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The 21-cm global signal in ETHOS
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A standard ruler during cosmic dawn

50 0 –50 –100 –150
T21 [mK]

21cmvFAST JBM PRD 2019 + PRL 2019 cosmic time



21cmvFAST JBM 2019

100 Mpc

�Density, 

A cross section of T21

�T21 [mK]

-20

0

20

40

100 Mpc

Signal, T21

z = 15

100 Mpc



z = 15

�Density, �T21 [mK]

-20

0

20

40

Signal, T21

21cmvFAST JBM 2019

A cross section of T21

100 Mpc 100 Mpc

Not quite like the CMB!



Credit: Zosia Rostomian, SDSS-III, BOSS

Baryon Acoustic Oscillations

rs

http://www.sdss3.org/
http://www.sdss3.org/surveys/boss.php


Credit: Daniel Eisenstein z = 105 ! 103

BaryonsDM Photons Neutrinos

⇢(
r)
r2

Baryon Acoustic Oscillations



Credit: Daniel Eisenstein z = 105 ! 103

BaryonsDM Photons Neutrinos

⇢(
r)
r2

Baryon Acoustic Oscillations



It’s just waves!

Credit: NASA/WMAP 



It’s just waves!

Credit: NASA/WMAP 



Credit: Daniel Eisenstein

BaryonsDM Photons Neutrinos

⇢(
r)
r2

Baryon Acoustic Oscillations

rs ⇡ 150Mpc



rs ⇡ 150Mpc

z ⇡ 103

A preferred distance scale

Density



rs ⇡ 150Mpc

~vb� = ~vb � ~v�

z ⇡ 103

Velocity Tseliakhovich 

& Hirata 2010



Oleary & McQuinn 2010

Average relative 
velocity

No relative 
velocity

High relative 
velocity

Important for the first galaxies

Tseliakhovich 

& Hirata 2010



Image: Zosia Rostomian, SDSS-III, BOSS

A new standard ruler
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HST UV Luminosity Functions

Sabti, JBM, Blas arXiv: 2009.01245
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Primordial non-Gaussianity
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Constraints on PNG at different scales

Sabti, JBM, Blas arXiv: 2009.01245
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