal..(1985),reSpeCtively･Wbnewlydetecteda
largemolecularcloud,Whosesizeiscomparal)letoMBM54and55,tOWard9lO≦l

≦940and-360≦b≦-330(hereafter,HLCG92-35)･TheLSRvelocityofmost
ofthe12cocloudsisinarangefrom-11kms-1tookms-1･

Wecalculatedthemolecularmass,M(12co),atadistance,D,byadoptingthe
brmula

〟(12co)=〃mH∑[がnⅣ(H2)], (3･1)

whereOisthesolidanglesubtendedbytheeffbctivebeamsize4Ix4/,mHisthe

massofahydrogen,andp,themeanmolecularweight,isassumedtobe2･8by

takingintoaccountarelativeheliumabundanceof25%inmass･N(H2)isthe
molecularhydrogencolumndensityandisderivedbyassumlngaCOnVerSionfactor

fromthe12cointensityofl.0×1020cm~2/(Kkms-1).Summationisperformed
overa11thepositionsobservedwithin5cTlevelcontourstoderivedthetotalcloud

mass.Thetotalmassofthe12cocloudswasestimatedtobe～1200M&.

3.3.1.2 IndividualClouds

Ⅵねpresentherethepropertiesofindividualmolecularclouds･A12cocloud

isdefinedasaco11ectionofmorethantwocontiguousObservedpositionssuchthat

theintegratedintensityateachpositionexceedsl･5Kkms~1(5J)･Basedon
thisdefinition,108individualcloudshaNebeenidentified･FbrtheselO8clouds,

themaximumbrightnesstemperature,7R(12co)andtheFWHMlinewidth,△V,
derived丘omsingleGaussianfitting,rangefromO･8Kto8･3KandO･7kms-1to
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7･8kms-1,reSpeCtively･Theradiusofacloud,R,isdefinedastheradiusOfan

equivalentcirclehavingthesamearea,i･e･,R(pc)=何,WhereAisthetotal
Cloud surface areawithinthe5JCOntOurlevel,rangeSfrom O.14pc to2.57pc.

HLCG92-35hasthemassof326MoandRof2.57pc,andisthelargestandmost

massivemolecularcloudinthepresentobservedarea.Thesephysicalpropterteisof

molecularCloudsarelistedinTable3-1.

3.3.213co and C1800bservations

3･3･2･1LargeScaleDistributionof13cocloud

Outofthe56870bservedpositions,Significant13coemissionwithanintegrated

intensitygreaterthanO.33Kkms-1(5J)wasdetectedtoward461positions.Figure
3-2showsaspatialdistributionofthevelocity-integratedintensityof13co･Filled

circlesshowthepointsobservedinC180･Thedistributionof13coemissionisfound

tobeveryclumpy.Basically,the13coemissiontracesthehigh-intensityregionsin
12co.However,13coemissiontowardHLCG92-35isweakerthanMBM54and

55byafactorof2inspiteofthesimilar12cointensitiesofthethreeclouds,and

thedistributionof13coemissioninHLCG92-35showssmallerandmoreclumpy

StruCture(seethediscusSioni?SeCtion3･4･3)･
WbalsoobservedC180emlSSiontowardthepositionsofstrong13codetection

(seeFigure3-2).Butwecouldnotdetect C180emissiontowarda町Ofthese

Observedpointsatthermsnoisefluctuationsof～0･07K(花)･

3.3.2.2 IndividualClouds

A13cocloudisdefinedasthesameasthe12cocloudsis,aCOllectionofmore

thantwocontiguousobservedpositionssuchthattheintegratedintensityateach

positionexceedsO.33Kkms~1(5q).Weidentified7013coclouds.Tables3-2and
3-3givetheobservedpropertiesandthederivedphysicalpropertiesofthe13co

Clouds,reSPeCtively･InTable3-2,theruTnnignumberisgivenincolumn(1)･The
positionsaregiveninGalacticcoordinteslnCOlumns(2)and(3)･Columns(4-6)list
absolutepeakantennatemperature,花[K],FWHMlinewidth,△V[kms-1],and
thevelocitywithrespecttothelocalstandardofrest,KsR[kms.1],meaSuredatthe

peakintensitypositionofthecloudbyaGaussianfitting,Column(7)givesthe13co
integratedintensity[Kkms~1]atthepeak.InTable3-3,therunningnumberis

givenincolumn(1).Column(2)1istscolumndensityofH2,N(H2)ノ[cm~2】.Column
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(3)1istsFWHMlinewidthofcompositespectrumofthecloudbyaGaussianfitting,
△佑｡m｡【kms,1]･Column(4)1istsradius,R[pc]･Column(5)1iststhemassassuming
thatrotationallevelsofa13comoleculeareinlocalthermodynamicequilibrium

(LrE),MhE[Mb].Column(6)1iststhemassassumingthatthecloudisunderthe

virialequilibrium,怖i,.Column(7)liststheopticaldepthof13co,T(13co).
Definitionofradiusisthesameasthatof12co(seesection3,1.2).Wecalcu-
latedthe13cocolumndensities,N(13co),byassumingthelocalthermodynamic

equilibrium･(IJTE)conditionwithanexcitationtemperature,7tx,Of8･7Kforallob-
servedpoints.7tx,8.7K,WaSderivedfrom12coobservationwithNANTENunder
theassumptionthatthe12coemissiontowardthemostintensereglOnisoptically

thick.Theopticaldepthof13co,T(13co),WaSCalculatedbyusingthefo1lowing
equation:

丁(13co)=1n
花(13co)
5.29 exp(5･29/℃Ⅹ)-1

The13cocolumndensity,N(13co),WaSeStimatedby

Ⅳ(13co)=2.42×1014×

ー0･164〉~1]･(3･2)
丁(13co)℃Ⅹ(K)△Ⅴ(kms~1)

1-eXpト5.29/℃Ⅹ(K)]
(cm-2). (3.3)

TheratioN(H2)/N(13co)wasassumedtobe7×105(Dickman1978)･TheIXE

massofcloudswasderivedbythesameas12co(seeequation(3-1)).Theradius,
columndensityandLTEmassrangefromO･07pctoO･74pc,7･0×1020cm-2to

2.8×1021cm~2andO.2M占to94.3Mb,reSpeCtively.Thevirialmass,怖irOfa

Cloudwasderivedbyuslngthefo1lowlngequation,aSSumlngisothermal,Spherical,

anduniformdensitydistributionwithnoexternalmagneticpressure‥几れir=209

×Rx△鳴m｡,Where月and△V;｡m｡aretheradius(pc)andlinewidth(kms-1)
ofthecompositeprofi1eobtainedbyaveraglnga1lofthespectrawithinthecloud,

respectively(fordetailsofthelinewidthofcompositeprofiles,SeeYonekuraetal･
1997;Kawamuraetal.1998).

3.4 Discussion

3.4.1PhysicalPropertiesoftheMolecularClouds

Thevelocity-integratedintensitymapofthecomplexshowsthatitishigh1y

clumpy,Ortherearealotofsmall-SCalestructures･Apparently,themapisquite
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di鮎rentwiththatinMagnanietal.(1985)becauseofthedifkrenceinspatialres-

Olution,indicatingthatobservationswitharelativelyhighspatialresolutionof<
10arcminutesaredefinitelyneededtoinvestigatethephysicalpropertiesofHLCs.

Actually,theobservationwithhigherspatialresolutionsrevealedmuchsmallerfluc-

tuations,≦0.1pc,tOWardsomeHLCs(e.g.,Poundetal.1990;Wbuterlootetal.
2000),althoughthepresentobservationseemstoresoIvetheindividualcloudsthat
areseparatedatthe5qintensitylevel.TheboundaryofMBM53,54,and55is

rathervagueinthepresent12comap;MBM53seemstobeonlyafragmentof

molecular cloudin the HIfi1ament and thereis no clear di鮎rence with the other

fragments.

HLCG92-35was newlydetectedinthis survey.Althoughthis cloudis the
largest12cocloudinthiscomplex,itisinterestingthatthecloudhasbeenmissed

intheprevious study.MBM53,54,and55werefoundby observationstoward

Opticalobscurations(Magnanietal.1985),indicatingthatthistypeofsurveycan
missalargeamountofmoleculargas.

Themassspectraofthe12coand13cocloudsareshowninFigure3-3.The

SpeCtrahavebeenfittedbythemaximum-1ikelihoodmethod(Crawfordetal･1970),
anditisfbundthattheyarerepresentedbyapowerlawasfo1lows:dN/dM～
M-1･73j=0･08for12coanddN/dM～M-1･65士0･12for13co.Thesespectrumindices

areSimilartothatwhichhasbeenderivedinotherregions(e.g.,Kawamuraetal.
1999;Yamaguchietal･1999;Krameretal･1998)･Itistobenotedthatthemass
spectrumfor13cocloudsisfittedratherpoorly,indicatingthatthemassspectrum

maynotberepresentedbyaslngle-pOWerlaw.

Figure3-4i11ustratesthecorrelationdiagrambetweenMhEand怖i,for13co

clouds.Althoughthepresent13cocloudstendtobemorevirializedasthemass
increase,thevirialmassofthepresent13cocloudsiscalculatedtobeoneortwo

OrderlargerthanLTEoneforalltheclouds.ThisisatypicalpropertyofHLCs;

fi1ledtrianglesinFigure3-4re?reSentMBM12fromPoundetal･(1990)･Theratio
几れi,/MhEisfoundtobeanlCeindicatorofthepossibilityofstarformationin

acloud(e.g.,Tachiharaetal.2000).Theratiotendstobe～1for13coclouds

withC180coresinOphuichusnorthregion(fi11edcircles),Whichareconsideredto
beclosetostarformationphase,andthe13cocloudswithoutC180cores(open

Circles)havealittlebitlarg?rratio･Althoughthepresent13cocloudstendtobe
morevirializedasthemasslnCreaSe,eVenthemost massivecloudisfar丘omthe

Virialequilibrium,WhichistypicalinHLCs(e.g.,Zimmermannetal.1990).This
factimpliesthatthestarformationwillnotoccurinthepresent13cocloudsinthe

nearfuturewhenweseetheirdynamicalstate.
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3.4.2 Star Fbrmation

3.4.2.1 Past StarFbrmation

Asmentionedinintroduction,therearetwocandidatesforweaklineTTauri

starsintheobservedreglOn.Figure3-5showsthedistributionofthecandidates

(Martin&Kun1996;Lietal.2000)superposedonthe12cointegratedintensity

contourmap.OneoftheTlもuristars,1RXSJ231019.1+144711,ShowsweakLi

Iabsorption,andtherefbre,theageisestimatedtobeanorderoflO6yr(Lietal･
2000).AssuggestedbyLietal･(2000),thereisapossibilitythatthisstarisformed
inMBM55.ThisindicatesthatthemolecularcloudcomplexmayhEWeformedstars

inthepast,althoughthestarformationactivityhasbeenquitelowduringthis～107

yr･

3.4.2.2 Present Star Fbrmation

Inordertoexaminethepresentstarformation,WeuSedthefo1lowingcriteria

tochoosecandidatesforprotostarsfromIRASpointsources:(1)pointsources
detectedata11fburbands(12pm,25Im,60pm,andlOOpm)withadataquality

flagmorethan2and(2)fluxratiosat25FLmand60pmsatisfyinglog(為5/Fbo)<
0,WherePlisafluxdensityatwavelength入･Athighlatitude,Sinceapossibility

ofoverlapplngWithotherastronomicalobjectsisquitelow,thegoodassociationof
thecoldobjectswithmolecularCloudsindicatesthattheyareprOtOStarSformedin
thecloud.Wbfoundthe4IRAS sourcestowardsthesemolecularclouds,but

no

sourceswereassociatedthem(seeFigure3-5)･ThedetectionlimitofIRASpoint

sourcesat150pcis<0.1L｡(Myersetal･1987)･Thisimpliesthatstarsof～a
solarmassormorearenotformedatpresentinthecomplex.

WtobservedC1801inetowardhigh-intensitypartofthe13cocloudswithan

rmsnoiseofaslowasO.07K(花),butwecouldnotdetecttheemissionatanyof
theobservedpoints･Thismeansthattherearenohigh-densitygasof～104cm-3

inthisregion,indicatingthatthestarformationwillnotoccurinthenearfeature

of～106yr,althoughthereisaplentyofmoleculargastoformmanystarsinthe
COmplex.

3.4.3 EvolutionaryStatusOftheComplex

Assuggestedinsection3.4.2,thereisnodensecorewhosedensityishighenough

toleadanear-futurestarformationtowardthecomplex.SincethenurhberofT
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Tauristarsisonly～2,quitesmallcomparedwiththecloudmass,itmaybeunlikely

thatthecomplexhadahigh-Starfbrmationactivityinthepastwhichleadstoa

Clouddissipationand/orcompression･However,thereisalargeamountofgasof
1200Mo as areservoirfor starformationin the complexat present,and there

issti11apossibilitythatstarformationwilloccurinthefuture.Thelow-COlumn

densityofthe compleximplies that most part ofthecomplexis exposedto the

externalfar-UVradiation,andtheobservationsofothercomponents,i.e.,dustand

HI,areanimportant.Here,Weinvestigatetheevolutionarystatusofthecomplex

bycomparlngthepresentmoleculardatawiththeotherwavelengthdata.

Figure3-6illustratesthevelocity-integratedintensitymapofHIemissiontoward

thecomplextakenfromaLeiden-DwingelooHIsurvey(Hartmann&Burton1997)
Whosehalf-POWerbeamwidthandangularresolutionare3512and30′,reSpeCtively.

Thevelocityrangeoverwhichweintegratedis血･Om-11kms-1to o kms-1,

correspondingtothevelocityrangeof12cospectra･Becausethespatialresolution

Of～30′iscoarserthanthatofCOobservationbyafactorof～10,Wediscusshere

onlytheoverallcomparisonbetweenCOandHIdistribution･The12cointensityis

overlaidwiththeHImap･OveralldistributionofHIand12coemissionissimilar;

the molecular emission basically traces the high-intensity reglOn OfHIemission.

Tbwardsomeregions,SuChasHLCG92-35,andHIcloudsat(l,b)～(820,-430),
(870,-340),and(900,-300),theHIdistributionisnotwellcoincidentwithCO
ones.Ⅵねwilldiscussthismat.terlaterinthissection.

