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i': PERA Circum@Galactic Medium

REVEALING THE DIFFUSE UNIVERSE

e (Galaxies form in dark matter halos, from
gas that cools and condenses into a central

Diffuse gas star-forming disk.
9as 9 ¢ (Circumgalactic Medium (CGM):
A9 2 S . |
® Most dominant baryonic component of
o O |
S galaxies
<
?&(} e Galactic fuel tank / source of star
e (alaxies acquire, eject, and recycle gas
to/from CGM
* Multi-phase
¥ % o
<
%
300 kpc %" Tumlinson et al. (2017)
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Multi-Phase of CGM

M 82

& CO (1-0) contours

B TR + HI (colorscale)

39

36

A9 33

_ o0 0 'I)\_
NGC 891 |
Atomic Gas
HI — 21 cm |

Oosterloo et al. (2007) 10 ke

+ 10
21"23'“15s 23™00% 22M45°% 22M30° 22™M15% 22™m00°

Right Ascension (J2000)

M 82

Chandra X-ray
(T>10° K)

Image Credit: Jiang-Tao Li

Molecular Gas | Cold Neutral Gas

Hot Gas \
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log T [K]

The Simulated CGM

Redshift
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2,000
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Observed wavelength (A)

- Locations of metal lines which could trace gas in
multi-phase

- Grey background: Mass distribution of gas
components in phase-diagram, derived from MW-
mass EAGLE zoom simulation.

- O VI transition (1032, 1038 A) probes the
most populous ionized phase of gas in a
galaxy’s CGM.

Mhalo = 1012.2 M ®

)
1

B 4-7 x10'°M_ (Behroozi +10; McGaugh10)
B 7-12 x10'""M_ (This work)

1-10 x10'°M ,, (Tumlinson +11; Peeples +14)
==

—

10114 M (;:)

=
1

1—14 x10° M. (Anderson +13)
1.2-3 x10''M .

o
[

S
o

©
~
L]

S
b

Fraction of Baryon Budget (0.17 M, ,,

Disk Cool CGM  Warm-Hot CGM Hot CGM Total

Werk et al. (2014)
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Absorption Line Finding

Hubble probes the invisible halo of a galaxy
® Large O VI columns to ~150 kpC The light of a distant quasar shines through the invisible gaseous halo of a

foreground galaxy. Elements in the halo absorb certain frequencies of light.
They become detectable, and can be used to measure the halo's mass. *

/ .

e Diffuse / occupies bulk of halo

e NOT shock front or boundary layer

Brightness

e >10% of entire galactic feedback energy Color Wavelonf
goes into support

® (Contains more mass than stars!

e (aveats: Assumptions on filling factor; no
morphological info

e \We do not have ‘eyes’ on the dominant
matter component of galaxies
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THE ASTROPHYSICAL JOURNAL, 916:7 (9pp), 2021 July 20
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What about in Emission?

Revisiting FUSE O VI Emission in Galaxy Halos

Seven O VI Emission Detections
30" 42' 49' 38 3?' ?50.3

32°36' Two from Otte+03 |\

(Two from Otte+03, Four from Chung+21, |-
and one more in M82 from Kim+24 -

24"
34'4 L 34"
=) o
o o
& & 21
= , >
@ 32'4 32 U
w W
0 (-
: FUSE FoV 18'1"
' 32930 :
30 (30” x 30”)

NGC 4631
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v v v + A, — — —
00~ 41\45* 30° 2h22M50°% 405 30° 20°
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+42°15"

Chung, Vargas, & Hamden

Declination (J2000,

956307

NGC 4631 with soft X-ray band (0.15-0.3 keV) contours. I vc FUSE LWRS obscrvauon ﬁclds are marked wn\h black squares. NGC

1 L il
1025 1030 1035 1040
Wavelength (A)

it

wmww

'NGC891-2 (b1140201) 1
Exp. Time (D+N): 31440s T
Exp. Time (N): 27203 s
OVI1032S/N: 3.2 T

1 | 1025 1030 1035 1040 1 1025 1030

1035 1040 ]

Wavelength (A) Wavelength (A)

3 M 81: A+B+C

00s 95307
Right Ascension (J2000)

1 kpc
00s

@/ unAsfj (-0/\ Jen&or

+T
VERA C.RUBIN

OOOOOOOOOOO

UNIVERSITY OF
NOTRE DAME & COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

Presented By: Haeun Chung

ARIZONA



Aspera

- NASA Astrophysics Pioneer mission
- PI: Carlos Vargas (Univ. of Arizona)
- Observe Nearby warm-hot CGM

- Far-UV spectrograph payload

- To be launched in early 2026

FIREBall-2

- NASA APRA balloon telescope

- PI: Chris Martin (Caltech)

