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How stars form and cycle?

Credit: NASA and the Night Sky Network

Beyond cycle:

SN feedback

Metal enrichment



How galaxies form and evolve?

Abraham et al 2000

Seeds

DM halos

Gas clouds collapse

Stars and Galaxies

Merge and Collision



Open questions

• When were first stars/galaxies form?

• Stars first, galaxies later? Or coincide?

• Mass function of host DM halos? DM models? 

• Environment for first galaxies? Gas rich/poor? 
Metal rich/poor? SN? Dust? AGNs?

Only Observations can answer!
Lyman α emitter

Lyman break

GRB

Hα

…



Let’s do some calculation first. 

“Suns” z=20 “Suns” z=0

We need Infrared observations!



Current observations cannot provide 

enough samples!

Oesch et al 2016



EGSY8p7

• Keck/MOSFIRE, July 2015

• z=8.68

• mAB = 25.26, M ~ 1010 M⊙

Zitrin et al 2015

Lyman alpha



EGSY8p7

Mainali et al 2018

The detection of NV emission indicated AGN 

activities or fast radiative shocks.



IR window

If we want to see some “old” first galaxies, we need space telescopes! 

z~10+

redder



GN-z11

• Hubble WFC3/IR, March 2016

• z =11.1

• mAB = 26.0, M ~ 109 M⊙

Lyman alpha break

Oesch et al 2016



GN-z11 might be formed in a growing, gas-
rich and isolated DM halo.

Mutch et al 2016



Debate about GN-z11 flash

Original paper 

suggests a UV flash 

associated with GRB 

Supporters

A solar system object?

a Russian Proton rocket?

SNe?

A Satellite Glint?



Future: JWST

HST/WFC3 Spitzer/MIPS JWST/MIRI (simulated) 

Jason 2018

@Chen & Zhang’s talk



JWST can detect 10~1000 star-
forming galaxies with z>10.

Pawlik et al 2011



We need other detections as IR cannot 
provide complete samples by itself.

• 21cm intensity mapping

• Thomson scattering optical depth/Global 
21cm signal

• Early BHs

• Local ultrafaint dwarf galaxies

• …



Take home messages

• First stars and galaxies are missing from 
current formation history.

• IR astronomy has made numerous efforts to 
study their formations and environments, and 
will make more in the future.

• We needs other detections.


