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SPHERERroject Update (since KAS2022 Fall)

AHardware
A Cryogenic Chamber delivered by KASI (2022. 06)
A Chamber integrating sphere & Winston cone delivered by KASI (2023.04)
A Telescope and sub-thermal systems delivered (2023.05)
A KASI TVAC (Thermal-VACuum): TVAC-0, TVAC-0.5 (2023.04 - 05)
A KASI TVAC-1 & 2 (focus test) complete
A KASI TVAC-3 & 4 (focus after vibration test, wavelength calibration) i
A Vibration test of Photon Shield (2023. 12)

AScience, Meetings & Reviews
A SPHEREx AGN Splinter Meeting (2022.10.22): KASI i ASIAA

A SPHEREX AGN (2023.01.12-13): _
A SPHEREXx F2F Meeting (2023.02.07-09)
A 2019 9

A SPHEREX Ices Splinter’session
A SPHEREX F2F & SIR Science peer-review (2023.9.19-21)
A System Integration Review (SIR) Pass (2023.11.14-16)
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Spectral Mapping using Linear Variable Filters

Reflected by Dichroi§\()

! Dithering the Spacecraft attitude modulates the
:Lg wavelength at which an object is measured.
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All-Sky Surveys / Mapping

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

t Each with >98% coverage
t Each of 102 spectral channels
t Each survey is spectrally under-s ampl ed at o@& = o/ R

~ o( FV

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

to yield Nyquist-sampled spectra NR N2R AR A
t S3/S4 surveys shift the samplimg'by +a/ 2F
AERELK

Survey 1 Survey 3

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



SPHEREX Linear Variable Filters & FPA
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Test Chamber for NASA’s New Cosmic
Mapmaker Makes Dramatic Entrance

Aug. 16, 2022
£ The SPHEREXx mission will create a 3D map of the entire sky. Its cutting-edge
” instruments require a custom-built chamber to make sure they’ll be ready to operate
in space.
]

neers Installed a NASA Space Telescope Test Chamber

&= T00 Big for the Door: How Engi

Watch on 3 YouTube

Custom built by the Korean Astronomy and Space Science Institute (KASI), a large stainless steel test chamber for NASA’s SPHEREX telescope required
a very special delivery to Caltech in Pasadena, California, where it will be used to ensure the spacecraft can withstand the rigors of space. Credit:

NASA/JPL-Caltech

Chamber
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Telescope arrived at Caltech(2023.5.18)

o

arrival from Ball transfer to flotron prep. for warm focus test



ATVACLI: first focus
ATVAC2: shim adjustment
AVibration test

ATVACS: confirm focus
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Focus Test: TVAC(KASI)}3 (2023.7 -10)
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Dark Calibration: TVAC4 (2023.1D 2024.01) s \}
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! AMain calibration:
~2 weeks (overnight)

| AData reduction:
wavelength solution

by KASI and Caltech
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Wavelength Calibration (/ &)

SPHEREX
-
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A inner (< 80K), outer (< 100K): up to 5pm :
A EPA: ~50K @ Red & ~80K @ Blue V Operation of IR detector

A Support structures: flexure g with low noise
A Operation of Pulse-Tube Coolers V IFU Spectroscopy
AAccurate loading of telescope (TCA) & .
ASmall chamber for testing of IR detector
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through NIR background fluctuations

\&eISte//a,

Ic

AWhat are the conditions for life outside the solar system?

=" Survey the Milky Way for water and other Biogenic Ices /

18



Q1l: How Did the Universe Begin?

E ~ 18 GeV

3min  380,009r ST ne— e

En | ’ ~50Myr >

ation Light Cosmic First Ga%llaxies ~oGyr ‘«Jﬁ“lme
Elements  jicrowave

Epoch of Reionization Peak Star  13.8Gyr
Background P Formation Presentiay

Universe

SPHERBbserves the 3D distribution of galaxies,
usesNon-Gaussianityo probe inflation physics



Cosmology LSS: Testing Inflationr & f

A SPHEREX improves limit on f | 0.005
by a factor of 10 / ' i slow-roll inflation
4

A of, ~5 accuracy today to
qa ' <0.5 with SPHEREX

o
o
o
S

A Measure running of spectral index to also
constrain inflation

-0.005+ Multiffield inflation

A Combine with CMB data to robustly probe inflation 0.010-
68% confidence:
=== Planck allowed
SPHEREX PoS
-0.020 - SPHEREX BiS
mmmm SPHEREX P0S+BiS

-0.015 -

Running of the spectral index, as
Single field inflation

-0.025 1

5 0 5 10 15
Primordial non-Gaussianity, fy.

<~— 300 h"' Mpc —>

Slide: SPHEREX Team 20



Q2: How Did Galaxies Begin?

Contributions to the Extragalactic Background Light

IntrahaldLight
5-14Gyr

Galactic Light

Epoch of Reionization
0.5-1Gyr 1-5Gyr

£ NS lﬂ“ﬂ‘:

I 380,00®r _._500\/|yr ~SGyr ime

lation Light - ,,

Elgements ,(\:,l?;?\:vca\,e First Galaxies Peak Star 13.8Gyr
Epoch of Reionization )

Background Formation Presentlay

Universe

SPHERExtragalactic background light measurements
determine the total light emitted by galaxies
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1 L Science

SPHEREx
(100 X 10 MEV errors)

E Raqt.

Wavelength (um)

Intensity mapping measures light emitted

by everything that gravitationally clusters

A Traces faint light associated with dark matter
A Emission from all galaxies
A Dwarf galaxies responsible for reionization
A Diffuse emission from stripped stars
A Dark matter decay (?)
A Complements galaxy-by-galaxy surveys

A Method used on CIBER, Spitzer, AKARI,
Herschel, Planck
Spectroscopy is key for untangling cosmic history

96

Spectroscopy

22




Q3: What Are the Conditions for Life
Outside the Solar System?

Sourced bynterstellar ices rich in biogenic molecules:,®, CO, COCHh | X
| dZNNBYy G RSolF GSY R A R OSrtclhdd, KK@@er bglt-ofickhder?02 YS FTNRY
Did water arrive from asteroids or comets?

SPHEREX will measure th®©HCO, COCHOH ice content in clouds and disks, determining
how ices are inherited from parent clouds vs. processed in disks




