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What | hope you remember a week from now

SPHEREX

Launching in early 2025

A near-infrared spectrum for every 6" pixel on the sky
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SPHEREX

Scientific motivations

How did the Universe begin?

& calay,
;‘6%6) How did galaxies form?
Ormats® Sester,
How did life form?
Ges

Legacy catalog of galaxies,
stars, asteroids and more
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SPHEREX

A little more detall...

¢Deep fields near ecliptic poles
Medium-class explorer (MIDEX)
e PIl: Jamie Bock (Caltech/JPL)

All-sky spectral survey
e Near infrared: 0.5-5 um
e Mid-resolution: 6” pixels, R ~ 35-130

Ecliptic Plane

TDeep fields near ecliptic poles
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A little more detall...

Medium-class explorer (MIDEX)
e PIl: Jamie Bock (Caltech/JPL)

All-sky spectral survey
e Near infrared: 0.5-5 um
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‘ Galaxy redshifts — non-Gaussianity
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A little more detall...

Medium-class explorer (MIDEX)
e PIl: Jamie Bock (Caltech/JPL)

All-sky spectral survey
e Near infrared: 0.5-5 um
e Mid-resolution: 6” pixels, R ~ 35-130

‘ Galaxy redshifts — non-Gaussianity

é//fj Intensity mapping — galaxy formation

SPHEREX

Totgl = Galaxy Intensity
galaxies + survey mapping
diffuse
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A little more detall...

Medium-class explorer (MIDEX)
e PIl: Jamie Bock (Caltech/JPL)

. Young Stellar
'CO, 5 *
=2 . Envelopes *

Log Flux

All-sky spectral survey
e Near infrared: 0.5-5 um L i
e Mid-resolution: 6” pixels, R ~ 35-130 e

‘ Galaxy redshifts — non-Gaussianity

s Intensity mapping — galaxy formation

Young Solar Systems
Protoplanetary Disks :

%= Absorption spectra — interstellar ices
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O . .SF'HEREX
A little more detaill...
Medium- High-
Accuracy Accuracy
. Detected Spectr Spect| Clust:
Medium-class explorer (MIDEX) >1bilion  >100milion  >10milion 100,000
e PIl: Jamie Bock (Caltech/JPL) D T g - R iy
5 -l oy T R A
L SR SR R
All-sky spectral survey LR o 4 .
e Near infrared: 0.5-5 um | e —r
e Mid-resolution: 6” pixels, R ~ 35-130 ot _—
Spectra Dust-forming Dwarfs Cataclysms
> 100 million 10,000 > 400 > 1,000
‘ Galaxy redshifts — non-Gaussianity e PN p— 2
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& (&) =
Intensity mapping — galaxy formation —
Asteroid
; & Comet Galactic
. ) . Quasars Quasars z >7 Spectra Line Maps
% Absorption spectra — interstellar ices >15million  2-300? 100,000 PAHH,

0
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‘ All-sky spectral archive !
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SPHEREX
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Back to the beginning...

W Thomas Zurbuchen 2
@Dr ThomasZ

This afternoon while at @ L, | notified Jamie Bock, « h
professor and the future SPHEREx mission Principal Investlgator that his

S P H E REX proposal will become a NASA mission. I’'m happy | could tell him this
exciting news in person. Watch:

e Spectro-Photometer for the History of |ESEEEEEEE
the Universe, Epoch of Reionization
and Ices Explorer

e Medium-class explorer (MIDEX)

o Selected 2019
o Launching in early 2025

013/338 ¢ & Y1

2:01PM - Feb 13,2019

SPHEREX — Ari Cukierman (Caltech)



SPHEREX

Why near-infrared?

1.6-um
bump

1.6-um bump

e Redshift indicator
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Why near-infrared?

1.6-um bump

e Redshift indicator

Redshifted line emission

Redshift, 2
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Why near-infrared?

