
Arxiv: 2104.08168

Background:
Numerical simulations: Star formation may start from 150 - 250 Myr

after Big bang (z  ~ 15 – 20)

4.5𝜇m detection of Balmer Jump:

z ~ 9 (the universe age: ~ 550 Myr) & The presence of main sequence 

stars older than 250 Myr

→ galaxy formation originating before a redshift z ~ 14 

(Cosmic Dawn: z > 10)

First detection: MACS1149-JD1 at z = 9.11 (Formation: z = 15.4 ± 2.3)

This paper:
Six promising z ~ 9 candidates (including MACS1149-JD1)

1) 2σ non-detection bluewards & 5σ detection redwards of Lyman break

2) [3.6] — [4.5] > 0.5           3) Photo-z permitting z > 9 at 1σ

SED fitting + Spectroscopic follow-up (ALMA: [OIII] 88μm,   MOSFIRE: Lyman-α):

MACS041-JD
𝒛𝒔𝒑𝒆𝒄 = 9.28

5σ

significant contribution to the IRAC 

excess from rest-frame optical 

emission lines

Updated SED fitting result

bimodal

The 𝑧~9 Lyman-𝛼 fraction：
2 (3) of all 6 samples shows Lyman-𝛼 emission 

(large fraction, be opposed to reionization theory)

Transmission through both the galaxy and the IGM

supposed

Selection bias of most-

luminous object.

Create and located in 

large ionized bubbles

Star formation history at z > 10 (include future prospect):

JWST observation (rest 1500Å): Redshift evolution of UV 

luminosity density: 

smooth

rapid

Averaged


