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Review: High z Detection Methods 

• Gunn – Peterson trough/ Drop-out 
Technique (z § 6.5)

• CMB polarization (small xH @ z ¥
14)

• Lyα forest (O(1) change in xH @ z 
§ 10)

• HI 21 cm emission: free from 
saturation

BREAKING NEWS: z ~ 9.6 ± 0.2 
candidate detected via 
gravitational lensing [Wei Zhang, 
Marc Postman, et al. (2012)]
http://arxiv.org/abs/1204.2305



Courtesy of the DARE Science Team



What’s 21 cm Tomography?

Courtesy of Heini’s Cheese Chalet 



21 cm Emission Signal

• What caused it? 

z=8 via DexM
[Mesinger et al. 2010]



Detection Estimation

• z = 9

• H0 = 70 km s
-1 Mpc-1

• Wm = 0.3, Wvac = 0.7

• bubble sz ~ 1 Mpc

• Ned Wright’s 
calculator: 

– D
A
~ 920.6 Mpc



[Furlanetto; Oh; and Briggs (2006)]
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21 cm Reionization Detection

• What are we detecting observationally?

–Brightness temperature fluctuation



Power Spectrum and Detector

[Furlanetto et al. 2004, 613]

•How the multipoles “l” relate to physical scale?



Challenges



Press-Schechter Mass Function

[Press & Schechter (1974)]

Dark Matter Halo Mass Function:

http://www.astro.virginia.edu/class/whittle/as
tr553/Topic04/t4_LF_origin_B.html



Partially Ionized IGM

• Review: Possible 
ionizing sources?

Fig 1 - [Furlanetto et al. 2004, 613]
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Double Reionization
• 1st generation ionize 
first

• 2nd generation HII will 
grow faster, why? 

• What they ignore in 
this model?

• How to interpret the 
difference on the 
power spectrum?

Fig 2 - [Furlanetto et al. 2004, 613]
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Inside-Out vs Outside-In

Inside-Out

• Ionized in the dense 
filaments first

• Washes out large scale 
power

Outside-In

•Ionized in the void into the 
filaments

•Amplifies large scale power



How 21 cm signal help?

Fig 3 - [Furlanetto et al. 2004, 613]
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• 21 cm Brightness Temperature Fluctuation 
Evolution [by Andrei Mesinger] 



Upshot!

• Detect the Temperature Fluctuation

• Fourier transform it to power spectra

• Use the Power Spectra to constrain 
ionization fluxes, bubble size and redshifts

• Eventually, perhaps, to map the early 
universe