- Inst. PI (Univ. of Arizona): Erika Hamden
- Observe redshifted CGM in emission

- FUV multi-slit spectrograph payload

- Launched from Fort Sumner, NM, USA

Eos

| - SMEX-class mission concept

- PI: Erika Hamden (Univ. of Arizona)
- Observe H, fluorescence line emissions

* - SO includes CGM detection in emission
| - Far-UV high-spec. res. spectrograph

L Previously known as Hyperion (proposed
4 to 2019 SMEX, 2021 MIDEX)

NoOX

- APRA/Pioneer-class mission concept

- PI: Haeun Chung (Univ. of Arizona)

- All-sky spectral background mapping in
FUV

- FUV spectrograph payload

- Previously proposed to 2021 APRA

A
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PERA Revealing the Diffuse Universe

REVEALING THE DIFFUSE UNIVERSE WHAT IS THE ASPERA MISSION?

e UV SmallSat Mission (5-years)

+ A
AS

® PI: Dr. Carlos Vargas, University of Arizona
¢ Funded by 2020 NASA Astrophysics Pioneers

® Detecting & Mapping of Warm-hot Circumgalactic
medium in nearby galaxies via observation of
O VI emission line at 103.2 nm

® Payload: UV long-slit spectrograph
T ® Spacecraft: U Toronto Space Flight Laboratory
B i - ) e Orbit: Sun-Sync LEO, launch in 2026 via rideshare

BOCHUM
Presented By: Haeun Chung 8 A
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Goal & Science Objectives

PERA

REVEALING THE DIFFUSE UNIVERSE

Goal: How do baryons cycle in and out of galaxies and what do they do while they are there?
(NWNH, Galaxies Across Cosmic Time, Question 2)

Empirically confirm the presence of massive warm-hot halos, and determine its role in galaxy evolution

e SO 1:Ubiquity of warm-hot gas: Determine the prevalence of circumgalactic warm-hot gas in nearby
galaxies

e SO 2: Morphology: Determine if the spatial distribution of large-scale warm-hot gas flows is
significantly filamentary in galaxies with detections in SO 1

e SO 3: Contribution to galaxy evolution: Determine if the abundance and kinematics of warm-hot
phase baryons in the circumgalactic medium is consistent with ‘superbubble’ feedback models in
galaxies with detection in SO 1

UTIAS ('°/\ Jezz&w* InWA KL M Presented By: Haeun Chung 9 ﬂ
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Payload

REVEALING THE DIFFUSE UNIVERSE
OAP Assembly (x2)

~ N

MCP Detector Assembly

~ B /'

OAP section Baffles (x2)
Grating section Baffles

Gratings Assembly Optical Bench Assembly

Entrance Aperture (x2)
Bipods (x3)

Electronics Bay
Star Tracker Unit (STU)

~d'

Gratlngs

EFFICIENT AND REDUNDANT, WITH HERITAGE

2x Identical Rowland Circle-like optics

® Design inspired by FUSE

Long slit FUV spectrographs

e \Wavelength: 103-104 nm

® Spec R: ~1,500, Spatial R: 60 arcsec

e FoV: 1 degree x 30 arcsec (per ch.)

S MEV Sensitivity: 3.4E-19 erg/s/cm?/arcsec?
TRL 2 6 Technologies
_ ® Mirror, Grating, Coating, & Detector
' , | , Spacecraft: ESPA-class DEFIANT platform
_ 20' (Actual slit length: 60') | 30"
x)etew% 5 of 7 > : : ® Provided by University of Toronto Space
Slits . Ch.1&Ch.2 Fllght LaboratOry (UTSFL)
_sL Background: NGC 4631 (KPNOBband): _
O?ﬁjx b T -[ R | . T Chung+2021, Chung+2024 (SPIE Proceeding)
parabola arcmin
UT'AS ('° Jen&or InWA TR A
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Spacecraft Bus

* Provided by the University of Toronto
Space Flight Laboratory (ULSFL)

* ESPA-class DEFIANT platform

- Spacecraft mass: ~35 kg

- Payload mass: ~24 kg

- Payload volume: 36 cm x 36 cm X
56 cm
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Projected Performance - Sensitivity

REVEALING THE DIFFUSE UNIVERSE SENSITIVE TO LOW'SURFACE BRIGHTNESS DIFFUSE SOURCE

—  Aspera Sensitivity (50, per 60" x 507 sampling) ® Aspera Sensitivity: Shot noise-limited even at
- o 1E-19 ergs/s/cm?/arcsec?/A level
Q — 5 .
o 10 ® Known noise sources:
o 4 - Shot-noise (VN
T NGC 4631-| Detection ( £ 10) 10 n (\/_)
n s . - MCP Detector total background
(@\
= A - Earthshine/Zodiacal, scattered, and stray light
O -
) 1018 .-.U 60 Simulated O VI Line Emission Spectrum
E oo IU') 4 :
: Sensitivity Reqmrement _, 53":11@.@ 103 bl T 50 °'<
+ (NGC 891-1 Non-detection \\\ NG T C 0 O «~
2 1.50 Upper Limit) 8 = 40 p IE
.EJ) U © A g @
= O — Aspera —