Figure3-7showsanintegratedintensitymapof12cosupurposedonIRASlOO

PmimagefromIRASSkySurてeyAtlas(ISSA)･ThedistributionofthedustemきSSきOn
towardthecomplexisveryslmilartothatof12co･ThestrongestdustemlSSlOn

COmeSfromthepositionofHLCG92-35.Thereis,however,maJOreXCeptionofthe

goodcoincidence;thefilamentaryorarc-1ikefeaturewhichextendsalong-370.5in

galacticlatitude.Figure3-8illustratestheHIintensitymapofthesameareaas

thatinFigure3-6,Withadi鮎rentintegratedvelocityrangefrom-20kms-1to

-12kms｣･Thereisanotherarc-1ikefbaturewhichispbviouslydiff6rentfromthat
inFigure3-6,althoughtheintegratedintensityofHIisweakerthanthattoward

thecomplexincludingHLCG92-35,MBM53,54,and55.Thef6aturecoincides

WellwiththedustarC-1ikefeatureshowlngnOCOemissionalong-37ミ5ingalactic

latitude.Thisindicates that this arc-1ike dust emission comesfrom the diff6rent

regionofthe CO cloudsinthesamelineofsight,SuggeStingthat there aretwo

Cloudcomponentstowardthisregion;OneisaCOemittingcloudof-11<VLSR<
Okms-1,andanotherisno-COemittingcloudwhichcanbedetectedonlybyHI

andIRAS.Hereafter,WeuSetherefbrethevelocityintegratedintensitymapofHI
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with-11<VLSR<Okms-1,WhenwecomparetheCOdistibutionwiththeHI

distribution.

Thecomparisonsamong12co,13co,HI,anddustemissionsindicatethatthe

HLCG92-35has di鮎rent andinteresting properties compared with the other

Clouds;HIandIRAS emission are the strongest while the CO opticaldepthis

sma11.Hereafter,WediscussthequantitativephysicalpropertiesofHLCG92-35

bycomparlngWiththoseoftheotherclouds.

First,WeShallpresentanenlargedviewtowardHLCG92-35inFigure3-9(a)

andtowardMBM55inFigure3-9(c)foracomparisonwiththesamecontours
andcolorlevels.Asmentionedaboveinthissection,theCOdistributiondoesn't

resemblethatofHItowardHLCG92-35,COntrarytOthecasetowardMBM55.

Tbward(l,b)=(93ミ5,-35q5),thereisacircularHIcloudwhosespatialextent
is40×40,andtheHIcloudincludesHLCG92-35newlydetectedin12co･The

sizeofthe HIcloudis measuredto be～5pc,andthe massis estimatedto be

～590MbundertheassumptionofHIintensity-maSSCOnVerSionfactorofl･823×
1018cm-2/(Kkns~1).HLCG92-35islocatedatthegalacticwesternpartof
theHIcloud,andtheCOintensitytowardthegalacticeasternhalfisnearlythe

detectionlimitorlower(hereafterthe"west"and"east"areinGalacticcoordinates)･
AlthoughtheHLCG92-35almostcoincideswiththepositionofthepeakintensity

positionoftheHIcloud,theHIintensitiesofwesternandeasternhalvesoftheHI

cloudaresimilarwithinafactorofl.1,i.e.,theintensitycontrastisnotsolarge

inthecenterpartoftheHIcloud.Thewestandeastonesaredividedalongthe

dottedlineinFigure3-9(a).TheCO/HImassratioofthewesternhalfofO･97is

CalculatedtobemuchlargerthanthatoftheeasternhalfofO.10byafactorof～10･

ThisresultindicatesthatevolutionarystatusisnotuniforminaslngleHIcloud,

andthewesternhalfis consideredto bemore evoIvedinterms ofmolecular cloud

brmation.

Next,WeSha11comparethephysicalpropertiesofthethreecloudswithasimilar

12cointensity,HLCG92-35,MBM54,andMBM55.Table3-4showsthecompar-

isonofphysicalpropertiesamongHLCG92-35,MBM54,andMBM55towardthe

regionwhoseintensityismorethan6.OKkms~1in12co.Thecloudnameisgiven

きncolumn(1)･Column(2)1iststheareawhoseintensityismorethan6･OKkms~1
1n12co.column(3)liststheI∬Emassderivedfrom13co･Column(4)1iststhe

ratioofmassderivedffomHItothatderivedfrom13cointensity.Column(5)1ists
theratiooftheluminosityofinfraredexcess,LIex,tOtheI∬Emassderivedfrom

13co.column(6)1iststheratiooftheE(B-V)1uminosity,LE(B-V),Calculating

fromE(B-V)derivedbySchlegeletal･(1998),tOtheI∬Emassderivedfrom
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13co.Theinfraredexcessisdefinedtobe

左Ⅹ=ム00一片Ⅳ(HI)-0. (3･4)

Sis thelocallyinterpolatedslopeoftheinfrared-HIcorrelation･Theo鮎et O

containsresidualzodiacallightandthecosmicinffaredbackground･WeusedO･62
MJysr~1/(1020cm.2)forSandO･76MJysr-1fbrOderivedbyReachetal･(1998)･

Theluminosityoftheinftaredexcess,LIcx=∑(月｡Xn),WhereFi｡Xisthefluxdensity
oftheinfraredexcessandtheuniteisMJysr-1andOisthesolidangle,isthesumof

theinfraredexcesstowardtheregiondetectedmorethan6.OKkms~1in12coand

theuniteisMJysr~1pc2.TheluminosityofE(B-V),LE(B-V)=∑(E(B-V)0),
isthesumofE(B-V)withinthesameregionasthatoftheinfraredexcessand
theuniteismagpc2･

Oneofthesignificantdi鮎renceofHLCG92-35fromtheothercloudsisthe

weaknessof13cointensity,i･e･,SmallopticaldepthofCO･Thisleadstothelargest

ratioofMhItOM13coCOmparedwiththeothertwocloudsbyafactorof～4-5,
indicatingthatHLCG92-35isanHI-richcloudcomparedwiththeamountofCO･

TheluminosityofE(B-V)toI∬EmassratioinHLCG92-35islargerby
afactorof～4comparedwithMBM54and55.Sincethein丘aredemissionisthe

strongesttowardHLCG92-35fromFigure3-7)thisindicatesthattheamountof

dusttowardHLCG92-35ismostabundant.Thisresultimpliesthattheratioof

COtototalgas(molecular+atomic)inHLCG92-35issmallerthanthatofthe

OthertypicalHLCssuchasMBM54and55･

Finally,Welookinto theluminosity ofinfrared excess･Ifwe
assume that

theamountofdustisproportionaltothatoftheatomichydrogenplushydrogen

molecule,andthattheradiationfield,gaS-tO-dustratio,andthetemperatureare

uniformthroughouttheentirereglOn,theamountoftheinffaredexcessisexpected

tobeproportionaltothatofhydrogenmolecule(seee.g.,Reachetal･1998)･Wb
useditasoneindexofmeasurlngthequantityofahydrogenmoleculebecausethe

directmeasurementisverydi侃cultbecauseofthezeropermanentdipolemoment･

Figure3-10showsthedistributionoftheinfraredexcesstowardtheobservedreglOn･

TheinfraredexcessiscalculatedbyusingIRASlOOpmdatabyISSAandHIdata

byHartmann&Burton(1997)･Thespatialresolutionofthemapistherefor?～30
′.BecauseamapofISSArepresentscontinuum,i.e.,itintegratesalltheemlSSion

inthesamelineofsight,WeusethetotalvelocityintegratedintensityforHIfor
thecalculationoftheinfraredexcess.0veralldistributionoftheinfraredexcessis

moresimilartothatofCOcomparedwiththoseofHIandIRAS(seealsoFigures
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3-9(b)and3-9(d))･Fbrexample,aholizontal丘1amentatb～-37O.5seeninthe
IRASmapisabsentinthismap,andHIcloudsat(l,b)～(820,-430),(870,-340),

and(900,-300)showingpooチCOrrelationwithCObecomeweak,Strengtheningthe
factthattheinfraredexcessISagOOdindicatorofamolecularcloud.

TheinfraredexcesstowardHLCG92-35isestimatedtobehigherthanthat
towardtheotherreglOnS.Theluminosityoftheinfraredexcessto汀Emassratio

inHLCG92-35isalsolargerbyafactorof～4comparedwithMBM54and55.

Thecauseoftheinfraredexcessisgenerallyexplainedastheexistenceofhydro-

genmolecule,and/orhighdusttemperatureasmentionedabove.Theaveragedust
temperaturesderivedbySchlegeletal.(1998)areestimatedtobe16.6,16.7,and
16･7KtowardHLCG92-35,MBM54,andMBM55,reSpeCtively.Thetempera-

turetowardHLCG92-35isalmostthesameasotherclouds,indicatingthatthe

CauseOftheinfraredexcessisnotduetohightemperature.Therefore,thelarge
infraredexcesstowardHLCG92-35isconsideredtoreflecttheamountofhydrogen

molecule.

TbsummarizethepropertiesofHLCG92-35,theratiooftheCOluminosityto

theamountofatomicandmolecularhydorogenissignificantlysma11erbyafactor

Of～5comparedwiththeotherclouds,althoughtheratioofmolecularhydorogento
atomiconeisalmostthesameasthoseoftheotherclouds.ThelowCOintensityis

consideredtobeduetoeitherlowabundunceofCOorsub-thermalexcitationofCO.

ThelowabundanceofCOcanbeexplainedbythefactthatCOisdissociatedby

externalfar-UVradiationsorthatthecloudisyoungintermsoftheevolutionary

Statusin molecular cloudformation.Because the opticaldepth ofdust toward

HLCG92-35is thelargestin the present region,itis unlikelythat the
COin

thecloudis moreexposed to far-UV radiations comparedwith the other clouds

Withlowdust opticaldepth.Therefore,thequestioniswhetheritispossibleto

ObserveanevolutionarystageofH2CloudwithoutCOmoleculeornot.Leeetal.

(1996)calculatedthetimedependentchemistryininhomogeneousinterstellarclouds

exposedbyinterste11arfar-UVfieldfromonesideofacloud.Theyarguedthatmost

oftheatomichydrogenisconvertedtomolecularoneatatimescaleof～106yrat

Av～afbw.ThefractionalabundanceofCOatthattimeisanorderofmagnitude

lowerthanthatatsteadystate.ThefbrmationofCOattheAvrangereachesalmost

Steadystatein～107yr,i.e.,theratioN(H2)/N(CO)becomesconstantafterthis
phase･ThismeansthatthestageofaH2CloudwithoutCOcansurviveupto…107

yrwiththeirmodel･ThecrossingtimeoftheHIcloudobservedhereis,SeVeralpc/
severalkns-1～1×106yr･Thetimescaleofthecloudformationisthenestimated

tobeanorderoflO6yr･Thesefactssuggestthatthereisapossibilityofdetecting
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anH2CloudwithoutCOjustaftertheformationofthecloud･Therefore,theHLCG
92-35isexpectedtobetheyoungestmolecularcloudinthepresentobservedreglOn

andtobeatastagejustaftermoleuclarcloudformation･Thereis,however,Stilla
possibilityofsub-thermalexcitationofCO･SincetheHIcloudtowardHLCG92-35

haslargestsizeinthepresentobservedregion,thelengthalongthelineofsightis

expectedtobelarge,～4pc,Whichmakesn(H2)ofHLCG92-35smallerthanthose
ofMBM54andMBM55byafactorofafew.nlrthermulti-1ineobserveationsare

neededtoknowtheexitationofCOintheseclouds.Inanycase,eVidenceforH2

cloudnottracedbyCOemissionhasbeenindicatedbymanyauthors;Reachetal･

(1994)forhighlatitudecirrus,Meyerdierks&Heithausen(1996)forPolarisflare,
Boulangeretal.(1998)forChamaeleondarkcloud,andOnishietal･(2001)for
highgalacticlatitudeclouds.Suchacloudisanicetargetforstudyingmolecular

cloudformationbecauseitisexpectedtobeveryyoungintermsofmolecularcloud

formation.Inordertolookdeeperintothepropertiesofsuchanobject,multi-

transitionmolecularlineobservationsandespecially[CI]observationswithhigh
spatialresolutionof～afewarcminaredefinitelyneeded･

3.4.4 MorphologyoftheCloudComplexandHIShe11

ThepresentcloudcomplexincludingMBM53)54)55,andHLCG92-35has

anarc-1ikestrucutureandiscomposedofmorethanahundredofsmallmolecular

clouds.Itincludescloudswithdiff6rentevolutionarystagesintermsofmoleuclar

cloudformationasdiscusSedintheprevioussub-SeCtion.Thesametypeofcloud

complexwasreportedinUrsaMajorcloudbydeVrieset al･(1987)･TheCO

cloudsaredistributedalonganarc-1ikestructurewithmanylocalpeaks,although
thespatialextentissmaller,～70,thanthatofthepresentcomplex･Theyclaimed

thatthereisaclearHI-H2tranSitionregionat(l,b)～(14lO,390)inthecomplex･
Thesesituationsresemblethepresentones.Thediff6renceisthattheydidn'tfound

H2Cloudswithout COemissionintheirregion.Thereisalsoadi鮎renceinthe

positionwherethetransitiontakesplace･Inthepresentcase)thetransitionreglOnis

locatedinafi1amentarystructureandthetransitionfromHItoH2isperpendicular

to thefilament,Whereasin the UrsaMajor case,itislocated at the edge ofa

filamentandthetransitionoccursalongthefi1ament.Thecauseofthedi鮎rence

ishardlyunderstoodinthepresentsituationofthesmallnumberofobservation

samples･Thedetailedinvestigationofsurroundingenvironmentmaybehelpfulto

understandit.Wb note here that thecentroid velocityofthe HIpeakandthe

COpeakintheUrsaMajorcaseisdi鮎rent(Pound&Goodmann1997);thereare
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twovelocitycomponentsinHIspectratowardthetransitionregion.Becausethe

Velocitydi鮎renceisnotsolarge,thedi鮎renceinvelocitymaybeduetovelocity

gradientinthesamecloud,however,thereisapossibilitythatthetwocloudsare

accidentallyprojected.

Pound&Goodman(1997)suggestedthattheUrsaMajorcloudisapartof
anexpandingshellknownastheNorthCelestialPoleloop,andthatthecloudis

locatedfar-Sideoftheshellfromthekinematicanalysysoftheatomicandmolecular

gas.ItisalsosuggestedthattheHIfilamentthatincludesthepresentmolecular

Cloudcomplexisapartofane吏pandingHIfi1ament(Giretal.1994),althoughthe
COcloudseemstobelocatedattheedgeoftheshe11inthepresentcase.Giretal.

