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Abstract.

The calculationgor the evolution of dustwithin Populationlll supernoaremnant{SNRs)are
presentedbasedon the modelsof dustformedin the unmixed ejectaof Typell SNe.We show that
oncedustgrainscollide with thereverseshockpenetratingnto theejectatheirfatesstronglydepend
ontheinitial radiusaini. For SNRsexpandingnto theinterstellamedium(ISM) with npo=1 cm3,
grainsof gy, < 0.05 um aretrappedn thehotgasto becompletelydestroyedgrainsof a,j = 0.05—
0.2 um arepiled up in the denseshell formedbehindthe forward shock;grainsof a,; > 0.2 ym
are injectedinto the ISM without being erodedsignificantly The total massof surviving dustis
0.01t0 0.8 Mg, for nyo=10t0 0.1 cm3. We alsoinvestigatethe influenceof the piled-upduston
theelementahbundance®f the second-generatiostarsformedin thedenseshell of Populationll
SNRs.Thecomparisorof the calculatecelementabbundancewith thoseobservedn hypermetal-
poor (HMP) and ultra-metal-poo{UMP) starsindicatesthat the transportof dustseparatedrom
metal-richgascanbe animportantprocessn determiningthe abundanceatternsof Mg andSiin
HMP andUMP stars.
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INTRODUCTION

Dust grainsin the early universehave greatimpactson the evolutional history of the

universe:Dustgrainscontroltheenegy balancen interstellarspacehroughabsorption
of stellarlight andre-emissiorof it, andplay critical rolesin theformationprocessesf

starsandgalaxies.In particulay their thermalemissiongreatlyincreaseshe efficiency

of cooling of gasin metal-poorcircumstancesyhich causeshe starforming gascloud

to fragmentinto low-massgasclumpsof 0.1-1 M, for metallicity of 107® to 10>

Z, [1, 2, 3]. The absorptionand thermalemissionby dustgrainsheavily dependon

their composition,size,andamount.Thus, it is one of the mostimportantsubjectsin

astrophysicso elucidatethe origin andevolution of dustgrains.



The dominantsourcesof dustin the early universeare consideredo be superneae
(SNe) evolving from the early generationf massve stars.Theoreticalstudieshave
investigatedhe formation of dustin primordial Type Il SNe (SNell) [4, 5] and pair-
instability SNe[5, 6], andhave revealedthe composition size,andmassof dustformed
in the ejecta;for SNell, dustgrainsof 0.1-2M, areformed,which is in goodagree-
mentwith the amountrequiredto accountfor dustcontentin high-redshiftgalaxies[7,
8]. However, thereverseshockinducedby theinteractionof the SN ejectawith the sur
roundingmediumreprocessethenewly condensedustgrainsandmakegheir sizeand
masssignificantlydifferentfrom thoseat the time of dustformation[9, 10].

In this proceedingsye presenthecalculationdor the processingf dustthroughthe
collisionswith the reverseshocksandits transportwithin Populationlll SN remnants
(SNRs),in orderto revealthe sizeandamountof dustinjectedfrom SNeinto theinter-
stellarmedium(ISM). Theresultsof calculationsshow thata partof the surviving dust
grainsareaccumulatedn the denseSN shell. Thesepiled-up grainsmay have signifi-
cantinfluenceontheelementabbundancesf thesecond-generatiastarsformedthere.
Therefore assuminghat the compositionof the piled-up grainsreflectsthe elemental
compositionof thosestars we explorethe abundancepatternsof the starsformedin the
denseshellof Populationlll SNRsandcompareto thoseobservedn hypermetal-poor
(HMP) andultra-metal-pooUMP) stars.

EVOLUTION OF DUST IN PRIMORDIAL SNRS

The calculationsof the dustevolutionin SNRsaredescribedn detailby Nozawa et al.
(2007)[10]. By takingthe sizedistribution andspatialdistribution of eachdustspecies
from the dustformationmodelby [5] astheinitial conditionsthetransportof dustand
its destructionby sputteringare calculated.The time evolution of the gastemperature
anddensityin SNRsexpandinginto theuniformISM with thehydrogemumberdensity
of nuo=0.1,1,and10 cm~3 arecalculatedby adoptingthe hydrodynamiamodelsof
Populationlll SNeby [11]. In whatfollows, we presenthe resultsfor the evolution of
thedustformedin theunmixedejectaof SNell with theprogenitomasse®f Mpr = 13,

20,25, and30 M, andexplosionenegy of 10°! ergs.

