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(論 文 内容 の要 旨)

ム スタ シ ュとい うの はHα 線off-band単 色 像 に み られ る太陽 活 動 領域 の

の 中 に あ る非常 に小 さな輝点 であ り、Hα 線輪 廓 をみ ると 中 心 波 長領 域 で

はみ え ないが、 数 且に達 す る長 い翼 部 が輝線 と して存 在 す るの が特 徴 であ

る 。ム ス タシ ュが物理 的 に 如何 な る現 象 であ るか を理 解 す る には、 この 巾

広 い 翼部 の解 釈 が重要 であ る。従 来 の 説明 に よれ ば、 ス タル ク効果 によ っ

てHα 一 輝線 が 拡 るとか、 あ るい は ム ス タ シ ュ大気 には秒 速 数百 肋 に及 ぶ

運 動 が あ る とか い われ て い るが、 定説 が ない の が現 状 で あ る 。

ム ス タ シ_現 象 の研究 が 発展 しな い理 由の1つ は輝 点 のサ イズ が1"程 度

あ る いは それ 以 下 で極 め て小 さ く正確 な輝 線 輪廓 の観測 が困 難 な こ とに よ

る 。幸 い近 年飛 騨 天 文台 に ドーム レス太陽 望 遠鏡 が新 設 され、 時 には1"あ

るい は それ 以 下 の微 細構 造 を分解 す る良 好 な観測 条件 が え られ る こ とが あ

る。 申請者 は こ の ドーム レス太陽 望 遠鏡 を用 いて 、 極 め て 質 の 高 い ム ス



タシ_の スペ ク トルを撮 影 し,そ の解 析に も とつ い て ム ス タ シ ュ現 象 に 新

しい 解 釈 を提 供 して い る。

申請 者 に よれ ば ム ス タシ ーHα 一輝 線 輪 廓 は次 の3つ の 成 分 よ りな って

い る。L中 心 波 長 部分 の強 い吸 収,2.中 心 波 長 と翼 部 の 間(AZ=0・5～

む

t.0且)の ガウ ス状 輝線 部,3.翼 部(dλ=LO～3.OA)の 罧 状 輝 線 部,

また各 成 分 の 中心 波 長 に 対 して 青 ・赤 両部 分 の輝 線 強 度 の 比 較 か ら・ この

3つ の成 分 は数km/8ecに 及ぶ 青側 へ の ド ップ ラー変 位 を もつ こ とが 判 明

した 。

申 請 者 は 本論 文 に お いて,以 上 の 観 測 を ム ス タシ ュ大 気 に 特 有 な源 泉 関

数 で説 明 した。 即 ち通 常 の太 陽 大 気 で は温 度 ・圧 力 の分 布 は 種 々の 観 測 か

ら くわ し く知 られ て お り,こ の大 気 で 生 じるHα 一線 は,こ の 大 気 モ デ ル

に も とつ く源 泉 関数 を 計算 す る こ とに よ って その輪 廓 を説 明 す る ことが で

きる。 も しム ス タシ ー大 気が,あ る擾 乱 に よ って 通常 の温 度 分 布 ・圧 力 分

布か ら変 位 し,さ らに ム ス タシ ュ大 気 の上 昇 又 は下 降 運 動 を考 慮 して,そ

れ に応 じた 源 泉 関数 を計 算 す れ ば ム ス タ シ ュ大 気 か ら放 射 され るHα 線 輪

廓 が 求 ま る。 申請 者 は観 測 と理 論 の 比 較 か らム ス タ シ ュ大気 内 の温 度 ・圧

力 に ど の程 度 優乱 が あ るか を求 め た の で あ る 。

申 請 者は まつ 標準 太 陽大 気 モ デ ル と して 最 も新 しいVAL-Cの モ デ ル

を用 い た 。 この 大 気に つ い て,4つ の エ ネ ルギ ー 準 位 を もつ 水 素 原 子 モ デ

ルの非 局 所 熱 力 学 平 衡 状態 に お け る輻 射 輸 達 方 程 式 を と き,源 泉 関数 を求

め,通 常 のHα 一線輪 廓 が 充分 再現 で きる こ と を確 めた 。次 い で 申 請 者 は

こ の標 準 大 気 モ デ ルに 種 々の 擾 乱 を 与 へ,こ の 擾 乱 大 気 モ デ ルか ら放 射 さ

れ るHα 一 線 輪廓 を求 め,観 測 と比 較 した 。 その結 果 ム ス タ シ ュ大 気 内で

は彩 層 内の 高 さ400～1200kmの 間 の 大 気 層 で温 度 は1500K上 昇 し,か つ 密

度 は標 準 大 気 の5倍 で あ る こと.ま た ド ップ ラ ー速 度 に つ い て は,こ の 大

気 が 擾乱 域 に おい て 徐 々に 加速 上 昇 して い る と考 え て 観 測 を よ く説 明 す る

と結論 してい る 。
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ABSTRACT

AnalysesofbroadmoustacheprofilesofBalmerlinesandCaIIHandK

linesareperformedbaseduponourspectroscopicobservationundergoodseeing

conditions・Hαemissionprofilesarefoundtoconsistofthreecomponents・

i・e・,acentralabsoq)tion,aGaussiancoreandapowerlawwing・Eachofthem

hasadifferentDoPPIershiftfromothers.Fro皿thedataofDoPPIershifts・

皿ass皿otionswithvelocityofabout6km/sarefoundtobepresentinchro皿o-

sphericleve1 .Sofmoustacheatmospheres.ComputationsofHαemissionprofiles

radiatedfromavarietyof皿odelatmospheresaremade.Comparisonofcomputed

profileswiththeobservedonesleadsustotheconclusionthatabroadHαpro-

file-isduetoaformationofaheated(△T=1500K)andcondensed〔 ρ/ρ0

=5)chro皿osphericlayersrelativetothenorma1 .