(1994)derivedaneXpandingvelocityof～18kms-1,andsTggeStedthatthefi1ament
COuldhavebeenformedbyafewsupernovaeoranotherslmilarlylargemechanical

inputofenergysuchasthestellarwindffomanOBassociationofearlyOstarsfrom

theestimationofthekineticenergy.Ifthisistrue,themolecularcloudformation

Canbea鮎ctedbysuchexplosiveevents;triggerlngmOlecularcloudformation,Or

destroyingexistedmolecularclouds.Asmentionedintheprevioussection,HLCG

92-35isassociatedwiththewesternhalfoftheHIcloudandthepeakoftheHI

Cloudisthewestofone･Fhrthermore,thereisasharpwesternedgeofthe12co

distribution,althoughthedi飢1SeCloudisextendedtowardtheoppositedirection.

TheseobservationalfactsimplythatHLCG92-35seemstobepreferentiallyformed

atthewesternedgeoftheHIcloud.Thismightbebecausetheoldexplosiveevents
triggeredthemolecularcloudformationintheHIfi1ament.

Itistobenotedthattheexpandingvelocityof～18kms-1byGiretal.(1994)
SeemStObetoofastcomparedwiththeradiusof～23pcbecausetheageoftheshe11

isthenestimatedtobe～106yrorless･Inthiscase,theearlytypeBstarsshould

remaininsidetheshell,althoughwefoundnoOBstarsornoX-rayradiationinthe
She11.However,OurObservationsupportstheirideathattheshe11couldhavebeen

formedbysomeexplosiveeventsfromthewesterndirection.Ifthisideaiscorrect,

theexpandingvelocityshouldbemuchsmal1erinordertoexplaintheenvironment

aroundtheshell.Actual1y,thepresentCOobservationshowsnoexpandingmotions,

andtherefore,theexpandingvelocityshouldbelessthanorroughlyequaltothe

totalvelocitydispersionofthepresentclouds,～SeVeralkms-l･
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3.5 Conclusions

Wbhavemadealarge-SCalesurveyofhighgalacticlatitudemolecularcloudsin
theJ=ト01inesof12co!13co,andC180towardanHIfi1amentwhichcontains

MBM53,54,and55complexwithNANTENtelescope･Thissurveyspatiallyre-

solvedthedistributionofmoleculargastowardtheentireMBMcloudsforthefirst

time,andfurthermore,WeneWlyfoundarelativelymassivecloudofinterestingnar

ture,Whoseevolutionarystatusisveryyoungintermsofmolecularcloudformation･

Themainresultsofthepresentstudyaresummarizedasfo1lows:

1.The12coobservationcoveredtheentireHIfilamentwithagridspaclngOf

4!.Thefi1amentisfoundtoconsistofmanysmall-Sizedmolecularcloudsand

thereidentifiedlO812cocloudsintheobservedreglOn.Thetotalmassis

estimatedtobe～1200Moifweassumethenormalconversionfactorfrom

COintensityasl.0×1020cm-2/(Kkms~1)･

2.Weperformedthe13coobservationtowardtheregionofhigh12cointensities
inordertomeasuretheopticaldepthofmoleculargas･Weidentified7013co

clouds and derived the physicalproperties ofcolumn densities and masses

undertheassumptionofI∬E.Thetablesofthephysicalpropertiesofthe
13cocloudsarepresented.

3.Themassspectraof12coand13cocloudsarecalculatedtobedN/dM…

M~1･73土0･08anddN/dM～M-1･65士0･12,reSpeCtively･Thesespectrumindices
aresimilartothatwhichhasbeenderivedinotherreglOnS.

4.ThevirialmasstoI∬Emassratioisfoundtobe≫1foralltheclouds,and

therefore,thecloudsarenotgravitationallyboundedifweconsiderthemass

tracedonlyby13co･Thisimpliesthatthestarformationwillnotoccurin

thepresent13cocloudsinthenearfuture･

5.TheC1800bservationwascarriedouttowardhigh-intensityregioninthe13co

map･ThereisnoC180detectionwitharmsnoisetemperatureofaslowas

…0.07K.Thisalsoindicatesthatthereisnoclouddenseenoughtoformstars

inthenearfutureof～106yr･

6.Comparison between the distributions ofmolecular gas and T Tauristars

suggeststhatthereareatleasttwoweak-1ineTTauristarsaroundMBM55･

Thisindicatesthattheremightbestarformation～107yragoalthoughthe
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activitywasconsideredtobequitelowcomparedwiththemassofthecurrent

moleculargas.

7.WbnewlyfoundarelativelymassivecloudbetweenMBM53and54around

(l,b)～(920,-350)of～330Mb･HLCG92-350CCupiesagalacticwestern
halfofacircular-ShapedHIgas,andtheHItoCOmassratioisestimated

to be thelargestin the observed reglOn.The far-infrared excess over HI

emission,Whichisagoodindicatoroftheexistenceofmolecularhydrogen,

towardHLCG92-35isthelargestintheobservedreglOn.Tbgetherwithlow

CO opticaldepth,theratiooftheluminosityoftheinfraredexcessto CO

massis calculated to beslgnificantlylarger than those ofthe other clouds

byafactorof～5.ThesefactsindicatethatHLCG92-35isaCO-forming

molecularcloud,WhichisyoungerthantheMBMcloudsintermsofmolecular

cloudformation.

8.Theobservationalfactsimplythat HLCG92-35seemstobepreferentially

formedatthewesternedgeoftheHIcloud.Thismightbebecausetheold

explosiveeventstriggeredthemolecularcloudformationintheHIfi1ament.
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%ble3-1･PhysicalPropertiesof12coclouds

No. g

(1)(2)

LU3

(

2 91.69
-29.46

2.6 4.4
-10.0

0.33 4.8 2.1

3 92.00
-30.53

2.7 6.1
4 91.76

-30.27
1.1 6.1

5 92.31
-30.40

1.6 2.8

6 92.38
-30.73

2.8 3.3

7 91.54
-30.80

2.9 4.3

8 91.30
-30.67

3.4 2.0

9 92.85
-30.67

3.6 3.3

10 92.69
-31.00

3.4 1.9

11 91.69
-30.94

2.3 4.7

12 94.65
-31.33

13 94.97
-31.53

14 95.29
-31.73

15 95.24
-32.40

16 93.48
-31.13

17 93.79
-31.20

18 94.27
-31.80

19 93.81
-32.33

20 93.83
-33.14

21 92.62
-31.40

22 92.39
-31.93

-9.7
0.20

-9.7
0.67

-10.0
0.14

-9.2
0.17

-6.2
0.14

-6.0
0.21

-10.9
0.31

-7.6
0.20

-5.5
0.37

0.8 3.1
-5.0

0.30

3.5 2.0
-5.7

0.22

3.2 3.5
-7.5

0.14

2.8 3.1
-8.1

0.31

2.9 6.4
-10.7

0.14

5.4 6.1
-5.2

0.17

2.4 1.5
-3.5

0.17
2.0 3.1

-2.2
0.36

2.8 2.7
-2.3

1.21

2.7 2.4
-5.3

0.20

2.6 2.4
-2.4

0.14

23 93.02
-32.20

4.6 2.2
-10.8

0.42

24 93.02
-32.40

5.1 2.2
-10.8

0.70

25 94.16
-33.53

3.5

26 94.08
-33.73

2.4

27 94.64
-33.67

2.2

28 94.65
-33.93

2.4

29 94.41
-34.06

2.3
30 95.05

-33.73
2.8

31 94.58
-34.27

3.1
32 94.90

-34.20
2.6

1.9
-2.2

0.37

2.2
-2.1

0.17
3.7

-8.3
0.14

5.6
-6.0

0.14

2.3
-8.3

0.14

5.3
-6.8

0.38
7.8

-8.7
0.20

3.8
-4.2

0.30

33 94.75
-34.53

2.7 2.6

34 94.92
-34.73

3.11.4

35 96.03
-34.20

3.0 2.4

36 96.36
-34.27

2.9 6.5

37 96.35
-34.07

2.3 4.0

38 96.58
-34.00

2.1 4.8

39 95.59
-35.20

2.3 3.1

40 95.60
-35.40

2.5 2.5
41 95.12

-35.73
2.7 3.6

42 94.95
-35.67

3.0 1.6

-3.1
0.26

-3.1
0.20

-7.9
0.20

-8.2
0.20

-7.5
0.17

-8.1
0.22

-3.1
0.24

-3.8
0.17

5.0 1.0

15.2 15.7
5.0 0.5

5.1 0.9

3.1 0.4
5.0 1.3

8.2 2.4
4.0 0.7

4.7 2.9

5.6 2.1

4.5 0.9

5.0 0.7

4.8 2.0

5.7 0.5

2.8 0.5

2.8 0.5

5.7 3.4

9.5 42.5

4.9 0.9

5.0 0.5
5.4 2.8

10.8 13.1
5.0 2.3

3.5 0.6
3.7 0.4

4.9 0.1

3.8 0.5

6.4 3.4
5.1 1.1

3.1 1.5
3.8 1.3
2.4 0,6

4.9 0.8

3.9 0.7

3.1 0.5
2.5 0.7

5.6 1.3
4.0 0.6

-3.4
0.39 5.2 3.5

-3.1
0.14 4.1 0.4
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Table3-1.(Continued)

)
～

2
N｡川 LU3

(
虹‥■一=■､)2Ⅲ

さ

月の
簡

飾何花㈱

4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
点
U
7
8
9
0
1
2

4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
8
8
8

9
9
9
9
9
9
9
9
9
9
9
9
9
9

4.33
-36.60

3.6 4.9
-5.3

0.84 10.9
3.49
-36.40

2.11.9
3.24
-36.40

1.7 3.5
3.40
-36.70

2.7 5.3
3.32
-36.27

3.2 4.1
3.15
-35.87

2.6 2.1
2.74
-36.13

3.3 4.3

2.41
-36.20

2.25
-36.00

2.49
-36.00

2.50
-36.80

6.48
-37.93

6.14
-37.87

5.71
-37.80

96.21
-37.73

96.20
-37.47

95.85
-37.20

95.53
-37.53

94.67
-36.87

91.66
-37.40

91.50
-37.40

91.41
-37.73

93.18
-37.47

92.25
-38.27

93.11
-38.47

92.17
-38.67

92.60
-39.07

92.95
-39.40

92.60
-39.40

92.52
-39.53

90.61
-39.80

90.01
-39.67

89.97
-40.80

86.19
-41.80

85.84
-41.67

84.85
-41.80

84.45
-42.13

85.65
-42.67

84.82
-42.80

4.7 5.8

-
2.2

2.2 2.1
1.6 4.3

1.8 6.6

2.4 3.6
2.7 1.7
2.4 1.6
1.9 2.4

1.8 6.5

1.9 3.6

2.9 2.0
2.0 1.7

2.11.3
2.0 4.4
2.0 4.4

7.6 2.3
2.4 6.2

2.7 1.1
3.7 2.4

2.8 2.3
1.7 1.0
2.0 2.1
3.4 3.6

2.6 3.2
5.5 4.4

2.0 2.2
2.6 3.9
2.0 2.3

3.0 0.7
3.4 1.5
2.6 1.4

-6.5
0.14 2.8

-8.0
0.17 2.7

-5.9
0.22 5.3

-7.0
0.26 6.6

-9.8
0.14 3.6

-4.2
0.36 6.2

-6.5
0.26 9.0

-7.5
0.20 3.1

-7.6
0.14 3.2

-3.4
0.17 5.7

-5.4
0.17 5.7

-3.6
0.28 4.8

-3.9
0.14 2.2

-5.6
0.14 2.0

-5.7
0.14 2.4

-6.8
0.17 2.4

-6.0
0.20 4.8

-3.6
0.24 4.1

-3.2
0.17 3.8

-3.3
0.14 2.7

-3.0
0.14 2.9

-3.0
2.22 25.4

-4.9
0.17 4.0

-5.5
0.24 5.7

-9.8
0.17 7.1

-2.0
0.31 4.4

-2.3
0.17 2.4

-1.5
0.14 2.0

-1.7
0.20 4.5

-1.7
0.24 4.7

-1.1
0.56 8.9

-4.2
0.14 3.2

-5.4
0.14 3.2

-7.1
0.17 2.6

-6.9
0.26 5.4

-5.9
0.17 3.8

-6.4
0.14 3.7

-6.5
0.24 2.9

53102

0.4
1.1

1.8
0.4

3.2
2.5

0.8
0,4

0.8
0.6

1.7
0.3

0.3
0.3

0.4
1.1

1.2
0.6

0.3
0.3

212.3
0.6

1.4
0.9

1.8
0.4

0.3
0.9

1.4
7.4

0.4
0.4
0.4

1.7
0.7
0.4

0.9



Table3-1.(Continued)

)
g2N｡川 LU3

(

月 Ⅳ(H2)晩0
(7)(8) (9)

4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8

8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

9
8
6
1
9
2
3
9
0
9
4
3
2
6
9

3
7
7
6
5
6
9
9
0
8
1
1
0
9
8

8
8
8
9
9
9
8
8
9
8
9
9
9
8
8

3
2
3
9
2
2
2
7
5

4
2
2
3
3
3
3
2
2

9
9
9
9
9
9
9
9
9

4
-41.87

3.6 1.8

0
-40.40

4.3 1.6

7
-41.00

2.4 1.9

2
-29.07

2.7 1.9
9
-25.60

4.7 2.2

2
-29.60

3.2 3.0

3
-31.87

2.4 1.6

2
-33.40

2.3 1.9
9
-33.27

2.2 1.7

4
-36.27

3.0 2.4
1
-37.73

2.8 2.4

2
-38.20

2.0 5.9
6
-39.93

5.9 4.2

4
-40.27

2.6 3.1
8
-41.33

3.4 5.5
- 7.6 5.5

5
-34.80

1.6 4.3

5
-35.73

4.4 4.3

2
-34.40

8.3 4.3

4
-34.27

3.7 6.7
1
-34.07

2.4 3.7

8
-33.80

3.2 7.0

0
2
6 -33.47

2.5 5.5

-33.73
3.1 4.3

-2.8
0.41

-8.3
0.14

-6.0
0.24

-6.0
0.26

-15.8
0.30

-5.2
0.17

-1.7
0.14

-1.7
0.14

-2.2
0.17

-11.7
0.22

-11.7
0.14

-3.11.36
-2.6

0.24

-9.5
0.94

-6.1
2.41

-6.1
0.20

-7.1
0.34

-7.1
0.60

-7.1
2.57

-4.9
0.57

-5.4
0.17

-6.4
0.17

-5.4
0.28

-7.6
0.20

-33.53
2.0 3.5

-7.3
0.20

5.1 3.6
3.4 0.4

3.7 1.3
10.7 3.7

5.9 2.3

4.4 0.6

4.3 0.5

4.2 0.5

4.6 0.6
4.8 1.0

2.9 0.3
20.8 73.4

4.8 1.3
10.9 29.7

25.0 256.2
4.7 0.9

7.3 3.2

8.4 12.4

28.9 326.9
8.6 9.3

4.6 0.6
4.3 0.7

4.2 1.6
5.1 1.0

3.9 0.7

Note-Col.(1)‥Cloudnumber,Col･(2)-(3)‥Cloudpeak(l,b)positionindegree,Col･(4):

