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* Selected by NASA in February 2019 as
the next Medium class explorer mission
(Midex).

* Led by Caltech PI Jamie Bock.

* Flight hardware and software under
construction.

* Scheduled for no later than April 2025.

* Specifications
* 20 cm telescope effective diameter
* Wavelength range = 0.75 to 5 pum
 MAA=35t0130
e 3.5°x 11.3° field of view
* 6.2” pixels
* Linear Variable Filters

spherex.caltech.edu
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Using SPHEREX data, the Science Team wiill
address fundamental NASA questions:

How did the Universe begin?

. Probe inflation through studies of primordial non-gaussianity

How did Galaxies begin?

. Galaxy,

;19// ‘7 * Study the history of the cosmic light production through NIR background fluctuations
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What are the conditions for Life to begin?
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Survey the Milky Way for water and other Biogenic Ices

ces



How Did The Universe Begin?
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SPHEREX observes the 3D distribution of galaxies,
using Non-Gaussianity to probe inflation physics
* Science Team Product: Catalog of Galaxies and Redshifts
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How Did Galaxies Begin?

Contributions to the Extragalactic Background Light

Epoch of Reionization Galactic Light Intrahalo Light

e

3 min 000 v gy
oo S0y oy
Elements First Galaxies Peak Star  13.8 Gyr
crowave Epoch of Reionization ) '
Background Formation ~ Present-day

Universe

SPHEREx measures the total light emitted by galaxies
* Science Team Product: Deep Field Mosaics



What are the conditions for Life to begin?

SPHEREX traces organic ices in the evolution of planetary systems

Water & organic ices ~ Stars form with b, ! Planets form from disks
form in molecular clouds protoplanetary disks containing biogenic ices
0 Myr 1-5 Myr 5 Myr+

» Science Team Product: Catalog of Ice Column Densities




SPHEREX Survey: 4 all-sky surveys in two years (/ @\/
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SCIENCE DATA PRODUCTS (\/

SPHEREX
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Delivered to the NASA/IPAC Enables a wide range of community science with
Infrared Science Archive (IRSA)  well-calibrated data products

High Reliability Source Catalog
~100 All-sky Data Cubes « Photometry in 102 spectral channels

* Quick Release Spectral Image Data (created after Year 1and 2) gourcej Sf?'ec;edkfmm Input catalog
. ey . reated after 3 sky surveys
(available within 2 months) Y Y
 Year 1 and 2 reprocessed images
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Legacy Data Products
(end of mission)

* Legacy Deep Field Mosaics

« Legacy Galaxy Catalog

« Legacy Stellar Type/lce
Column Density Catalog




SPHEREX in Context

Mission Wavelengths and Resolving Power

Wavelength (-m)  SPHEREX adds to the strong science
JWST i O.w legacy of previous all-sky surveys,
- - including IRAS, WMAP, 2MASS,
SOF|.A:EXES ? Plaan, GALEX, and WISE.
AR — B * The all-sky near-infrared
— — — spectroscopic survey provided by
SPHEREx o E— SPHEREX will complement the both
MOONS S ———— | .
Tess — planned surveys (e.g. Rubin) and
S e — - targeted missions (e.g. JWST)
Euokc IMAGES - — <0 * For more examples, see the 2018
Euclid: SPECTRA /7 [ ]10-100 ]
ROMAN WFIRSTI: IMAGER | | — SPHEREx Community Workshop
ROMAN [WFIRST]: SPECTRA .
- — = White Paper
- H — = (https://arxiv.org/abs/1805.05489)

Crill et al, 2020, SPIE



SPHEREX, Euclid and Roman:
The Distribution of Galaxies in Space and Time

* Euclid and Roman spectroscopic surveys concentrate at redshifts z
> 1 to best study dark energy

. gPHEREx will focus at lower redshifts but cover all-sky with 102
ands

* The combination of SPHEREX, Euclid, and Roman will form a three
tier survey which will enable multiple joint rich analysis

* Cross-correlation analysis will enable more robust analysis through
better systematics control

* Photo-z calibration and clustering redshift
* Galaxy cluster redshift measurements

* Combining these surveys will measure galaxy clustering over the
full range over which dark energy begins to dominate the
expansion of the Universe

* It will enable the measurement of clustering on unprecedented
large scales both in the directions perpendicular and parallel to
the line of sight




SPHEREX Galaxy Formation Pioneers New Analysis Method

SPHEREX deep fields produce spectral intensity maps
A 102 A
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Emission lines accessible to SPHEREXx
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SPHEREX uses Intensity Mapping

Traces large-scale structure from the maps, not
individual sources

Linear clustering signal is proportional to total
emission from all sources (anything that
gravitationally clusters)

Complements deep galaxy surveys (e.g. JWST)
Attractive for future NASA missions e.g. far-
infrared probe mission

SPHEREx Galaxy Formation program

Produces background spectra in slices from
redshift 0 < z < 6 by cross-correlating 102 channel
maps with known galaxy redshifts

Searches for Epoch of Reionization emission in
deep band-combined (AL/A ~ 0.25) maps
Spectral channel maps useful for line cross-
correlations with diverse experiments (e.g. 21 cm,
C+, CO, etc)



SPHEREXx and JWST

 The SPHEREX all sky surveys will provide a range of objects for detailed
follow-up with JWST, including

* High-z galaxies: JWST provides high resolution spectroscopy and imaging
* M and brown dwarfs: SPHEREx + JWST/MIRI will sample >80% of the emergent flux of brown dwarfs

earlier than T7

* Dust around main sequence stars: SPHEREx will be sensitive to systems with emission above

photospheric at A > 3 um

* Interstellar ice absorption:
SPHEREX is sensitive to
biogenic ice features from
H,O (3.05 um), CO, (4.27
um), 13CO, (4.38 um), XCN
(4.62 um), CO (4.67 um), and
OCS

e Science Team will produce
column densities for a
sample of >8 million stars

Galactic Latitude (°)

SPHEREX Ices Investigation

The Study of Biologically Important Ices in the Milky Way
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Stars Galaxies

Other

Detected
> 1 billion

WET
Sequence Spectra
> 100 million

Quasars
> 1.5 million
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Spectra
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Brown
Dwarfs
> 400

Asteroid
& Comet
Spectra
10,000

Clusters
25,000

Cataclysms
> 1,000

Galactic
Line Maps
PAH, HI, H,

SPHEREX Creates an
All-Sky Legacy Archive

A spectrum for every 6" pixel on
the sky

For more information, see:
http://spherex.caltech.edu



Questions?

For more information:
https://spherex.caltech.edu
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