t



1・ 工ntroduction

MQustachesorEllerman買sbombsare _characterizedbytheirbroademission

profiles。Basicdataforthemoustachessuchassize,form,1ifetimeandasso-

c■atedphenomenahavebeenrevealed(Severrlyl968
,EngvoldandMaltbyl968・

Bruzek1972,RoyandLeparskasl973andKurokawaeta1 .1982)・

Althoughmassmotionsinmoustachepointsarereportedbytheabovecited

authorsandKitaiandKawaguchi(1975」'
,chromosphericvelocityfiel({hasnot I

yetbeenobservedquantitatively.FromouranalysisoftheobservedHαprofiles

Qfmoustaches,wehavefoundthatmassmotionwiththevelocityofabout6km/s

arepresentinchromosphericlayersofmoustachesdirectedgenerallyupwar(耳s・も
Thebroa(16ningmechanismsofemissionprofileswereproposedbyEngvold

andMaltby(1968〕andSeverny〔1968)Theirmechanis皿s,however.w=ere"based

uponverysimplifiedatmosphericmodelsandseemtobeunabletoexl)1ainthe

profilestotallyCanfi61dandAthay(1973)co皿putedtheHαprofilesemitted

fromaflaremodelatmosphereconstructedbyNakagawaeta1.〔1973)andshowed

thepossibilityofbroadHαemissionfromaheatedandcondensedatmosphere.

In.thispaper,onthesimilarlineofthoughtwehaveperformedNLTEcalculations

onlocallyheatedandcondensedatmosphe士icmodelsandthecomputedHαprofiles

arecomparedwiththeobserved30nes.ItisfQundthatafomationofahot(△T

=1500K)anddense(ρ/ρoニ5)regioninchromosphericlayerscan:explain

theobservedbroadHαprofiles.

Inthefinalsection, .wediscusssomepossiblesourcesofdisturbanceswhich

giverisetothemoustachephenomena・

ユ



2。Observationsandreductions

Anechellespectrogramandsixgratingspectrogra皿sareanalysedinthis

work・TheechellespectrogralnwastakenattheOkayamaAstrophysicalObservatory

onAugustlS,1979.Characteristicbroademissioncomponentswereobservedin

Hα ・Hβ,HYandHδ1inesofnertralhydrogenandHandKlinesof「Callion・

Thegratingspectrogramsweretakenthroughthehorizontalspectrographofthe

DomelessSolaエTelescopeattheHidaObservatoryonMay23,1980・SixsharpHα

spect「a・fm…t・ ・h・ ・with・p・ti・1r…1uti・n・f1-2・ …ecw・T・ ・btain・d・

し 　
Thedispersionofthespectrograms -wasO.239A/mmatHαFigurelshowsthe

Hαspectraoftheobservedsixmoustaches.Theemissioncomponentsshowavarie-

tyofprofiles・Somemoustacheshaves)rm皿etricalemissionprofiles琴ndtheothers

haveasy皿metricalones.Fromtheanalysisoftheseemissionprofileswehave

derivedthemassmotiondatainmoustacheatmospheres.

FigUre1

2.1Reductions

profilesofexcessemissioncomponentsof皿oustacheswereobtainedbysub- I
tractingspectraofneighbouringnor皿alregionsfrommoustachespectra.Although

ourobservationsweredoneundergoodseeingconditions,itwasinevitablethat

theobservedspectrawerecontaminatedbytheradiationfromtheneighbouring

region。Inthiscase,properdataforanalysingmQustacheemissionsaでeprofiles

ofexcessemissionc'omponents・whosewaveleng .;hdependenceisfreefrgmobserva-

tionalconditions。Thusinthefollowing,analysesofobservationaldataand

3



compa「 ■sonwiththeoreticalresultsaredoneontheseprofilesofexcessem■ss■on

components.

へnemissioncomponentofamoustachecanbedecomposedintothreesub-

components・Firstoneisacentralabsorptioncomponent ,thesecondisaGaussian

emissioncQreandthefinalisapower-1awemissionwing.Thisistrueforall

theobservedprofileswhenweconsiderthatthesethreecomponentshave-mutually

differentDoPPlershifts .Forexample,anemissionprofileofthemoustachenamed

No・1,whosespectrumisshowninFigurel ,isdisplayedinFigure2・Figure2〔a)

showstheexcessemissioncompQnent .Thisprofileisnotsym皿etrica1・abQutthe

linecenter.HoweverwhenweconsiderthattheprofileisDoPPler-shiftedtothe

る
bluewithavelocityof5.8km/s.theemissioncore(△ λ冒=0.5-1.OA)canbe

approximatedbyaGaussiandistributionasshowninFigure2(b〕Ontheother

hand,ifweconsiderthattheprofilei∫DoPPler-shiftedtothebluewithavelo-

・ity・f1.6km/・,theemi・ ・i・nwi・gP・ ・t(△ λ1㌧1.03.Ofi)canbeexp・essed

byapower-lawfunction.SeeFigure2(c〕Foranotherexample,wetakethe

moustacheNo・4,whichhasaveryasy皿metricalemissionprofile.Ascanbeseen

inFigu・ ・3,theemi・ ・i・ ・wi・gPart(△ λ㌧1:0-2.OK)canbeexp・ ・9ヨ ・dby・

power-lawfunctionwhentheprofileisassumedtobeshiftedtothebluewitha

velocityofl。8km/s.

Figure2 Figure3



Leastsquarefitting-tothee皿issionprofilesassumingaGaussianformfor

thecoreandapower-1awformforthewinggivesuscharacteristicsofemission

components ,whicharesurnmarizedinTablelforthesi](moustaches.Thesecond

co1・r・ 皿 ・fth・t・b…h・w・th・i・ ・…ityra・i・b・tween△ エb〔th・b1・epeakenhan-

cement)and△ 平
。(・h・r・dp・ak・nhancem・n・)Th・f・rth・fifthandsixthcolumns

indicatetheDoPPlershiftsofcentralabsorpti6ncomponents,Gaussiancorecom-

ponentsandpower-1awcomponentsrespectively・

}-br曜_霜r-_"一 一 一_r__一_

Table1 Table2

Table2givesthesummaryofourreductionforthemoustacheobservedthrough

theechellespectrograph.Asthewingpattisveryfaintforthismoustache,we

candeduceonlythecharacteristicsoftheGaussianemissioncorepartsforthe

linesHα,Hβ,HY,HδandK.