PeaktemperatureinK,Col.(5):Linewidthofthecompositespectruminkms~1,Col･(6):

Peakvelocityofthecompositespectruminkms~1,Col.(7):Radiusofthemolecularcloudin

pc,Col.(8):ColumndensityofpeakpositioninlO20cm-2,Col･(9)‥Massofthemolecular

cloudinMo･Col.(4)to(6)arederivedbyusingasingleGausSiunfitting･Thepeak
temperatureofcloudNo･31couldnotbederivedbyuslngaSlngleGaussiunfitting･Thepeak

positionofcloudNo.101isthesameasthatofcloudNo･100･
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1もble3-2･ObservedPropertiesof13coclouds

Position

T
-
山

2
N｡川 LU3

(

ObservedPro ertiesof13CO clouds

△Ⅴ 呪sR
(5)(6)

2 93.79
-31.23

3 92.94
-32.07

4 93.02
-32.13

5 92.95
-32.40

6 91.72
-34.33

7 92.69
-34.40

8 92.08
-34.67

9 91.88
-34.40

10 92.00
-34.50

11 92.57
-34.53

12 91.51
-34.83

13 91.72
-34.83

14 91.63
-34.90

15 91.88
-34.93

16 91.96
-34.93

17 91.63
-35.00

18 91.84
-35.07

19 92.12
-35.13

20 91.76
-35.17

21 92.53
-35.23

22 96.37
-35.23

23 91.84
-35.37

24 92.00
-35.37

25 92.12
-35.40

26 92.33
-35.53

27 92.82
-35.50

28 92.62
-35.60

29 92.00
-35.57

30 92.29
-35.67

31 92.08
-33.23

32 92.00
-33.23

33 92.36
-33.37

34 91.96
-33.43

35 92.00
-33.83

36 92.28
-33.97

37 94.18
-37.43

38 93.14
-37.63

39 93.06
-37.90

40 92.75
-37.17

1.5 1.3
-5.5

0.6 2.6
-10.5

0.5 0.7
-10.7

0.4 4.4
-10.1

0.9 2.4
-7.7

0.7 2.4
-5.7

1.2 1.8
-7.2

0.4 2.6
-5.6

0.9 1.0
-6.2

0.9 1.5
-6.4

0.8 0.9
-8.3

0.6 2.6
-7.4

0.6 1.5
-8.5

0.6 1.7
-7.0

0.5 1.6
-6.8

1.3 1.4
-8.4

0.5 1.7
-7.8

0.6 0.9
-7.1

0.5 3.1
-8.8

0.7 1.1
-7.4

0.7 1.1
-7.4

0.6 1.9
-7.7

1.6 0.8
-5.6

0.5 2.4
-5.6

0.5 2.2
-5.5

1.4 0.4
-5.1

1.11.7
-4.8

1.0 0.7
-6.4

0.9 0.9
-8.9

0.3 2.3
-7.5

0.5 2.5
-7.5

0.4 2.5
-7.3

0.6 2.4
-7.0

1.3 1.1
-10.0

0.6 0.8
-8.1

1.9 1.7
-4.6

1.2 4.7
-5.8

0.9 2.2
-6.7

0.8 1.6
-3.3
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1もble3-2.(Continued)

Position

No. g わ

(1)(2) (3)

ObservedPro ertiesof13CO clouds

△Ⅴ 挽sR

(5)(6)

42 92.54
-37.27

43 92.34
-37.43

44 92.00
-37.40

45 91.28
-38.13

46 91.28
-38.37

47 91.14
-38.87

48 90.93
-39.13

49 91.09
-39.47

50 91.19
-39.03

51 91.31
-39.03

52 89.18
-40.93

53 89.66
-41.07

54 88.45
-41.27

55 88.71
-41.43

56 88.22
-41.40

57 88.21
-41.67

58 87.81
-41.67

59 87.54
-41.63

60 87.40
-41.73

61 87.30
-41.83

62 87.17
-41.87

63 86.78
-42.23

64 86.65
-42.20

65 86.43
-42.10

66 86.08
-42.03

67 86.06
-42.17

68 85.89
-42.13

69 85.72
-42.03

70 85.67
-42.10

0.5 2.0
-4.6

0.6 2.3
-4.5

0.6 1.8
-5.0

1.6 1.8
-3.3

0.9 0.4
-4.3

0.9 2.2
-1.9

0.8 2.3
-1.2

0.7 1.8
-4.8

0.5 2.0
-0.9

0.5 2.2
-1.8

2.1 1.8
-7.7

1.7 1.4
-4.8

1.4 4.0
-5.9

0.8 4.7
-5.5

0.6 1.7
-6.0

0.4 2.0
-8.0

0.7 2.7
-7.5

0.8 1.8
-6.2

0.5 3.2
-6.7

0.8 0.9
-6.5

0.6 1.0
-6.9

0.4 2.5
-7.2

0.5 1.2
-5.6

0.5 4.6
-6.5

0.8 1.3
-6.4

0.4 3.5
-5.5

0.4 1.0
-9.1

0.4 0.9
-6.3

0.4 0.9
-7.0

0.90

1.36
1.15

2.38
0.47

1.47
1.22

1.67
1.00

0.96
3.43

2.41
4.78

3.08
0.98

0.67
1.92

1.48
1.72

0.68
0.73

1.00
0.63

2.13
1.16

1.55
0.46

0.47
0.45

Note-Col.(1):Cloudnumber,Col･(2ト(3):Cloudpeak(l,b)positionindegree,Col･(4):

PeaktemperatureinK,Col.(5):Linewidthofthecompositespectruminkms~1,Col･(6)

Peakvelocityofthecompositespectruminkms-1,Col.(7):Integratedintensityofpeak

positioninKkms-1,Col.(4)to(6)arederivedbyusingasingleGaussiunfitting･
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Table3-3･PhysicalPropertiesof13coclouds

No.Ⅳ(日2)
(1)(2)

月 几れrE 怖ir T(13co)
(4)(5) (6) (7)

2 1.45
-5.6

0.21
3 1.20

-10.7
0.18

4 0.69
-10.8

0.11
5 1.20

-10.7
0.28

6 1.65
-7.5

0.27
7 1.50

-5.3
0.20

8 1.51
-6.8

0.61
9 1.04

-6.7
0.09

10 1.04
-6.6

0.11
11 1.30

-6.4
0.11

12 1.16
-8.2

0.14

13 1.14
-7.8

0.11

14 1.02
-8.4

0.07
15 1.13

-7.1
0.12

16 0.76
-6.8

0.09
17 1.22

-8.2
0.20

18 1.09
-7.8
0.10

19 0.70
-7.2
0.07

20 1.22
-8.2

0.10
21 0.81

-7.4
0.16

22 1.33
-5.7

0.19
23 0.99

-7.9
0.12

24 1.42
-5.6

0.14
25 1.62

-6.0
0.09

26 1.03
-5.7

0.13
27 0.87

-5.0
0.07

28 1.40
-4.9

0.25
29 0.78

-6.1
0.07

30 0.97
-5.3

0.18
31 1.31

-7.2
0.10

32 2.09
-7.6

0.11
33 1.61

-7.6
0.11

34 1.97
-7.1

0.24
35 2.13

-9.8
0.40

36 1.07
-8.3

0.09
37 2.39

-4.3
0.33

38 2.67
-5.4

0.63

39 1.68
-6.8

0.25

40 1.86
-3.8

0.16

4.42 96.92 0.32
2.65

0.58
6.50

8.67
4.08

40.10
0.53

0.53
1.11

1.57
0.97

0.35
1.10

0.39
4.45

0.74
0.24

0.83
1.51

3.39
1.17

19.77 0.20

19.90 0.15
119.03 0.21

505.37 0.35
350.95 0.26

572.20 0.35
32.97 0.12

20.33 0.17
58.90 0.20

32.09 0.15
153.16 0.17

37.72 0.17
44.59 0.18

12.88 0.16
148.36 0.35

89.90 0.17
17.61 0.14

242.12 0.21
59.47 0.16

127.69 0.24
125.34 0.17

1.94 27.95 0.32
0.82 3.30 0.18

1.22 40.52 0.17
0.30 13.98 0.26

6.17 227.00 0.25
0.26 6.15 0.15

1.66 30.72 0.24
0.89 38.63 0.21

1.77 58.17 0.25
1.37 85.71 0.23

7.69 189.58 0.28
23.54 142.37 0.59
0.54 27.40 0.19

18.26 251.82 0.42
82.88 1426.28 0.32
7.15 12.35 0.20

3.47 154.84 0.31

66



Table3-3.(Continued)

月 鳩JE 吼ir T(13co)
(4)(5) (6) (7)

2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0

4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
ご
U
6
6
7

1.95
-4.3

0.11 1.65 90.21 0.24

1.16
-4.1

0.18 0.39 166.57 0.31

1.80
-4.5

0.33 13.44

1.75
-2.8

0.54 36.00

0.73
-2.1

0.10 0.50

1.38
-1.8

0.26 6.35

1.28
-1.6

0.21 3.92

1.35
-0.4

0.21 4.11

1.63
-1.1

0.09 0.83

1.60
-2.1

0.12 1.63

2.52
-7.4

0.33 19.71

1.62
-4.8

0.35 14.01

2.31
-5.6

0.77 95.82

2.66
-4.1

0.34 21.24

2.42
-6.1

0.07 0.82

1.44
-7.8

0.09

2.66
-6.7

0.19

1.61
-5.9

0.26
2.65

-6.2
0.11

1.84
-6.5

0.09

1.44
-6.9

0.14

1.35
-6.4

0.13

1.01
-6.1

0.07

1.69
-5.7

0.21

1.45
-6.2

0.10

1.46
-6.6

0.24

0.75
-6.0

0.09

0.79
-6.5

0.07

206.65 0.30
771.07 0.37

20.99 0.17
265.94 0.18

243.15 0.15
85.57 0.20

61.66 0.20
50.11 0.30

213.73 0.51
202.50 0.41

631.44 0.38
122.92 0.26

43.05 0.28
0.73 18.54 0.23

6.79 479.87 0.31
0.28 115.54 0.26

2.25 72.09 0.26
0.94 14.76 0.19

1.96 111.81 0.22

1.61 147.80 0.15

0.34 28.93 0.14
5.17 183.47 0.18

0.98 36.40 0.20
5.94 87.84 0.15

0.38 11.12 0.08
0.27 16.97 0.12

0.79
-6.8

0.07 0.27 33.62 0.14

Note-Col.(1):Cloudnumber,Col･(2):ColumndensityofpeakpositioninlO20cm-2,Col･

(3):Peakvelocityofthecompositespectruminkms-1,Col･(4):RadiusOfthemolecular

cloudinpc,Col.(5):MassofthemolecularCloudassumingtheI∬EinMQ,Col･(6):Virial

massofthemolecularcloudinM｡,Col.(7):Opticaldepthof13co.col.(4)isderivedby

uslngaSlngleGaussiunfitting■
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Tもble3-4.ComparisonamongHLC92-35,MBM54,andMBM55★

Cloudname area 肱3co MhI/肱3co LI｡X7M13co LE(B-Ⅴ)y肱3co
(pc2)(几屯) (‡) (◇)

HLCG92-35 8.38 82 0.82 0.81

MBM54 2.16 72 0.15 0.17

MBM55 5.70 164 0.20 0.14

★ThereglOnSOnlydetectedatmorethan6･OKkms-1in12coarepickedout･

*LIex=∑(Fi｡XO).Seesection4.3forafu11acountofLI｡X･

†LE(B-Ⅴ)=∑(E(B-V)0)･Seesection4･3forafullacountofLE(B-V)･

‡Theunitis(MJysr~1pc2M;1)

◇Theunitis(magpc2M;1)
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Figure3-1.Tbtalvelocityintegratedintensitymapof12co(J=1-0)ingalactic
coordinates.Thelowestcontourisl･50Kknsrl,and6eParationbetweenthe

contoursis6.OKkns-l.Theobservedareaof12coisdenotedbyathinsolidline

andtheoneof13coisdenotedbythicksolidlines.
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Figure3-2.Totalvelocityintegratedintensitymapof13co(J=1-0)ingalactic
coordinates･ThelowestcontourisO･33Kkns-1,andseparationbetweenthe

contoursisO.99KkmsTl.Thefi11edcirclesarethepositionsobservedinC180.The

linearscaleofal1the丘guresarethesame.
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肌TE(鳩)

Figure3-3.(a)Themassspectrumof12coclouds･Thenumberofclouds,

N(≦Mbo)withmassgraterthanMbo;isplottedagainstMbo,alongwiththe

best-fittingpowerlawforthemassr?ngeOfO･4Mb,N(≦Mco)=49×几W･73-0･71
(solidline)derivedbyusingthemaxlmumlikelihoodmethod(Crawfordetal･1970)･

(b)Sameas(a),butbr13cocloudswithMhE･ItisexpressedasN(≦侮E)=

49×雌5-2.41(solidline)fbrthemassrangeofO･7A4b･
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10

MJE【〃◎】

Figure3-4.Virialmass,怖ir,Plottedagainst13courEmass,MiJrE.Thecrosses

andclosedtrianglesindicate13cocloudsinthepresentareaandinMBM12(Pound

etal.1990),reSpeCtively.Thefi11edcirclesandopencirclesare13cocloudswithand
withoutC180coresinOphiuchusnorthregion(Tachiharaetal.2000),reSpeCtively.
Thethreesolidlinesrepresent几れi,=102×朗hE,几れir=10×MLNEand几れi,=MiRE
ffomthetop.
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Figure3-5.Positionsofweak-1ineTTauristarsdetectedbyLietal･(2000)(open

Circle).ThatconfirmedbyMartin&Kun(1996)(cross)andselectedIRASpoint

SOurCeS(fi11edcircles)areshowningalacticcoordinates･TheIRASpointsources
areselectedascandidates払rprotostars.Thecontourshowsthevelocity-integrated

intensityofthe12co(J=1-0).Thelowestcontoursandintervalsarethesameas
inFigure3-1.
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Figure3-6.Thevelocity-integratedintensitymapof12co(J=1-0)superposed

onthevelocity-integratedintensitymapofHIwiththevelocityrange-11kns-1<

vLsR≦Okms-1(Hartmann&Burton1997).Thelowestcontoursandseparati孟
betweencontoursof12co(whitelines)asethesameaSFigure3-1.Thelowest

contoursofHI(blackline8)arelOOKkns~1andseparationbetweencontoursis
lOKkms~1.
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Figure3.7.Thevelocity-integratedintensitymapof12co(J=1｣))superposed
OntheIRASlOOpmmapbyISSA･Thelowestconto-1rSandseparationbetween

contoursof12co(whitelines)arethesameaSFigure3-1Thecontourleve180f
IRASlOOFLm(blacklines)beginatandincrea5ebystepsof2MJysr~1
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Figure3-8,Thevelocity-integratedintensitymapofHIforavelocityrange-20

kns~1≦VLsR≦-12kms~1(Eartmann&Burton1997).Thelowestcontoursof

HI(blacklines)areOKkms~1andseparationbetweencontoursislOKkms~1･
Theobservedareaof12coisdenotedbythewhitesolidlines.

