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SPHEREX

For every 6.27 pixel over the entire sky:

= R=35-41 spectra spanning 0.75 pm < A < 3.82 pm
= R=110-130 spectra spanning 3.82 pm < A < 5.0 pm

Passive Cooling
Tscope <80 K

TFPA <55 K

Mosaics of 2x3 H2RG
arrays located directly
behind the LVFs generate
the spectral images.

LEO Spacecraft
Ball Aerospace
Now BAE Systems
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SPHEREX Science Themes & )

SPHERE*
| —

Optimized for three sclentific goals

How Did the Universe Begin?
-3D galaxy survey probes inflation
through measurements of primordial

non-Gaussianity

How Did Galaxies Begin?
-Charting cosmic light production in the

NIR through intensity mapping

What are the Conditions for Life
Outside the Solar System?

—Survey of Milky Way interstellar ices
through absorption line spectroscopy
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A PERFECT LAUNCH... AFTER EIGHT DELAYS
March 11th, 8:10pm
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Spectral coverage and point source flux sensitivity

o Sensitivity estimates derived
from flight data

* QOverlap at short wavelengths
with |-band, z-band

* At long wavelengths, channel
co-added depths approach
that of unWISE

* Deep fields have ~50x more
coverage
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Source ID: 136838329122422784, RA=270.09, DEC=67.05

—— DESI B-band
DESI R-band
- DESI Z-band
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(Real SPHEREXx datall!!)
Source ID: 136838329122422784, RA=270.09, DEC=67.05

DESI B-band
DESI R-band

_, ;1 i’i b | SPHEREX aperture photometry

1000 -

o0

o

o
|

@)

o

o
l

N

-

-
|

B
=
>,
=
0y
C
O
9
X
=,
L

2 3
Wavelength [um]




SPHEREXx Redshift Survey £.)

SPHEREX

/

— Truth —— Posterior mean 95% C.I. SPH EREX

----- Residual 68% C.I. Observed — Truth — = Posterior mean A”-Sky spectroscopic survey
Science targets inflation

=112.9(/102) Zyye =0.327 z=0.327+39%7
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Over 30000 sqg. deg.:
o 1A 19M; < 0.3%

S T B oo 14 45M: < 10%
Y 800M; < 20%

(Feder+2024)

i 5 X *Emission lines help (Ha+[NII],
Ve e Pa-a, [Olll]+HB) but not used Iin

\/ e P official redshift forecasts

Picture credit: Ménard & Shtarkman, SDSS
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Flux [u)y]

PAE —— Template fitting

Truth

Improved Redshift Estimation with Probabilistic Autoencoders

Ztrue = 0.23
z'F =0.228 + 0.002
ZPAE = 0.23 £0.002

Zirue = 0.422
z'F =0.426 + 0.005
ZPAE = 0.42 + 0.003

Zirye = 0.1
z'F =0.057 £0.017
ZPAE = 0.097 + 0.004

Ztrye = 0.557
z'F =0.558 +0.011
ZPAE = 0.558 + 0.011

Zerud = 0.551
Zz'F1=0.632 + 0.044
ZPAE = 0.561 + 0.015
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BAO Measurements in the DESI era

October 2025
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BAO Measurements in the DESI era

SPHEREX can fill in a unique gap for
BAO measurements at low redshift —o— 0,14,<0.003 —-- No redshift errors

0.003<0,,4+,<0.01  —» DESI BGS (DR2)

—8— 0,1+,<0.003 —— 0.01<0,14,<0.03 —o— 0.01<0,7+,<0.03
0.003<0,74+,<0.01 == DESIBGS
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Probing Inflation with SPHEREX

- SPHEREX has sensitivity to drastically improve |
. A 2 LRG (FKP) high-z
constraints on local PNG ™ QSO (OQE)

-- LRG + QSO (OQE)

- Current forecasts: o( f]l\?L") = 0.8 (PS only)

- SFB proving useful for modeling wide-angle/GR
effects, systematics discovery/mitigation, etc.

