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SPHEREx 
An all-sky spectral survey!
Launch: early 2025

SPHEREx (see, e.g., Doré+ 2014,2016)
Legacy archive: R~35-130 
spectrum from 0.75-5 microns in 
every 6’’ pixel of the sky.

Extragalactic 
background light (EBL), 
intensity mapping

Large-scale structure, 
fNL via power spectrum 
and bispectrum

Detect and quantify CO 
and H2O ice in the 
Milky Way’s ISM



SPHEREx in context
" In deep fields (100 deg2 

each), we achieve depths 
of mAB ~ 22. !

" All-sky survey ~2.5 mags 
shallower, comparable to 
WISE from ~3-5 microns, 
Euclid from ~1-2 microns.!

! However, we sample the 
NIR band with 102 
spectral channels 
instead of a few broad 
photometric filters.



Efficient spectrophotometry with Linear Variable Filters

spectrum assembled from 48 pointings

transmitted by dichroic

reflected by dichroic
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Full spectral range covered for !
a single source after several scans



Observing strategy



Observing strategy



Naturally results in deep fields at ecliptic poles



SPHEREx’s EBL investigation 
is focused on constraining EBL 

fluctuations.



Bright galaxies that we directly detect 
are just the tip of the iceberg. 
Fluctuations in diffuse emission from 
unresolved sources trace the entire 
galaxy population.!

SPHEREx captures strong lines over a 
broad redshift range, continuum 
emission from all of cosmic history.

SPHEREx’s 102 spectral 
channels allow us to build up a 
3-D tomographic view of 
galaxies across redshift.

Intensity mapping approach



The science: galaxy formation and the EBL

Expecting whopping cross-
correlation detections across 
range of redshifts. Promising 
cross-correlation partners include 
Subaru, Rubin, Euclid, Roman, 
DESI, CMB experiments.!

Cross correlations reveal: (i) on 
small scales, we get the 
characteristic SED of tracer 
population (basically stacking) 
and (ii) on large-scales, bias-
weighted evolving EBL.

Cheng & Chang 2022



" On these scales, expect 
intrahalo light (IHL) [and/or 
satellites] to dominate.!

" But, EoR galaxies still 
detectable in SPHEREx 
bands, with sharp feature 
corresponding to 
redshifted Lyman break at 
~1 micron.!

" Complementary to cross 
spectra (no dependence 
on target population), but 
hard to interpret (requires 
component separation).

Significant detection of power spectrum expected as well
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z ! 6 Ly!



What about all post-EoR galaxies? (integrated galaxy light; IGL) 

I’m building a new semi-empirical modeling 
framework for SPHEREx/EBL inference:!

" Assume we know abundance of galaxies’ 
parent dark matter halos, flexibly 
parameterize galaxy formation and 
calibrate parameters to current 
observations (e.g., stellar mass functions, 
UVLFs, etc.).!

" Complementary to SAMs (e.g., Saldana-
Lopez, Lagos+) and SFRD-based models 
(e.g., Khaire+ 2018, Finke+ 2022, …).!

" We get galaxy bias for free, can model 
fluctuations and/or total intensity.

Basic ingredients:!

" Stellar-mass halo-mass 
(SMHM) relation.!

" Star-forming ‘main 
sequence’, i.e., 
SFR(Mstell,z).!

" Quiescent fraction.!

" Star formation histories.!

" Mass-metallicity relation.!

" Dust attenuation.



Example of calibrated model

JM+ in prep. Note: also including star-forming main sequence and UV colors in calibration (not shown).

data from 
Bouwens+2015, 
Williams+ 2018

data from 
Tomczak+2014



Power spectrum predictions

JM+ in prep., semi-empirical galaxy model + halo model (Cooray & Sheth 2002)

expected 
SPHEREx 

sensitivity*

" Centrals and 
satellites, both 
star-forming & 
quiescent galaxies, 
contribute at 
similar level.!

" Satellites dominate 
on intermediate 
scales, 
comparable to 
centrals on largest 
scales. Important 
degeneracy with 
IHL (see also 
Cheng & Bock 
2022).

predicted 2.4 micron power after masking mAB  19.5!

*assumes we have 
binned to 10x native 
spectral resolution.



Power spectrum predictions

JM+ in prep., semi-empirical galaxy model + halo model (Cooray & Sheth 2002)

predicted 2.4 micron power after masking mAB  19.5, good agreement with H12 shot noise!

*assumes we have 
binned to 10x native 
spectral resolution.

" Centrals and 
satellites, both 
star-forming & 
quiescent galaxies, 
contribute at 
similar level.!

" Satellites dominate 
on intermediate 
scales, 
comparable to 
centrals on largest 
scales. Important 
degeneracy with 
IHL (see also 
Cheng & Bock 
2022).

expected 
SPHEREx 

sensitivity*



JM+ in prep.

Connection between intensity and fluctuations

As you all well know, gamma ray 
observations of blazars are a 
powerful probe of the total intensity 
and the ‘evolving EBL.’!

Our models can of course be used 
to explore variations in the mean 
EBL as well, in addition to its z 
evolution.!

Shown here: four models with 
different assumed star formation 
activity in low-mass halos.

CIBER

SKYSURF

data from Matsumoto+ 2015, Matsuura+ 2017, Carleton+ 
2023, O’Brien et al. 2023, Windhorst+ 2024, Watts+ 2024

IRTS

DIRBE

PRELIMINARY!

‘direct’ EBL constraints



JM+ in prep.

Connection between intensity and fluctuations

CIBER

SKYSURF

data from Matsumoto+ 2015, Matsuura+ 2017, Carleton+ 
2023, O’Brien et al. 2023, Windhorst+ 2024, Watts+ 2024

IRTS

DIRBE

PRELIMINARY!

SPHEREx is highly complementary to total intensity and gamma-ray efforts!

Deep-field sensitivity 
measured in pW

Just one channel!



Conclusions
" SPHEREx is launching  next  year!   

Modeling pipeline reaching maturity:!

" Can flexibly model EBL components 
in single, semi-empirical framework. !

" This allows us to perform joint 
inference w/ SPHEREx and galaxy 
survey data, enhancing inference / 
component separation pipeline.!

" We can model fluctuations and total 
intensity self-consistently! 

" Framework is flexible — can easily 
add new source populations, 1-halo 
treatments, extend to broader 
wavelength range, and/or 
incorporate new data in likelihood. SPHEREx (see, e.g., Doré+ 2014,2016)


