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▪ North Deep Field (100 sq-deg)

▪ South Deep Field (100 sq-deg)

DEEP FIELDS AROUND THE ECLIPTIC POLES

SPHEREx Point Source Sensitivity
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SPHEREX LINE INTENSITY MAPPING
(BEYOND OUR PLANS FOR THE MAIN MISSION)

What Does SPHEREx Provide?
→ The core SPHEREX program is 2-D and does 

not use line spectroscopy

→ However all of the deep field maps will be 

ready-built for spectroscopic analysis

→ Line emission maps can detect H𝛼, H𝛽, OII and 

OIII lines with high SNR

→ Ly𝛼 line accessible at high redshifts z > 5.2

Scientific Opportunity
→ Map the entire History of Galaxy and Star 

Formation in multiple lines (H𝛼, H𝛽, OII and OIII)

→ Offer new insights on the Epoch of Reionization 

through Ly𝛼 and OIII

→ Provide unique measurements on the Geometry 

of the Universe at High Redshift (z ~ 4-5)

Simulated H𝛼 3-D Map 

from SPHEREX
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Epoch of Reionization
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▪ 3D power spectrum of H𝛼, H𝛽, [OIII] lines at 

redshift 2. High SNR on the linear clustering 

amplitude in all lines.

POWER SPECTRA OF EMISSION LINES

Doré+ 2014, arXiv 1412.4872

▪ Amplitude of linear galaxy clustering in multiple 

lines over a wide redshift range. Estimated 

clustering amplitude with modeling uncertainties. 
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SPHEREX LIM CROSS WITH MILLIMETER EXPERIMENT

Sun et al, 2021, ApJ 915 33

• SPHEREx will provide LIM from various 

emission lines at a wide range of 

redshift.

• This data set can motivate future mm 

wavelength LIM experiments to use 

SPHEREx data.

• Example: SPHEREx Lya cross TIME-

NG [CII]

• High redshift Universe at Epoch of 

reionization.



▪ SPHEREx Sky Simulator (Crill+, SPIE 2020)

• Detector properties (Flat field, LVF model, noise model, …)

• Sky scenes (DGL, Zodi, EBL, sources, …)

• Output exposure images

▪ Survey plan (Bryan+)

• Minimum overlapping area (pixels hit by all channels at least once): 100 sq-deg

• High hit area (pixels hit by all channels >400): 10 sq-deg

▪ Map Maker (Jae Hwan Kang, Ari Cukierman)

• Simulate exposure images (detector properties and signal simulations prior to real data)

• Reproject spectral channel images onto mosaic footprint

• Generate mosaic maps for each of 102 spectral channels.

• Fluctuation analysis in flat sky

• Masks, pseudo power spectra, mixing matrix, …

• Examine systematics

SIMULATION AND ANALYSIS DEVELOPMENT



▪ Zodical light (Zodi) model at wavelength (1.375um), weekly snapshot over 1yr, on full sky in Galactic 

coordinates. Diffuse galactic light (DGL) model is included. Solar elongation close to the Sun is cut out.

▪ The yellow dots are observation pointing coordinates per weekly snapshot. The North and South deep field 

pointings are visible with spinning brush pattern.

▪ The right animation shows Zodi + DGL model around the North Ecliptic Pole (NEP).

ZODIACAL LIGHT MOVIE



▪ Wavelength: central bandpass, to track voxel coverage.

▪ Zodi, DGL, Sources (including Solar System), Dark current, Photon noise, etc.

EXPOSURE IMAGES

Wavelength Zodi DGL



▪ Linear operations let us process each component and combine later. Linearity can be checked numerically.

▪ Filter out bright Zodi with a 2D polynomial filter. Large scale (size of detector array) modes are lost.

▪ Requires source mask and template for Zodi spectrum.

▪ Removes zodi but also removes and distorts EBL and DGL

FILTERED EXPOSURE IMAGES

Zodi Filtered Zodi Filtered DGLDGL



1) Select spectral channel

2) Reproject to mosaic grid

3) Coadd. Washes out filtering artifacts and LVF tilt

SPECTRAL CHANNEL MOSAICS

1)
2)

3)

3)



▪ Single spectral channel. First quarter mission (190 days). 3” resolution mosaic.

GALLERY OF MOSAICS - DGL

Unfiltered DGL P2-Filtered DGL N Hits



▪ Single spectral channel. First quarter mission (190 days). 3” resolution mosaic.

▪ Non-sky component to track voxel coverage.

GALLERY OF MOSAICS – DETECTOR CENTRAL WAVELENGTH

Colorbar with ±0.5% around central wavelength of the subchannel



▪ Examine

• Propagate systematics to mosaicked maps

• Compare to ideal case

▪ Instrument systematics

• Dark current

• Thermal stability

• Stray-light from earth

• Extended PSF inside and outside FOV

• Optical ghosts

• Detector crosstalk

• Image persistence

• Bad detector pixels

INSTRUMENTAL SYSTEMATICS



▪ Full mission has a large number of pointings in the deep fields

• North Deep Field ~40k pointings

• South Deep Field ~35k pointings

▪ High Performance Computing (HPC) efficiency

• Optimize parallelization and memory usages

• Data management

▪102 spectral channels

▪9 broad bands

▪Component data products

▪Data splits

COMPUTING RESOURCES



▪ SPHEREx’s EBL mission at deep fields around ecliptic poles allow the use of 

maps from spectral channels (R ~ 35-130) for LIM research. 

▪ H𝛼, H𝛽, [OIII] line intensity maps can trace cosmic structure at 1<z<5.

▪ H𝛼 and Ly𝛼 line intensity maps can trace ionization progress during Epoch of 

Reionization at z~5.5-8

▪ Cross correlation opportunities with upcoming LIM experiments.

▪ 2 years till launch. No data yet, but the Sky Simulator and Map Maker pipelines 

under development allows us to probe challenges in EBL science and prepare for 

making maps with real data.

▪ Instrument integration is real. Pipeline implementation is also in progress.

SUMMARY



Thank you!

Jae Hwan Kang – Caltech
jkang7@caltech.edu

For the SPHEREx Collaboration
https://spherex.caltech.edu/
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