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INTENSITY MAPPING

Powerful technique to measure the large 
scale structure of the universe;

We don’t need to resolve individual 
galaxies;

All emitters contribute to the signal;

Intensity traces the density field;

Wavelength/frequency bins are equivalent 
to redshift bins. Credit: M. Silva
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INTENSITY MAPPING

Most studies are for HI emission (as you know by 
now);

EoR: Lyα (Silva et al. 2013), CII (Gong et al. 2012), CO 
(Gong et al. 2011) or others (Visbal & Loeb 2010);

Low  z: Lyα - Pullen et al. (2014),  CII - Uzgil et al. 
2014, CO(1-0) - Breysse et al. 2014. All used different 
means of estimating the average signal;

Aim: have a systematic study of all the lines (besides 
HI) that can in principle be used for intensity mapping 
in the late universe with a reasonable experimental 
setup and compare to access which are the optimal 
lines to target for intensity mapping. Credit: M. Silva
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ESTIMATING LINE INTENSITY
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How to relate L with M? 

Caveat: one has to assume a sharp emission line profile.

M 2 [108, 1015]



ESTIMATING LINE INTENSITY

How to relate L with M? We use the star formation rate (SFR).

L = K(z)⇥
✓
SFR(M, z)

M�/yr

◆�

We use 2 models of SFR to account 
for uncertainties for z>2:
• Behroozi et al. (2013) - fit to a 

recollection of several 
observational constraints - Be12;

• Fit to galaxy catalogs obtained by 
De Lucia & Blaizot (2007) and Guo 
et al. (2011) who post processed 
the Millennium I and II simulations -
SMill; 



LYMAN ALPHA EMISSION

UV line, 121.6 nm and linear in the SFR.

KLy↵(z) = (fUV
dust � fUV

esc )⇥ fLy↵
esc (z)⇥RLy↵

photons that are not 
absorbed by dust: ~1 
mag extinction +/- 0.2

UV photons that 
escape the galaxy: 
~ 0.2 (Yajima et al. 
2014)

fUV
dust = 10�EUV/2.5

Lyα photons that 
escape the galaxy:
0.1-0.4

Kennicutt 1998: Optically 
thick interstellar medium, 
Case B recombination, and 
a Salpeter (1955) universal 
initial mass function

RLy↵
rec = 1.1⇥ 1042 erg/s



H↵[656.3nm]

UV AND OPTICAL LINES

OII[372.7nm]

Ly↵[121.6nm]

EH↵ = 1mag

RH↵ = 1.3⇥ 1041erg/s

EOII = 0.62mag

M 2 [1011, 1015]

ROII = 7.1⇥ 1040 erg/s



INFRA-RED LINES
CII[158µm] CO(1� 0)[2.6mm]

Luminosity function from Bethermin et al. 2011

LCII = 5.06⇥ 1040
✓

SFR

M� yr�1

◆1.02

erg/s

M 2 [1010, 1015]

De Looze et al. 2011 

log10(L
0
CO)[K km/s pc2]) = ↵ log10(LFIR[L�]) + �

↵CO(1�0) = 0.81± 0.03 , �CO(1�0) = 0.54± 0.02

LCO = 1.88⇥ 1029
⇣ ⌫CO,rest

115.27GHz

⌘3 L0
CO

Kkm/s pc2
erg/s

Sargent et al. 2014 



COMPARISON BETWEEN LINES
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COMPARISON BETWEEN LINES

10 Fonseca et al.

Figure 11. COs: Estimates of the product b⇥⌫I⌫ CO rotational
transitions.

Table 2. Observational wavelength range and corresponding red-
shift range (up to z = 5) for which lines dominate the signal based
on our estimates using Be12 model for the SFR. These values only
give an indication where we should be using these lines although a
wide range can still be used using masking and cleaning methods.

Emission Wavelength Redshift Spectral
line range range class

Ly↵ 122-679 nm 0.0-4.58 UV/Optical
OII 679-1131 nm 0.82-2.03 Optical/NIF
H↵ 1.25-3.94 µm 0.9-5 NIF
CII 249-948 µm 0.57-5 FIR

CO(3-2) 1.24-4.06 mm 0.43-3.69 Radio(Millimetre)
CO(2-1) 4.06-7.8 mm 2.12-5 Radio(Millimetre)
CO(1-0) 8.48-15.6 mm 2.60-5 Radio(Millimetre)

redshifts. Furthermore, CI, Si and Ne lines have not been
included which would further contaminate the signal (Uzgil
et al. 2014). In figure 11 we compare the bias times the in-
tensity of several rotational transitions of CO. We also plot
the high redshift emission of CII as comparison. We do not
show the CMB emission since it will be just a background at
a fixed temperature. One can see that the lowest three lines
could be used for IM at intermediate to high redshifts. In the
case of CO(1-0) contamination will come mainly from CO(2-
1) at redshifts bellow ⇠ 6.2. Both CO(2-1) and CO(3-2) will
be contaminated by higher J rotation lines at lower redshift
and therefore cannot be used for IM in these regimes. Also
one can see that CO(3-2) will be subdominant with respect
to CO(2-1) at z & 3.5.