2.20bservationalresults

a)Asymmetryofemissionprofiles

Theintensitiesoftwopeaksinamoustacheemissionprofilearegenerally

different.BlueasymtnetryintheintensitypeaksisknQwntobeprevailing

(Severny1968)StatisticalstudiesbyBruzek〔1972)showastrongPositive

correlationbetweentheredshiftofcentralabsorptioncomponentsandtheblue

asymmetryoftheintensitypeaks・AccordingtoBruzek,thecentralabsorption

componentsareproducedbytheoverlyingabs(≧rbing皿atterandthemotionofthe

absorbing皿attergivesrisetotheasy皿metryinthepeakintensities。

う



InoursaJnplesofsixmoustaches ,thecorrelationfoundbyBruzekisconfirmed

tohold,exceptthemoustacheNo .1andNo。3.Theblueandredpeakintensities

arenearlythesarneinmagnitudeforthemoustacheNo .1,althoughtheabsorptien

componentisDopPler-shiftedtotheblue〔v=-5 .2km/s)Howeverthiscan

beexplainedifwetakeintoaccountoftheDoPPlershiftoftheGaussianemission

core・AstheemissioncoreandthecentralabsorptionareDoPPler-shiftedtov

theblue -innearlytheequalvelocitiesinthissample,thetwopeaksshownearly

thesameintensitiesinmagnitude.ForthemoustacheNo.3,wecanseethatthe

corecomponentisshiftedtotheblue皿orethantheabsorptioncomponentandthen

theblueasy皿metryarises.

Wethenproposethattheas)m皿etryQfpeakintensitiesofamoustache=一 まs

・・t・ ・iyd・ ・t。th・m・tib・ ・f・v。 ・lyi。g。b・ 。・bi。gm・tt・rb・t・1・ ・du・t・th・

DopplershiftoftheGaussianemissioncore.Thispointwillbediscussedlater

afterourtheoreticalNLTEcalculations.

b)Motionofemittingregions

Basedonthestudyofthe1Fraunhoferlineskinkv,Severny(1968)re-

portedtheupwardvelocityfieldofl-3㎞/satthephotosphericlevelsin

moustacheatmospheres.Atcoronalheights,RoyandLeparskas〔1973〕observed

aclosespatialcorrelationbetweenthe皿oustachesandthefastmovihg-(v=

100km/s)darkelongatedfeaturesandsuggestedthatthesedarkfeatureswere

ejectedmatterfromthemoustachepoints・Ourobservationsrevealtheve16city

fieldatthechromosphericlayersinmoustacheatmospheres.

A・canb・ ・eeni・Table!・e皿issioncom♀onentsa「eg・n・rally・hift・dt・th・

blueand∴1.theshiftsoftheGaussiancorecomponentsarelargerthanthose

ofthepower-1awwingcomponents・WethinkthattheDopPlershiftsofthe

/

「



componentsareduetothemassmotionsoftheemittingregions・Asthewing

compQnentsareformedinlowerlayersthanthecorecomponent§,itseemsnatu「al

toconsiderthatmatterinUpPerlayersmoveswithalargervelocitythanin

!Qweアlayers・Table2supPortsthisinterρretation .StrongHαandKlines

whichareformedinhigherchromosphericlevelsshowlargeDoPPlershifts・ 附hile

Hβ,HYandHδ1inesindicateslittlemassmotion.

.CombinlngourresultswithpreviQusworkersTobservations,weconcludethat

mattersinmoustacheatmospheresarenotinstaticstateandthattheymove

fasterinhigherlevels(i.6. 、1km/satthephotosphere,6km/satthechromo-

spheric二1ayersandlOOkm/satthecoronalheights)Astheupward皿otionis

generallyobservedinmoustaches,wemaysaythatmoustachesarechromosph6ric

manifestationofsonleejectionphenomena,i.e.,smallsurges・

c)Profilesofemissioncomponents

The皿echanismprQducingthewideemissionprofilesofmoustachesisnot

yetknown.TheDoPPlerwidthsofGaussiancomponentsexpressedinvelocity

unitsrangesfrom70km/sto100k皿/s.SeeTable2.Asthesevaluesexceedthe

chromosphericsoundvelocities,itishardtoconsiderthattheselargeDoppler

width,ar。du。t。n。n-th。rmalmi。r・turbu1。nt皿 。ti・n。.Onth。 ・。th。 。hand,七h。

indicesofpower-1awfunctionsfittingthewingprofilesrangesfrom-1。6to 1
-2。5 eSosimpleexplanationswiththeStarkeffectcannotbeapPlied.

Toexplaintheprofilesofemissioncomponent5,anewmechanismisne6ded。

OurproposalforthemechanismisgiveninthenextsectionsbasedoP6nthe

resultsofourNLTEcalculations.



3.NLTEcalculations

Inordertogetinsightintotheatmosphericstateofmoustaches,wehave

performednon-LTEcalculationsandderivedtheoreticalHαemissionprofilesfor

avarietyof010delat皿ospheres .Comparingtheobservedprofileswiththeorerical

ones・wehavefoundthatthereexisttemperatureanddensityenhance皿 ξ}ntsatthe

chromosphericlevelsina皿oustacheatmosphereandthatduetotheseenhancements

broadmoustachee皿issionsareproduced .

と
3.1Procedure・ofcalculations

a)Method

NLTEcalculationsfortheoreticalHαprofilesareperformedintwosteps。

Inthefirststep,wesolvetheradiativetransferequationscoupledwith

thestatisticalequlibriumequationswiththecompletelinearizati6nmethod

fQr皿ulatedbyAuerandHeasley(1976〕Asthehydrogenatomistheprincipal

electroncontributorinthechromosphere,ionizationbalanceequationisincluded

inthecalculation.Inthisstepofcalculationforexcitationandionization

stateofhydrogenatoms,onlyDoppIerbroadeningduetother皿alplussma11-scale

non-thermalmotionsis七aken.intoaccQu皿tasthelinebroadeningmechahism.

