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21cm intensity mapping
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21cm emission

Idea: map the distribution of dark matter by 
mapping the distribution of neutral hydrogen

The transition from the higher to the lower state emits  
a photon at 21cm, i.e. at 1420 MHz.

This line can be detected by radio surveys: CHIME, 
BINGO, HIRAX, SKA.  
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21cm emission

We can use this line to do a 3-dimensional mapping of the 
distribution of neutral hydrogen in the Universe.

Intensity proportional to the amount of hydrogen

The line is redshifted: the redshift gives us the distance
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After reionisation

The neutral hydrogen is situated in dense pockets inside 
the galaxies: damped Lyman-alpha absorbers (DLA).

The amount of hydrogen is proportional to the number 
of galaxies, which is proportional to the dark matter 
density       biased tracer of the dark matter.

SKA phase 2 (2030) will detect 0.9 billions of galaxies 
using the 21cm line.
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Intensity mapping

Instead of detecting galaxies individually, we look at the 
collective signal emitted by a large number of sources.

Fluctuations in the flux from pixel to pixel are a tracer of 
the dark matter distribution (much faster).

Simulation from Peterson et al. (2011)
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Intensity mapping

We can cover quickly large parts of the sky and go to high redshift.

C
re

d
it
: S

an
to

s 
et

 a
l. 

(2
0
1
4
)



/13CUSO 2016       The large-scale structure of the universe       Camille Bonvin      p.   7

First detection
Auto-correlation not measured yet: difficult to remove 
foreground (synchrotron emission 3 orders of magnitude 
larger, but smooth in frequency).
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Cross-correlation with galaxy survey: Green Bank Telescope 
with the  WiggleZ Dark Energy Survey.
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Signal
We measure an flux, which is expressed in term of the 
brightness temperature

Tb =
c2Iν

2kBν
2 Rayleigh-Jeans law

Tb =
2h2

p

32πkB

A10

E2
21

Nobs

HI

d2A

spontaneous emission 
coefficient

number of hydrogen atoms per pixel

angular diameter distance
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Signal

Fluctuations in the temperature depend on

Nobs
HI = N̄obs

HI (1 +∆HI)

fluctuations in number of hydrogen  atoms

fluctuations in distance: calculated from magnification matrix

b → b21same as number count with 

s21 = 0 no magnification bias

∆Tb =
Tb − T̄b

T̄b
= ∆HI − 2

δdA

d̄A
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Signal

No lensing: surface brightness is conserved

Formally: take number count and replace s → 2/5
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Redshift-space distortions

Credit: Raccanelli et al. (2015)
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Relativistic effects: dipole 
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Conclusion

Large-scale structure is a very rich and active field of research.

Many new surveys planed for the future: 

Number counts: DESI, EBOSS, Euclid, WFIRST

Lensing: DES, Euclid, WFIRST

21cm: CHIME, HIRAX, BINGO, SKA

Theoretically, we have already powerful techniques: BAO, 
redshift-space distor tions, cosmic shear and cosmic 
magnification.

There is still a lot to do to detect subdominant effects.


