SPHEREX: an All-Sky Spectral Survey
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Designed to Explore
* The Origin of the Universe

» The Origin and History of Galaxies
* The Origin of Water in Planetary Systems

The First All-Sky

Near-IR Spectral Survey
A Rich Legacy Archive for the

Astronomy Community with 100s
of Millions of Stars and Galaxies

Low-Risk Implementation
= Single Observing Mode

= No Moving Parts

» Large Technical & Scientific Margins
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SPHEREXx Addresses Three Main Astrophysics Questions
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SPHEREX Team

Science Team

Collaborators

Name Institution Role | Responsibility
Jamie Bock Caltech/JPL Pl | Principal investigator, overall
management
Matt Ashby CfA Co-l | Pipeline development
Peter Capak IPAC Co-l | Galaxy spectral fitting modules
Asantha Cooray UC Irvine Co-l | Galaxy Formation L4 lead
Olivier Doré JPL/Caltech PS | Project scientist;
Inflationary Cosmology L4 lead
Chris Hirata OSuU Co-l | Inflation and Cosmology studies
Woong-Seob Jeong KASI Co-l | KASIPI
Phil Korngut Caltech Co-l | Deputy instrument scientist
Dae-Hee Lee KASI Co-l | Ground test equipment
Gary Melnick CfA Co-l | Galactic Ice L4 lead
Roger Smith Caltech Co-l | Detector array development
Yong-Seon Song KASI Co-l | Cosmology interpretation
Stephen Unwin JPL Co-l | Galactic ice science
Michael Werner JPL Co-l | Legacy survey science
Michael Zemcov Caltech Co-l | Instrument scientist

Name Institution
Roland de Putter JPL
Tim Eifler JPL
Nicolas Flagey IfA
Yan Gong UC Irvine
Elisabeth Krause Stanford
Daniel Masters Caltech
Phil Mauskopf ASU
Bertrand Menneson | JPL
Hien Nguyen JPL
Karin Oberg CfA
Anthony Pullen CMU
Alvise Raccanelli JHU
Volker Tolls CfA
Salman Habib Argonne
Katrin Heitmann Argonne
| Marco Vierg Stanford

Competed in Dec 2014 SMEX; Selected by NASA for a Phase-A study in July 2015.

Phase A report due in July 2016.

Phase A down-selection ~ December 2016




SPHEREX: Simple Instrument, Large Margins

Deployed

Wide-field thermal
telescope shields
20 cm eff.

aperture

Passi ,7 igh-throughput spectrometer\
assive uses a linear-variable filter in fro

oot \ / LJ of each detector array
system N \‘
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5.3 um Array Temperature

(Rea’t)
Payload Mass

Payload Power

55 K with 450%margin

on total heat load
68.1 kg (CBE+31% Ctg)

27.8 W (CBE+30% Ctg)

BCP 100 Deoloved
spacecraft ploy
Solar
anels
| Parameter Value p

Telescope Effective Aperture 20cm | Parameter Performance Margin _|
Pixel Size 6.2"x6.2" Spacecraft Ball BCP 100 N/A
Field of View 2 x (3.5° x 7.0°); dichroic Science Pata 73 Gb/day 97%
Spectrometer Linear-Variable Filters Downlink
Resolving Power and R=41.5 A=0.75-4.1 um Pointing Stability 2.1" (10') over 200 s 43%
Wavelenath Coveraae =150 A=4.1-4.8um Pointing 22.7” (10) 164%
A 2 x Hawaii-2RG 2.5 um Control

rrays e o; 9

y: 2 x Hawaii-2RG 5.3 um Pointing Agility 70 ll-n 116 s (large slews) 29%:

Point Source Sensitivity 18.5 AB mag (50) with 8.87in 6 s (small steps) v
(MEV Performance) marain to rea’t Observatory Mass  173.6 kg (MEV) >3%
Cooling All-Passive Ol 171.8 W (MEV) 36%
2.5 um Array and 80 K with_700%margin SP 7'”:" p

Ontics Temperature (Rea’t) on total heat load olar Array FOWer >34 w N/A

Output (EOL)

Margins: Thermal Science



— '
1)

Ralph/LEISA Scan of Jupiter
Feb. 24,2007 23:00 UT
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Mapping the Full Sky with SPHEREXx

All-Sky Coverage

NCP Full FOV 7°

- :

Direction of Small Steps
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Target Designed for uniform coverage

Observation

VA © 585 2 - All Sky after 25 months of observations
' N with 4 independent surveys.

Deep Surveys at Poles

Sun
Direction

200

100

0

Except for two 100 sq. degree regions
SPHEREXx observes the sky simply by pointing the spacecraft At the poles with are ~30x deeper.

over multiple orbits to obtain complete spectra. An opportunity for unique science
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Notable Features of the SPHEREXx All-Sky Survey

e High S/N spectrum for every 2MASS source

e Solid detection of faintest WISE sources
Catalogs ideal for JWST observations

New ideas recently brought to our attention

* Redshifts for the all-sky eRosita X-Ray survey

* Photo baselines for wide-field transient survey
Mapping 3D distribution of Galactic ices

SPHEREX Creates an All-Sky Legacy Archive

Obiect # Sources Legacv Science Reference
Detected 1.4 billion Properties of distant and
. heavily obscured galaxies

Galaxies 120 million  |Study (H, €O, O, S, H,0) line

and PAH emission by galaxy Simulati
o(z)/(1+2) type. Explore galaxy and b";zg da;lr(;) n
<0.03 AGN life cycle COSMOS and
Galaxies o(z)/ | 9.8 million Cross check of Euclid photo-z. | Pan-STARRS

Measure dynamics of groups
(1+2) and map filaments.
<0.003
QSOs > 1.5 million |Understand QSO lifecycle,

environment, and taxonomy

Ross et al.

