iy

Xuelel Che , ,

ical Obs
liing, Chinc

dal Parc Sun



Emission of
Cosmic Background :
Radiation Dark =
Ages First
Stars

e

First
Supernovae
and
Black Holes

Protbgalaxy
Mergers

Modern Galaxies




The first stars

e collisionless dark matter collapse to0
halos

o if gravity exceeds gas pressure gas
can fall into halos (Jeans mass)

e gas in the halo can cool

e molecule H cooling ~1023 K

e atomic cooling ~ 104K

Simulations (Abel 2000, Bromm 2000) indicate first star may form in
halos of 10°¢solar mass, one or a few per halo, with masses of a few
hundredsolar.
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Observation ature

IR (JWST?)
GRB (SWIFT?)
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The temperature of gas

Heating of the neutral IGM:

*Shock

e UV ionizing radiation (confined to
S tromgren sphere)

e Lyman alpha? No

(Chen & Miralda-Escude 2004, Hirata 2006, chuzhoy
& S hapiro 2006, Rybicki 2006, Meiksen 2006,
Pritchard & Furlanetto 2006)

e X-ray
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The absorption signatures

- 2>200, CMB and gas has about the same temperature, no
21lcm signa

» 200>z>40, gas temperature < CMB temperature,
absorption modulated by density (but if DM decays, can
also have Lyman a pha coupling)

* z<40, before the presence of Lyman alpha background:
absorption, density modulation in mini-halos

* Lyman alpha modulation, temperature modulation, density
modulation, ionization modulation...
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Cross Section Map

e Ly alpha background reduce
contrastof Ly alpha sphere

*If gas heated above CMB, no
absorption signal

e absorption signal much
stronger than emission
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Strong gravitationallensing

e Lensing strong near caustics

o cluster strongly lensed region ~
10 arcsec size

e significantly increases the size of
the image
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P.Zhang & XC, astro
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Estimates

Total number of LY A spheres (whole sky) 1013
optical depth 10¢, a total of 10>7 strongly lensed

The original LYA sphere requires A ~ 1000 km?, with lensing,
reduce to A ~ 100 km? still larger than S KA, but there are

proposals on constructing such telescopes cheaply (U. Pen & J.
Peterson)



Summary

 The 21cm signal is determined by spin temperature, for low spin
temperature strong “absorptional”signal can be achieved

 spin temperature is modulated by Lyman alpha photons. Around strong
sources, there could be ‘Lyman alpha spheres”visible in 21cm

e X-ray from firststars maybe importantin heating and in creating
‘injected Lyman alpha photons”, enhancing the signal. This may be used
to distinguish different models of first objects.

* For detecting true individual first stars, need very large effective area
(1000 km?), this factor could be reduced by a factor of 10.