1.6-um bump

e Redshift indicator
Redshifted line emission

Biogenic ice absorption
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SPHEREX

Band 5 Band 6
R=110 R=130

13C0,—

3.5 4.0
Wavelength (microns)
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Why space?
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“The 1997 reference of diffuse night sky brightness” SPHEREX

Leinert+ 1998

SPHEREX spectral coverage

Zodiacal light
CMB (2.726K)

100
Wavelength ( pm )
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Instrument

Photon shields
(cutaway) ——> N,

Wide- field
telescope

Passive cooling
system

Spacecraft bus ———»

provided by Ball

SPHEREX

Short-wave focal
/ plane assembly
/|, <«—Dichroic beam
splitter

\ Mid-wave focal

plane assembly
J

J

MirroH\ -

Mirror 3
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Where is SPHEREXx now?

Basement of Cahill Center for
Astronomy and Astrophysics

e Completed thermal and
vacuum testing

e Soon shipping to Ball
Aerospace for spacecraft
integration

E; - b «;ﬁ:
\ ii’ j/
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https://docs.google.com/file/d/1Bhjmd7ecu3yHjOkUrrJt5J3Kjf-az_pN/preview

SPHEREX

Spectroscopy without a spectrometer

Teledyne H2RG detectors Linear variable filter (LVF)

e Also on James Webb Space
Telescope

e Also on New Horizons
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SPHEREX

How SPHEREX constructs galaxy spectra
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https://docs.google.com/file/d/1aIG884YknXMOx1QgaoObelUDi2zHRqIU/preview
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https://docs.google.com/file/d/1QzVl9FR-KaAEcVKfp5jM53LuycG9PM3N/preview

A brief history of the Universe

1032 sec
Inflation

3 min
Light

elements

400,000 yr 5 Gyr
Cosmic Peak star
microwave oy formation
background [ ‘
e A W
AT
\ S |

500 Myr

First galaxies
Epoch of reionization

'

13.8 Gyr
Present
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‘ How did the Universe begin? sPrERe>

e

N
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Inflation seeds
cosmological structures

A N
3D distribution
of galaxies
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Primordial non-Gaussianity

2-point statistics .
P f, = +1000
e Power spectrum
Galaxies
3-point statistics
e Bispectrum Da;‘t(
matuer
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SPHEREX

Primordial non-Gaussianity

2-point statistics

e Power spectrum
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Primordial non-Gaussianity

2-point statistics

e Power spectrum 0.000 77N

3-point statistics field inflation

e Bispectrum

68% confidence:
mmsmm Planck allowed

SPHEREXx PoS

SPHEREX BiS
mmmsm SPHEREX PoS+BiS
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Primordial non-Gaussianity, fy.
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_ Extragalactic
Integrated starlight ey background light (EBL)
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SPHEREX

Extragalactic background light (EBL)
|What else? \

Milky Way

' COBE/DIRBE composite

Zodiacal light
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Extragalactic background light (EBL)

Census of cosmic light production

/@\

Diffuse Infrared Background

COBE - DIRBE

Observed
Sky

Zodiacal Light
R d

Extragalactic
Background

60/100/240 um
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Extragalactic background light (EBL)

Census of cosmic light production

ST

2

=
=
>
=
7
=
O
~
=
—

Cooray 2016

SPHEREX

SPHEREX
spectral Microwaves

coverage
Optig

Infrared

Wavelength (meters)
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SPHEREX

Extragalactic background light (EBL)

¢Deep fields near ecliptic poles

Census of cosmic light production

Deep fields near ecliptic poles

TDeep fields near ecliptic poles
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SPHEREX

Extragalactic background light (EBL)

.. . Ecliptic longitude
Census of cosmic light production 90°

Deep fields near ecliptic poles

apniie| ondip3
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SPHEREX

Extragalactic background light (EBL

Census of cosmic light production

Deep fields near ecliptic poles

Intensity mapping
e Dwarf galaxies
e Stripped stars (intrahalo light)
e High-redshift galaxies

Totgl = Galaxy Intensity
galaxies + survey mapping
diffuse
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Extragalactic background light (EBL)

Census of cosmic light production L. , oda
P Line intensity it

mapping

Deep fields near ecliptic poles

Intensity mapping
e Dwarf galaxies
e Stripped stars (intrahalo light)
e High-redshift galaxies

~100 wavelengths
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How did life form?

