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[t .« FarsIR Astronomy from Near Space

We live in a
Galaxy
comprised of
e G stars, planets,
b AR and people.

_ i Where did it all
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iy GUSTO Science Goals

* Goal 1: Determine the constituents and life cycle of interstellar
gas in the Milky Way.

* Goal 2: Witness the formation and destruction of star forming
clouds.

* Goal 3: Understand the dynamics and gas flow into and within
the Galactic Center.

* Goal 4: Understand the interplay between star formation,
stellar winds and radiation, and the structure of the ISM in the
LMC.

* Goal 5: Construct Milky Way and LMC templates for
comparison to distant galaxies.
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w§_1'9m GUSTQ§ a Spectroscoplc Mapping Machine
| | - for the Far Infrared

124 sq. degree
Milky Way Survey

On-the-Fly Mapping

—_ Dense {_’_LT’L';D counterpart)
. 12 ?
R Duffuse (HI/ “CO counterpart) ) :

25 sq. degree
LMC Survey
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nghggsolu’uon spectroscopy unlocks the
£ ‘structure of the Galaxy in 3D

time 0.0000 /Users/ckulesa/Downloads /HEAT-DR1-G328.0-Cl.fits Fits
nbody : 343136

2.86E+0
E+0
5.5E
A
SE-1
Zoom -301.3929
Rot -84.00 -226.00 340.00

Center : 26.27 26.36 119.23 Perspective
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GUSTO Galactic Plane Survey:
. Threshold and Baseline

Central-Molecular Zone Perseus Origin Arm
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Baseline mission

Total Survey Area |Angular 30 sensitivity |Spectral
Resolution |(erg/s/cm?/sr) |Resolution

Threshold: 88 deg? 0.6-0.9’ 1 x 10~ [ClI] 1 km/s [ClI], [Ol]
Baseline: 150 deg? 5x10°[NIl] 1.8 km/s [NII]
1x 10 [Ol]

Since the C/T review with HQ in 2022, GUSTO has been operating toward
“achieving the threshold mission in 55 days, with margin”.

GUSTO’s Threshold mission still addresses all 5 proposed scientific objectives
and can be completed in under 55 days of mission time.

Central-Molecular Zone Perseus Origin Arm

Thréshuld miésidn
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=y S,IOM ' GUSTOSurveys — Threshold and Baseline

aaseline Total Survey Area |Angular 30 sensitivity |Spectral
AN Resolution |(erg/s/cm?/sr) |Resolution
- . @

Threshold: 88 deg? 0.6-0.9 1 x 10 [ClI] 1 km/s [CII], [O]]
Baseline: 150 deg? 5x10°[Nll] 1.8 km/s [NII]
1x 10 [Ol]

GUSTO LMC survey

The main “descope” of the threshold mission is survey areal coverage.

“Threshold plus margin” provides the Project with a means to mitigate risk going
forward.
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~0.9- meter

Primary Mirror Carbon Fiber
Reinforced Polymer

Cradle

eryostat

Mass Slider

Focal Plane
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I i Silicon Lenses
2x4 [NIl]  2x4 [CII]
146 THz 1.9 THz
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- Observatory power

- Science data telecom

GUSTO observes [NIl], [Cll], and - Pointing control
“the Payload”

| [Ol] simultaneously! - Thermal control

44” beam at [ClI], 1900 GHz (Band 2)
37” beam at [Ol], 4745 GHz (Band 3)

l I
| | |
| |
1 I
] [
1 I
I l
l |
| - N | at
Cryogenic (4K) array receiver 1 -
I with 75-day hold time 0.9 m /10 Cassegrain
] telescope, under-illuminated I |
| 24 heterodyne receivers using at high frequencies | &
| hot electron bolometers as | Gondola provides:
mixers from 63-205 microns 54” beam at [NIl], 1461 GHz (Band 1)
| [
| [
[
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Level I Requwements = Data Requirements

L1 requirements are stable, defined in document 7503-9029 and
the signed PLRA at KDP-C. No changes since SRR/MDR.

