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①
Early Low-Mass Galaxies



Why Early Low-Mass Galaxies?
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Redshift

from Behroozi+18
(Mhalo＝1012M⦿ case)

・Progenitors of MW？

Question:
How many M★＜107M⦿

galaxies at z＞6？

Few constraints on 
number counts at M★＜107M⦿
due to observational limits

BUT
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・Hubble Treasury Program

©frontierfields.org

©hubblesite.org

©NASA

Hubble Frontier Fields (HFF)

・5σ～29-30 mag

・2013/10 ― 2016/9 (PI: Lotz)

・optical (ACS) ― NIR (WFC3-IR)
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deep HST imaging + strong lensing
→ detect fainter sources



Data
・357 Lyman break galaxies
(LBGs) at z～6-9

Ishigaki+15

✓Originally selected by Kawamata+18 &
Ishigaki+18

・IR images from Shipley+18
✓VLT/HAWK-I, Keck/MOSFIRE
✓Spitzer/IRAC

z～6-7 LBG
(@Y105)

Intrinsic SED

・Correct lensing effects with
models of Kawamata+18
✓GLAFIC (Oguri 10)
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・LBGs too faint to directly estimate M★ (mUV～28)

…@ch1

Stack
Fit SED BEAGLE

Chevallard&Charlot16

Templates Stellar   : BC03
Nebular : CLOUDY
Dust      : Calzetti+94
IGM       : Inoue+14

Parameters z, Age, Uion, M★, Z, τV
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M★ーMUV Relations

This Work
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Galaxy Stellar Mass Functions (GSMFs)
・(M★-MUV relations) X (Ishigaki+18 luminosity functions)

This
Work

～106M⦿ 𝜳 𝑴⋆ = 𝐥𝐧 𝟏𝟎 𝜳∗ 𝑴⋆

𝑴∗

𝜶+𝟏
𝐞𝐱𝐩 −

𝑴⋆

𝑴∗
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Best-fit with
Schechter MF:

consistent



Galaxy Stellar Mass Densities (GSMDs)

This Work

・Integrate best-fit GSMFs

✓χ2 smaller by ~2.8 for slow one

✓SF efficiency higher at z＞8
＋DMH evolution？

Madau+18, +14, McLeod+16, Ellis+13

SFRD ∝ (𝟏 + 𝒛)9𝟑.𝟗

Support slow evolution

Oesch+18, +14, Harikane+18

SFRD ∝ (𝟏 + 𝒛)9𝟏𝟎.𝟗
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②
Early Globular Cluster (GC)

Candidates



Early Globular Clusters (GCs)
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@z＝0・Stellar population？
Formation process？

・Formed at z＞5
=> Need to directly observe

high-z GCs

MW GCs

M92
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Galaxies at z＞6 with
Re＜40pc & M★＜107M⦿

≡ Early GC candidates

©ing.iac.es
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Best-fit values
from Kawamata+18

Observed

fit lens

Sersic

MUV of LBGs ×
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Early GC Candidates
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・Identified as early GCs
for the first time
in Abell S1063 field

(F105W)
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Revisit Bouwens+17 (HFF)
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Assuming 100 Myr long
star formation

18
sources？

18
sources！
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Summary
・357 LBGs w/ HFF

・Stellar Mass Densities:
✓ support slow SFRD evolution
✓ higher SFE at z＞8 ＋ DMH evolution(?)
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・Stellar mass functions: 
✓ consistent w/ previous studies at M★＞107M⦿
✓ extend to M★～106M⦿ (＞1dex fainter than ever)

・20 early GCs on Re-M★ plane at z＞6 & z＝0
✓ need follow-up spectroscopy for identification