QSOs 0-300 Determine if early QSOs exist. | (2013) plus

atz>7

Follow-up spectro-scopy
probes EOR through Lyo.
forest

simulations

Clusters with | 25,000 Redshifts f_or all eRosita Geachetal.,
clusters. Viral masses and 2011, SDSS
5 members merger dynamics counts
Main >100 million |Test uniforr_nity of sfellar 2MASS catalogs
mass function within our
sequence stars Galaxy as input to
extragalactic studies
Mass-losin Over 10,000 |Spectra of M supergiants, Astro-physical
. 9, ! OH/IR stars, Carbon stars. Quantities, 4th
dust forming |of all types Stellar atmospheres, dust edition [ed.
stars return rates, and composition | A.Cox] p. 527
of dust
Brown dwarfs |>400, incl. Atmospheric structure and | dwarfarchives.o
composition; search for rg and J.D.
>40 of types T | hazes. Informs studies of Kirkpatrick,
andY giant exoplanets priv. comm,
Stars with hot |>1000 Discover rare dust clouds Kennedy &
produced by cataclysmic Wyatt (2013)
dust events like the collision which
produced the Earth’s moon
Diffuse ISM Map of the Study diffuse emission from | GLIMPSE survey
ff p of interstellar clouds and (Churchwell
Galaxy nebulae; (H, CO, S, H,0 and | et al. 2009)

PAH emission)




SPHEREX Large Volume Galaxy Survey

SPHEREX Surveys Maximum Cosmic Volume Catalog Split into Redshift Accuracy Bins
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SPHEREX Large-Volume Redshift Catalog
e Largest effective volume of any survey, near cosmic limit
e Excelsatz< 1, complements dark energy missions (Euclid, WFIRST) targeting z ~ 2
 SPHEREX + Euclid measures gravitational lensing and calibrates Euclid photo-zs
Survey Designed for Two Tests of Non-Gaussianity
» Large scale power from power spectrum: large # of low-accuracy redshifts
 Modulation of fine-scale power from bispectrum: fewer high-accuracy redshifts



Running of the spectral index, «,

SPHEREX Tests Inflationary Non-Gaussianity

0.000 s A e/ 1G errors SPHEREX (MEV) Euclid | Current
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Primordial non-Gaussianity, fy.

Non-Gaussianity distinguishes between multi- and single-field models
Projected SPHEREX sensitivity is ofy, <1 (20)

- Two independent tests via power spectrum and bispectrum
Competitively tests running of the spectral index
SPHEREXx low-redshift catalog is complementary for dark energy



SPHEREx Measures Cosmic Light Production

Two Ways to Measure Cosmic Light Production ~ What Constitutes Cosmic Light Production?

Diffuse emission between
galaxies from tidally
stripped stars

Moseley & Zemcov 13+ billion years of galaxy
collisions and mergers

Science 2014
/ & '

Inflation
fraction of
trillionth

of a second

Cosmic microwave backgrour
~380,000 years P

First stars & galaxies

~400 million years
Present universe
~13.8 billion years

. . ] 1) Photon Production in Galaxies
1) Individual Galaxies & Redshifts Nucleosynthesis & black holes, peaks at z ~ 2
Large telescope for point source sensitivity 2) First Stars and Galaxies

2) Large-Scale Patterns in the Background Epoch of Reionization z > 6
3) Intra-Halo Light

Small telescope with fidelity on degree scales
large telescope for point source sensitivity

— the amplitude of large-scale (clustering) 4) Surprises?
fluctuations proportional to total light production E.g. Light from particle decay




SPHEREx Measures Large-Scale Fluctuations
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*SPHEREX has ideal wavelength coverage
and high sensitivity

*Multiple bands enable correlation tests
sensitive to redshift history

*Method demonstrated on Spitzer & CIBER

Fluctuations in Spectral Lines
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*Emission lines encode clustering signal
at each redshift over cosmic history
Amplitude gives line light production

*Multiple lines trace star formation history
- High S/N in Hou for z < 5; Olll and Hf3 for z < 3
- Lya probes EoR models for z > 6
- Ho and Lyo. crossover region5<z <6



SFRD (Mg yr-! Mpc-?)

SPHEREX Studies Reionization [with 21-cm]
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(a) SPHERExX will map Lya emission during
reionization over the whole sky.

(b) Apart from z~6, SPHEREX alone will not
have sensitivity for a detection of the
power spectrum [for Hopkins & Beacom
SFRD].

rcn.l-n(k) rCIl.Hl(k)
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v]
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(a) SPHEREX Lya intensity maps ideal for
cross-correlation with 21-cm
fluctuations

(b) Correlation coefficient negative at large
scales to positive at small scales.

(c) Direct measure of bubble sizes!



SPHERE x A All-Sky Spectral Survey NASA Small Explorer in Phase-A Study

DESIGNED TO EXPLORE:

THE ORIGIN OF THE UNIVERSE
THE ORIGIN AND HISTORY OF GALAXIES

THE ORIGIN OF WATER IN PLANETARY SYSTEMS All_skv nea r_IR Spectral Survev

* Unprecedented measurements of the Non-
Gaussian signature from Inflation

» Survey of the role of organic ices in molecular

e S 8 ‘ clouds and young stellar systems
5 * Probing galaxy formation through precise
' measurements of extragalactic background
light anisotropy
gmg&é \ ‘o Dol f oy * Rich spectral catalog for the astronomy
TGN community
© LB @@ v

What can you do?

Perform theory predictions and write papers on your sciences with SPHEREX.

Provide input to the SPHEREX Science Team on data requirements and tools for your sciences
with SPHEREX data