Andcompletefrequencyredistributionforthelinephotonscatζeringisassumede

Theass㎜ptionofcompleteredistributioninDopplercoreneglectingthewing

isagoodapProximation『incalculatingthesourcefunctions(i・e・ 、1evelpopu-

1ationfields〕 、aswasstatedinMilkyandMihalas(1973)

InthesecQndstep,theoreticalHαprofilesarederivedbyusingthelevel

populationobtainedinthepreviousstep・Inthisstepallthebroadening皿echa-

nismssuchasDopPler,natural,resonanceandStarkb翌Qadeningareincluded。

冒



1':o了.・'1'sonancebroadeningweusethe --resultofAliandGriem(1965
,1966)For

StarkbroadeningwerefertheworkofGriem(1960)AstheFouriertransform

oft}deVoigtprofilecanbedoneanalytically
,theconvolutionoftheVoigtpro-

filewiththeStarkprofileisperformednu皿ericallyusingtheFouriertrans-

forrntechnique.

Whenweint=roducesomemacroscopicvelocityfieldsintoourmodelatmospheres・

-仁he
effectsofvelocityfieldsareneglectedinthefirststepofcalculations。

TheDoPPlershiftofabsorptionprofileistakenintoaccountonlyinthesecond

step,Thevaliditγofthistreat皿entoftheeffectsofmacroscopicvelocity

fieldsisconfirmedbyCanfieldandAthay(1974)ontheflaremodelatmospheres,

espec;iallywhentheamplitudeofthevelocityfieldislessthan20km/s・

b)Modelatmosphereandmodelatom

WeadopttheVAL-Cmodelastheunperturbed皿ddelat皿osphereCVernazza,

A「VrettamdLoeser1981),whichis.themostrecentlypublishedandisplane-

para]lelandinhydrostaticequilibrium.Perturbedmodelat皿ospheresarecon-

structedbyincreasingtemperatureand/ordensityvalue .sforgivenh6i:ghtranges・

Dist)ributionsoftemperatureanddensitγenhancementsthroughtheheightaredis-

playedschematicallyinFigure4.InthispaperweassumethattheenhanceInents

in・`cemperatureanddensityoccurinco㎜onheightranges.Asth6temperature

perturbationandthedensityenhancementareintroducedinmutuallyindependent

way,itshouldbenotedthatourperturbedInodelatmospheresarenotinhydro-

staticequilibrium.Themicroturbulentvelocityfieldinaperturbedm6d61atmo-

5phereisassumedtohavethesamedistributionastheVAL-C。Calculationsare

donefor51depth-meshpointsintherange-.一"75km't～ ∴+2543kmmeasuredfrom

τ5000=lleve1・

9



Figure4

Ourmodelhydrogenatomconsistsofthreeboundlevelsandonecontinuum・

Cross-sectionaldataforcollisionalionization ,photoionizationandcollisional

excritationarecalculatedusingthesubroutinesinlL工NEAR「codepublished

byAuer.HeasleyandMilky〔1972)ReferenceismadetoAIlen「s曾Astro-

physicalQua塾titieslfortheoscillatorstrengthofhydrogenlinetransitions。

TransferequatiQnsaresQlvedforalllinesandcontinuaofthehydrogen.atom.

Insolvingthelevelpopulations,10equallyseparatedfrequencymeshpoints

thatcovertheregionfromlinecentertothefrequencydisplacedbyfivetimes

thethermalDopPlerwidthfQrT=10000Kareusedforeachline.Foreachcon-

tinuum,8皿eshpoints, .WhichcorrespondtotheGaussianquadraturepoints,are

selected.

c)Opacity

Asthecontinuumopacitン ・sources,wein(三1udeelectronscattering,Hb-f

andf-ftransitions,CIb-ftransitions,Silb-ftransitions,Mglb-ftransitions

andHIb-fandf-ftransitions。Thecross-sectionsofthesetransitionsarecal_

culatedfollowing「LINEAR,code.Hmoleculesand皿etalatomsaretreated

asiftheyareinLTEstate.OpacitiesintheUVwavelengthregionduetonume_

rouslineabsorptionsaretreatedinaroughapProxi皿ationbyadding50tiMes

り
themetalcontinuumopacityinthewavelengthregionλ λ=2000-4000A(Vernazza

eta1。1981)。

0し



3e2Resultsofcalculations

WehaveperformedtheNLTEcalculationsonllatmosphericmodelswhose

charactertisticsaretabulatedinTable3anddisplayedinFigしlre5andFigyre11・

Table3

FigureS

Generalfeaturesoftheeffectsofthetemperauteand/orthedensityen-

hancementsontheHα1ineprofilescanbedrawnfromtheresultsforfouratmo-

sphericmodelsindicatedinFigure5.Linesourcefunctionsandline-center

opticaldepthsfortheLyα,LyβandHα1inesareshowninFigure6.Hαprofiles

foreach皿odelatmosphereareillustratedinFigure7,whereprofilescomputed

forfivediffeでentview-angles(1/cosθ=1.0,2。0,5.0,10.Oand20。0)aredrawn.

Figure6 Figure7

Resultscanbesummarizedinthefollowing:

a)Themoustacheemissioncanappearonlyifthe

present・

temperatureenhancementis

～ー



CharacteristicdoublepeakedHαemissionsdon曾tapPearinthedensityen-

hancedmodelTOR5
,butcanbeseeninthetemperatureenhancedmodelsTIROand

TIR5・Doublepeakedemissionscanbeproducedwhenthesourcefunctionsarenot

monotorlouslydecreasingalongtheheightbuthavelocalpeaksinthechromo-

sphericlevels・AscanbeseeninFigure6 ,10calchromosphericheatingsdo

enhancethechromosphericHαsourcefunctions .