Stars produce

Y AN A _ :‘.,;4“\ ‘,: o
heavier Water and other
elements biogenic molecules
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Interstellar ices

Nature, Vol. 221, Feb. 15, 1969

Detection of Water in Interstellar Regions by its
From Hat Creek Observatory

Microwave Radiation

by
A. C. CHEUNG D. D. THORNTON
D. M. RANK W. J. WELCH

A report of the detection of microwave
radiation from water molecules in space,

(D; . TOW{NPES i gadif’ AS'-'°"°("::_Y| Lab?"ilﬂé’rylinf by the group which recently detected
epartment of Physics, epartment of Electrical Engineering, ; | Tedi
University of California, Berkeley University of California, Berkeley ’ interstellar ammonia emission.

MICROWAVE cmissi > rotational transi-
tmn nf H.O hu i i 3

vu(limi(;n‘ at 1-35 em wavelength, was detected with the
twenty foot radio telescope at the Hat Creck Observator
ribed earlier for the detection of the
‘pm"frmn‘ In the ¢ F Sgr B2, the H,0 emission
is from the same direction in \\}mh considerable NH,
is observed (unpublished work o although
there is reason vo believe the two molecul: SP ay not
losely associated. Strong H,O radiation pm(hu ing an
antenna temperature o ° K ed from the Orion
Nebula (where no s detected), and an antenna
temperatur sast as high as 55° was found for H,O
radiation from W49.

velocity found one of the OH emission and broad OH
absorption features observed in this region?, the 62 km s-!
Doppler velocity of a small nearby HIL region? and the
velocity of about 58 km s-! found for NH,; (unpublished
L Cloet nlj observed in this direction. The

wnin Fig. 1 wer € ilters producing

[< ig. 2
Doppler

%ras0
Orion, the radiation intensity was *uf‘ﬁru m]v high to
make practical the of filt producing a spectral
lution of about 350 kHz. In Fi the solid line

nts the continuum temperature as it was measured

ters of width 2 MHz; the plotted points represent

SPHEREX
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Interstellar ices

99% of interstellar water is ice

“Follow the water’” — “Follow
the ice”

*Follow the ices
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Band 5 Band 6
R=110 R=130

13002\

3.5 4.0
Wavelength (microns)
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Interstellar ices

W33A

) ¢ Young Stellar *
Envelopes

99% of interstellar water is ice

Log Flux

“Follow the water” — “Follow f'”\
the ice” 25 80 35 4:_0‘ 5
Wavelength (microns)

*Follow the ices

Young Solar Systems

Protoplanetary Disks
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Interstellar ices

99% of interstellar water is ice

“Follow the water’” — “Follow
the ice”

*Follow the ices

SPLICES
e SPHEREX target List of
ICE Sources
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WISE 3.4 um

Ice targets

\ *\o’ y,

SPHEREX

80 78
Galactic longitude
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Interstellar ices

99% of interstellar water is ice
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“Follow the water’” — “Follow
the ice”
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*Follow the ices
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SPLICES
e SPHEREX target List of
ICE Sources

8.6 million targets

0
Galactic Longitude
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You can also ask me about...

CMB detectors

Nanofabrication
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SF'!:IEREX

You can also ask me about...

CMB detectors

4

Nanofabrication

South Pole | i
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SPHEREX

You can also ask me about...

CMB detectors

4

Nanofabrication

South Pole | ———
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SPHEREX

You can also ask me about...

CMB detectors

4

Nanofabrication
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SPHEREX

You can also ask me about...

CMB detectors

4

Nanofabrication

South Pole
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If you remember nothing else...

SPHEREX is launching in 2025

A near-infrared spectrum for every 6”
pixel on the sky

‘ Galaxy redshifts — non-Gaussianity

Intensity mapping — galaxy formation

A
2% Absorption spectra — interstellar ices

' All-sky spectral archive

Stars Galaxies

Other

Detected

> 1 billion

L\ ET]
Sequence
Spectra
> 100 million

Quasars
> 1.5 million
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SE!:|EREX

Medium- High-

Accuracy Accuracy
Spectra Spectra Clusters
> 100 million > 10 million 100,000

- A

PR »

Rl s S A
: . R, R
. g L

I $TORNWAD

Brown
Dust-forming ITTET Cataclysms

10,000 > 400 > 1,000
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Asteroid
& Comet Galactic
Quasars z >7 Spectra Line Maps

2-300? 100,000 PAH, H,

A
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