76



94 92 94 92

89 88 87 86 89 88 87 86

GaJacticLongitude(Degree)

Figure3-9. ThemapscaleduptowardHLCG92-35andMBM55･Thegray

scalesofHIintegratedhtensityof(a)and(c),andofinfraredexce$S(b)and(d)are
thesame,reSpeCtively･(a)‥ThemapscaleduptowardHLCG92-35･Thegrayscale
andblackcontoursindicatetheimtegratedintensityof甘Iwiththevelocityrange

-11kms~1≦挽sR≦Okms▲1(Hartmann&B11rtOn1997).Thelowestcoutour8and
SeparationbetweencontoursarethesameaSFigure3-6.Whitecontoursindicatethe

integratedintensityof12co.Thelowestcoutour5andseparationbetweencontours

arethesa皿eaSFigure3-1.Seeseciton3.4.2forafu11acountoftheblackdotted

lineintheupper-1eftpanel.(b):SameaS(a),butthegrayscaleandblackcontours
indicatenotHIbuttheinfraredexcess.Thelowestcoutoursandseparationbetween

contoursareoMJysrJlandlMJysr.1,reSpeCtively.(c):SameaS(a),butfor
MBM55.(d):Sameas(b),butforMBM55･
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Figure3-10.Thevelocity-integratedinten5itymapof12co(J=1-0)supuer-
posedon theiI血ared

excess map.Thelowest contours and separation between

contoursoftlleinLraredexcess(blackline8)areOMJy8r→1andlMJysr~l,.The
lowestcontoursandseparationbetweenconto11rSOf12co(whitelines)arethesame
鮎Figure3-1.
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Chapter4

LargeScaleCO Observationsofa

馳r-InfraredLooplnPegasus

Abstract

WehavecarriedoutlargescaleCOobservationswithamm/sub-mmtelescope
NANTENtowardaloop-1ikestructureinfarinffaredwhoseangularextentisabout

20×20degreesaround(l,b)～(1090,-450)inPegasus-Itsdiametercorresponds

to～26pcatadistanceoflOOpc,adaptedfromthatofastarHD886(B2IV)at
thecenteroftheloop.Wecoveredtheloop-1ikestructureinthe12co(J=1-0)

emissionat4′-8′gridspa?ingandinthe13co(J=1-0)emissionat2′gridspacing
fbrthe12coemittingreglOnS･The12codistributionisfoundtoconsistof78small

clumpycloudswhosemassesrangefromO.04MbtollMb,andabout83%ofthe
12cocloudshaveverysmallmasseslessthanl.OMb.13coobservationsrevealed

that190fthe7812cocloudsshowsignificant13coemission･13coemissionwas

detectedintheregionwherethemolecularcolumndensityofH2derivedfrom12co

isgreaterthan5×1020cm-2!COrreSpOndingtoAvof～1mag,Whichtakesinto

accountt,hatofHI.Ⅵ毎findnoindicationofstarformationinthesecloudsinIRAS

PointSourceCatalogand2MASSPointSourceCatalog･Theverylowmassclouds,

M≦1Mb,identifiedareunusualinthesensethattheyhaveveryweak12copeak
temperatureofO.5K-2.7KandthattheyaggregateinareglOnOfafewpcwith

nomainmassiveclouds;COntrarilytothis,SimilarlowmasscloudslessthanlM;
inotherregionspreviouslyobservedincludingthoseathighGalacticlatitudeare

allassociatedwithmoremassivemaincloudsof～100M0.Acomparisonwitha

theoreticalworkonmolecularcloudformation(Koyama&Inutsuka2002)suggests
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thattheverylow-maSSCloudsmayhavebeenformedintheshockedlayerthrough

thethermalinstability･ThestarHD886(B2IV)maybethesourceofthemechanical
luminosityviastellarwindstocreateshocks,formingtheloop-1ikestructurewhere

theverylow-maSSCloudsareembedded.

KeyWbrds:ISM:Clouds-ISM:individual(HighLatitudeClouds)-radio
lines:ISMTStarS:払rmation-StarS:Winds

4.1Introduction

HighGalacticlatitudemolecularclouds(hereafterHLCs)aretypicallylocated

atlbL之200-300.SincetheGausSiunscaleheightofCOisestimatedtobe～100pc
intheinnerGalacticdisk(e.g.,Magnanietal.2000),HLCsarelikelylocatedvery
ClosetotheSun,Withinafewhundredpcorless.TheirproximitytotheSunandthe

lowpossibilityofoverlapplngWithotherobjectsalongthelineofsightenableustO

StudythemwithahighspatialresolutionandtocompareCOdataunambiguously
Withthedataatotherwavelengths.HLCshavelowermoleculardensitiescompared

Withdarkcloudswheretheopticalobscurationissignificant.Therefore,HLCsare

Oftencalledastranslucentclouds(e.g.,VanDishoeck&Black1988)andmostofthe
knownHLCsarenotthesitesofactivestarformation,althoughafewofthemare

knowntobeassociatedwithTT乱uristars(e.g.,Magnanietal.1995;Pound1996;

Heartyetal.1999).
GiventheverysmalldistancesofHLCs,itisachallengingtaskforobserversto

makeacompletesurveyforHLCsoverasignificantportionofthewholesky･12co

(J=1-0)emissionhasbeenusedtosearchforHLCsbecausethelineemissionin
themmbandisstrongest amongthetherma11yorsub-thermallyexcitedspectral

linesofinterstellar molecularspecies.Itis however difBcult tocover an areaas

large as tens ofsquare degrees subtended by some ofthe HLCs because ofthe

generalweaknessofthe12coemission,tyPically～afewK(e.g.,Magnanietal.
1996),Withexistingmm-WaVetelescop?Sinareasonabletimescale･HLCshaⅦbeen
thereforesearchedforbyemployingvarlOuSlarge-SCaledatasetsatotherwavelengths

includingtheopticalobscuration(Magnanietal.1985;Keto&Myers1986),the
infraredradiation(Reachetal.1994),andthefar-infraredexcessoverHI(=FIR

excess)(Blitzetal･1990;Chaapter2)･Ontheotherhand,unbiasedsurveysinCO
athighGalacticlatitudeshavebeenperformedatverycoarsegridseparationsoflO

resultinginasmallsamplingfactorofafew%(Hartmannetal･1998;Magnanietal･
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2000).Mostrecently,inChapter2wediscovered32HLCsorHLCcomplexes･This
SearChwasmadebasedontheFIRexcess,demonstratingthecorrelationbetween

FIRexcesscloudswithCO cloudsisausefulindicatorofCO HLCs.

PreviousCOobservationsofindividualHLCsathigherangularresolutionsshow

thatHLCsexhibitoftenloop-1ikeorshe11-1ikedistributionshavingfi1amentaryfea-

tureswithwidthsofseveralarcminorless(Hartmannetal･1998;Magnaniet

al.2000;Bhatt2000),andinadditionthatHLCsoftencomposeagroup,Whose
angularextentis～10degreesorlarger.Inordertobetterunderstandthestructure

OfHLCsandtopursuetheevolutionofHLCcomplexes,COobservationscovering

tensofsquaredegreesatahighangularresolutionarethereforecrucial･Thepast

ObservationsofsuchcomplexesofHLCsarelimitedtoafewreglOnSincludingPolaris

flare(Heithausen&Thaddeus1990),UrsaMajor(Pound&Goodman1997)andthe
HLCcomplextowardMBM53,54,and55inChapter3.Pound&Goodman(1997)

showed anarc-1ikestructureofthe molecular cloudsystem andsuggest that the

Originofsuchstructurescouldbesomeexplosiveevents.Mostrecently,inChapter

3wecarriedout extensiveobservationsofthemolecularcloudcomplexincluding

MBM53,54,and55andsuggestthattheHLCsmaybeslgnificantlyaffbctedby

pastexplosiveeventsbasedonthearc-1ikemorphologiesofmolecularhydrogen(see
alsoGiretal.1994).
ThereglOnOfMBM53,54,and55isofparticularinterest amongthethree,

becauseitisassociatedwithalargeHIcloudof～590Mo atalatitudeof-35

degrees andbecausethereis anewlydiscovered HLC
of330Mb,HLCG92-35,

whichissignificantlyHIrichwithamassratioM(H2)/M(HI)of～1,amOngthe
knownHLCs(Chapter3).Thiscloudwasinfactmissedintheprevioussurveys

basedonopticalextinction(MagTanietal･1985)･Subsequenttotheseobservations
Webecameawareofthatthereg10nisalsoveryrichininterstellarmatterasshown

bythelOOpmdustfeatures(Kissetal･2004).Thereisaloop-1ikestructureshown

inlOOpmaround(l,b)～(1090,-450)･Tbwardthecenteroftheloop,anearly

typestarHD886(B2ⅠⅤ)islocatedwhichmayplayaroleincreatingtheloop･Its
propermotionislargeatavelocityofafewkms-1,SuggeStingthatthestellar

Windsofthestarmight havecontinuedtointeract withthesurroundingneutral

matteroverafbwtensofpcin～afewMyr.Magnanietal.(1985)andwein
Chapter2yetobservedonlyasmallpartofthisreglOn･Inordertorevealthelarge

scaleCOdistributionoftheregion,Wehavecarriedoutobservationstoward(l,b)

～(1090,-450)by12co(J=1-0)and13co(J=1-0)byusingNANTEN4-meter
millimeter/sub-mmtelescopeofNagoyaUniversityatLasCampanas,Chile･Wb
Sha11adoptthedistanceoflOOpc丘･Omthesuntotheloop-1ikestructurewhichis
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equaltothedistanceoftheB2starinthecenteroftheloop,andisalsoatypical

valuefortheHLCs.

4.2 0bservations

TheobservedreglOnin12cowas～240squaredegreestowardthewholearea

Oftheloop-1ikestructurecenteredataround(l,b)～(1090,-450)showninalOO
ILmmapbySchlegeletal.(1998).First,the12coobservationsweremadeata

gridspacingof8′×COS(b)and8′inGalacticlongitudeandlatitude,reSpeCtively･

Then,theregionswherethe12coemissionisslgnificantlydetectedwereobserved

atagridspacingof4′×COS(b)and4′inGalacticlongitudeandlatitude,reSpeCtively.
The13coobservationsweremadeinandaroundthewholeareawherethepeak

temperatureof12coemissionishigherthan2.OKatagridspacingof2′×COS(b)

and2′inGalacticlongitudeandlatitude,reSpeCtively.Theperiodsof12coobserva-
tionswereseveralsessionsbetween2002MaytoNovemberandthoseof13cowere

thosebetween2003ApriltoAugust.Alltheobservationsweremadebyfrequency

switchingwhoseintervalis20MHz,COrreSpOndingto～50kms-1･Thefrequency

resolutionwas35kHz,COrreSpOndingtoavelocityresolutionof～0･1kms-1･The

halLpowerbeamwidthwasabout216,COrreSpOndingtoO.076pcatadistanceoflOO

pc･Theintegrationtimesperpointof12coand13coobservationsweretyplCally～

30sand～75s,reSpeCtively,reSultingintypicalrmsnoisetemperaturesperchannel

Of～0.35Kand～0.15Kintheradiationtemperature,花,reSpeCtively･Inreducing
thespectraldata,WeSubtractedforth-Orderpolynomialsfortheemission-freeparts

inordertoensureaflatspectralbaseline･Tbtalnumbersofobservedpointsof12co

and13coare16890and3100,reSpeCtively･

Wbemployedaroom-temperatureblackbodyradiatorandtheskyemissionfor

theintensitycalibration.Anabsoluteintensitycalibrationandtheoverallcheckof

thewholesystemweremadebyobservingOrionKL[α(1950)=5h32m47.SO,6(1950)

=-5024′21′′】every2hours.Wbassumedthe花OfOrionKLtobe65Kfor12co
andlOKbr13co.
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4.3 Results

4.3.112co observation

4.3.1.1 DistributionandPa$tDetectionof12co clouds

Figure4-1shows thedistributionofthevelocity-integratedintensity map of

12coemission.Wbdefineda12cocloudasacollectionofmorethantwocontiguous

observedpositionswhoseintegratedintensityexceedsO.77Kkms-1(5q).Basedon
thedefinition,Weidentified78molecularcloudsinthisreglOn.Molecularcloudsare

concentratedffom(l,b)～(1070,-370)to(1160,-450)andaround(l,b)～(1140,

-520)･Mostofthemolecularcloudsareverysmall,havingsizeof≦lO･Figure4-2
ShowsthedistributionoftheCOsuperposedontheSFDlOOpm(Schlegeletal･
1998),WhichwasderivedfromacompositeoftheCOBE/DIRBEandIRAS/ISSA

maps,Withtheforegroundzodiacallightandconfirmedpointsourcesremoved.CO
Clouds are distributed along theinfraredloop whose diameteris～25pc.We

detectedlittleCOemissionwithintheloop-1ikestructure,Whiletowardsomeofthe

localpeaksofSFDlOOpmthereisnoCOemission.

Figure4-3showsthepeakradialvelocitydistributionderivedfromthepresent

12codataset･ThevelocityinFigure4-3isderivedbyaslnglegaussiunfitting

fromallCOspectra.Thevelocityrangeofthemolecularcloudsisfrom-18.3km

s-1too･3kms-1andthereisnosystematiclargescalevelocitygradients･

Someofthemolecularcloudshavealreadybeenknownbypreviousobservations.