- HG+0OD 21 (SuperfFab), HG+24 (SFB on eBOSS
EZmocks), RW+24 (SFB->PSM), RW+25a/b, SB+25
(BOSS reanalysis, in prep.)

- An optimized galaxy MT analysis could yield further
iImprovements, but more work is needed to

understand interaction with systematics, selection |
function DESI 2024 (Chaussidon+2024)

3.0 3.2
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Cross-correlation science Sailer+24

— Planck 2018
-=== PRA4 (Tristram et al. 2023)

This work (joint z; — 24)

This work (individual z;)

« CMB secondary anisotropies (lensing, I nemawom
kSZ, tSZ
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Cross-correlation science

« CMB secondary anisotropies (lensing,
kSZ, tSZ)

* NIR extragalactic background light
(EBL) redshift tomography

bl x dl/dz from angular scales dominated by linear
clustering

1h clustering vs. redshift —> evolution of non-
linear structure formation

Bock+25 (in prep.)

CIBER (F25)

Rins

Spitzer (F25)
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Credit: Ari Cukierman,

Coverage as of September 23 Giulia Murgia

0.75 um




Thanks for Listening
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Public products

Product Schedule Notes
Quick Release Calibrated Spectral Images | Within two months of acquisition | Updated weekly at IRSA

Calibration Products As needed Calibrations used with quick release cali-
brated images

Reprocessed Calibrated Spectral Images | Year 1 and Year 2 data releases Cumulative re-processing of spectral image
data,

All-sky Data Cubes Year 1 and Year 2 data releases

High Reliability Source Catalog 8 months after end of survey 3

Deep Field Mosaics May 2028 Galaxy Formation science theme
Stellar Type/Ice Column Density Catalog | May 2028 Interstellar Ices science theme
Redshift Catalog May 2028 Cosmic Inflation science theme
Legacy Catalogs: Stellar/Brown Dwarfs, | May 2028 Science Team Legacy Catalogs
Galaxy Clusters, Solar System

Table 4. Availability of SPHEREx Science Data Products. Note that Year 1 observations end in May 2026, and Year 2
observations end in May 2027.

Tool Availability Description
Spectrophotometry August 2025 Measure spectra at user-supplied positions, using the same PSF photometry
method as the Level 3 pipeline

Spectral Image Cutout | October 2025 Select sections of spectra images based on user criteria (spatial area, band,
time)

Source Discovery October 2025 Identify significant signal in user-supplied spatial region (with user con-
straints), without priors on the position

Custom Mosaic February 2026 Create single-wavelength images from spectral images using user supplied
criteria, including synthetic bands

Spectral Cube Cutout November 2026 | Extract subsets from the All-sky Spectral Cube, returning FITS cubes with
a HEALPix projection, and optionally interpolate for synthetic bands

Table 5. Availability of SPHEREx-specific analysis and visualization tools at IRSA




IN-Orbit Checkout
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Northern Deep Field Southern Deep Field

0° 315° 90° 45° 0°
Ecliptic Longitude Ecliptic Longitude

Figure 9. Coverage of the SPHEREx deep fields, shown as the minimum number of hits in each 6.2 sky pixel over all 102
spectral channels after 2 years of planned observations. The northern field is centered on the north ecliptic pole, while the
southern field is displaced from the south ecliptic pole is centered at ecliptic latitude —82° and ecliptic longitude —44°.8 to
avoid the Magellanic clouds. We overlay ecliptic coordinates for reference.