In table 2 we summarize the potential intensity mapping
lines and the wavelength range where their intensity is dom-
inant up to redshift 5. We also state which redshifts could
be probed by these lines. These fall in a wide range of the
electromagnetic spectra, some of which lie outside the ob-
servable atmospheric windows requiring space experiments.
In summary, one can say that the best candidates to be
used for cosmological IM surveys at lower-to-intermediate
redshifts are Ly↵, OII, H↵, CII and the lower CO transi-
tions.

5 SURVEYS

An Intensity Mapping experiment requires that one can
separate the incoming light from a field into wavelength
(and therefore redshift) bins. For ground-base telescopes
one can either use low resolution spectroscopy with nar-
row band filters, Fabry-Perot filters or Integral Field Units
(IFUs) for high resolution spectroscopy. IR lines, specially
in the NIR can only be observed from space. The FIR
and sub/millimeter o↵er more possibilities since dish exper-
iments and optical-like settings at high altitudes can o↵er
ground based surveys. We will discuss the possibility of mea-
suring the power spectrum with these lines for current and
proposed experiments as well as feasible setups.

5.1 Error estimation

In this paper we will only focus on the detectability of the
power spectra of di↵erent emission lines taking into account
instrumental and shot-noise. In this section we will neglect
the uncertainties due to the parameters used to estimate
the intensity neither due to contamination from other lines,
foregrounds and backgrounds.

For an experiment with sensitivity �N , the noise power
spectrum is given by

PN = �2
N ⇥ Vpixel , (37)

where Vpixel is the comoving volume correspondent to the
redshift and angular resolution of the considered experi-
ment. The simplest estimate of the error in measuring P (k)
is

�P ' PTp
Nk

, (38)

where PT = PS +PN +Pshot is the total power in a scale k,
whileNk is the number of accessible modes at a scale k. For a
3D survey Nk(kj) = k2

j�kVsample/2⇡
2, where Vsample is the

comoving volume of the survey and �k is the chosen k-bins.
This approach is only valid within a regime k 2 [kmin, kmax]
where kmin ⇠ 2⇡/L is given by the smallest side of the
sample volume and kmax ⇠ 2⇡/�L by the biggest side of
the resolution pixel. Outside this range the k-space is ap-
proximately 2D, i.e, Nk(kj < kmin) = kj�kSsample/2⇡.
For a single scale (bin j) the signal-to-noise is given by
SNR(k) = PS(kj)/�P (kj). Adding up all the signal-to-
noise, for a given experiment one has

SNR2 =
X

j

✓
PS(kj)
�P (kj)

◆2

. (39)

In the case we consider the angular power spectrum, the
error on determining the C` for a multipole ` can be ap-
proximated by

�C` '

s
2

(�`/�`) fsky (2`+ 1)

⇣
CS

` + CN
` + Cshot

`

⌘
, (40)

where fsky is the fraction of sky surveyed. This corrects for
the fact that for a single multipole not all m = 2` + 1 are
accessible. The factor �` account for the fact that in a real
measurement we have ` binning with a �` resolution. The
instrumental noise only depends on the sensitivity of the
experiment and the angular resolution, i.e.,

CN
` = �2

N�⌦ . (41)
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LYMAN ALPHA IM WITH HETDEX

z=2.5, 300 deg^2

HETDEX - www.hetdex.org

http://www.hetdex.org


H-ALPHA IM WITH SPHEREX

z=1.9, 7000 deg^2

SPHEREx (Doré et al. 2014) - http://spherex.caltech.edu

http://spherex.caltech.edu


OII IM WITH SPHEREX

z=1.2, 7000 deg^2

SPHEREx (Doré et al. 2014) - http://spherex.caltech.edu

http://spherex.caltech.edu


CII WITH ALMA IN SINGLE DISH

Similar for CO…

4 antennas
500 deg^2



CII WITH CCAT

CCAT - https://www.ccatobservatory.org

1500 deg^2

https://www.ccatobservatory.org


CO(3-2) WITH CCAT

CCAT - https://www.ccatobservatory.org

1500 deg^2

https://www.ccatobservatory.org


DISCUSSION 

The models depend on the astrophysics but Line IM can also be used to constrain 
gastrophysics and properties of galaxies;

foregrounds/backgrounds contaminants and systematics can be dealt using cross-
correlation (akin to Multi-tracer techniques);

IM of lines other than HI 21cm is possible but new experimental designs are needed.

?