ThesolarHαlineisknowntobephotoelectricallycontrolledline・whose

sourcefunctionisinsensitivetothetemperatureriseinthechromosphere(

Thρmas1957,Athayl972〕HoweverthephotoionizationrateintheBalmercon一

し　コ
tinu㎜(2xlO4s-1幽 〕isnotsolargecomparedwiththecollisionalexcitation

rat・(5・103s-1')i・thech・ ・m・ ・pherg(Ath・y1972)Wh・nthec・11i・i・nal・x-

citationrateisenhancedbysomeadditionalheating,theHα1ineturnstobe

collisionallycontrolled.Thusalocalchromosphericheatinggivesrisetothe

enhancementoftheHαsourcefunction.CanfieldandAthay〔1974)haveshown

thesimilarresponseoftheHαsourcefunctiontotheat皿osphericheatingfor

realisticflaremodels.

b)Whenthete皿peratureenhancementispresent,anadditiQnaldensityenhance-

ment:promotesthevisibilityofmoustacheemissions.

AsisseeninFigure7,thevisibilityofmoustacheemissioninthe皿odel

TIRsi。high。 ・thanth・ti・th・ 皿・d・1TユRO.Th・diff・r・nceb。tweentw。m。d。1。

isduetotheexistenceQfanadditionaldensityenhancement.Thispointcan

beunderstoodinthefollowingway・InFigure8,thetota1(1ine+continuum)

sourcefunctionsandtheformationregionsforthreefrequencies,i.e. ttline-center,

innerwingandouterwingfrequencies,aredisplayedforthemodelTIRO.An

additionaldensityenhancementhastheeffecttoincreasetheHαopacityand

t



thentoriseuptheformationregions .Thusatthewingfrequencies・radiations

areformedattheregionswherethesourcefunctionshavehighervalues・

Figure8

Bytheway,baseduponthecomparisonofHα1inecenteropticaldepthdis-

tributionsof .thetwomodelTOROandTIRO,itshouldbenotedthatthetemperature

enhancement .itselfhastheeffecttoenhancetheHαopacityrelativetotheun-

perturbedatmosphere.Thiseffectalsocontributestothehighervisibilityof

theemission〔CanfieldandAthayl974)

c).Centertoli血bbrighteningofpeakintensities.

OurmQdelcalculationsshowaninterestingpropertythatpeakintensities

ofamoustachearehigherwhenthedistanceofthemoustachepointfromthedisk

centerbecomeslarger〔Figure7)Inotherwoeds,wecanobservemoustaches

ロコ 　ヒ ヒ 　
w■thmorecontraStaswegonearthe1■mb∴Thispropertycanbeexplainedwith

thesameargumentsasin3.2b)ifwenotethatwhenweseetheobjectnearthe

limbatonefrequencyF,weobservetheradiationfor皿edathigherlevelscompared

totheobjectatthediskcenter

AlthoughthispropertydoesnotseemtocontradicCourobservationalimpre-

ssion,itwouldbenecessatytobecheckedquantitativelybyafuturestatistical

study.EngvoldandMaltby〔1968)notedaslightlimb-brighteningtrendsin

theirobservationaldata。

13



d)Centertolimbvariationofpeakseparation 。

Figure7showsthatthewavelengthseparationbetweentwopeaksisa皿ono-

tonouslyincreasingfunctionofcosθInotherwords ,thepeakseparationof

amoustachenearthelimbislargerthanthatofamoustacheatthediskcenter・

ExplanationsofthispropertycanbegivenwiththereferencetoFigure8・At

thecorefrequencies
,thesourcefunctionsaredecreasingfunctionsofheight

neartheformationdepths .Sothebrightnessdecreasesfromthecenterofthe

disktothelimbatthesefrequencies。Ontheotherhand,thesourcefunctions

areincreasニ ーhgfunctionsofheightneartheformationdepthゴoftheinnerwing

f・・q・・n・iesd△ λ1≧ ・K).S。th。b。igh・nessi。 。。。a,e・f・ ・m・hecent・rt・th・

limbattheinnerwingfrequencies.Thisdifferenceofthecenter-to-1imbbright-

nessvariationbetweenthecoreandthewingfrequenciesgivesrisetothecenter-

to-limbvaでiationofthepeakseparation.

Thistheoreticallypredictedpropertymustbeconfirmedobservationally,

althoughobservationalconfirmationseemstobeverydifficultbecausethepeak

intensityishighlyinfluencedbytheoverlyingabsorbingmatterorthemassる
m'otionsdiscussedinthenextsubsection.

e〕Effectofmassmotions

MassmotionsinthechromosphericlayershaveagreateffectontheHαemi-

ssionprofiles・Theeffectsofmass皿otionsareexaminedbytworepresentative

massmotion皿odels・TwomodelsofvelQcitydistributionwithheightareillust-

ratedinFigure9・Thedirectionofmotionisassumedtobeverticallyupwards。

InthemassmotionmodelVl,themas3三motionsoccurlocallyinthetemperature

and/orthedensityenhancedregion,orinthehighly-excitedregion.Onthe

otherhand,inthemassmotionmodelV2,th■eupPerchromosphericlayersarealso

14



■nmotioninadditiontothelowerchromosphericmotions .Wehavea(! -optedthese

velocitymodelsforstudybecausetheyrepresentschematicallythevelocityfields

whenahydrodynamicshockwavepropagatesoutwardsfromthephotospheretothe

corQna・ThemodelVIrepresentsthevelocityfieldwhentheshockispropagating

inthechromosphereandthemodelV2representsthevelocityfieldwhentheshock

haspassedthrough
.thechromosphere(Suematsueta1.1982)。

Figure9

TheHαprofileswhenthevelocityfieldsaretakenintoaccountareshown

inFigurelO.TheHαprofilescomputedforthestaticTIRsatmosphereandfor

theunperturbedTOROat皿ospherearealsoshowninthefigureforreference.

Theresultsattwoθpositionsareshowninthefigure.

FigurelO

Ascanbeexpectedfromth6velocityfieldprofiles,theHαprofilesare

influencedonlyintheinnerwingandinthecorepart,andtheformQfouter

wingsremainsunchanged・Whenalocalmotioninthehighexcitationregionis

present,theemissionprofileshowablueasy皿metry・However,whenupPer

laye「sa「ealsoinmotionwithla「ge「velogities・theco「epaTPi・ .・hift・d・ ・

th・blu・fu・th・randtheemissi。np・ ・fil・bec・m・ ・t・sh・war・d・ ・YIIIM・try.
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ThustheasymmetryofHαprofilesiscontroIledbytheprofileofthevelocity

fieldinthechromosphere .Wehavemadeuseofthiseffecttoderivethechromo-

sphericvelocitydatafromourobservedHαprofiles.

