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SPHEREx: an all-sky, near infrared spectral survey

● SPHEREx will conduct a two-year, all sky survey 

in the near infrared, obtaining a low-resolution 

NIR spectrum for each 6.2”x 6.2” line of sight on 

the sky

● Redshift catalog will form basis for SPHEREx 

clustering measurements which aim to constrain 

local primordial non-Gaussianity through 

scale-dependent bias (Dalal+2008)

● Galaxy catalogs with precise redshifts will enable 

tomographic cross-correlation with intensity 

maps across redshifts 0 < z < 3 and possibly 

beyond (Cheng+22)
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[A nice SPHEREx graphic here]

Figures from Korngut+2018 (SPIE proceedings)

Source: Caltech/NASA JPL



● COSMOS2020 (Weaver+2022) goes deeper 

than SPHEREx, so we can use 

multi-wavelength photometry to constrain the 

distribution of galaxy continuua, redshifts, 

stellar masses. But emission lines are not 

constrained by COSMOS photometry!

● Empirical scaling relations can be used to 

predict line strengths and ratios with respect 

to redshift, stellar mass, galaxy type, etc.
○ Star forming main sequence (Daddi+07, 

Whitaker+12, Speagle+14), mass-metallicity 

relation (Tremonti+2004)

(Tremonti+2004)(Whitaker+2012)
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SPHEREx galaxy simulations: motivation for an empirically 
based galaxy SED model



Multi-wavelength 
photometry + 

redshifts 
(COSMOS2020)

Best fit redshift, stellar mass, 
dust extinction, SED 

template for each galaxy

Galaxy SED simulation workflow

SED template bank 
(129 from Brown+14, 
31 model-based BC03 

templates)

Best fit galaxy 
continuum

  

“Local” Hɑ and [OII] 
equivalent widths 

(EWs) from 
measured lines or 

UV continuum

Predicted line 
strengths (Hɑ, [NII], 
[OIII], Hβ, [OII], [SII], 

Paschen-ɑ)

  
Extrapolated Hɑ EW, line 
ratios ([OIII]/Hβ, [NII]/Hɑ, 

[SII]/Hɑ)

Observed SEDs
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Lines measurements from Brown templates 
empirically derived scaling relations w.r.t. redshift, 

stellar mass, type, etc.Template fits to broad (+narrow) band photometry give 
continuum model.
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Galaxy SED simulation workflow



Emission line trends

Hɑ+[NII] equivalent width as a function of 
stellar mass, redshift
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O3N2 “BPT” diagram



Validation on line luminosity functions

New LF predictions for 
Paschen-alpha 

Line model is also validated for Hɑ, [OII] and [OIII], both at population level and for direct 
cross-matches with measurements from zCOSMOS, 3D-HST (Feder+2023, in prep.)
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Simulating SPHEREx photometry

SPHEREx MEV 1σ 
point source 
sensitivity 
estimates, assuming 
mean Zodiacal light 
level, uniform depth
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Measured SPHEREx transmission curves for 102 channels



Spectro-photometric redshift estimates with LePhare

● LePhare run on full-sky depth 

photometry

● Same set of 160 templates used 

to generate model grids

● Only using one dust law in 

LePhare (compared to several 

used to generate photometry)

● Separate emission line 

prescriptions

● Many accurate redshifts, low 

3σ outlier fraction

Redshift recovery for COSMOS2020 sample. These results 
do not account for effects of confusion noise.
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Spectro-photometric redshift estimates with LePhare

Redshift recovery for GAMA sample. These results do not 
account for effects of confusion noise.

● LePhare run on full-sky depth 

photometry

● Same set of 160 templates used 

to generate model grids

● Only using one dust law in 

LePhare (compared to several 

used to generate photometry)

● Separate emission line 

prescriptions

● Many accurate redshifts, low 

3σ outlier fraction

Catalog of bright, low-z galaxies from GAMA survey and 

associated 12-band photometry (DR4, Driver+2022) capture 

cosmic variance in the SEDs across the full sky
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SPHEREx emission line flux sensitivity

Redshift distribution for >2σ lines at full sky 
depth (solid blue curve on left hand plot)
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Low-resolution spectroscopy with dithered observations: 
idealized test case

Solid/dashed lines indicate 2σ/3σ line flux sensitivities at 0.8
μm (Hɑ) and 2μm (Paschen-ɑ)

Redshift PDFs (left) and maximum-likelihood line model 
fits to Hɑ + Paschen-ɑ (middle, right). Simulated flux 
measurements (blue) Nyquist sample the response 

function and assume perfect continuum subtraction.
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Summary

● We have generated a set of 166k galaxy SEDs from the COSMOS2020 catalog (over 1.27 sq. deg) 
and 44k from GAMA (over 217 sq. deg), along with corresponding synthetic SPHEREx 
photometry. These data products will be available to the public upon release of paper 
(Feder+2023, in prep.)

● Through the photometric redshift estimation code LePhare and idealized emission line tests, we 
have demonstrated that SPHEREx will acquire millions of precise, high-accuracy redshifts

Looking ahead:

● What is the impact of source confusion on photometry and redshift results?
● Characterizing redshift errors (comparison with spec-zs, clustering redshifts)
● Selection functions for multi-tracer analysis
● Treatment of deep fields – higher sensitivity, spatially and spectrally oversampled maps, but more 

source confusion as well. Can deep field spectra calibrate the full sky survey?

Thanks for listening!
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Backup slides



Direct line flux comparison with zCOSMOS + 3D-HST
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Reproducing line ratio trends

O3N2 “BPT Diagram”

The star forming galaxy locus is observed to shift upward in the BPT diagram for 
higher redshifts (Brinchmann+2008, Steidel+2014)
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Line flux distribution comparison with zCOSMOS + 3D-HST

Present and Future of Line Intensity Mapping
MPIA, April 18 2023



Comparison with external survey data
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Comparison with external survey data

Massive, quiescent 
galaxies at z=1-2

Emission line galaxies 
with H-alpha at z=2.5
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Emission line recipe

● “Local” (z~0) H-alpha line EW measured either directly 

from best-fit Brown+2014 template or scaled from 

SFR-LHɑ relation (Kennicutt+98) 

● [OIII]/Hβ calculated as function of redshift using Eq. 1 

of Kewley+2013

● EW(Hɑ) extrapolated to desired redshift 

Brinchmann+2008 relation using deviation of 

[OIII]/Hβ from z~0 

● [NII]/Hɑ ratio derived from (logM, z) using Table 1 of 

Faisst+2018

● [OII] prediction uses same method as for Hɑ, using 

dereddened SFR-L_[OII] from Kewley+ instead of K98 

● Redshift dependent differential nebular extinction 

from Saito+2020, assuming Calzetti dust law

Hɑ+[NII] 
equivalent 
width as a 
function of 
stellar mass, 
redshift
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O3N2 “BPT” 
diagram


