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What I hope you remember a week from now

SPHEREx

Launching in early 2025

A near-infrared spectrum for every 6” pixel on the sky
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Scientific motivations

How did the Universe begin?

How did galaxies form?

How did life form?

Legacy catalog of galaxies, 
stars, asteroids and more
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A little more detail…
Medium-class explorer (MIDEX)

● PI: Jamie Bock (Caltech/JPL)

All-sky spectral survey
● Near infrared: 0.5-5 um
● Mid-resolution: 6” pixels, R ~ 35-130
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A little more detail…
Medium-class explorer (MIDEX)

● PI: Jamie Bock (Caltech/JPL)

Galaxy redshifts → non-Gaussianity

Intensity mapping → galaxy formation

Absorption spectra → interstellar ices

All-sky spectral archive

All-sky spectral survey
● Near infrared: 0.5-5 um
● Mid-resolution: 6” pixels, R ~ 35-130
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Back to the beginning…

SPHEREx

● Spectro-Photometer for the History of 
the Universe, Epoch of Reionization 
and Ices Explorer

● Medium-class explorer (MIDEX)
○ Selected 2019
○ Launching in early 2025
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Sawicki 2002 1.6-um 
bump

Why near-infrared?

1.6-um bump

● Redshift indicator
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Why near-infrared?

1.6-um bump

● Redshift indicator

Redshifted line emission

Biogenic ice absorption
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Why space? “The 1997 reference of diffuse night sky brightness”
Leinert+ 1998

SPHEREx spectral coverage
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Instrument
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Where is SPHEREx now?

Basement of Cahill Center for 
Astronomy and Astrophysics

● Completed thermal and 
vacuum testing

● Soon shipping to Ball 
Aerospace for spacecraft 
integration

https://docs.google.com/file/d/1Bhjmd7ecu3yHjOkUrrJt5J3Kjf-az_pN/preview
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Spectroscopy without a spectrometer

Teledyne H2RG detectors
● Also on James Webb Space 

Telescope

Linear variable filter (LVF)
● Also on New Horizons
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How SPHEREx constructs galaxy spectra

0.7 μm

1.1 μm

1.1 μm

1.6 μm

1.6 μm

2.4 μm

2.4 μm

3.8 μm

3.8 μm

4.4 μm

4.4 μm

5.0 μm
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https://docs.google.com/file/d/1aIG884YknXMOx1QgaoObelUDi2zHRqIU/preview


SPHEREx – Ari Cukierman (Caltech)

https://docs.google.com/file/d/1QzVl9FR-KaAEcVKfp5jM53LuycG9PM3N/preview
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A brief history of the Universe

10-32 sec
Inflation

3 min
Light 
elements

400,000 yr
Cosmic 
microwave 
background

500 Myr
First galaxies
Epoch of reionization

5 Gyr
Peak star 
formation

13.8 Gyr
Present
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How did the Universe begin?

Inflation seeds 
cosmological structures

3D distribution 
of galaxies
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Primordial non-Gaussianity

2-point statistics

● Power spectrum
Galaxies

Dark 
matter

3-point statistics

● Bispectrum
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Primordial non-Gaussianity

2-point statistics

● Power spectrum
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How did galaxies form?

Integrated starlight Extragalactic 
background light (EBL)
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Extragalactic background light (EBL)

COBE/DIRBE composite

Zodiacal light

Milky Way

What else?
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Extragalactic background light (EBL)

Census of cosmic light production

60/100/240 um
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Extragalactic background light (EBL)

Census of cosmic light production
Cooray 2016 SPHEREx 

spectral 
coverage
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Extragalactic background light (EBL)

Census of cosmic light production

Deep fields near ecliptic poles
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Extragalactic background light (EBL)

Census of cosmic light production

Deep fields near ecliptic poles

Intensity mapping
● Dwarf galaxies
● Stripped stars (intrahalo light)
● High-redshift galaxies

Total = 
galaxies + 

diffuse

Galaxy 
survey

Intensity 
mapping
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Extragalactic background light (EBL)

Census of cosmic light production

Deep fields near ecliptic poles

Intensity mapping
● Dwarf galaxies
● Stripped stars (intrahalo light)
● High-redshift galaxies

~100 wavelengths

Line intensity 
mapping
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How did life form?

Stars produce 
heavier 
elements

Water and other 
biogenic molecules
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Interstellar ices
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Interstellar ices

99% of interstellar water is ice

“Follow the water” → “Follow 
the ice”

*Follow the ices
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Interstellar ices

99% of interstellar water is ice

“Follow the water” → “Follow 
the ice”

*Follow the ices

SPLICES
● SPHEREx target List of 

ICE Sources

WISE 3.4 μm

Ice targets Deeply 
embedded 
targets
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Interstellar ices

99% of interstellar water is ice

“Follow the water” → “Follow 
the ice”

*Follow the ices

SPLICES
● SPHEREx target List of 

ICE Sources
8.6 million targets
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You can also ask me about…
CMB detectors

Nanofabrication
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You can also ask me about…
CMB detectors

Nanofabrication

Microwave multiplexing

South Pole

Axion-like dark matter

Interstellar dust filaments
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You can also ask me about…
CMB detectors

Nanofabrication

Microwave multiplexing

South Pole

Axion-like dark matter

Interstellar dust filaments

Cycling
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If you remember nothing else…

SPHEREx is launching in 2025

A near-infrared spectrum for every 6” 
pixel on the sky

Galaxy redshifts → non-Gaussianity

Intensity mapping → galaxy formation

Absorption spectra → interstellar ices

All-sky spectral archive