Molecularcloudstoward(l,b)～(110ミ18,-41ミ23)and(1170.36,-520･28)areiden-

tifiedbyMagnanietal･(1985)andnamedasMBMlandMBM2,reSpeCtively･
DIRl17-44andDIRlO5-38identifiedbyReachetal･(1998)arealsoidentifiedin
COtoward(l,b)～(116015,-44Ⅶ)and(105Ⅶ,-38qO)inChapter2･Magnaniet

al.(1986)detectedCOemissionat(l,b)～(1120,-400)･Magnanietal･(2000)
alsocoveredthisreglOneVenthoughtheymadeobservationsonalocallyCartesian

gridwithlO(trueangle)spacinginlongitudeandlatitudeforabeamsizeof818,
theydetectedCOemissionateightpositionsof(l,b)～(103ミ2,-38qO),(103ミ2,

一39Ⅶ),(104ミ4,-39Ⅶ),(106ミ8,-37Ⅶ),(108Ⅶ,-52Ⅶ),(109ミ5,-51Ⅶ),(110ミ4,
-41qO),and(111Ⅶ,-50Ⅶ)inthepresentregionwhiletheymissedthepresent
SmallmolecularcloudswhosesizesarelessthanseveralarcmininFigure4-1due

tothecoarsegridspaclng.
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4･3･1･2 PhysicalPropertiesof12coMolecularClouds

Seventyeight12comolecularcloudsareidentifiedinthepresentreglOn･Fbr

eachmolecularcloud,△VderivedffomsingleGaussianfittingwasfromO.5to3.7

kns-1,andtheradialvelocity,VLsR,rangeSfrom-15.7to-0.1kms-1.The

maximumbrightnesstemperature,花(12co)rangesfromO.5to5.7K･Theradius
Ofacloud,R,Whichisdefinedastheradiusofanequivalentcirclehavingthesame

area,i･e･,andR(pc)=JZ7;
whereAisthetotalcloudsurfaceareawithinthe5cT-

COntOurlevel,rangeSffomO.07toO.79pc.Thepeakcolumndensityofmolecular

hydrogen,N(H2),ineachcloudderivedbyassumingaconversionfactorofl.0×1020

cm~2/(Kkms-1)(Magnanietal.2000)rangesfrom8.0×1019tol.7×1021cm~2with
thepresentdetectionlimit,7･7×1019cm-2,COrreSpOndingtomassdetectionlimit

ofO.014Mb.Weestimatethemolecularmass,M(12co),byusingthefollowing
brmula

〟(12co)=〃mH∑[がnⅣ(H2)], (4.1)

Wherepisthemeanmolecularweight,aSSumedtobe2･8bytakingintoaccounta

relativeheliumabundanceof25%inmass,mHthema5SOftheatomichydrogen,D
thedist即1CefromtheSuntothemolecularclouds,andr2thesolidanglesubtended

byaunitgridspacingof(4′)×(4′×COS(b)).M(12co)rangesfrom～0･04to～11Mb

andthetotalmassofmolecularcloudsis…64Mb.Thesephysicalpropertiesare
listedinTable4-1andthehistogramsof△V,log(N(H2)),log(R)andlog(M(12co))
OfthesecloudsareshowninFigure4-4.HistogramsinFigure4-4aredividedto

threedi鮎rentcategories,U9ualCloud(hereafterUC)whosemassisgreaterthan
lMb,SmallCloud(hereafterSC)whosemassisbetweenO･1andlMb,and陥ry
SmallC?oud(hereafterVSC)whosemassislessthanO･1M;･Itisremarkablethat
thereareanumberofmolecularcloudshavingmasslessthanlMoandthatthe

fractionofSCandVSCis43/78～55%and22/78～28%inthepresentregion,

respectively.Inaddition,thesizesofSCandVSCareequaltoorlessthanO･1pc･

WealsonotethatthepeaktemperaturesofSCandVSCaretypicallyinarange

fromO.5Kto2.7K,WellbelowthatofUCinthesameregion.

4.3.2 The Detection and PhysicalProperties ofthe13co

Molecular Clouds

Figure4-5showsthedistributionofthevelocity-integratedintensitymapofthe

13coemissionsuperposedonthe12codistribution･Thetotalareaofthe13co
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observationsis～29squaredegreestoward380fthe7812coclouds･Wbobserved

allof13UCs,240f43SCs,and30f22VSCs･Wbdetected13coemissionatllof

the13UCs,80fthe24SCs,andnoneofthe3VSCs,indicatingatrendthatthe

13cointensityincreaseswith12cocloudmass･

A13cocloudisdefinedinthesamewayasfora12cocloudexceptforthelowest

integratedintensitylevel,0.3Kkms-1(3J).Basedonthedefinition,Weidentifi6d
3313coclouds.Fbrthe3313comolecularclouds,△VderivedfromsingleGaussian

fittingis～1.5kms~1and挽sROfthemrangesfrom-13.1to-1.9kms-1.other

physicalproperties,themaximumbrightnesstemperature,花(13co),andRrange
fromO.3to2.3KandfromO.04toO.21pc,reSPeCtively.Thephysicalparameters

includingthemolecularcolumndensityandmass(hereafterMLTE)arederivedon

theassumptionoflocalthermodynamicequilibrium(LrE)･Tbderivethecolumn
densityofmolecularhydrogen,theopticaldepthof13coisestimatedbyusingthe

fo1lowlngequations,

丁(13co)=1n
花(13co)
5.29 exp(5･29/℃Ⅹ)-1

-0･164〉~1],(4･2)
Where7もⅩistheexcitationtemperatureoftheJ=トOtransitionofCOinKand
wasderived丘om

℃Ⅹ=
5.53

1n(1+5.53/[花(12CO)+0.819])●
(4.3)

7txwasestimatedtobe9.4Kffomour12codata.The13cocolumndensity,

N(13co),isestimatedby

Ⅳ(13co)=2.42×1014× 丁(13co)㌔Ⅹ(K)△Ⅴ(kms~1)
1-eXpト5.29/℃Ⅹ(K)]

(cm~2). (4.4)

TheratioofN(H2)/N(13co)wasassumedtobe7×105(Dickman1978).TheMhE

ofacloudfromN(H2)isderivedbythesamewayas12co(seeequation(1)).
ThecolumndensityandMtnrErangefrom2.3×1020tol.7×1021cm~2andO.03to

l.41A4b,reSPeCtively,Wherethedetectionlimitinthecolumndensityis2.0×1020

cm-2,COreSSpOndingtomasslimitofO.009鳩,Sma11erthanitof12cobecause
theobservationsof13coweremadebyhighergridsamplingandlowerrmsnoise
fluctuationthanthoseof12co･Figure4-6showsthehistogramsofeachphysical

property.The virialmass,怖ir,Ofacloud was derived by using the fb1lowing
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equation,aSSumingisothermal,Spherical,anduniformdensitydistributionwithno

externalmagneticpressure:

吼r=209×月×△鳴m｡, (4･5)

whereRand△tt｡m｡aretheradius(pc)andlinewidth(kms~1)ofthecomposite
profileobtainedbyaveragingallofthespectrawithinthecloud,reSpeCtively(for
detailsofthelinewidthofcompositeprofiles,SeeYbnekuraetal.1997;Kawamura

etal.1998).Ftomthisequation,吼irisestimatedtobeinarangeffom4･7to197
Mb.ThesephysicalpropertiesarealsolistedinTable4-2.

4.4 CorrelationsAmongCloudPhysicalParame-

ters

4.4.1MassSpectrumandSizeLinewdithRelation

Figure4-7aand4-7bshowthemassspectrumofthepresent12coand13co

Clouds.Thespectrahavebeenfittedbythemaximum-1ikelihoodmethod(CrαWford

etal.1970),anditisfoundthattheyarewellfittedbyasinglepowerlawasfo1lows;
dN/dM∝M~1･53士0･13forthe12cocloudsanddN/dM∝M~1･36士0･10forthe13co

Clouds.Thesevaluesofthespectralindicesseemtobesimilartothoseforthehigher

massrange(e.g.,Yonekuraetal･1997)･
Figure4-8showsaplotofsize,R,VerSuSlinewidth,△V,Ofthe13cocloudsin

thisreglOnandforacomparisonwithotherHLCs,MBM53,54,and55complexin

Chapter3.Wbcanmakefittingasfo1lowsbyusingaleast-SquareSfitting,log(△V)=
(0.22士0.43)×log(R)+(0.37土0･52)(c･C･=0･23)forthepresentregionandlog(△V)

=(0.43土0.32)×log(R)+(0.53土0･28)(c･C･=0･37)forMBM53,54,and55complex･
Thelowcorrelationcoe凪cient(c.c.)indicatesthatthereisnocorrelationbetweenR
and△VbecauseofsmallrangeofR.Herewedonotshowthesamerelationshipfor

12co,becausethemon-Circularshapeofthe12cocloudsmaynotbeappropriate

to derivereliable R.

4.4.2 几餌E VS.几れir

Figure4-9showsaplotofMIREVerSuS怖i,.Thepresent13cocloudsarelocated

farabovetheequilibriumlinewhere几餌Eisequalto吼ir,indicatingthattheclouds
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areinthevirialequilibrium.Thisindicatesthatnoneofthemolecularcloudsare

gravitationally bound.These parameters can befitted by using aleast-SquareS

fittingasfo1lows,log(怖ir)=(0.91士0.30)×log(几九TE)+(2.23士0･29)(c･C･=0･66)for

presentmolecularcloudsandlog(怖i,)=(0.77土0.13)×log(MiRE)+(0･16士0･08)
(c･C･=0･74)forMBM53,54,and55complex･Asmentionedin Chapter3,the

presentmolecularcloudsalsotendtobemorevirializedasthemassincreases･Fbr

theGeminiandAuriga,andCepheus-CassiopeiareglOn,theindicesofMhEforMii,

of13co cloudswereestimatedtobeO.72土0.03andO.62土0.03fbrthecloudmass

rangeof腫∬E<104M｡andlO2鳩<MLTE<105Mb,reSpeCtively(Kawamura
etal.1998;Ybnekuraetal.1997).AlthoughthemassrangesofMBM53,54,and
55'complexandofthisregionarelO~lM;<MiNE<102MbandlO-2Mb<

吼TE<1Mb,reSPeCtively,differenceinthepower-1awindicesamongtheseregions

issmallandatendencythattheSCshavelargeratiosof怖ir/鮎Eiscommonly
Seen.

4.5 ComparisonwiththeOtherⅥねvelengthData

4.5.1NoSignofStarFbrmation

InordertolookforslngSOfstarformationassociatedwiththepresentmolecular

Clouds,WeSearChedtheIRAS point sourcecatalogfor candidates ofprotostellar

Objectssatisfingthefo1lowingcriteria:(1)pointsourceshavingadataqualityflag
betterthan2in4bands,(2)且uxratiosat12,25,60pmsatisfyingbothlog(E12/為5)

<-0.3andlog(蔦5/fbo)<0,andnotidentifiedasgalaxiesorplanetarynebulae

andstars.WbfindthattherearenocoldIRASpointsourcessatisfyingthesecriteria
inthepresentmolecularclouds.WbalsofindthattherearenoIRASpointsources

havingaspectrumlikeaT-TauritypestarornoYSOsidentifiedfromPointSource

CatalogofTwo-MicronAll-SkySurveyinthisregion.Hereweselectthe2MASS

SOurCeSWhosesignaltonoiseratioofvalidmeasurementsinallbandsaregreater

thanlO.Theseresultssuggestthatthepresentmolecularcloudsarenotthesite

Ofrecentstar-formation,OrthatthereglOnisnotremnantsofpaststarformation.

SuchalowlevelofstarformationissimilartotheotherHLCsincludingMBM53,

54,and55complexes.
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4.5.2 ComparisonwithHI

Figure4-10shows theintegratedintensity map ofHItaken ffom a Leiden-

DwingelooHIsurvey(Hartmann&Burton1997)superposedontheintegrated
intensityofCO･Theintegratedvelocityrangeisfrom-16toOkms-1)COrreSpOnd-

1ngtOthevelocityrangeofthe12coemission･Becausetheangularresolutionof

～30′iscoarserthanthatofthepresentCOobservationsbyafactorof～10,We

discusshereonlytheoverallcomparisonbetweenCOandHIdistributions･TheHI

distributionisloop-1ikeandthemolecularcloudsaredistributednearlyalongthe

HIloop.

Figure4-11showstheposition-VelocitydiagramofHIintegratedfroIn-40ミ5

to-39ミ5and-52ミ5to-51ミ5in Galacticlatitude,reSpeCtively.The holelike

structurescanbeseeninHI,indicatingthattheseHIcloudsareexpanding.Two

expandingshellsinL-BmapareshowninthethickdottedlinesinFigure4-10,

whereFigure4-11(a)and4-11(b)correspondtotheGalacticnorthernandsouth-
ernexpandingshellinFigure4-10,reSpeCtively･Buttheexpandingmotionisnotin

CO(SeeFigure4-3)･Thesetwoexpandingshellsarealsoidentifiedbyaninfrared

radiation(Kissetal.2004)･FtomFigure4-10,anHIcloudaround(l,b)～(109O,

-520)seemstobelocatedattheleftsideoftheGalacticsouthernexpandingshell
andthemolecularcloudisassociatedwithit.Itisdi伍culttodistinguishwhether

molecularcloudslocatedaround(l,b)～(1090,-52O)areaヲSOCiatedwithtwoex-
pandingshellsbecausetheHIvelocitiesofthetwoshellsareslmilarwitheachother･

Theshapeof12coandSFDlOOpmradiationaround(l,b)～(1090,-520)inFigure
4-2isalsosimilartotheleftsideoftheexpandingshell.Ifthisistrue,therf!maybe

twoexpandingstructuresinthepresentregion.HD886(109ミ43,一4駅68)islocated
nearthecenterofthe Galactic northernexpandingshe11,indicatingthat HD886

maybea鮎ctingtheGalacticnorthernexpandingshe11･TheparallaxofHD886

hasbeenmeasuredtobe9.79土0.81mas(Perrymanetal.1997),COrreSpOndingtoa

distancefromtheSunoflO2Ⅰ3pc.Thepropermotionhasalsobeenmeasuredtobe

pα*=0/10047yr~1,P6=-0/too82yr-1byPerrymanetal･(1997)･Romthisproper
motion,thevelocityofHD886inL-Bmapisestimatedtobe～4･3×10-6pcyr-1at

～100pc(seeFigure4-10)･WtusetypicalvaluesofthestellarwindforB2(IV)star
ondM/dt=10~9M｡yr-1and塩=1000kms~1(e･g･,Snow1982)･Ftomthesepar
rameters,theenergyinjectedtotheGalacticnorthernexpandingshellisestimated
tobe～1047ergsinafewxlO6yr･TheexpandingenergyoftheGalacticnorthern

expandingshellisestimatedtobe～1047ergsfromtheatomicandmolecularhydro-

gen,us1ngthatthemassesofamomicandmolecularhydrogenassociatedwiththe
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Galacticnorthernexpandingshellare～400and42Mb,reSPeCtively,theexpand-

