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6 parameter ACDM model: now5of6 &
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Temperature and polarization
fluctuations

ACTPol

BICEP2/Keck
BICEP2/Keck/
WMAP/Planck
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Temperature / polarization cross
correlation

Weak lensing of CMB
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Multipole £

Planck Collaboration (2019)



Primordial B-mode polarization e

SPHEREX

TT, TE,EE+lowE+lensing
TT,TE,EE+lowE+lensing
+BK14

TT, TE,EE+lowE+lensing
+BK14+BAO

Natural inflation
Hilltop quartic model
« attractors

Power-law inflation
R? inflation
V x ¢?

V x ¢
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Low scale SB SUSY
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Tensor-to-scalar ratio (rg
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100 Primordial tilt (n,)
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Were the primoridal fluctuations ‘o
Gaussian-distributed? .2

¢ = ¢/inear t f NL ¢2/inear

CMB: fy, < 10.8 (20)
(CMB Cosmic Variance 1o limit is around fy, of ~3-4)
Planck Collaboration (2019)



. =
Gaussianity can also be probed by 2
Large Scale Structure measurements N

Galaxies

Quantified by 3D
correlations between
galaxies:

Pairs (2-point func)
- Power spectrum




SPHEREX: An All-sky Spectral Survey )

SPHEREX

http'://s'jc\)herex.caltech;“du
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SPHEREX’s Three Science /@’\
Investigations

. How did the Universe begin?

Probe inflation through studies of primordial non-Gaussianity

Ormatts* Study the history of the cosmic light production through NIR background fluctuations

How did Galaxies begin?

,\&etste//,%

What are the conditions for Life to begin?

Ges. Survey the Milky Way for water and other Biogenic Ices



E~ 10'¢ GeV!

380,000 yr ~500 Myr
Inflation  Light Cosmic First Galaxies ~5 Gyr
Elements  Microwave Epoch of Reionization Peak Star
Background Formation

Probing Inflation with Non-Gaussianity (fy,)

*  Single-field models
predict fy, <0.01

*  Multi-field models
predict fy, > 1

*  Non-inflationary models
(Steinhardt et al.) predict f,, ~ 1

‘ How did the Universe Begin? &

o

SPHEREX

2020 Astro Decadal:

“The search for primordial
non-Gaussianity, either to
detect a signal or to constrain
fyL to be below 1... is
particularly important”

Did Multiple Fields Drive Inflation?

d slow-roll inflation

Multigfield inflation

ield inflation

68% confidence:
=== Planck allowed
SPHEREX PoS, !
SPHEREX BiS
mmmm SPHEREX P0S+BiS
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Primordial non-Gaussianity, fy.



How did Galaxies begin? §

SPHEREX
Contributions to the Extragalactic Background Light
Epoch of Reionization Galactic Light Intrahalo Light \
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3 min 380,000 yr —
’ ~500 Myr
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fion  Light Cosmic - - Ime
Elements  Microwave First Galaxies Peak Star  13.8 Gyr

Background Epoch of Reionization Formation  Present-day
Universe

SPHEREXx measures the total light emitted by galaxies



. Galaxy

SPHEREX

> NIR Clustering Fluctuations %
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Intrahalo light (z ~ 0-2) S ——
2 R 7 35 1) BT LT ':;:' L 3 ﬂ"’B -5'::

Early Galaxies (z ~ 6-8)?

Amplitude of clustering power spectrum

Arcmin

10*

CIBER
IHL Template {

10°

SPHEREX
107 (100 X 10 MEV errors)

Arcmin

10’
> 5' scales with noise
10°
MEV Perf, )
10" | —

D,? in 500 < £ < 2000 (pW m™ sr™")

1 2 3 4 5
Wavelength (um) - -~




‘ % What are the conditions for life
.to begln’? A
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More than 99 % interstellar water is locked in ice
‘Follow the Water’ means ‘Follow the Ice’




Flux (Jy)
a

30 35 40 45
Wavelength (microns)

SPHEREX Surveys Ices in
All Phases of Star Formation
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3% SPHEREX Ices Targets

Ices

SPHEREX

SPHEREX Ices Investigation The Study of Biologically Important Ices in the Milky Way

® 2<Ay<10
[ ] AV > 10
® Embedded, K-Band sources

> 8.6 Million Targets
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Ashby et al (2023)




SPHEREX ‘2

—

photon
shields (shown in cutaway)

SPHEREX
—

H2RG detectors

and LVF

spectrometers

A=0.75-5pum
wide-field P

telescope

passive
cooling

system
Tscope <80K Mass 205 kg
Tepy <59 K Telescope 20 cm eff. dia.

