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Abstract. We presenthe resultsof calculationgfor the evolution of dustwithin Populationlll supernearemnant{SNRS),
focusingonthedustformedin theunmixedejectaof Typell SNe.We showthatoncedustgrainsinsidetheHe coreencounter
thereverseshock,they aresubjectto differentfatesdependingon their initial sizesaj,ij. For SNRsexpandingnto the inter-
stellarmedium(ISM) with ny g =1 cm3, grainsof ajy; < 0.05 um aretrappedn the hot gasandarecompletelydestroyed;
grainsof gj,j = 0.05-0.2um aretrappedin the denseshell behindthe forward shockwith thefinal sizesof 0.001-0.1um;
grainsof aj,; > 0.2 um areinjectedinto the ISM without significantdestruction The total massof surviving dustis 0.01to
0.8 Mg andis higherfor the lower ISM gasdensity We alsoinvestigatethe elementabbundance®f the second-generation
starsthatform in the denseshell of Populationlll SNRs,basedon the elementalcompositionof dustpiled up in the shell.
The comparisorof thoseresultswith the obsenationsof hypermetal-poor(HMP) starsindicatesthat the transportof dust
segrgatedfrom metal-richgaswithin a SNR canberesponsibldor theabundanceatternsof Mg andSiin HMP stars.
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INTRODUCTION

Dust grainsin the early universeplay crucial roles in
theformationprocessesf starsandgalaxieghroughthe
cooling of gasby their thermalemission([1, 2]) andthe
formationof H, moleculeson their surfaceq[3, 4]). In
addition, the extinction of stellarlight by dustcausesa
seriousmisleadingin interpretingthe starformationrate
andtheinitial massfunctionof thevery earlygeneration
of starsfrom the obsenationstowardhigh redshifts.The
extinctionandthermalemissionby dustgrainsstrongly
dependon their chemicalcompositionsand size distri-
butions.Thus,in orderto elucidatethe evolution of the
universefrom boththeoreticabndobsenationalstudies,
it is indispensablédo reveal the propertiesof dustin the
earlyepochof theuniverse.
Giventhecosmicagelessthanl Gyr, themainsources
of dustareconsideredo be supernoae(SNe)[5], since
the dust formationin stellar winds from evolved low-
massstarsrequirestoo long timescaleto supplycopious
amountf dustto theinterstellarmedium(ISM). Some
theoreticalstudies([6, 7, 8, 9]) have investigatedthe
compositionsize,andmassof dustformedin the ejecta
of primordial Type Il SNe (SNell) and pairinstability
SNe.However, the newly condensedustgrainsaresub-
sequentlyprocessethy thereverseshockgeneratedrom
the interactionof the SN ejectawith the surrounding

medium([9, 10]). Therefore the propertiesandamount
of dustinjectedfrom SNeinto the ISM significantlydif-
fer from thoseatthetime of dustformation.

In this proceedingswe presentheresultsfor theevo-
lution of the dustformedin primordial SNeby examin-
ing its processinghroughthe collisionswith thereverse
shocksandits transporwithin SNremnantgSNRs).Our
mainaimiis to revealhow muchamountof dustcansur
vivethereverseshockandits dependencentheprogen-
itor massandthe ambientgasdensity It is shovn thata
partof dustgrainssurviving the destructionaretrapped
in the denseSN shell, which may have significantim-
pactsontheabundanceatternsf thestarsformedthere.
Thus, we investicate the elementalabundancesof the
second-generatiagtarsformedin thedenseshellof Pop-
ulation Il SNRsand comparethosewith the obsena-
tionsof hypermetal-poor(HMP) stars.

DUST EVOLUTION IN POP 111 SNRS

Thedetailsof calculationsof thedustevolutionin Popu-
lation Il SNRsaredescribedn [10], wherethe dynam-
icsanddestructiorof dustarecarefullytreatedoy taking
into accountthe size distribution and the initial spatial
distribution of eachdustspeciesin [10], thetime evolu-
tion of gastemperatur@anddensityin SNRsis calculated



for the uniform ISM with the gastemperaturef 10* K
and hydrogennumberdensityof nyo = 0.1, 1, and 10
cm~3, basedon the hydrodynamianodelsof Population
[l SNeby [11]. Forthe modelsof theinitial dustwithin
the He core, the resultsof the dustformation calcula-
tionsby [7] areadoptedIn this proceedingswe present
the evolution of the dustformedin theunmixedejectaof
SNell whoseprogenitormassesare My = 13, 20, 25,
and30 My andexplosionenergyis 10°* ergs.