= 10-19 = Q30 —— FUSE z
((>I) FUSE (Agsr. =27.0 cm?, 30" x 30") — g() GCRV12336 10 8 o
|C_IJ Aspera, MPV (Ags = 0.73 cm?) : = 20 — O
< mmmn Aspera, MEV (Ags = 1.10 cm?) 102 S ' _><3_ (",'\I
S ~—- Aspera, CBE (Agr. =176 cm2) | 3 10 -9
O : X

10% 102 103 0

Integrated Exposure Time [hour] 1025 1030 7 1035 1040 1045 \ Fusk, 6 hrs exp.

Aspera, 4.5 days exp. Wavelength (A) from 2.7E-18 ergs/..
from 3.7E-19 ergs/.. [Chung+2021]
@ CC (0/\ % InWA ot @ Presented By: Haeun Chung 13 A@)
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Target Selection

.

NGC 1353

Nacosss: Sl e e Pl P e NGC'891

x 1000 .

NGC 3003

‘NGC574g <~ *
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Targets, CONOPS & Data Management

HUNTING FOR VIEWING WINDOWS

REVEALING THE DIFFUSE UNIVERSE

Target d|str|but|on on the Sky ® Baseline mission requirement;:

Aspera Science Targets

I T 5 O O P ® Observing nearby edge-on star-forming galaxies
oo e L ® Detection observations for 10 galaxies
o A . 6 B B o v ST Y74 P 0 2 e Mapping observations for 3 galaxies
N e o e o7 e Final data product: 3D spectral data cube
A L Detection Obs. Mapping Obs. 3D Data Cube
Observing window over 1 year
spatial K

NGC 5907
1C 5052
NGC 7064
LI
7 Gy lior IOWA - — & ] A
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University of Arizona

Carlos J. Vargas (PI)
Erika Hamden (DPI)

Team Aspera

REVEALING THE DIFFUSE UNIVERSE

THE BEST TEAM EVER

Ascending Node Technologies, LLC
Carl Hergenrother John Kidd

Tom McMahon (PM)
Haeun Chung (PS)

Sanford Selznick Giulia Ghidoli

) Sensor Sciences, LLC

Heejoo Choi

Ewan S. Douglas

Miriam Keppler
Nicole Melso
Simran Agarwal

Aafagque R. Khan

Jessica S. Li

Sumedha Uppnor

Fernando Coronado

Elijah Garcia

Hannah Tanquary

Daniel Truong
Naomi Yescas
Peter Behroozi
Tom Connors
Jason Corliss
Dave Hamara
Walt Harris
Karl Harshman
Daewook Kim
Corwynn Sauve
Bill Verts
Michael Ward
Dennis Zaritsky

Oswald Siegmund

Simon Grocott

Ramona Augustin (STScl)

Joe Burchett (NMSU)

Lauren Corlies (Adler Planetarium)

Keri Hoadley (lowa)

Cassi Lochhaas (STScl)

Ralf-Jirgen Dettmar (Ruhr U. Bochum)
Chris Howk (Notre Dame)

David Schiminovich (Columbia)
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Schedule

REVEALING THE DIFFUSE UNIVERSE

We are herel

PDR CDR Spacecraft 1&T
Start Launch
O e O O &> @ O e A @
04/21 10/21 04/22 10/22 04/23 10/23 04/24 10/24 04/25 10/25 04/26
SRR Closeout

Flight Readiness Review

Payload Env Testing

Preliminary Design Critical Design Payload Assembly & Testing SCI&T Flight Ops
S50 W . A
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Summary

YEAR 2024: THE WAR AGAINST THE CONTAMINATION HAS BEGUN

REVEALING THE DIFFUSE UNIVERSE

e \Warm-hot CGM — the dominant baryonic component of galaxies is still completely unmapped
® Aspera : UV SmallSat mission for imaging warm-hot coronal gas in nearby galaxy halos
e via O VI (1032 A) emission spectroscopy with step-and-stare concept observation

¢ High-throughput, wide-field, and shot-noise limited system enables detection and mapping
of faint diffuse gas

e AIT in 2024-2025, launch ready by early 2026, to Sun-Sync Low Earth Orbit via rideshare
— 9-month mission to observe 10 detection targets and 3 mapping targets

V¥ Fresh coated OAPs @GSFC V¥ The 1st Aspera Flight Grating ¥ S/C Qualification Model ¥2D CGM Distribution from Aspera Mock Observation
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Projected O VI 1032A Emission
Signal to Noise Ratio per bin (30" x 30"

[arcmin]
|_I
o

w U

= B * [ Aspera Mock Observation SNR

—4 o B Target distance: 7.35 Mpc
Exp. time: 2 days per pointing

(*: bin with SNR > 5)

A
=

[arcmin]
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