Data vol 135 Gbit/d
LEO spacecraft (Ball) il it/day



NASA’s Astrophysics/Heliophysics ‘@)
Explorer Program . 2

MIDEX: <= $250M (not including launch)
SMEX: <=$145M
Risk “class C” = no redundancy

Heliophysics mission

» ~2 Astrophysics MIDEX missions per decade
 Pl-led, competitively selected
« SPHEREX selected in February 2019



Wide-Field Telescope: Large A2 Product (/@\

- 3-mirror off-axis anastigmat WISE vs. SPHEREx SPHEREX
- 20 cm effective aperture .
-3.5°x 11.3° FOV Mirror Area: WISE has 4x more

- 25 million 6.2 arcsecond pixels

Focal

Dichroic olanes

beamsplitter

e 4

WISE: 40 cm
SPHEREXx: 20 cm

Field of View: SPHEREXx has 65x more

WISE: 0.61 sq. deg
SPHEREX: 39.6 sq. deg.

AQ Product: SPHEREx has 16x more



High-Throughput LVF Spectrometer /@\
g

SPHEREX

Measured Spectral Response
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3 Linear Variable Filters

Normalized Response [-]
o
()

Mid-wave focal plane assembly

4 4.1 4.2 4.3 4.4
Input Wavelength [1m]

Band 5, A=3.7700u:m

x /

77

All 6 LVF/H2RG pairs have passed environmental
and optical/dark performance testing

500 1000 1500 2000
Pixel [-




Custom H2RG Readout

Custom SUR algorithm: Demonstrated noise

photocurrents measured onboard —
transients flagged

100

50

Charge (e")

150¢

Man -1.79e-05 [e/s]

SPHEREX

0.020
0.015
0.010
0.005

w
0.000 ¢

—0.005
—0.010
¢ 1 visits —— Channel median
Bl Y - 2 visits —— Channel median
. 4 visits Channel median
Steps to Remove Spatial 1/f 4 Buists  — Channel median
| " 4 12 visits ~—— Channel median

Sy

+ Switch inputs to ground inte

* “Row Chopping” to skip row

S

0 i ; ~¥- 16 visits ~—— Channel median
se VIDE08 CUStom ASIC ' (5 w4 24 visits —— Channel median
Low amplifier noise (< 2 e-) -4 32visits —— Channel median

“Phantom pixels” in data stream
Removes amplifier drift and 1/f

Mixes 1/f noise to high frequencie

ubtract residual offset in e

Sources most of the remaining nois After correction

Can use reference pixels or channe| . ,
103 104

R ILIGE A T LRICI RN DRGSR R e e

10°
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Spectroscopy with Linear Variable Filters )

Reflected by Dichroic Shifting the spacecraft pointing

AL/A =41

modulates the wavelength at which
an object is observed.

Transmitted by Dichroic

G

A (pm) | "N | LEISA - New Horizons

A complete spectrum in 51 exposures

Each exposure ~112s
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SPHEREXx Deep North
Euclid Deep North
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SPHEREX All-Sky

SPHEREXx Deep

2MASS

AlIWISE

Pan-STARRS1 —
Euclid Spectroscopic —&
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0.6 0.81.0 1.3 1.7 2.2 3.0 4.05.0
Wavelength (um)

SPHEREX Deep Soutk

Euclid Deep South




Focal Plane
Assemblies

V-Groove Coolers N ]
Instrument Electronics



Ongoing Instrument Tests

A 4

Vibe

A\ 4

Focus
Repeatability

Photon Shields
(in fabrication)

T

/¢ @\

SPHEREX
| ——

Deliver to
Spacecraft
March 2024

Telescope Cryo

A 4

Vibe

Focus

Calibration

Focus

Instrument

Sub-Assembl
[ T y , Test Chamber (tested)

a

Focal Plane

= T ES
(tested)

L N fb
Thermal Sub-System
(in assembly)

Flight Electronics
(in board-level test)
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Science Data Flow =)

SPHEREX

Spacecraft 4 SPHEREX Science Data Center (IPAC) h

Level 0: Level 1: Level 2: Level 3:
On-Board Raw Flight Calibrated Spectral Spectral Catalog Data
Data Processing Data Images

SPHEREXx Science Team

Level 4 Level 4 Level 4
Galactic Galaxy

Inflationary Cosmology Ices Formation

Public Archive (IRSA)

Public Analysis Tools
» Custom Mosaic

« Variable Source Inspector
- S * Spectral Cube Cutout
Quick Release Year 1 and Year 2 Data L IGUCUL LT Legacy Data « Source Discove
Catalog Release ry
Spectral Image Data Releases * Spectrophotometry

Within 2 months of o - LVF Image Cutout
acquisition After Surveys 2 and 4 After Survey 3 End of Mission

kpy: Level 0 mm Llevell gy Level2 mm Level3 mmm Cosmology  pmm Ices mm Galaxy
" gmm Public Archive Formation



Simulated Spectral Images (2 pointings)

SPHEREX
| ——

~ Crowded field in the Galactic plane The COSMOS field

Galactic
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Spectrophotometry with SPHEREx &

SPHEREX

« Source spectra built up with a series < Over the course of the mission

of narrow-band photometric accumulate full set of
measurements spectrophotometric .
« For galaxies, stars, etc. measurements (102 data points)

for each source:
« SPHEREX uses "forced photometry”

on location of previously known
sources s

wd1026_353 4 5

. fSource osition rliors \._.ﬁ“.
rom external catalogs: I
T 0.0 ° "n%
PanSTARRS/ Gaia/ WISE and i : ST6T5. 0615 : :
eventually LSST

- Baseline method: TRACTOR software
run on each spectral image :
separately * Survey plan yields complete

3pectra for a typical source in ~20
ays

* Deep field sources can have 100x
or more the coverage!