In Figurela, we show thetime evolutionsof positionsof C, Mg»SiO,, andFegrains
within the SNR for Mpr = 20 Mg andnyo =1 cm 3, andthe time evolutionsof their
radii are givenin Fig 1b. The thick solid lines in Fig. 1a depictthe positionsof the
forward shock,the reverseshock,andthe surfaceof the He core.C, Mg»SiO4, andFe
grainscomove with the gasuntil they encountethe reverseshockat 3650yr, 6300yr,
and13000yr, respectrely. Oncedustgrainsintrudeinto the reverseshock,their fates
strongly dependon their initial radii a;,; and compositions Becausethe deceleration
rate of a grain is inverselyproportionalto its radius,the relatvely small grainswith
ani = 0.01 um (dottedlines) areefficiently deceleratedby the gasdragandaretrapped
in thehotgasof > 10° K createdy thepassagef thereverseandforwardshocksThese
smallgrainscapturedn the hot gasarecompletelydestroyedy thethermalsputtering.
C, Mg,SiO4, andFe grainswith aj,; = 0.1 um (dashedines) penetratingnto the hot
gasareerodeddueto thekinetic and/orthermalsputteringsandtheir radii arereduced
by 43%,69%,and52%,respectiely. C andMg»,SiOy grainsof aj, = 0.1 um arefinally
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FIGURE 1. Timeevolutionsof (a) positionsof C, Mg»SiO4, andFegrainswithin the SNRfor My, = 20
Mo andnyo =1 cm~3 and(b) ratiosof their radii to the initial ones.The evolution of dustwith a,j =
0.01,0.1,and1 umis denotedoy the dotted,dashedandsolid lines, respectiely. In (a), the positionsof
theforwardshock,thereverseshocksandthesurfaceof theHe coreareindicatedby thethick solid lines.

trappedn thedenseSN shellformedat ~2x 10° yr, wherethe dustgrainsareno longer
erodedby thethermalsputteringoecauseéhegastemperaturelropsdown quickly below
10° K [12]. The 0.1 um-sizedFe grainswith higherbulk densityare ejectedinto the
ISM. Sincethedeceleratiorby the gasdragis inefficient, grainswith a,j = 1 um (solid
lines) alsogo acrosshe outwardlyexpandingshockfront andareinjectedinto theISM
without beingprocessedignificantly

Thebehaiors of thetransportanddestructiorof dustin aSNRheavily dependnthe
densityof gasin the ISM; asthe ISM gasdensityis higher, the densityof the shocked
gasis higher which leadsto the efficient deceleratioranderosionof dustthroughmore
frequentcollisionswith thehotgas As aresult,thelowerlimit of theinitial radiusof dust
injectedinto thelSM increasesvith increasinghelSM densityandis 0.03,0.2,and0.5
pm for nyo=0.1,1,and10 cm~3, respectiely. Furthermoretheinitial radiusbelov
whichdustis completelydestroyeds enhancedy theincreasef thedensityin thelSM,
andis 0.01,0.05,and0.2 um for nyo = 0.1,1, and 10 cm~3. Accordingly, asshavn
in Figure 2, the total massof the surviving dustdecreasewith increasinghe ambient
densityandspansthe rangeof 0.01-0.8M, for njp = 10t0 0.1 cm 3, dependingon
theprogenitormassin anycasestheresultingsizedistribution of thedustthatsurvives
thedestructiorshovs a serioudack of small-sizedyrains,in comparisorwith thatatthe
time of dustformation.Note that the evolution of dustwithin a SNR doesnot depend
ontheprogenitorassconsideredherebecauséhe sameexplosionenepy resultsin the
similartime evolution of the gastemperaturanddensity
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FIGURE 2. Total massof surviving dustvs. the progenitormass.Theresultsfor njo = 0.1,1, and10
cm~2 areconnectedy thedot-dasheddashedanddottedlines, respectiely.

ELEMENT AL ABUNDANCES IN THE DENSE SN SHELL

Currentlyknown mostiron-deficientstars HE 0107-5240with [Fe/H] = —5.3 ([13, 14])
andHE 1327-2326with [Fe/H] = —5.45 ([15, 16]) shov peculiarabundancepatterns:
morethan100timesexcessesf C, N, andO and1-100timesenhancementsf Mg and
Sirelative to Fe. Also, UMP star HE 0557-4880with [Fe/H] = —4.75 ([17]) exhibits
alarge (~50times)overalundanceof C. Althoughthe elementatompositionsf these
low-massstarsare expectedto reflectthe nucleosynthesim the very early generations
of stars,the origin of the abundancepatternsin HMP and UMP starsis still an open
guestion.

Theresultsfor the evolution of dustwithin a SNR presentedn this papershav that
the dustgrainswhich arenot injectedinto the ISM but survive the destructionthrough
the collision with the reverseshockare accumulatedn the denseSN shellin 10°—10°
yr. This transportof dustto the SN shell may not only enablethe formation of stars
with solarmassscaleghere[1, 2, 3] but alsoinfluencetheelementabbundanceof those
stars.Therefore,basedon the compositionof the piled-up grains,we investicate the
metalabundancepatternsof the starsformedin the denseshell of SNRsandcompare
to thoseobservedn HMP andUMP stars,assuminghattheyarethe second-generation
starsformedin the shellof Populationlll SNRs.

