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£ B R Z 2 (Metal-Poor Stars)D %48

(Beers & Christlieb 2005)

Mega Metal-Poor (MMP): [Fe/H] < -6
Hyper Metal-Poor (HMP): [Fe/H] < -5
Ultra Metal-Poor (UMP): [Fe/H] < -4
Extremely Metal-Poor (EMP) : [Fe/H] < -3
Very Metal-Poor (VMP): [Fe/H] < -2
Metal-Poor (MP) : [Fe/H] < -1
Solar: [Fe/H] ~ 0

Super Metal-Rich (SMR): [Fe/H] > +0.5
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-4.2<[Fe/H]<-3.5

3 [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ 1]
| He Be C O Ne Mg Si S Ar s
2L |f=0.1 -
L tEE#HE (Hypernova) -
I - ’
i RTINS SRNPRIRR Ao B FTINE e R 5
< IR, AR | IO WU - U A W A WA eleoe N/\ & . [\l . |
— T N § _________________________________ § __ ________________ :
; i
\ -
]I3 INa Al PI’ Cl KISCV 1\14n Co Cula:

5 10 15 20 25 30

Model: M=25M,, 2 X 1052erg z

Umeda & Nomoto 2005; Tominaga, Umeda, Nomoto 2007



Low energy
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[X/Fe]

HMP Stars

X Cayrel et al. 2004
Honda et al. 2004
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Dependence
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Abundance ratios [C/Fe]

Abundance ratio: [C/Fe] (@D
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Weak r-process?
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2D 2alb—v3(Janka et al. 03)
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|lzutani, Umeda, Tominaga, ApJ 2009
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Results
25
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Honda et al. 2007d) Weak-r star

HeBe C O MeMgSi S ArCGCW;;;:_eugéz?iﬁjefii;]zr cﬁj MO Ru Rh 0)
£RIE(X/Fe]~0)%
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_ / NEDTRMNED

': INIFINGIAIIF‘ICIIHISCIVIMHICGICUIGGIPLSIHrIRbI . ITcﬂi’ Weak'r Star '::b%é
z /N ohESHERETR

Mo, Ru, Rh ratio %] :8{&

HD122563 [Mo/Fe]=-0.02 [Ru/Fe]=0.07 [Rh/Fe]<0.45

HD88609 [Mo/Fe]=0.15 [Ru/Fe]=0.37 [Rh/Fe]<0.70
(Honda et al. 2007)
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Hot bubble & Neutrino driven wind

low density
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#E 2 (low density models, mass-cutkY A4El)
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Entropy: socE34/ o
eentropy MARZEWNIONETRHRERHNED
S EIDETIL sk, entropy per baryon

*Supernova shock s/k, ~ 3
*Hypernova shock s/k, ~ 15
Higher E models  s/k, ~ 30 (BY7%ELY
Low density models s/k, ~ 150

oc. f. r-process s/k, ~ 400
*Hot bubble s/k, ~ 20 — 30 and Ye <0.52 (2D simulation)
*Proton-rich outflow (e.g. Qian and Woosley 1996)

s/k, ~ <80 and Ye <0.57 --- v p process (Pruet et al
2006 M092TZE7EMo71=?)



Low density models (total yield)

model-2520 Ye=0.45 p=1/7 AM=6.8E-04

model-2520 Ye=0.45-0.50 AM=1.2E-02
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F=ED

es/k, ~ 15-20 + low Ye ~0.45

(Hypernova Shock or SN hot bubble)
Sr,Y,Zr £§¥TTED

*E., KA—Mo, Ru, RN &L
*Higher entropy (Low Ye, o {€)—Mo, Ru, Rh C&
7
vy pZA+tX: High entropy+High Ye
(Mo TEELV?)

Mo, Ru, RNOERINBHETH S,
(Sr,Y, Zrd#H %<, Mo, Ru, RhM A%
EMPstar(EFET 5D H?)



=22 :weak r-process star®[Sr/Fe] vs[Zn/Fe]

Hypernova Tl&

normal SNTEHSIATETLNVS Sr/FeD A
(Hot bubble?) [E5DLTLVS ?
A N

0.5 1
HAOBIZESE  [Zn/Fe]
Eexp /N — 3y Fexp X
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N. lwamoto et al. 2005, 2007
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Y .=0.58 --- Y, in the Si burning region

Zn/Ni > 1is not bad
Co not produced

Sc under produced
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Vp AERIXEELGDOMN, Z5THLELDHN?
 Proton-rich matter D ITEE
~K,ScHEDOAd-ZTTHEZD A EEIEBD S
— @& M Hot bubble?2 E Mentropy TIEXZn&k Y E
WITRIEHFEY TSR,
— High entropy M35& (& v p(high Ye), Low Ye&
H1Z weak r-Jt3& (Sr,Y,Zr) #EN 5,

— AV, isotope ratio AN E% S FFR D ERIZHARF

[Ty

Mass Ratio Sr88 Sr87 Sr86 Sr84
Solar 1 0.08 0.09 0.006

Low Ye(>0.45) 1 7e-4 2e-5 8e-5






Poplll 2 &[] H 2

(with Ohkubo, Nomoto, {th)

¢ E@*E:EKEEO
e Poplll.1 & Poplll.2
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SRITTFHEHNERRIIalL— a3y
(Yoshida et al. 2006, 2007, 2008)

(A) cosmological halo (B) star—forming cloud
®»

(D) new—born protostar (C) fully molecular part
. -
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Hypernova v.s. SRAI/\O—ERERZ 2
(Umeda & Nomoto 2005;
Tominaga, Umeda, Nomoto 2008

PISN v.s. $RAI/\O—EREBRZ &

(Umeda & Nomoto 02, 270M)
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o ECTSH(M>300M, BRELTITSVIHR—ILA)
o B2{FH(M<140M, ENHZEREHE)




BERXRE=sEERDOUFTIT

Metal-free stars were ---
Cloud(HEHEM, ASKELY)

ERDELVKR T TIEK
EFEAY/ELN
1 BERE
[RIBEDAT7HNKEHAETES

[Omukai & Palla 2003]
Tan & McKee 2004

proto star core

very-massive (over 100 or even 300Mg) ?
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EILET R

OMYPBEELEM MO EEMEBEESETHILEED
(ERFEIHL HEL DEHLEEFE—core collapse or PISN--FET)

OB =[MFFEEHE(I4D

1) dM/dt by cosmological simulation (Pop Ill.1, Yoshida et al. 2006)
2) dM/dt affected by feedback (McKee & Tan 2008)
3) dM/dt affected by Pop Ill.1 stars (Pop Il1l.2, Yoshida et al. 2007)
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