SPHEREX Data Products £

] Quick Release Year 1 and Year 2
* Quick Release Spectral Images Spectral Image Data Spectral Images

» On order 500 exposures/day

* Public release on a rolling basis within
2 months of acquisition

* Year 1and Year 2 full releases All-sky Data Cube
* Re-release of all previous spectral e —
images reprocessed with latest —
calibration
« All-Sky data cubes for visualization

 High Reliability Source Catalog (8
months after survey 3 complete)

Legacy Data Release (end of mission) L eqacy Data Products
High Reliability Source Catalog

Legacy Deep Field Mosaics
Legacy Galaxy Catalog
Legacy Stellar Type/lce Column
Density Catalog




Public Archive

Search for Source

Radius 10 arcsec s

Guide for Solar System Observers

Search Catalog: wise ' @

B .
. & {https://} -
Viewer e

o5
Past News

Catalogs inder Chart Ji§ VO/API

PACAENCAE Y

Knowledgebase Video Tutorials Help Desk




We select known sources using the full-sky
catalogs from PanSTARRS/DES/LSST

and obtain SPHEREX spectra for each

We compare this spectra to a template library
(robust for low redshift sources):

Key spectral features:
Hot, 1.6 um bump, 1.875 um Pa,

3.3 um PAH

We simulated this process using COSMOS
model spectra
and more recently with empirical templates
and more realistic emission lines (

)

How will SPHEREX measure 3D
Large Scale Structure?

Exquisite measurements of galaxy redshifts!
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SPHEREX

Detected galaxies > 1 billion
Galaxies Az/(1+z) <10 % > 450 million
Galaxies Az/(1+z) <0.3% > 10 million

—_—
Rof 0200 oty .00

Starforming Galaxy
Redshift=1.12

%

1.0 1.2 1.4 1.6
Redshift

0.47 0.48 0.49
Redshift

Wavelength (um)




SPHEREX

. How did the Universe Begin? '

Did Multiple Fields Drive Inflation?

SN oW rolinfation Probing Inflation with Non-Gaussianity (fy,)

Single-field models

Multiffield inflation predict fy, < 0.01

Multi-field models
predict fy, > 1

ield inflation

68% confidence:
=== Planck allowed

SPHEREX PoS

SPHEREX BiS
mmmm SPHEREX P0S+BiS

Non-inflationary models
(Steinhardt et al.) predict f,, ~ 1
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Primordial non-Gaussianity, fy.




A spectrum for every 6" pixel on the sky £)

SF'I:IEREX
Medium- High-
Accuracy Accuracy
Detected Spectra Spectra Clusters
> 1 billion > 100 million > 10 million 100,000 .
ST Pa— . +..-  All-Sky surveys demonstrate high

o o0l scientific returns with a lasting data
o W LR W,
S LA legacy used across astronomy

Galaxies

Main IRAS
Sequence Brown
Spectra Dust-forming Dwarfs Cataclysms COBE
> 100 million 10,000 > 400 > 1,000 ROSAT
M /e,\ = A 2MASS

Stars

Asteroid | | WMAP

& Comet Galactic
Quasars Quasars z >7 Spectra Line Maps Plaan
> 1.5 million 2-3007? 100,000 PAH, HI, H, WISE

/ \

"More than 800,000 total citations

Other




Stay Tuned: )

EEEEEEE

« 2025 Launch

« Major data releases every year

* SPHEREX designed for a major impact in
three science areas:

* Inflation: a galaxy redshift survey with large
effective volume and deep redshift accuracy

* Galaxy Formation: Deep regions, multi-band
imaging

* Interstellar Ices: Galactic Plane, resolved spectra
to 5 um

 What will you do with the SPHEREX data?

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



=2 Studying the Cosmic History of /@\

wa

% Light Production

SPHEREX measures light emitted by everything that gravitationally clusters

« Traces faint light associated with dark matter
— Emission from all galaxies
— Dwarf galaxies responsible for reionization
. — Diffuse emission from stripped stars
— Dark matter decay (?)
« Complements galaxy-by-galaxy surveys
 Power spectrum/component separation methods
J ) . used on CIBER, Spitzer, Herschel, Planck data

102
Spectral
Channels
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