The resultsfor the elementalcompositionand metallicity in the denseshell are
summarizedn Tablel for variousprogenitormassesndambientdensitiesMetallicity
in the shellis in the rangefrom 10-% up to 10~* Z., which is high enoughto form
low-massstarswith 0.1-1Mg, [1, 2, 3]. We canalsoseethatmostof calculatedFe/H]
spangherangeof —6 to —4.5, which arein goodagreementwith thosefor HMP and
UMP stars.

In Figure 3a, we shav the alundancesof Mg and Si (upper pane) and C and O



TABLE 1. Elementatompositiorandmetallicityin thedenseshellof primordial SNell for various
progenitormassesndambientdensities.

Mo (M) [Fe/H] [C/Fe] [O/Fe] [Mg/Fe] [SilFe] [AlFe] [S/Fe] log(Z/Zo)

Nuo=0.1cm3

13 —-6.43 -0.274 -0.699 -0.230 1.92 —2.60 0.239 -5.89
20 -520 0117 -0595 0.034 0410 -197 0.242 —5.44
25 —-5.90 111 —-142 -0500 -0552 -0.563 0.242 —5.55
30 -556 0566 -0.043 0.739 0.866  0.905 0.242 -5.33

Nyo=1lcm3

13 -5.15 111 -0555 -0.459 1.01 - —-2.18 —4.72
20 -553 0992 0.585 1.16 1.87 - 0.200 —-4.68
25 —-5.23 109 0412 0.407 0.989 - 0.241 —4.79
30 —-511 0797 0242 1.09 1.26 —572 0.242 —-4.60

Nyo = 10cm3

13 —413 0284 —-254 -3.89 0.599 - - —4.40
20 -492 0946 -215 -1.80 214 - - —-4.09
25 -5.10 1.60 0.122 0.232 2.34 - —-1.45 -391
30 —-511 -0.207 0.375 —-1.23 2.66 - —0.696 —-3.84

(lower pane) in the denseshell asa function of [Fe/H] for the ISM densityof 1 cm™3.
Theresultsof calculationsaredrawnby thefilled symbols,andthe obsenationaldata
of HMP andUMP starsareplottedby the opensymbols.We canseethatin additionto
Fe,thecalculatecabundancesf Mg andSi canalsoreproduceheobsenationsof HMP
starswith 1-100timesoveralundanceseenn HMP stars. Somemodels(suchasMp; =
20and30 M, for nyo=0.1 cm~2) alsoshowv the modestoveratundancesor both Mg
andSi (seeTable 1). Becausehe elementalcompositionof dustpiled up in the shell
canreproducehe abundancepatternsof refractoryelementsuchasMg, Si, andFein
HMP andUMP stars,we canconcludethatthe transportof dustseparatedrom metal-
rich gaswithin SNRscanbe responsibldor the abundancepatternan HMP andUMP
stars,if they are the second-generatiostarsformed in the denseshell of primordial
SNRs.However, morethanonehundredtimesexcesse®f C and O observedn HMP
andUMP starscannotbereproducedy ary modelsconsiderechere.

Thereasonss thatin the calculationwe assumedhatthe metal-richgasin the ejecta
of SN doesnot mix with thegasin the shell. Then,asan extremecase we examinethe
abhundancepatternsin the shell by consideringthatin additionto the piled-up grains,
the gasoutsidethe innermostFe layer of the SN is incorporatedinto the shell. The
resultsareshaowvn by thefilled symbolsin Figure3b. This casecanproducethe extreme
overalundanceg~1000times)of C andO, but resultsin unreasonablexcesse$>100
times)of Mg andSi, which is not in agreemenwith the obsenations.Neverthelessit
might be possibleto reproducethe elementalabundance®of HMP starsif the Si-Mg-
rich layeris not mixedwith thegasin theshell. Anyway, it is necessaryo examinewhat
extent of the gasin the SN ejectacan mix with the gasin the shell whenthe second-
generatiorstarsform in the SN shell.In thefutureworks,wewill considetrthis subject.
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FIGURE 3. Abundancesf Mg andSi (upperpane) andC andO (lower pane) in theshellof the SNR
forngo=1 cm~3; (a) theelementahbundancesbtainedrom thegrainspiled upin theshell,and(b) the
elementabhbundancemcludingthe gasoutsidetheinnermost-elayeraswell asthe piled-upgrains.The
resultsof calculationsareshovn by thefilled symbols.The obsenationaldatafor HMP and UMP stars

nge=1 cm™ (@) ]
............. %.........................,
: Ql'*
_______ B SR
Mg; star |
Si ; square
A
O Y
............. ‘OA
________ @@ [C triange ||
0: circle
S5 5
[Fe/H]

L n‘l-l,0‘=1‘°n‘1* * *‘ ‘ (i)) ]
oo o | SO |
_______ N
Mg; star |
Si ; square
1 }A} A —+—1
,chx o
...................... ‘A
___________ C ;_tri_an;le_
0: circle

[Fe/H]

aredenotediy theopensymbolsandaretakenfrom [14, 15,16,17,18].
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