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NASA MIDEX Mission

(PI Institute: Caltech)

KASI: unique international partner (from 2016)

First All -Sky Infrared Spectro -Photometric Survey

(4 times all -sky surveys during 2.5 years)

~1 Billion Spectral Catalog

Launch: no earlier than Feb. 2025

SPHEREx

Telescope aperture 20cm (effective)

Pixel Size 6.2ǌ x 6.2ǌ

Field of View 3.5° x 11.3°

Resolving Power and 

Wavelength Coverage

ɚ= 0.75 - 2.42 ɛm (R=41)

ɚ= 2.42 - 3.82 ɛm (R=35)

ɚ= 3.82 - 4.42 ɛm (R=110)

ɚ= 4.42 - 5.00 ɛm (R=130)

N(Channels) 102



SPHEREx

Bus system

V-Grooves for
Passive Cooling

Telescope < 80K
Sensor < 50K 

20cm telescope
(FoV: 3.5Áx 11.3Á)

6 LVFs

Photon Shield

l= 0.75 ï5 ɛm

l/Dl= 35 ï130

6.2ǌ pixels

Launch: no earlier 
than Feb. 2025

Test with KASI Chamber

2m



SPHERExProject Update (since KAS 2022 Fall)

ÅHardware
ÅCryogenic Chamber delivered by KASI (2022. 06)

ÅChamber integrating sphere & Winston cone delivered by KASI (2023.04)

ÅTelescope and sub-thermal systems delivered (2023.05)

ÅKASI TVAC (Thermal-VACuum): TVAC-0, TVAC-0.5 (2023.04 - 05)

ÅKASI TVAC-1 & 2 (focus test) complete

ÅKASI TVAC-3 & 4 (focus after vibration test, wavelength calibration) ï

ÅVibration test of Photon Shield (2023. 12)

ÅScience, Meetings & Reviews
ÅSPHEREx AGN Splinter Meeting (2022.10.22): KASI ïASIAA

ÅSPHEREx AGN (2023.01.12-13): ˾ ˾
ÅSPHEREx F2F Meeting (2023.02.07-09)

Å2019 , 9
ÅSPHEREx Ices Splinter session 

ÅSPHEREx F2F & SIR Science peer-review (2023.9.19-21)

ÅSystem Integration Review (SIR) Pass (2023.11.14-16)



Å Project Management

Å Financial Management

Å Project Systems Engineering

Å Project Mission Assurance

Å Payload Thermal and Mechanical 

Å Mission System and Operations

Survey 

Design

Science Team

Data 

Pipeline

Archive

Instrument Management & SE

Instrument Mission Assurance

Focal Plane Array Development

Instrument 

Test Chamber

Telescope

Telescope Cover

Spacecraft Development

Observatory I&T

PI Institute

Science Leadership

Instrument Development

International partners: KASI & SNU

Project Partners



A complete spectrum is made from a series of images

1 orbit

2 orbits

N orbits

SPHEREx maps the sky 
over multiple orbits 
with large and small slews

small 

slew

Mapping the Sky with LVFs
Commercial 

example



Reflected by Dichroic (SW)

Transmitted by Dichroic (LW)

Assembled spectrum from 51 pointings

Ÿ  17 channels × 3 bands = 51 pointings

Ÿ  51 pointings × 2 detectors = 102 channels
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Dithering the Spacecraft attitude modulates the 
wavelength at which an object is measured.

LW

SW

Spectral Mapping using Linear Variable Filters



There are 4 independent all-sky surveys, each takes 6 months to complete

ҍ Each with >98% coverage

ҍ Each of 102 spectral channels

ҍ Each survey is spectrally under-sampled at ȹɚ = ɚ/R ~ ȹɚ(FWHM)

Offset spectral coverage between all-sky surveys 1&2 and 3&4 

to yield Nyquist-sampled spectra

ҍ S3/S4 surveys shift the sampling by +ɚ/2R

Deep surveys at North and South ecliptic poles with surface brightness 

sensitivity at the spatial/spectral scales needed to probe extragalactic 

background light, and repeated coverage needed to isolate systematic 

effects on measurements

All-Sky Surveys / Mapping



SPHEREx Linear Variable Filters & FPA

MWIR: band 4-6
(H2RG x 3) 

SWIR: band 1-3
(H2RG x 3) 



òKASIó Chamber Delivery (2022. 06)



Spectral Calibration/Winston Cone Assembly (2023.4.7)

KASISPHERExTeam: , , , ( )



Telescope arrived at Caltech (2023.5.18)

prep. for warm focus testarrival from Ball transfer to flotron



Focus Test: TVAC(KASI) 1-3 (2023.7 -10)