Ifahydrodynamicshockpassageistheoriginofa皿oustache・ourcompu-

t・ti…ug9・ ・t・th・tth・a・ymm・t・y・fth・H・P・ ・f卑1・w・uldb・ ・b・erv・dt・change

fromthebluetotheredalongtime.

Massmotionsinmoustacheatmosphereshaveanotherinterestingeffecton

theHαprofiles.AsisseeninFigure10,whentheat皿osphereisin皿otion

thepeakin』tensit)rishigherthanthatwhentheat皿osphereisstatic・Thiseffect

canbeexplainedbytheopticaldepthchangeintheinnerwingduetomassmotions・

becausetheradiationemittedintheinnerwinggetstrongerwhentheoptical

depthbecomeslargerasdiscussedpreviouslyIninterpretingthebrightness

variationsof皿oustachesorflaresobservedinfiltergrams,thevariationof

velocityfieldsmustbetakenintoaccountduetotheeffectdescribedabove

(Kurokawaetal.1982).

3.3Comparisonwithobservations

Althoughtheresultsofthefouratmosphericmodelsdiscussedin3.2tell

usthegenerelfeaturesoftheHαemissionsfromperturbedatmospheres,computed

Hαprofilesforthesemodelsdo'notfitthe.obse■vedones.Inparticular,the

profilecomputedfortheTlR5皿odelatverysmall廿pQsitionshowsextremely

b・ightp・nti・u・m・ ・ha…m・nt(△1=1
。。rm。1。 。ntinuum)whi・hi・n・tob・e・v・d・

Toavoidthisdifficulty,computationsforanewseriesofmodels(modelA-G)

areperformedbyassu皿ingthattheperturbationsinthete皿peratureanddensity

occurinhigherregionthanJthepreviousfQurmodels(Table3)Possiblemodel

atmosphereswhichexplaintheobservedHαprofilesaresearchedinthesenewmodels.
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Figurell

InFigurel2,theoreticalemissionprofilescomputedformodelsA-(lat

U"1・2.Oandμ 一1・5.0・ 。。illu,trat。d.Th。th・ …ti・a1P・ ・fi1・ ・inthi・figu・ ・

arethoseofexcessernissionsfromtheunperturbedprofile.Asstatedpreviously,

thisisbecauseofouraimofthepropercomparisonwiththeobservedprofiles'・

ItshouldbenotedthatthetheoreticalprofilehasaGaussianformintheinner

wingandapower-1awfor皿intheouterwingforthemodelswherethetemperature

andthedensityenhancementarelarge〔modelD,FandG)Thischaracteristics

isstrengthenedas1 .[-1increases.

Figure12

InFigurel2〔a),theemissionprofileofthemoustacheNolwhichwasob-

servedatμ 一1=1.4isplotted.Theobservedprofilefitsthetheoreticalone

む
computedforthemodelFinthewavelengthregionof△ λ=0.8-3.OA.Inother

words,theGaussianpartandthepower-1awpartoftheobservedprofilematch

thethegretigalprofile・

ForthemoustacheNo.5(μ 一1ニ3.4〕 、thecomparisonwiththetheoretical

profilesisshowninFigure12〔b〕EitherthemodelCorthemodelEexplains

theobservationinthissan1Ple.
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AwordofcommentisgivenonourfittingProcedure .Consideringtheseeing

effect
・w・mU・t・ ・gard・u・ 。b・erv・dint・n・iti…f・mi・si。n・ ・mp。 ・・nt・a・th・

lower-limitoftherealemissions .Iftheobservationsweredonewithperfect

spatユalresolution
,theintensitiesofemissionswouldbehigher.Sowemust

searchthebest-fittheoretica1'i)rofilesamongthosewhichhavelargerabsolute

]-ntens■t■esthantheobservedemission .Forthisreason,themodelAandthemodel

BarerejectedinsearchingthemodelatmosphereforthemoustacheNo .5.

TheresultsofourfittingforalltheobservedprofilesareshowninFigureと
11wheret}㍉e・modelatmospheresselectedfortheobservedprofilesareindicated

in△T一 ρ/ρodiagramwiththeircodenしmbers.Thisfiguregivesusourmain

conclusionthatmoustacheemissionsareemittedwhendenseandhotregionsare

formedinthechromosphere(h=700-1200km) .Thetemperatureenhance皿ents

requiredareaboutl50σK.Thedensitymustbeincreasedbyafactorofabout

fiverelativetotheundisturbedatmosphere.
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4.Discussions

Mechanismswhichexplainthebroademissionprofilesofmoustacheshave

beenproposedthusfarbymanyauthors .Simpleargumentswhichexplainthe

broadeningbyasupersonicnon-thermalmotionhavebeenunsuccesfulbecauseit

ishardtoconfinethehigh-velocitymaterialinasmallregionforthelifetime

ofamoustache 。

EngvoldandMaltby〔1968)discussedtwopossiblemechanisms。Firstone

isthatbroadprofilesareduetomacroscopicmotions(v=200km/s)infila-

mentarydaughnut-shapedchannelsorientedmoreorlessatrandomdirections。

AlthoughGaussianemissioncomponentsmaybeexplainedbythismechanism,power

lawcomponentscannotbeexplained .Thedrivingandmaintaining皿echanismsof

thesupersonicmotionsinthespecialgeometryforthelifetimeofamoustache

werenQtmadeclear.Asanotherpossiblesourceofthebroadening,theysuggested

theeffectofelectronscattering.Theyarguedthatwhentheatmosphereisheated,

sufficientelectronsaresupPIiedduetoenhancedionizationofhydrogenatoms

andthatscatteringsbyelectronsbroadentheprofile.Followingtheirestimates,

anelectrondensityn=1016cm-3along1000㎞isrequiredtoinfluencethe

lineprofile.HoweverwecannotthinkthatahQtanddenseregionli】(ethis

isreallyformedbecausetheparticledensityinrecentmodelatmosphere.〔Vel-

nazzaetal.1981)cantakelO16cm-30nlyinadeepdepth〔h=356'km)

Ifthehydrogenatomsabovethetemperaturemini皿u皿werefullyionized,the

electronswouldbyinsufficienttoinfluencethelineprofile.