Fig. 1a shavs thetrajectoriesof C, Mg2SiOq4, andFe
grainsin the SNRfor My, = 20 Mg andnyo =1 cm 3,
andFig 1b representthetime evolution of their sizes.In
Fig. 1a, thetrajectoriesof theforwardshock thereverse
shock,andthe surfaceof the He core are alsodepicted
by the thick solid lines. C, Mg,SiO,4, and Fe grainsin-
sidethe He coreintrudeinto the reverseshockat 3650
yr, 6300yr, and 13000yr, respectiely, andtheir trans-
portandsurvive heavilydependon theirinitial sizesaj,
and compositions.Grainswith a,; = 0.01 um (dotted
lines) areefficiently deceleratedby the gasdragandare
quickly trappedin the hot gasof > 10° K betweenthe
forwardandreverseshocks.Thesesmallgrainscontinue
to beerodedby thethermalsputteringuntil theyarecom-
pletely destroyed For grainswith g, = 0.1 um (solid
lines), thekinetic and/orthermalsputteringseducetheir
sizes, but the grains can survive without being com-
pletely destroyedC and Mg,SiO,4 grainsof ap,; = 0.1
um arefinally trappedin the denseSN shell formedat
~2x10° yr with the sizesof 0.057 and 0.031 um, re-
spectvely. In the denseshell, the erosionof dustby the
thermalsputteringdoesnotwork becaus¢hegastemper
aturedropsdown rapidly belov 10° K ([12]). Fe grains
of ajpj = 0.1 um areinjectedinto theISM becausef its
high bulk density with the size of abouthalf the initial
one.Grainswith a,; = 1 um (dashedines) canmaintain
their high velocitiesandpassthroughthe forward shock
to beinjectedinto the ISM, undergoinghe kinetic sput-
teringin the postshocKlow; their sizesdecreasenly by
0.7%, 6%, and 8% of the initial onesfor C, Mg2SiOy,
andFegrains,respectrely.

The behaior of the transportand destructionof dust
within a SNR is almostindependenbf the progenitor
massconsideredhere;for nyg = 1 cm3, grainswith
aini < 0.05 um are completelydestroyedby sputtering
in the hot gas,grainswith a,j = 0.05-0.2um arepiled
upin thedenseSN shellwith thefinal sizesof 0.001-0.1
um, andgrainswith aj,; > 0.2 um are ejectedinto the
ISM without beingprocessedignificantly Accordingly,
the size distribution of the surviving dust in massis
greatly populatedby large sizes,comparedwith that at
its formation. The total massfraction of surviving dust
somehav depend®nthe progenitormass(Fig. 2), since
the size distribution of eachdustspeciesat the time of
dustformationis differentfrom modelto model.
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FIGURE 1. (a) Trajectoriesof C, Mg,SiOy, and Fe grains

within the SNR for My = 20 Mg, andny o = 1 cm=3 and(b)
ratiosof their sizesto theinitial onesasafunctionof time. The
evolutionof dustwith aj,j = 0.01,0.1,and1 um is denotecby
thedotted,solid,anddashedines,respectiely. Thethick solid
linesin (a) indicatethe trajectoriesof the forward andreverse
shocksandthe positionof the surfaceof theHe core.
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FIGURE 2. Total massfraction of surviving dust vs. the
progenitormassTheresultsfor ny o =0.1,1, and10cm=3 are
connectedy thedotted,solid, anddashedines,respectiely.

On the other hand,the ambientgasdensity strongly
affectstheevolution of dustin a SNRbecausehe higher
ISM densityresultsin the higherdensityof the shocked
gasand causeghe efficient erosionand deceleratiorof
dustdue to more frequentcollisions with the hot gas.
Thus,with increasingthe densityin the ISM, theinitial
sizebelow which dustis completelydestroyedncreases
(0.01,0.05,and0.2 um for ny o = 0.1,1, and10 cm3,
respectiely), andthetotal masdfractionof thesurviving
dustis depresse@sshownn in Fig. 2. The total massof
surviving dustis 0.01-0.8V, for ny o = 10t0 0.1cm 3.



