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Low-mass Pop IlI stars Greif (2018

& Population III stars:

<0.8M_ 72 HEFE THEXFES

= Pop III survivors

¢ Simulation CEEF X Areview)

¢ Cluster :
o Clark+ (2008, 2011)
o Greif+ (2011)
& Susa+ (2012)
o Dopcke+ (2013)
LOTIO

¢ Binary (multiple system):
& Machida+ (2008)
o Turk+ (2009)
& Stacy+ (2010)
LOTNOR
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Pop III survivors

o SUTARICUIUIE, BRI IS I
LAFRmEYZ = TH CAEEZ Atalk)
(Polluted Pop III survivors)

o 7= 0= [Fe/H] = -5 or -6 (e.g. Komiya+ 2009,
Shigeyama+2003)

& Hyper Metal-Poor star &L CELHISILA

& HMP star 73 polluted Pop I11I survivor 7>E D EIRFE 23 DOUD
T2 (Umeda & Nomoto 2003, Meynet 2006)

SR DIMIIE O T B o 72D TRy o
* Pop III stars DA FI72 mini-halo B &% “10°M
(Tegmark 1997, Yoshida+ 2003)

— Escaped Pop III survivors
o JBE D stellaer halo JV1=m 71T
o RMEBFHILEMRVY —» Z=0 DFF
e Pop Il 24 A7Zmini halo & &IZHHll RS D < 4




Escaped Pop III survivors

o i A
& Cluster

MW TOEIZAREAIER

¢ Binary
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& Escaped Pop III survivors

& Pop I1I survivor D9 HFHEN
o B TIIAnIH ?

o TAEIZEZIT?

o BLHI T HE 7

H- 21X ENL<B0N?
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Escaped Pop III survivors

¢ M= (SN binary)
¢ Lognormal IMF (M_, = 10, 40, 200M_ , Komiya et al.2007)
o R/ NTA—FD5AIL, Pop | EFICERE

& n(q) = 1

o Period distribution:
Duquennoy & Mayer (1991)

2=20 M, ;=10
o Circular orbit 255§°MM39588 —

SE 2=30 Mppg=200 ——

¢ Remnant mass: RN 2230 M40 ——

Woosley & Weaver (1995) P 2=10 Mng=10

¢ Host mini-halos 7% 10°M_
725, low-mass Pop 111
stars D 5-25% 75>HEEHj

6 6.5 7
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Mini-halo mass — -
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(Y=l DA (s Y o a2
& Merger tree (extended Press-Schechter theory)
o EIBHRHE . b
o fHADEZEIESTU,
o BEE. EHEHIEIISAMABEBIIENWELE TE 2D
& Pop III star, EMP star

o Mg B2
o PHLZRIZOWTIL., BLEA B

Big Bang




Model assumptions:
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Merger tree
& Somerville & Kollat (1999)
¢ M_. =M(T, =10°K)

vir

Star formation
¢ Star Formation Rate: M, x10-9/yr
¢ Lognormal IMF:
e M_,=3-200 Mg,
¢ Binary fraction: 50%, Mass ratio distribution: n(q) =1 or &< q !
¢ Period distribution: Duguennoy & Mayer (1991) or Rastegaev(2010)

Radiation feedback

¢ Lyman-Werner radiation: stars are not formed in newly formed mini-halos with

T, < 10*K at z<z;, =20 (or 15, 30)
¢ Reionization: No gas infall at T,; <10*K and z<10
Metal enrichment
¢ Yield :Kobayashi et al.(2006, Type II SN), Umeda & Nomoto (2002, PISN)
¢ Instantaneous mixing inside each mini-halo.
Gas outflow

& SN driven

¢ IGM pre-enrichment: Momentum conservation snowplow of galactic winds



Escaped Pop III star, EMP star

M, _,= IOM4

n(q)ecl

Pop III star - JE #1534 Duquennoy
“[ N & Mayer (1991),
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~2001& D Pop 11 star, ~ 50001&E D metal poor star
23, mini-haloZ>GAE OV
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Parameter dependence
- BHEHDM n

« IMF M_,
. I\
100000 Bmgl §LW:%8 - LR JE 54T £(P)
B’Z‘fﬂo . Ifyman—Werner feedback zy,
OB e U

%----Ras1Q n(q)

Escaped Pop.III stars 100 - 10,000 1]

Optimistic model
n(@)cq !, (g=m2/m1),
M_,=10M,

f(P) Rastegaev(2010),
LW feedback at z<15

C ti del

Minimum halo mass n?;;g \173 B

M(T,;, = 10*K) period distribution of Duquennoy
& Mayer (1991),
LW feedback at z<20
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Model assumptions:

Mini-halo D77, R E

Main halo
Mass: M__. (t)

e  Merger tree DEFDhalold, FLAEDERE H.LOSGHTIZHY
ffL>mini-halo 273G TAHEIRE
e extended Press-Schechter:
»  HalofZ %k : %8 B 8B pE I D ER % FR72 collapse
o “Merger” = MhaloZ & TeHEI Dcollapse
e “Distance” = EKRDF£%
r=r(t M

merge’ main(tmerge))
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Escaped Pop III star

2
Mini-haloZ2>HFREONH L 722 k. S %ﬁr*,t) + 2 4 l_3
OB % FHE T 3 &
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HH}“EI’J f,c ﬂ%ﬂrﬁﬂlj)mb 5

Fo? dark-matter halo DEE LA T
-y oy

L5AR DTG IME R0E B D/ 3F
A=A IZIT L6720,

Major merger 23D 72VE R D
FRIATTIE, ORI W E DD,

: all the escaped stars
: escaped Pop.III stars

Green: “MW type” merger trees
(M (z=2) > 0.75xM, (z=0) )
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Fikom

FHNEMERE

Apparent magnitude distribution
: optimistic estimation

Green: conservative estimation

Dotted lines: dwarf, SG, RGB, HB, and AGB

components

2% EoEReK T

TR

SEGUE
g <19, 1438 + 1317 deg?
240000 + 118151 stars
R 72000

LAMOST:

4000 fibers

R=500-1500

20.5 mag for 1.5 hr
Subaru PFS

2400 fibers

R=3000

V<2Imag (7200 sec)

|
TMT or E-ELT
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Summary

& Pop III star DAEZFRY

& Polluted Pop III survivors

= FMHEIEYLE 52 ITHMP stars & U CEIHISLA

¢ Mini-halo 7267 N L 72 &
Escaped Pop III survivors
o 7=0Th5
AT R IERRFICIR N T —RAEZE 258,
o SR RICECE (#£247 (EMP starl I3 +-15)
o~ 100kpcAREEIZ o34
& % Subaru PFS + TMT?
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