Baseline Specification L1 Requirement #

Galaxy: -25°< /< 28°, |b| < ~1.1°
LMC: 25 deg?

1.2" Galaxy, 1.1’ LMC

Angular coverage

Angular resolution

Spectral coverage

Spectral resolution

GPS and LMCS
Sensitivity

TDS sensitivity

500 km/s near Galactic Center
300 km/s in Galactic Plane (|/| >5°)

<4 km/s in [Cll]] and [Ol]
< 8 km/s in [NII]

10~ erg/s/cm?/sr in [ClI]

8x10°® erg/s/cm?/sr in [NII]

104 erg/s/cm?/sr in [Ol]

x2 deeper for LMC, [CII] and [NII]

2.5x10° erg/s/cm?/sr in [CII]

L1-25 through L1-30

L1-35, L1-39, L1-43

L1-46

L1-47

L1-36, L1-44

L1-40

L1-32

L1-38

L1-42

L1-33, L1-38, L1-42

L1-34

08 March, 2023

GUSTO PPSR

Slide 12



STO). 4

wmegesee . Receiver Performance at Secondary

Mixer |Trec Trec eta_forwa
@M1 @M2 rd
140mm 140mm

B1M2 |963K 1140K 87.2%

(1118K)
B1M3 |803K 935K 87.5%

(917K)
BIM6 |848K  |975K  |88.8%

(955K)
B2M2 |961K  |1175K  |89.5%

(1073K)
B2M3 |1087K  |1299K | 91.6%

. 1186K

Band 1 and Band 2 noise temperatures through the ( )
telescope exceed the L3 requirements without optics B2MS 1 1332K (116;798KK) Sl

losses!

B2M6 |963K  |1135K  |92.9%

(1036K)

This is what allows us to approach baseline moMe 11171k 11405k |91.3%
performance with only half of the B1 and B2 focal (1282K)
plane operational (without crosstalk)

Receiver performance is maintained through the telescope
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Tone w/ ACS in all 3 B1 mixers

End-to-end tone tests provide strong evidence that GUSTO is fully functional
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%% of baseline requirement
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Level 2 instrument performance metric

B measured, 2/28/2023

Baseline (70 days)

100

Band 1 = [NII] Band 2 = [Cll] Band 3 = [O1]

GUSTO Péylbad is performant at the system level

Metric plotted with time
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GUSTO Payload Exceeds Threshold Mission requirements with margin
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| G.o-nddTé‘jCio_hfiguration with STO-2 Telescope
Azimuth FIyweeI | | |
Momentum

Transfer Unit
i1

STO-2
Telescope used
as Payload
Simulator

Radiator

o : i Next Gen Star
Liquid Cooling Camera
Pump
STO-2 Star  Avionics
Camera

Batteries (x9) :

- "

Power Distribution Unit
C T
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Chservatory Ready for
Shipment Lo Palesting

G2 Hardware arrives in

ORR Artarchoa
bs21423 .
Gondala)/Mayload ’ 1054523
Integration Complete
aIEgT PSR /BAC MRR
/20423 P

Unfurcied kargnas Ship to
antarcica
By2viad - 1yE 22

Coservatory Integration &
Tesl at AFL
BAGS2T - 745023

| - . ] . | Launch
Phase O Phase E
623 - 1243123 - A A A 171724 - 4/30/24 n
Iransporter Delvery o AF Corrgatibility Test - Project Flight Readiness
5522 Palestine (Hang Test) Review
12,023
anz e BPO-CERR 1 (As
Mecessany)
Hardvizre and Team 217724
arriees at Palestine APL-FHR o
TEES 12/1423 BRO-CERR 2 (A5
Team Deploys to Antarctica Meceszary)
[COVID- 13 Quarantines not 36724
factored n for 2023
Launch)

10/22/23 - 1042623

Status as of 2/28/2023
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