S・v・rny(1968)・ug9・ ・t・d・mechani・mth・tth・1i・ ・6・ 。・と・ni・gi・du。t・

incQherentscatteringinexpandingopaquelayer.Hecomputedtheprofileof

・u・…i・ ・rad…i・ ・ ・・…h・m・g・n・?・ ・(・2
.=・ ・7・m-3)・i…h・ ・ma・(・ …"K)

andopaque〔 τHd=9S・S6)1ayerAccordingtohisresults,his皿odelcan
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explaintheintensity --distribution,theblueasymmetryandthecentralgapof

theHαemissionprofileunderreasonableassumptions
.Hiscolllputations,however,

we「edoneonverysimplifiedmodel
.Althoughmoustachepointsaresituatedin

thechro皿osphere(Bruzek1972) .heselectedonlythedisturbedregionand

treatedtheregionasifisolatedfromoverlyingorunderlyingatmospheres・So

his皿odelmaybeapPliedtosomelimbphenomenabutdoesnotseemtobeapPli-

cabletothemoustacheonthedisk .Inparticular、thecentralgapoftheHα

profileisnotfor皿edashismodelpredicts,butisduetotheeffectofover-

1yingmatte .r'・asBruzek's(1972)andourworkshaveshown.AlthoughSeverny's

「esultscannotbeacceptedfully
,theysupPortourresultspartiallybythefact

thathiscomputedprofilesmatchtheobservedonesinthewingPartbecausehis

andourmethodsofanalysisbecomeessentiallythesameinthewavelengthswhere

thechromosphereisopticallythin。Weconsiderthathissuccessinexplaining

thebroadprofileistheresultQfhisassumptionsofratherhightemperature

andofspecificformρfsourcefunctiondistributions.

Inouropinions,thelinebroadeningisneitherduetoelectronscattering

norduetotheexpandingmotionbutsimplyduetotheheatingwithsomecomp-

'
ressionofthelowerchromosphere.Localsourcefunctionincrementduetothe

heatingresultsinthebroadlineprofiles.

Nextwediscusstheatmosphericandhydrodynamicstateofmoustachepoints.

Ourobservationsandcomputationsshowthatahot(△T=1500K)anddense〔 ρ/ρ0

=S〕regionisformedandthematterisinmotion(v=6km/s〕generallydi-

rectedupwardsinthechromosphericlayersofamoustachepoints.

Kurokawaeta1.〔1982).followingtheevolutionofmoustachesinfilter-

gramsshowedthatamoustachehasaspike-1ikeformandgrowsinlengthinthe ㌔二
brighteningPhase・Themeanupwardvelocityof8km/swasreported.Their

2zo



「e・sultsonthedynamicalfeaturesofmoustachesagreewellwiththeresultsof

ou「spectroscopicstudy .

Thetemperatureenhancementrequiredinourmodelhasthesimilarvalueas

thetemperatureexcessintheplagechromosphererelativetothenormalchromo一

コ
sphere(ShineandLinsky1974)Ontheotherhand

,thedensityinourmous-

tachemodelishigherthantheplagemodelabout7tilnes。Thuswecanthink

thatanisothermalcompressionoranisothermalverticallypropagatingshock 　
waveinthepre-heatedplagechromospheregivesrisetoa皿oustacheatmosphere・

Asthemoustachepointsareobs骨rvedassociatedwithcontinuumfaculargranules

(Severnyl968,Bruzekl972)、this'1ineofspeculationsseemstobepromising。

Inthisrespect,itisinterestingtorefertheresultsofntmericalsimu-

:

lationsonthespiculeejectionperformedbySuematsueta1.〔1982).They

studiedtheverticalpropagationof「shocksproducedbysomeimpulsiveheating

atthenormalphotosphereoratthenormalchromosphere.Undertheass㎜ption

ofnearlyisothermalshockpropagation,theyfollowedtheevolutionofashock

producedbyaninitialabruptpressureenhancementath=360km.Accordingto

theirresults,thedensityath・1560㎞isincreasedabouttentimesatmaximu皿.

AndthechrQmosphericmatterareforcedinmotionwiththevelocityof12km/s

atmaximum.Thussimilarhydrodynamicmodelsbasedontheplageatmosphere

seemstoexplaintheformationofthemoustacheat皿osphere.

工nterestingresultsofSuematsuetal.(1982)istherecurrentformation

andupwardpropagationofshockwaves.Thisbehaviorofthemodelmaycorrespond

totherecurrentbrighte■ingofamoustacheobservedbyMcMatheta1.〔1960)

andKurokawaeta1.〔1982)

Bytheway,iftheshockpropagationtb .roughthechromosphereistheorigin

ofamoustache,ourmodelpredictsthattheasymmetryoftheHαemissionpeaks

,、



chan99sfrQmthebluetotheredalongtimeasstatedin3 ・2e).atleastin

]・n■t■alphase .SimilarchangeofHαemissionasymmetryisreportedforflare

kernels(Svestka1976)
,thoughinthiscasetheasym皿etryisnotofpeakin-

tensitybutofprofileitself .Takingintoaccountofthevelocityeffecton

theHαprofile ,wema'ythinkthatashockwavepropagatesinaflarekernel

becausethedirectionofthechromosphericvelocitypredictedbythemodel

ofSuematsueta1.(1982〕changefromupwardtodownward。

Finally,weproposefutureobservationalandtheQreticalworkstobedone

fortheunderstandingofthemoustachephenomena.SimultaneousspectroScbpic

observation与oftheevolutionofmoustachepointsincontinuumbrightness,in

faintFraunhoferlinesandinHαlinearehighlyneeded.Fromtheanalysisof

theseobservations,theatmosphericstatesinmoustachesfromthephotosphere

tothechro皿ospherewillbemadeclearer.Inparticular,co皿parisonofthe

brightnessvariationbetweenthecontinuumandthelineswillgiveustheinfor-

mationonthepropagationofdisturbanceswhichgiverisetothemoustachephe-

nomena.OurcomputationsaredoneonPlane-parallelone-di皿ensionalatmosphere,

althoughamoustachehasaspike-likethree-dimensionalform(Kurokawaeta1.