ÅTVAC1: first focus

ÅTVAC2: shim adjustment

ÅVibration test

ÅTVAC3: confirm focus



Dark Calibration: TVAC4 (2023.11 ð2024.01)

ÅMain calibration:         
~2 weeks (overnight)

ÅData reduction: 
wavelength solution

by KASI and Caltech



Wavelength Calibration

ÅBand1: 0.737 ï1.119 mm

ÅBand2: 1.088 ï1.655 mm

ÅBand3: 1.620 ï2.415 mm

ÅBand4: 2.399 ï3.827mm

ÅBand5: 3.795 ï4.421mm

ÅBand6: 4.397 ï5.006mm

ÅEvaluation of leaks @ LVF

ÅDetector persistence / transient

ÅData compression, é

Wavelengthsolution 
ŦǊƻƳ Y!{LΩǎ ƳŜǘƘƻŘ



Photon Shield: Ready! (2023.12)

Åô24. 02: Payload 

Ą Ball Aerospace

ÅIntegration into satellite 

ÅSpace environmental test

Åó24. 12: PSR

ÅLaunch: 

no earlier than ô25. 02



Newly Developed Technologies
ÅDouble shrouds
Åinner (< 80K), outer (< 100K): up to 5µm 
ÅFPA: ~50K @ Red & ~80K @ Blue
ÅSupport structures: flexure 

ÅOperation of Pulse-Tube Coolers

ÅAccurate loading of telescope (TCA)

ÅSmall chamber for testing of IR detector
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`

Double shrouds & TiFlexures  Pulse-Tube Cooler + Remote motor              Detector Chamber                        Operation of ROIC

VOperation of IR detector 
with low noise
VIFU Spectroscopy



SPHEREx ðThree Key Science Cases

ÅHow did the Universe begin?

Probe inflation through studies of primordial non-Gaussianity

ÅHow did galaxies begin? 

Study the history of the cosmic light production 

through NIR background fluctuations

ÅWhat are the conditions for life outside the solar system?

Survey the Milky Way for water and other Biogenic Ices
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Q1:  How Did the Universe Begin?

E ~ 1016 GeV

SPHERExobserves the 3D distribution of galaxies,
uses Non-Gaussianityto probe inflation physics

Time
380,000 yr
Cosmic

Microwave

Background

10-32s
Inflation

3 min
Light

Elements 13.8 Gyr
Present-day

Universe

~5 Gyr
Peak Star

Formation

~500 Myr
First Galaxies

Epoch of Reionization



Cosmology LSS: Testing Inflation r & fnl

ÅSPHEREx improves limit on fnl
by a factor of 10
Åȹfnl ~5 accuracy today to
ȹfnl <0.5 with SPHEREx

ÅMeasure running of spectral index to also 
constrain inflation

ÅCombine with CMB data to robustly probe inflation

20Slide: SPHEREx Team



Epoch of Reionization Galactic Light IntrahaloLight

0.5 - 1 Gyr

SPHERExextragalactic background light measurements 
determine the total light emitted by galaxies 

Contributions to the Extragalactic Background Light

Time
380,000 yr
Cosmic

Microwave

Background

10-32s
Inflation

3 min
Light

Elements 13.8 Gyr
Present-day

Universe

~5 Gyr
Peak Star

Formation

~500 Myr
First Galaxies

Epoch of Reionization

Q2:  How Did Galaxies Begin?

1 - 5 Gyr 5 - 14 Gyr



Intensity mapping measures light emitted 
by everything that gravitationally clusters

96
Spectral
Channels

Spectroscopy

l

Spectroscopy is key for untangling cosmic history 

.......

Surveying Cosmic History of Galaxies

ÅTraces faint light associated with dark matter
ÅEmission from all galaxies
ÅDwarf galaxies responsible for reionization
ÅDiffuse emission from stripped stars
ÅDark matter decay (?)
ÅComplements galaxy-by-galaxy surveys

ÅMethod used on CIBER, Spitzer, AKARI, 
Herschel, Planck
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Through SPHEREx Deep Fields



SPHEREx

Sourced by interstellar ices, rich in biogenic molecules:  H2O, CO, CO2, CH3hIΧ
/ǳǊǊŜƴǘ ŘŜōŀǘŜΥ  ŘƛŘ ŜŀǊǘƘΩǎ ǿŀǘŜǊ ŎƻƳŜ ŦǊƻƳ ǘƘŜ Oort cloud, Kuiper belt or closer?
Did water arrive from asteroids or comets?

Q3:  What Are the Conditions for Life 

Outside the Solar System?

SPHEREx will measure the H2O, CO, CO2, CH3OH ice content in clouds and disks,    determining 
how ices are inherited from parent clouds vs. processed in disks


