
Announcements:

Monday (4/20): Discuss paper #10 – Pop III stars
Wednesday (4/22): Review for Exam 2
Monday (4/27): Exam #2
Wednesday (4/29): Teaching Exercise – Hort and Stamer
Monday (5/4): Teaching Exercise – Li and Burch
Wednesday (5/6): Teaching Exercise - Pavel
 
 

 
 



The Lyman a Forest

Quasars form a convenient background source for studies of intervening 
systems.  Discovered by Roger Lynds in 1970





Ly a emission from the HETDEX survey    Cooper et al. (2026)

z=2.57



Ly a galaxies from the HETDEX survey    Cooper et al. (2026)
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Journal Class
• The search for Population III: 

Confirmation of a HeII emitter with 
no metal lines at z=10.6 

• Maiolino, R. et al. 2026
Discussion leader: Sara Stamer
Note: To encourage discussion 
everybody must pose at least one 
question during the group discussion



Slides from Google Notbook LLM based on papers by Cooray et al. 2015,  Dowell & Taylor 2018, and 
Singal et al.  2018



ROSAT 

Snowden et al. 1995



ROSAT 



1 micron = 1000 nm = 10,000 Angstroms



1 micron = 1000 nm = 10,000 Angstroms









Cosmic Dawn

29

The predicted brightness 
temperature of the 21cm 
line from the HI gas is 
displayed as a function of 
time, redshift & frequency.

Figure 1 from Pritchard & 
Loeb, 2010 Nature 469 772

The Dark Ages through Cosmic Dawn encompasses the formation of the 
1st galaxies & black holes. The LWA offers a unique window into this era.

CMB Photons Lyman-ɑ Photons Collisions



LEDA

EDGES

Production of 
ionizing photons 
determines the 
difference between 
dash-dot and solid 
curves

Case where IGM  
not reheated prior 
to reionization.  It 
takes just 10-3 eV 
per baryon to 
significantly change 
this curve.

Lyman-α 
photon
production 
(likely from 
stars) 
determines 
magnitude of
decoupling 
from the 
dashed curve

Cosmic Dawn

LWA1 project [LG001] 



EDGES Detection of HI at z=17

Bowman et al. 2018









Look at number counts for radio sources



Problem – If you want to influence Cosmic Dawn signal at z ~ 20, then the RSB has to be 
produced at very early times – not easy!