Redshifts from low-resolution spectroscopy

Fine = 6.5%x107* erg cm™* s™* Fine = 1.3%1072% erg cm~2 s~
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Figure 26. Line fits and redshift PDFs for simulated SPHEREx measurements of three isolated, low-redshift galaxies. The
left column shows the derived line redshift PDFs ~ the green and red dashed lines indicate the input and recovered redshifts
for each case, while the solid red lines bound the 68% credible interval of each PDF. The middle and right columns show the
synthetic fluxes (blue) and best-fit model photometry (red) for measurements near Ha and Paschen-«, respectively.
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SPHEREX will provide an all-sky spectral archive

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

Calibrated Spectral Image Data 102 All-sky Data Cubes High Reliability Source Catalog

« Available in archive within 2 months . Released after Year 1 and 2 Photometry in 102 spectral channels

+ Reprocessed images released after Year 1 and * Sources selected from input catalog
Year 2

Legacy Data Products
Released at end of mission

Archive functionalit
Y Legacy Deep Field Mosaics

User-driven Spectrophotometry

. Custom Mosaics * Legacy Galaxy Catalog
+  LVF Image Cutout » Legacy Stellar Type/lce Column
- General search, retrieval and visualization Density Catalog

October 2025 GGl Conference Richard Feder, UCB/LBL



Spectral Response
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Early observations of NGC 1760 (LMC

https://spherex.caltech.edu/images Diffuse structure from PAHS

(polveyclic aromatic hydrocarbons)


https://spherex.caltech.edu/images

. . . . VT N
Row Chopping, Channel Filtering to reduce noise @

SPHEREX

| Individual exposure integration
No Correction t f d b I th 2
Reference Only Ime TiIXe y Survey eng (

Channel Filtering SUrveys a year
Nyisit = 1
Nyisit = 2
Nyisit = 4

N = 8 More reference readings = longer
Nyisie = 12 single frame interval
Nyisit = 16 .

=» fewer samplings per exposure
=>»higher per pixel noise

=»higher noise at all frequencies!

Nyisit = 24

July 2025 DESI x SPHEREX Synergies DESI Meeting, LBNL Richard Feder, UCB/LBL



SPHEREX Sky Simulator Brendan Cril UPL) 1 20

Pipeline Architect |

Band 4, Exposure 0001 _1

Inputs Simulator Outputs
( Survey Plan } Pointings \
( {;%?&%}%?g ) > Instrt;ment HighResolutionScene
PSF QuickCatalog
(Reference Cat-a.log>\\ﬂ Catalog Data
Solar System ) JSourceCatalog
Objects ) SPHERExImage| |(FrameEdgeGhost
!
Zodi Model — / \
( i >\ BackgroundModel ApplyITnstrument .[SpectIr)al Imagi
| — ata
1 C DGL Model )/ PersistenceModel
: ivi2505.24856

Figure 1. SPHEREx Simulator architecture.
HOECR SN e e e 1.5 Astrophysics > Instrumentation and Methods for Astrophysics

1 [Submitted on 30 May 2025] \
The SPHEREx Sky Simulator: Science Data Modeling for the

05 ' First All-Sky Near-Infrared Spectral Survey

0 Brendan P. Crill, Yoonsoo P. Bach, Sean A. Bryan, Jean Choppin de Janvry, Ari J. Cukierman, C. ‘
Darren Dowell, Spencer W. Everett, Candice Fazar, Tatiana Goldina, Zhaoyu Huai, Howard Hui.'

| Woong-Seob Jeong, Jae Hwan Kang, Phillip M. Korngut, Jae Joon Lee, Daniel C. Masters, Chi |
H. Nguyen, Jeonghyun Pyo, Teresa Symons, Yujin Yang, Michael Zemcov, Rachel Akeson, |
Matthew L. N. Ashby, James J. Bock, Tzu-Ching Chang, Yun-Ting Cheng, Yi-Kuan Chang,
Asantha Cooray, Olivier Doré, Andreas L. Faisst, Richard M. Feder, Michael W. Werner

500 1000 1500 2000

|

N

o — —

July 2025 DESI x SPHEREX Synergies DESI Meeting, LBNL

—— — - . ———=

—_—— = —_ = == —

'Richard Feder UCB/LBL



Pre-launch single visit sensitivity vs. ecliptic latitude
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Figure 17. SPHEREXx 50 point source sensitivity in a single visit (with the pre-launch integration time 112.5 s) vs. wavelength
as estimated by the Simulator; colors represent bins of ecliptic latitude /.

Crill+2025