ELEMENTAL ABUNDANCESOF THE
SECOND-GENERATION STARS

Two HMP stars HE 0107-5240with [Fe/H] = —5.3 ([13,
14]) andHE 1327-2326with [Fe/H] = —5.45 ([15, 16]),
show extreme(>10? times)overalundancesf C, N, and
O andlarge (1-100times) enhancementsf Mg and Si
relative to Fe. RecentlydiscoreredHE 0557-4880with
[Fe/H] = —4.75 ([17]) is alsoa carbon-richultra-metal-
poor (UMP) star Although the elementalcompositions
of theselow-massstarsareexpectedo reflectthe nucle-
osynthesisn Populationlll stars theorigin of the pecu-
liar abundancgatternan HMP andUMP starsis still a
matterof controversy

The resultsfor the evolution of dustwithin a SNR
givenin this papershav thatthe dustgrainswhich sur
vivethepassagef thereverseshockbut arenotinjected
into the ISM are accumulatedn the denseSN shellin
10°-1C yr. This transportof dustto the SN shell may
enabletheformationof starswith solarmassscaleghere
([2, 2]). Thus, we investicate whetherthe metal abun-
dancepatternsof HMP andUMP starscanbe explained
by the elementalcompositionof dust piled up in the
shell,assuminghattheyarethe second-generatiostars
formedin theshellof Typell SNRs.

We presentthe abhundanceof C and O in the dense
shell in Fig. 3a and those of Mg and Si in Fig. 3b,
derivedfrom theresultsof calculationgor My = 20 Mg,
(filled symbols).ThecalculatedFe/H] is —5.20,—5.53,
and—4.92for nyp = 0.1,1, and10 cm3, respectiely,
which arein good agreementvith thosefor HMP and
UMP stars.In addition,theabundancesf Mg andSi for
NHo=0.1landl cm3 arein therangeof 0 < [Mg, Si/Fe]
< 2 and reproducethe modestoveralundanceof Mg
and/orSiin HMP stars OtherSN modelswith M, = 13,
25,and30 Mg, alsogivethesimilarresultsfor [Fe/H]and
[Mg, Si/Fe]([10]). Thereforewe canconcludethatthe
transportof dustsegregatedfrom metal-richgaswithin
a SNR canbe an importantprocessin determiningthe
alundancepatternsof refractoryelementssuchas Mg,
Si, andFein thesecond-generatiostarsthatform in the
denseshell of primordial SNRs.It shouldbe notedthat
the extremeexcesse®f C and O asobsered in HMP
starscan not be reproducedby the modelsconsidered
here.Then, we examinethe abundancepatternsin the
shell by assuminghat not only the piled-up grainshbut
also the gasoutsidethe innermostFe layer of the SN
is incorporatednto the shell. This casecanproducethe
extreme(>100 times) overalundancef C and O but
leadsto unreasonablexcesseof Mg and Si as well
(seethe opensymbolsin Fig. 3). However, it might be
possibleto reproducehe elementaabundancesf HMP
starsif the Si-Mg-rich layeris not mixedwith the gasin
theshell. This subjectwill beleft for thefuturework.

—
4 A A (a)
Bl
- al B [
£ 4 A
N A
o
IS S A _ _ ______|
- u C; triangle
0;
B m square
| | + | +
T T T T T
* (b)]
E [ .A """""" |
> A
n
5 ob----B28 A ___
— Mg; triangle| -
N A _|Si; square | |
1 L L L L 1 L L L L 1 L
—-5.5 -5 —4.5
[Fe/H]

FIGURE 3. Abundancesf (a) C andO and(b) Mg andSiin
the shell of the SNRfor Mpr = 20 M. Thefilled symbolsare
thosefrom the elementalcompositionsof the grainspiled up
in the shell, andthe opensymbolsarethoseincluding the gas
outsidetheinnermostelayerin additionto thepiled-upgrains.
Theobsenationaldatafor HMP andUMP starsaretakenfrom
[14,15,16,17,18] andaredenoteddy the doublesymbols.
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