1ngVelocityis～7kms-1whichisestimatedftomFigure4-11andtheequationof

Eex｡=1/2M咤｡･Sincetheexpandingenergyoftheatomicandmolecularhydrogen
iscomparabletotheenergyfromHD886,additionalsourceofenergyotherthan

HD886isneededtoexplaintheexpandingenergybecauseaCOnVerSione侃ciency

oftheenergyofthestellarwindis≦10%.TheenergyoftheGalacticsouthern

expandingshellisestimatedtobe～1047ergs,uSlngthatthemassesofatomicand

molecularhydrogenare～1000and16M;,reSpeCtively,theexpandingvelocityis～
9kms-1andthesameequationabove･Wbcouldnotfindpossiblecandidatesofthe

energysourcefortheexpandingfbatureintheliteratureusingSIMBADandthere

arenocounterpartsinopticalorX-rayWaVelength.Althoughwecouldnotidentify
thepossiblecandidates,itispossiblethattheseobjectsmayhavedisappearedina
fewxlO6～7yrafterformlngthesestructures･

4.6 Discussion

4.6.1PhysicalStatesoftheSmallClouds

Thepresent~Observationshaverevealednumerousmolecularcloudshavingvery

Sma11massoflessthanlM;.Itisofconsiderableinteresttopursuethephysical
StateSOftheseSCsfromviewpointsofcloudphysicsandchemistryaswe11asofthe

OrlglnOfmolecularclouds･

Wbshallhereafterfocusonthelowmass12cocloudswhosemassislessthanl

M;.Thetotalnumberofsuchcloudsis65among78.The13coemissionhasbeen

searchedfortoward240fthe4312colow-maSSCloudswhosemassisinarangeof

O.1-1.OMoandhasbeendetectedfrom80fthem.Figure4T12showscorreltionsof

themolecularcolumndensity,eStimatedffom12coand13co,Ofthecloudswhose

both12coand13coemissionwereobserved.Itisseenthatalmostallof12coclouds

havingmolecularcolumndensitygreaterthan5×1020cm-2,COrreSPOndingtothe

visualextinctionofO.55magifweusetherelationshipofN(H2)=9.4×1020×Av

cm-2(Bohlinetal.1978;Hayakawaetal.1999),Showsignificant13coemission･
WbnoteJthatthereare2212cocloudswhosemassislessthanO.1鳩;forthoseit
isdoubtfulthatthe13coemissionissosignificantasthosewhosemassisarange

ofO.ト1.OM;althoughonly30fthemweresearchedforthe13coemissioninthe
presentstudy.WbnotethatwelgnOrethecontributionofatomichydrogeninabove

relationship.IfwetakeintoaccountthedistributionofatomichydrogeninN(HI),
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thevisualextinctionwouldincreaseO.2～0.3mag.Thismaybeexplainedasthat

the13coemittingreglOnSbecomeslgnificantwhenAvbecomeslargerthan～1mag,

marginallyenoughtoshieldtheultravioletradiationtoprotect13comolecules(e.g.,
Ⅵねrinetal.1996).
Thepeakintensityratioof12coand13coisaround5muchsmallerthanthe

terrestrialabundanceratioof89,indicatingthatthe12coemissionisoptically

thickin the clouds wherethe both emissions aredetected.Themaximum12co

peaktemperatureofthepresentbrightest12coemissionis6K,andthissuggests
thattheexcitationtemperatureisconsistentwiththekinetictemperatureof～10

Ktypicaltothelocaldarkclouds･Thelowmasscloudsshowlower12copeak

temperaturesdowntoIK,Significantlylessthanthebrightestpeakintensities.It
isnotclearifthisisduetothelowerexcitationtemperaturesorduetosmallerfi11ing

factorslessthanl.Inordertoclarifythispointweneedfurtherobservationsofthe

presentlowmasscloudsatmuchhigherangularresolutions･

4.6.2 0riginoftheVbrySma11Clouds

Figure4-13showsthehistogramsofmassandsizesof12coclouds･Inthe

presentreglOn,Wehavedetectedalargenumberofmolecularcloudsofmassless

thanO.1MoandsizeslessthanO.1pcnotdetectedsofarintheotherreglOnS･We

mayaskwhymolecularcloudsofmasslessthanO･1M;andsizelessthanO･1pc
SuChasthepresentcloudshavenotbeendetectedsofar.Themainreasonforthis

isperhapsthepaucityofhigh-reSOlutionobservationalstudiesofnearbymolecular

Clouds.Most oftheobservations ofthelocalhigh1atitudecloudsweremade at

lowerresolutionsoflOarc-minoratacoarsegridspaclngOfldegree,bothofwhich

areunabletoresoIvethepresentlowmassclouds.Thissuggeststhatthelowmass

Cloudssimilartothepresentonesmaynotbeuncommonintheinterstellarspace

andwarrantmoreextensivesearchesforthemintheotherpartsinthesky.

ItisinterestingtocomparethephysicalparametersofthepresentVSCswith

theoreticalpredictions.ThetypicalsizeoftheseHLCs～0･1pcis significantly

lessthantheJeanslengthofl.3pc-7pcformoleculargaswithT=10K and

n(H2)=10-100cm~3.IfwetaketemperaturehigherthanlOK,thelengthbecomes
evenlarger.Figure4-14showstheradialdistributionofmasssurfacedensitywhich

isderivedbydividingthemassincircularrlngOfaradiusbytheareaofthecircular

ring.Masssurfacedensityinthepresent regionisfairlyflatfor radiusbecause
thereisnomassivemolecularcloudinthecenteroftheVSCs.Ontheotherhand,

masssurfacedensityintheotherreglOnShasagradientfbrradius,indicatingthat
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there are smallmolecular clouds around a massive molecular cloud whose massis

SeVeraldozenM;orgreater.InthesereglOnS,thegravityofthemassivemolecular
Cloudmaycontriburetotheformationofthesesmallclouds.Thesesuggestthat

mechanismsotherthangravitationalinstabilitymightcontributetotheformation
OfpresentVSCs.AtheoryofmoIcularcloudformationisdiscussedbyKoyama&

Inutsuka(2002)･Accordingtothem,mOlecularcloudssmallerthantheJeans-1ength
Canbeformedintheshockedlayerthroughthethermalinstability.

PresentVSCsarelikelytobeaff6ctedbyHD886inaf6wxlO6yr(fordetails,See

SeCtion5･2)･Althoughthemechanicalluminbsityh･OmHD886injectedtotheloop-
1ikestructureduringafewxlO6yrislowtoexpaintheexpandingoftheinterstellar

matter,thereisapossibilitythatthestellarwindofHD886isthesourceofshock.

Koyama&Inutsuka(2002)assumedshockvelocityof26kms~1anddensityofO.6
cm-3asaninitialconditionandtheyfoundthatthereglOnOfdensitygreaterthan

lOOcm-3growsinthesizeof～0･2×0･1pcinl･06×106yrandtheinternalstructure

COnSistsofsome丘Iaments.ThevelocitydispersionofCOderivedbyKoyama&

Inutsuka(2002)isaf6wkms-1.Thesizeofthesmallestmolecularcloudsandthe
VelocitydispersionofCOarecomparabletothosederivedfromKoyama&Inutsuka

(2002)･WbcannotresoIvetheinternalstructureoftheVSCsbecausepresentVSCs

aredetectedwithonlyaf6wpoints.ThetypicalcolumndensityderivedbyKoyama

&Inutsuka(2002)becomes2×1020cm-2,WhilethecolumndensityoftheVSCs

isestimatedtobe～1.6×1020cm-2(seeFigure4-4).Thesurfacefi11ingfactor

oftheregionofdensitygreaterthanlOOcm,3inKoyama&:Inutsuka(2002)is
rough1yestimatedtobe30-40%.Inthissurfacefi11ingfactorthecolumndensity
estimatedfromtheobservationsis consistent with that derived from Koyama&

Inutsuka(2002)andthelowtemperatureoftheVSCsisconsistentwiththeresult
thattheirpeaktemperatureislowerthanthatofthetypicallocaldarkclouds.These

resultsmayindicatethatthereisapossibilitythatthepresentVSCsareformed

intheshockcompressedlayerthroughthermalinstability.Inordertocomparethe

Observationalresultswiththetheoreticalsimulationoninternaltemperatureand

densitystructureinmoredetails,theobservationsofhigherresolutionsareneeded.

4.7 Conclusions

Wehavemadealarge-SCalesurveyofhighGalacticlatitudemolecularcloudsin
theJ=1-01inesof12coand13cotowardalargescalestructurelocatedaround

(l,b)～(1090,-450)withNANTEN･Thissurveyspatiallyresolvedthedistribution
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ofmoleculargasassociatedwiththelargescalestructure･Themainconclusionsof

thepresentstudyaresummarizedasfo1lows:

1.The12coobservationcoveredtheentirelargeloop-1ikestructure.Theloop-

1ikestructureconsitsofverysmallclumpyclouds･The12cocloudsarecon-

centratedonthenorthtonorth-WeStOftheloop-1ikestructureandtowardthe

southofthat.Weidentified7812cocloudsintheobservedregion.Thetotal

massisestimatedtobe～64M;ifweassumetheconversionfactorfromCO
intensitytoN(H2)asl.0×1020cm-2/(Kkms~1).

2･Weperformed13coobservationsinandaroundthewholeareawherethepeak

temperatureof12coismorethan2･OK･Weidentified3313cocloudsand

derivedphysicalpropertiesundertheassumptionofLrE･

3.Themassspectraarewellfittedbyapowerlaw,dN/dM∝M~1･53土0･13forthe
12cocloudsanddN/dM∝M~1･36土0･10fbrthe13coclouds･Thesespectrum
indicesaresimilartothosederivedinotherreglOnS.

4.Thesizeandthelinewidthrelationof13cocloudsisfittedbyaleast-SquareS

method,log(△V)=(0.22士0.43)×log(R)+(0･37土0･52)(c･C･=0･23),butthe
COrrelationisnotgood.

5.Present13cocloudsarefarfromthevirialequilibrium,indicatingthat13co

cloudsarenotgravitationallybound.爪先irand叫∬Erelationcanbefittedby

aleast-SquareSmethodaslog(吼ir)=(0.91土0.30)×log(MLTE)+(2･23土0･29)
(c.c.=0.66).Thisindexisslightlydi鮎rentfromtheindicesintheotherregions

althoughthetendencythatmolecularcloudsaremorevilializedasthemass
increasesisconsistentwiththeotherreg10nS.

6.ThereisnosignofstarformationfromthecomparisonofIRASpointsources

andPointSourceCatalogofTwo-MicronAll-Skysurveyinthepresentregion･
ThissuggeststhatmolecularcloudsinthisreglOnarenOtthesiteofpresent

starformationortheremnantsofpaststarformation.

7.TheremaybetwoexpandingshellsinthepresentreglOnaSinferredffomHI

althoughwecannOtidentifythemfromCO･Thetotalmechanicalluminosity
ofHD886duringafewxlO6yriscomparabletotheexpandingenergyofthe

GalacticnorthernexpandingHIshell.Thisindicatesthatadditionalsource

ofenergyotherthanHD886isneededtoexplaintheexpandingenergy･
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8･13coemissionissignificantlydetectedinthe12cocloudshavingmolecular

columndensitygreaterthan5×1020cm⊥2･Thismaybeexplainedasthatthe
13coemittingreg10nSbecomesignificantwhenAvbecomeslargerthan～1

mag,margina11yenoughtoshieldtheultravioletradiationtoprotect13co
molecules.

9.Thereisapossibilitythatverysmallcloudshavebeenformedintheshoked

layerthroughthethermalinstability.Theste11arwindofHD886maybethe

sourcetocreatshocks,formlngtheloop-1ikestructurewheretheverysma11

cloudsareembedded.
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Thble4-1.(Continued)
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Note-Col.(1):Cloudnumber,Col.(2)-(3):Cloudpeak(l,b)positionindegree,Col.(4):

PeaktemperatureinK,Col.(5):Linewidthofthecompositespectruminkms~1,Col.(6):

Peakvelocityofthecompositespectruminkms~1,Col.(7):Radiusofthemolecularcloudin
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CloudinMb.Col.(4)to(6)arederivedbyusingasingleGaussiunfitting.
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Table4-2･PhysicalPropertiesof13coclouds
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Note-Col.(1):Cloudnumber,Col.(2)-(3):Cloudpeak(l,b)positionindegree,Col･(4)‥

PeaktemperatureinK,Col.(5)‥Linewidthofthecompositespectruminkms-1,Col･(6):

Peakvelocityofthecompositespectruminkms,1,Col.(7):Radiusofthemolecularcloudin

pc,Col.(8):Opticaldepthof13co,Col.(9)‥ColumndensityofpeakpositioninlO20cm-2,
Col.(10):MassofthemolecularClouda郎umingtheI∬EinMb,Col･(11)‥Virialmassofthe

molecularCloudinMb.Col.(4)to(6)arederivedbyusingasingleGausSiunfitting･
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Figure4-1.Tbtalintegratedintensitymapof12co(J=1-や)showninGalac-
ticcoordinates.Thelowestcontoura皿dtheseparationbetweencontoursareO.77

and3･08Kkms-l,reSpeCtively･Thesohdhnerepresentstheobservedarea･The

crossesandBlledcircleindicatethepositionwhereMagnanietal･(2000)and(1986)
detected12co,reSpeCtively.ThelocationsofDIRcloudsinReachetal.(1998)and

MBMclolldsinMagnanietal.(1985)areshowninthe色gure･
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Figure4r2.Totalintegratedintensitymapof12co(J=1-0)superpOSedon

theSFDlOOpmimagederivedbySchlegeletal･(1998)･Thegrayscaleshows
theintensityoflOOFLmandwhitelinesrepresenttheintegratedinten5ityof12co

emission.Thelowestcontourandtheseparationbetweencontoursarethesameas

Figure4-1.
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Figure4L3. Thepeal(radialvelocitymapof12co(J=1-0)emission.The
velocityof12coemissionisderived丘･Omthesinglegal迅Sianfitting･Solidlinesin

theobservedareashowtheboundaryofthe12coclouds･
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Figure4-4.Histogramsof(a)Peaktemperature,(b)Linewidth,(c)Radiusand
(d)Columndensityofmolecularhydrogenon12coclouds.Histogramsofeach

physicalpropertyconsistof3diffbrentrangesonthemassof12coclouds･The

rangeofmassof12coclouds,M,isM>0.1M;,1M;>M>0.1M;andO.1Mb
>Mfromthetoppanel.Thenumberineachpanelistheaveragevalue.
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Figure4T5.Tbtalintegratedintensitymapof13co(J=1-0)showninGalactic

COOrdinates(boldlines)･Thelowestcontourandtheseparationbetweencontours
areo･3Kkms｣･Grayscaleshowsthevelocityintegratedintensitymapof12co

(J=1-i)).Dashedlinesshowtheboundaryof12coclouds.Dotsindicatethe

positionBObservedin13co･Theline乱rSCaleofal1thefiguresarethesame･
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Figure4-6. Histogramsof(a)Linewidht,(b)Radius,(c)Columndensityof

molecularhydrogenand(d)IJTEmassonthe13coclouds.The13cocloudsiden-
tifiedintheUCandSCareshownintheupperandlowerhistogram,reSpeCtively.

