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21-cm cosmology: a tale of three temperatures 21-cm cosmology: a tale of three temperatures 

 

      : the CMB temperature - scales as (1+z); 

      : the gas temperature; 

      : the spin temperature that sets the population in the hyperfine level → 
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the redshifted 21-cm is observable when  

observable:



IGM thermal history and evolution of the 21-cm signalIGM thermal history and evolution of the 21-cm signal
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First luminous sources turn on 21-cm emission through the First luminous sources turn on 21-cm emission through the 
Wouthuysen-Field effect: resonant scattering of LyWouthuysen-Field effect: resonant scattering of Lyαα  

photonsphotons  

due to the high IGM opacity, 
the Wouthuysen-Field effect couples T

s
 to T

k 
(i.e. T

s
 → T

k
)

As the gas has cooled adiabatically below the CMB, the 21-cm is expected in 
absorption against the CMB

Wouthuysen (1957), Field (1958), Furlanetto, Oh & Briggs (2010)



Pritchard & Loeb (2010) 

Evolution of the 21-cm signal Evolution of the 21-cm signal 

 First galaxies form (20 < z < 35): UV radiation from the first stars and galaxies “turn 
the 21-cm signal on”:
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Evolution of the 21-cm signal Evolution of the 21-cm signal 

 First galaxies form (20 < z < 35): UV radiation from the first stars and galaxies “turn 
the 21-cm signal on”:

 Heating begins (15 < z < 20): photons begins to heat the IGM (mostly X-ray photons 
produced in early X-ray binaries a/o SNR remnants); 
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Evolution of the 21-cm signal Evolution of the 21-cm signal 

 First galaxies form (20 < z < 35): UV radiation from the first stars and galaxies “turn 
the 21-cm signal on”:

 Heating begins (15 < z < 20): photons begins to heat the IGM (mostly X-ray photons 
produced in early X-ray binaries a/o SNR remnants); 

 Reionization begins (12 < z < 18): persistent star formation in early galaxies → UV 
photons begin to escape host galaxies and ionize the surrounding IGM; 



IGM thermal history and evolution of the 21-cm signalIGM thermal history and evolution of the 21-cm signal

Furlanetto (2006)



Mirocha et al.  (2015)

Exploring the parameter space Exploring the parameter space 



All you need is... one dipole: LEDAAll you need is... one dipole: LEDA
(Large-Aperture Experiment to detect the Dark Ages, PI: L. Greenhill)(Large-Aperture Experiment to detect the Dark Ages, PI: L. Greenhill)

20-90 MHz isolated V-inverted 
dipoles with custom designed 
front ends for radiometry → 
detection of the global 21-cm 
signal in the 15 < z < 30 range 
(pre-reionization);
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Bayesian separation of foregrounds from a 
Gaussian-like 21-cm absorption signal:

 

 

GB et al. (2016)

Upper limits on the global 21-cm in the 16 < z < 35 rangeUpper limits on the global 21-cm in the 16 < z < 35 range

-905 < A
HI

 < 0 mK @ 95% confidence level

σ
HI

 > 5.2 MHz @ 95% confidence level



Bayesian separation of foregrounds from a 
Gaussian-like 21-cm absorption signal:

 

 

GB et al. (2016)

Upper limits on the global 21-cm in the 16 < z < 35 rangeUpper limits on the global 21-cm in the 16 < z < 35 range
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Today, March 1st 2018Today, March 1st 2018

Shocking...



courtesy J. Bowman

EDGESEDGES



 

Global 21-cm signal detected from the Cosmic Dawn (pre-Global 21-cm signal detected from the Cosmic Dawn (pre-
reionization)reionization)

• 530 mK amplitude;
• 78.1 MHz centred (z ~ 17.2);
• 18.7 MHz width 

Δz ~ 4, 80 Myr);

Bowman et al. (2018)
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“Reference model” (a factor of 
~ 5 fainter)

Most extreme model allowed 
by “standard, known” physics 
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Why is it shocking?Why is it shocking?

GB et al. (2016)

“Reference model” (a factor of 
~ 5 fainter)

Most extreme model allowed 
by “standard, known” physics 

????

Bowman et al. (2018)



 

Let's recap... if it is true:Let's recap... if it is true:

• First start appeared at z ~ 20 when the Universe was ~ 170 Myr old, 

but...

• how can the gas have cooled faster than adiabatically and the signal be a factor of ~2 
brighter than the most extreme model?

• one needs a background brighter than the CMB (e.g., Feng & Holder, 2018)... very 
unlikely;

• or



 

Today, March 1st 2018 (continued)Today, March 1st 2018 (continued)



 

Today, March 1st 2018 (continued)Today, March 1st 2018 (continued)

• The signal at z ~ 20 can be explained with the first stars; 

• extra cooling can be provided by from baryon-dark matter scattering as dark matter 
decoupled earlier (i.e. it is colder):

• the signal would constrain a light (< 4.3 GeV) and relatively cold (rms velocity < 16 
km/s); 

• the signal at 14 < z < 16 would be consistent with IGM heating (probably from X-
rays?);

• rms signal fluctuations may now be 7 times stronger than anticipated...



Pritchard & Loeb (2010) 

… … another JAC to cover reionization and all the another JAC to cover reionization and all the 
interferometers?interferometers?



Current status...Current status...

PAPER



… … and future instrumentsand future instruments

HERA
331 14m dishes in SA 

70-200 MHz (pure 21-cm experiment)
Under construction now! 

(50+ dishes on the ground)

SKA(low)
150000 dipoles
50-350 MHz

Imaging reionization and cosmic dawn?
2020+



Conclusions and future outlooksConclusions and future outlooks

 IRA has hired the wrong person – apologies, Tiziana;

 Today will go down in our history books: are we witnessing the detection 
of the 21-cm signal? Is it telling us something unexpected about 
fundamental physics? 

 We have a ~1000 hours of LEDA to “finish” to analyze in order to confirm 
(or not) the EDGES results... 

 If this is a detection (and not another BICEP2 event): 
• it remains shocking;
• it boosts confidence in detecting reionization too; 
• it paves the way for future instrumentation: HERA and, later on the 

SKA;
• 21-cm may lead to understand the formation and evolution of the first 

structures and much more...

 Let the party begin!
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Than
k you



Backup slidesBackup slides



Monsalve et al. (2017)

Reionization constraints from EDGESReionization constraints from EDGES



Barkana (2018)

Dark Matter constraintsDark Matter constraints
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