1982〕.Thesourcefunctionenhancementduetodisturbanceswillbelowerthan

ourresultsifwetakeintoaccountofthethree-dim6nsionalgeometry.Thetem-

peratureorthedensityenhancementsobtainedinthispapermaybethelowerli皿it。

NLTEcalculationsincludingthree-di皿ensionaleffectswillbenecessaryto

performmorequantitativeanalysisonthemoustache.
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TABLE1.

H-alphaemissioncharacteristicsofthe 6moustaches

No。 △lb/△l
r

As)4nmθtry v(abs.) V〔core) V(wing)

1

2

3

4

5

6

1。08

1,16

1,30

3,48

0.71

0.92

none

bluθ

blue

bluθ

red

none

一5,2

+4,4

-2 .0

+26,6

-6
,4

-1 .6

(km/s) 一5 ,8

-0,2

-5.9

?

?

-2,6

(km/s) 一1 .6(km/s)

-1 .7

-1.7

-1
.8

-2,5

-2.1



TABLE2.

DopPlershiftsandDoPPler

fortheBalmerand

widthsoftheemissioncores

Klines(unit二km/sec)

1ine v(shift) v(width)

K

砿

β

Y

δ

H

H

H

H

+8.2

+10.2

-0 .4

+0.4

-0 .9

67.7

98.7

89.7

87.3

73.2



TABLE3.

ParametersofthellmQde1 atmospheres

Model h1〔km) h2(km) △T〔K〕 ρ/ρ。

0

く
り

0

5

R

R

R

R

O

O

l

l

A

B

C

D

E

F

G

T

T

T

T

0

0

0

0

4

4

0

0

0

0

4

4

0

0

0

0

7

7

0

0

0

0

0

0

7

7

ワー

0

0

∩
V

O

7
」

7

0

0

0

0

ら乙

【∠

1

1
↓

0

0

0

0

【∠

2
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Figllre1。

Fi.qure2。

Figure3.

FigUire4.

Figure5.

Figure6・

FigureCaptions

:Hαspectraofthesixmoustachesobservedthroughthehorizon-

talspectrographoftheDomelessSolarTelescopeattheHidaObser-

vatory.

:HαexcessemissionprofileofthemoustacheNo・1・(a)Excess

・mi・si。np・ ・fi1・(△1/△1
。)i・drawn・g・in・tth・wav・1・ngthsepa「a-

ti・nf・ ・mth・linecent・r(△ λ)・h・r・1。i・th・i・tensityofthe

ユ
・continuum .(b〕10gIvs.(△ λ1)plotoftheprofile・(c)10g△ 工

vs.10g△)LTtplotoftheprofile.△ λ 冒and△ λ'冒arethewavelength

separationsmeasuredfromthelinecenterswhichareshiftedwiththe

velocityofthecorecomponent.'andwiphthatofthewingcomponent;

respectiVely.Filledcirclesindicatetheprofileintheshorter

wavelengthregionandopencirclesindicatetheprofileinthelonger

wavelengthregion・

:ThesameasinFigure2.butforthemoustacheNo.4.

:Schematicdrawingoftheatmosphericdisturbancesrelativeto

theunperturbedatmosphere.(a)Thetemperatureenhancement.(b〕

Thedensityenhancement・ ρandρOarethedensityvaluesofthe

perturbedandtheunperturbedatmospheresrespectively.

・M・d・1・t…ph・ …i・ △T… ρ/ρ 。Plan・ ・

:Linesourcefunctions(S)andlinecenteropticaldepths(〒)

oftheLyct.LYBand恥1inesforthemodels〔a)TORO,〔b)TOR5,(c〕

TIROand(d)TIR5.Th・unit・fthes・u・cefu・ ・ti。 ・・iserg・/〔 ・誌 ・c-

srHz).



Figure7一

Figure8。

.Figure9。

Figure10。

Figurel1.

Figurel2・

:Hαprofilesemittedfromthemodelatmospheres(a〕TORO,〔b)

TOR5,〔c〕TIROand(d〕TIR5.1/μ(=1/cosθ)valueislabelled

foreachprofile.

:Totalsourcefunctionsandopticaldepthsatthreerepresentat■ve

wavelengthsinthe.HαprofileemittedfromthemodelatmosphereTIRO・

り の む
Sourcefunctionsandopticaldepthsat

.Aλ=0・OA,1・OAand5・OA

are,respectively, ,indicatedbySOandTAUO,SlandTAU1.andS5and

TAU5.

三Schematicdrawingofthevelocityfields.(a〕Thevelocitymodel

V1。(b)ThevelocitymodelV2.

・Eff・ct・fth・v・19・ityfi・1d・nth・H・pr・fi1…Th・ba・i・ 皿odel

atmosphereisTlR5.Thickcurveindicatestheprofilewhentheatmos-

atmosphereisstatic.Dot-dashedcurveanddashedcurveshow,respec-

tively、theprofileswhenthereexisttheVIvelocitγfieldandwhen

thereexisttheV2velocityfield.Dottedcurveshowstheunperturbed

nor皿alprofile.(a)Hαprofilesatthediskcenter〔 θ=0.0)・(b〕

Hαprofilesneartheli皿b(θ=・78.50).

:Modelatmospheres〔A-G)inムTvs.φ/ρOPlane.Themodel

atmosphereswhichexplaintheobservedfHαprofiles〔No.1No.6)

arealsoindicatedbytheircodenulnbers。

:Hαexcessemissionprofilescomputedforthemodelatmospheres

A-Gcomparedwiththe、observations・Computedprofilesareshown

onlyforinnerandouterwingsandcentralabsorptionprofilesare

notshown.(a〕1/1.t=2.0.Observ(}dprofileforthemoustacheNo。1

areplottedwithcircles〔b〕1/μ=5。O.Thesameas(a)butfor

themoustacheNo.5.
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