Therangeandtheintervalofthehistogramsof(a),(b),and(c)arethesameas
Figure4.Thenumberineachpanelistheaveragevalue･
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Figure4-7.(a)Massspectrumofthe12co clouds.Thenumberofclouds,

N(<晩0),Withmassgraterthan Mt)Oisplotted against Mt)0,alongwiththe
best-fitting

powerlaw(solidlines).The
bestfittingis expected as N(≦Mbo)

=17.33×Mbo-0･53-4.78forthemass rangeof≧0.08Mb derived byuslngthe

maximumlikelihoodmethod(Crawfordetal.1970).(b)Sameas(a),butfor13co
clouds.ThebestfittingisexpectedasN(≦Mbo)=12.54×MiJrE~0･36-11.06forthe
massrangeof≧0.05Mb.
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Figure4-8･Plotsofcompositelinewidth,△Vcompversusradiusof13coclouds)

R.Thefi11edandopencirclesindicatethe13cocloudsinpresentreglOnandthose

inMBM53,54and55complex,reSpeCtively.Thesolidanddashedlineindicatethe

least-SquareSfittotheseplotsinpresentreglOnandMBM53,54and55,reSpeCtively･

107



(
【
◎
≧
､
｣
ち
亘
ぎ
ー

0■2
0ー1.0 0 1.O

Iog(MLTE[M◎】)

Figure4-9. Plotsof吼irVerSuSMiRE.Thefi11edandopencirclesindicatethe

13cocluodsinpresentregionandinMBM53,54,and55complex,reSPeCtively.The

threethinsolidlinesrepresent怖i,=102×MIRE,肪i,=10×MINEand吼ir=MiRE
fromthetop.Thethicksolidanddashedlinesrepresenttheleast-SquareSfitsto

theseplotsinpresentreglOnandthoseMBM53,54,and55complex,reSpeCtively.
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Figure4-10.Tbtalintegratedintensitymapof12co(J=1-0)superposedonthat
ofHI･Thesolidcontoursrepresenttheintegratedinten6ityof12co･Thedashed

thincontoursandgrayscalerepresenttheintegratedintensityofHI･Thevelocity

coverageofHIis-16toOkns-1,COrreSpOndingtothatof12co･Thelowest

contourandtheseparationbetweencontoursofHIare25Kkn1S-1andthoseof

COarethesameasFigurel.Thethickdashedcontoursrepresentthelocationof

theexpandingshells.ThecrossindicatesthepositionofHD886･Thepathofthe

propermotionofHD886isilll遁tratedforthelaBt～6×106yrbythesolidline･
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Figure4-11.Position-VelocitymapofHIintegratedfrom(a)-40ミ5to-39ミ5in

GalacticIatitude,(b)L52ミ5to-51C.5hlGalacticlatit11de.ThedashedlineineaJ:h

paJlelrepresentthelocationandtheextentoftheHIhole$drawnbyhand.
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Figure4-12.PlotsofN(H2)derived丘om12coversusit丘･Om13coatthepeak
positionofeachcloudwhichwereobservedin13coemission･Theverticaland

horizontaldashedlinesindicatethedetectionlimitoftheobservationof12coand

13co,reSpeCtively･
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Figure4-13.Histogramsof(a)radiiof12cocloudsand(b)massofthem.The
darkshadedareasindicatethe12cocloudsinpresentregion.Theverticallined,

thedottedlined,thelightshadedandthediagonallinedareasindicate12coclouds

derivedbylもchiharaetal.(2001),Magnanietal･(1996),andinChapter2and3,

respectively.
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Figure4-14. The radialdistribution ofmass surface density･The thick and

thinlinesindicatetheregチOnSarOund(1130,-5lO)and(1130,-400)inGalactic
COOrdinatesinpresent reglOn,reSpeCtively.Thedashedanddottedlinesindicate

theregionsaroundHLCG92-35andMBM53derivedinChapter3,reSpeCtively･
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Chapter5

SummaryoftheThesis

5.1 SummaryoftheThesis

Inthisdissertation,themolecularcloudsclosetotheSunarestudiedonthe

basisoftheCOobservationsinhighGalacticlatituderegionswith4mtelescope,
NANTEN,installedatLasCampanasObservatory,Chile.Wbcarriedoutbelow

threetypesofobservations.

1. AsurveyforhighGalacticlatitudemolecularcloudswascarriedouttoward

the680fthefar-infrared-eX?SSCloudsderivedbyReachetal･(1998)byusing
12co(J=1-0)1ine･COemis$10nWaSdetectedfrom32infraredexcessclouds･In32
infraredexcessclouds,Weidentified137COclouds.Tbtalmassofmolecularclouds

wasestimatedtobe～250Mb.Theaverageradius,linewidth,peaktemperatureand
massofmolecularcloudswereO･33pc,1･95kms-1,2･9Kand3･2Mo,reSpeCtively･

The CO detection ratewas47%.The CO detection ratesfor thecold andwarm

infraredexcesscloudwhosedusttemperatureislowerandhigherthan17Kis72%

and33%,reSPeCtively.Thisindicatesthatthecoldcloudsarewe11shieldedfrom

externalUVradiation,reSultinginahighCOabundanceandalowtemperature
oftheclouds.Theinfrared-eXCeSSCloudswithnoCOemissionaremostlikelyto

bemolecularhydrogencloudsbecausethetemperatureissimilarto,Orlowerthan,

thatofthesurroundingHIgas.ThemoleculargaswithoutCOemissionseemsto

occupymorethan90%oftheareaoftheinfrared-eXCeSSClouds･
2. Wehavemadealarge-SCalesurveyofmolecularhighgalacticlatitudeclouds

byusing12co(J=1-0),13co(J=ト0),andC180(J=1-0)towardanHIfi1ament
whichcontainsMBM53,54,and55complexwithNANTENtelescope･The12co
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ObservationcoveredtheentireHIfi1amentwithagridspacingof4′.Thefi1amentis

foundtoconsistofmanysmall-SizedmolecularcloudsandthereidentifiedlO812co

cloudsintheobservedregion.Thetotalmassisestimatedtobe～1200M;.13co

observationtowardtheregionofhigh12cointensitieswasperformedtomeasure
theopticaldepthofmolecularg狼Wbidentified7013cocloudsandtheradius

andlinewidthrangefromO･07toO･74pcandO･7to4･7kms-1,reSpeCtively･The

columndensityand城∬EundertheassumptionofI∬Erange丘･Om7.0×1020cm~1to
2.8×1021cm-1andO.2Mbto94.3M;,reSpeCtively.Themassspectraof12coand

13cocloudsarecalculatedtobedN/dM～M-1･73士0･08anddN/dM～'M~1･65土0･12,

respectively.Thesespectrumindicesaresimilartothatwhichhasbeenderivedin

OtherreglOnS.TheVirialmassto几軋rEratioisfoundtobe≫1foralltheclouds.
Therefore,thecloudsarenotgravitationallyboundedifweconsiderthemasstraced

onlyby13co･ThereisnoC180detectionwitharmsnoisetemperatureofaslow

as～0･07K･Theseimplythatthestarformationwillnotoccurinthepresent13co

Cloudsinthenearfuture.Comparisonbetweenthedistributionsofmoleculargas

andTTもuristarssuggeststhatthereareatleasttwoweak-1ineTTauristarsaround

MBM55.Thisindicatesthattheremaybestarformation～107yragoalthoughthe

activityseemedtobequitelowinspiteofthelargemassofthecurrentmolecular

gas.WbnewlyfoundarelativelymassivecloudbetweenMBM53and54around

(l,b)～(920,350)of～330Mo･TheHLCG92-350CCupiesagalacticwesternhalf

Ofacircular-ShapedHIgasinthe HIfi1ament,andtheHIto CO mass ratiois

estimatedtobethelargestintheobservedregion.Thefar-infraredexcessoverHI
emission,Whichisagoodindexoftheexistenceofmolecularhydrogen,tbwardthe

HLCG92-35isthelargestintheobservedreglOn,implyingthatthereisagood

amountofmolecularhydrogeninspiteofthesmallopticaldepthofCO.Thesefacts

indicate that the HLCG92-35is CO一forming one,Whichis younger than MBM

Cloudsin terms ofmolecular cloudformation.The molecular gasis distributed

preferentiallyalongthewesternedgeoftheHIfi1ament.ThecircularHIcloudthat

COntainstheHLCG92-35seemstoh乱Veagradientoftheevolutionaryphasefrom

east,yOunger,tOWeSt,eVOIved.Theseresultssuggestthatthemoleculargasmay

beformedbyacompressionofexpandingHIshe11･

3. Finally,We Carried outlarge scale CO observations toward aloop-1ike

structureinfarinfraredwhoseangularextentisabout20×20degreesaround(l,b)

～(1090,-450)inPegasuswhosediametercorrespondsto～26pcatadistanceof
lOOpc,thesameasthatofastarHD886(B2IV)atthecenteroftheloop･Wb

COVeredtheloop-1ikestructureinthe12co(J=1-0)emissionat4し8′gridsp竺Cing
andinthe13co(J=1-0)emissionat21gridspacingforthe12coemittingreglOnS･
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The12codistributionisfbundtoconsistof78smallclumpycloudswhosemass

rangesfrornO.04M;tollMb.Interestingly,about83%ofthe12cocloudshave

verysma11masseslessthanl.OMb.13coobservationsrevealedthat190fthe78
12cocloudsshowsignificant13coemission.13coemissionwasdetectedtheregion

wherethemolecularcolumndensityof12cocloudsisgreaterthan5×1020cm-2,

COrreSpOndingtoAvof～1mag.Wefindnoindicationofstarformationinthese

cloudsinIRASPointSourceCatalogand2MASSPointSourceCatalog.Thevery

lowmasscloudsidentifiedareunusualinthesensethattheyhaveveryweak12co

TpeakofO.5K-2.7K andthat they aggregatein areglOnOfafewpc withno

mainmassiveclouds;COntrarilytothis,SimilarlowmasscloudslessthanlMbare

seenintheotherreglOnSPreVious1yobservedincludinghighGalacticlatitudeare
a11associatedwithmoremassivemaincloudsof～100Mo.Acomparisonwitha

theoreticalworkonmolecularcloudformation(Koyama&Inutsuka2002)suggests
thattheverysmallcloudsmayhavebeenformedintheshockedlayerthroughthe

thermalinstability.ThestarHD886(B2IV)maybethesourceofthemechanical
luminosityviastellarwindstocreateshocks,formlngtheloop-1ikestructurewhere

theverysmallcloudsareembedded.

5.2 RemainingQuestionsand飢1tureProspects

In order to revealthe distribution and the physicalproperties ofHLCs,We

havecarriedouttheHLCssurveytowardfar-infraredexcesscloudsandlargescale

structures･Wegotsamplesmorethan30012cocloudsandlOO13cocloudsand

coulddiscussabouttheirpropertieswithstatisticalmethod.Butthecoverageof

COobservationsisstilllimitedinthesmallareacomparedwiththewholeareaof

highGalacticlatitudealthoughmanyobservationsandsomelargesurveysathigh
Galacticlatitudehave been perbrmed.Thedatasets offarinfrared and atomic

hydrogen at highGalacticlatitudehavealreadyexisted･Inorder torevealthe

wholedistributionofHLCswithhighspatialresolution,themorepowerfulsystem

isessential.TbcomparewholeCOdatawiththemenablesustomuchrevealthe

physicalpropertiesofHLCs.Inordertosearchforthepastastronomicalphenomena

athighGalacticlatitude,mOreWidelyobservationsareverylmpOrtant･
Wbdetectedalargenumberofverysmallclouds･Asmentionedin4･6･2,Very

smallclouds havethesizelessthanJeanslengthoftypicalphysicalpropatiesof

molecularclouds.Unfortunately,becauseofadetectionofaf6wpoints,theinternal

StruCtureOftheverysmallcloudscan not beelucidated.Ourobservationswere
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usefu1toidentifymanycandidatesjust
behindtheformationofmolecularcloud.

Tbunderstandthedetailedmechanism,theobservationsofhigherspatialresolution

andhightransitionlinesforverysma11cloudsareneededandthesestrucuresshall
beobservedbylargertelescopessuchasNRO45mandALMAinthefuture.

Ourgroupismovingthe4mtelescopefromLasCampanasObservatorytoAta-

Camadesert.WbwillstartthenewobservationsinCO(J=1-0,2-1,3-2,4-3,7-6)
andCI(3p2-3pl,3pl-3po)byontheflymappingmode.Thisisthespecialtoolto
SearChforthephysicalpropertiesofmolecularcloudsandisexpectedtorevealthe

temperatureanddensityofmolecularcloudsinmoredetails.

Instrumentsofastronomicalobservationsfora11wave-1engthbandsareevoIved

daybyday.SpitzerSpaceTblescope(SST)hasbeenalreadylaunchedintospace
andhasstartedtheobservationsofinfraredradiation.SSTcanprovidetheimage

ftommid-infraredtofar-infraredupto160FLmatagridspaclngOflowerthana

few arc-min.Astro-F satellite willstart the observation with near-infrared to far-

infraredupto200pminthenearfutureandprovidetheimageofthosewavelength

atagridspaclngOflowerthanl′.Herschelspaceobservatorywi11belaunchedin

Fbb2007.Thediameteris3.5manditwillperformphotometryandspectroscopy

in approximatelythe57-670pmrange.It would beguessed that the plXelsize

is…10′′forthe200pmand～40′′forthe670pm.Theseresultswillchangeour

inte11igibilityondustproperties.ThegridseparationofHIdataofwholeskysurvey

is30/forthebeamwidthof35′.ATCA(AustraliaTblescopeCompactArray)can

performthehighresolutionobservationsofafewarc-mininHI.Itisveryimportant
tounderstandthephysicalpropertiesofH2,dust,HIandtheenvironmentaround

thesolarsystem.Tbachievethese,tOCOmpareCOdatawiththeseinfraredandHI

dataathighGalacticlatitudeisneeded.

118


