
Intensity Mapping of Hα, Hβ, [OII] 
and [OIII] lines at z<5

Yan Gong 巩岩 (NAOC)
Durban,  11/23/2016

arXiv:1610.09060;
Collaborators: Asantha Cooray, Marta B. Silva, Michael Zemcov, Chang Feng, 

Mario G. Santos, Olivier Dore, Xuelei Chen



Credit: SDSS



Galaxy Survey
zResolve individual galaxies
zBright galaxies
z Low redshift
z Time-consuming

credit: Andrew Pontzen/Fabio Governato



Intensity Mapping
zMeasure cumulative emission
z Faint galaxies
zHigh redshift
z Time-saving



Hα, Hβ, [OII] and [OIII] emission lines as IM tracers

http://www.open.edu/openlearn/ocw/mod/oucontent/view.php?printable=1&id=2462
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Line luminosity function

z Observed LFs

zSFR simulations (Guo et al 2013)

zSFRD function from Obs.
(Hopkins & Beacom 2006; Madau & Dickinson 2014)

(Schechter function)

Dust extinction included!



Line mean intensity and power spectrum

• Line mean intensity

• Line intensity power spectrum:

(For LFs)

(For SFR)

(Clustering power)

(Shot-noise power)

(line bias)



Line mean 

intensity at 

0<z<5

Ha>[OIII]>[OII]>Hb



Line intensity 

power spectra 

at 1<z<5

Ha>[OIII]>[OII]>Hb
at the same z



Detectability



SPHEREx experiment

A small NASA space explore mission

Credit: http://spherex.caltech.edu/



SPHEREx instrument parameters

http://spherex.caltech.edu/



• Foreground line contamination:

• Detected Signal to Noise Ratio (SNR):

(Total power spectrum)

(Foreground line power spectrum)

(Variance of the power spectrum)

(noise power spectrum)



Detectability of 

line intensity 

power spectra 

at z~1



Number of 

sources per 

voxel at z~1



SNRs, flux cuts, and % of removed pixels for SPHEREx

• Ha is the best tracer (no strong interloper lines, SNR>7 at z<4)

• [OIII] is better than [OII] (SNR_[OIII]>11 and SNR_[OII]>8 at z<3)

• Hb is challenging to measure (strong contamination, SNR<3 for all z)

I



Cross correlation with 21-cm line



CHIME and Tianlai 21-cm experiments



CHIME and Tianlai specs



• Cross power spectrum:

• Variance of the cross power spectrum:

(Cross clustering power)

(Cross shot-noise power)

(21-cm shot-noise power)

(Variance)

(21-cm noise power spectrum)



Cross power 

spectra of 

optical lines 

and 21-cm line 

at z~1



SNRs of SPHEREx× CHIME and Tianlai

Cross correlation is a good method for extracting IM signal!

HIRAX has similar SNR; SKA1-mid as single dishes has smaller SNR (SNR~5.7 at z=1) 



Constraints on SFRD(z) by SPHEREx

Derived by Fisher 
matrix, no degeneracy 

between other 
parameters.

Error<7% at z<4, 

better than the 

measurements 

from galaxy LFs



https://www.nas.nasa.gov/SC14/demos/demo27.html#prettyPhoto

IM is a powerful tool to explore high-z Universe!



Thanks!


