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THE COLORADO ULTRAVIIJLET SPECTROSCOPY PREIGRAM

https: //Iasp colorado. edu/home/cusp/ or FoIIow @CUSPatCU
SPRITE Only @SPRITECubeSat '

n sI‘EI:'l'Rm;
‘\E\‘ ”ﬂ ll

CU/LASP - BATC - MSFC - SAO - PSU - UCB


https://lasp.colorado.edu/home/cusp/

i

Brian.fleming@Co'lorado-.edu https://lasp.;olorado.edu_/home/c.usp/ or Follow

7l :
@CUSPatCU


https://lasp.colorado.edu/home/cusp/

il

A

- Technical Challenge
”You can't do science with a spaee toaster” &

-something Brian Fleming probably would have said, circa 2013

SPRITE compact “smart” CubeSat: $4.1M
- Stares at seemingly empty patches of sky -
for long periods of time’
Does not make food

Breville compact smart oven: $189.95
Creates toast and other tasty foods
Could possibly reflow solder on electronics

226.3 mm

89in —~
P
L

365.9 mm
14.4in

Undeployed

Brian.fleming@Colorado:.edu https://lasp.colorado.edu/home/cusp/ or Follow @CUSPatCU



https://lasp.colorado.edu/home/cusp/

e, i Seience Program: _
The SPRITE Science Surveys



SPRITE Science Surveys - = CL/\

11l

6 » PR’

SPRITE lonizing Radiation Escape Survey (SPIRES) . SPRITE Remnant Interface and Galaxy mapping Survey (SPRIGS)
NGC 1858
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Supernova Remnants in the LMC Wavelength (4 e ()

e

1200 1400 ) 1600
Observed Wavelength (A) . al S o <70" el
Requirements ' o T na Requirements:

* Short-wave LUV bandpass for low-z LyC (1000 A) * - Long Slit with imaging resolution < 30” along slit

. LO",' —wave bandpass for z< 0.4 Lyman alpha (1750 A) ' e 1800” x 10” slit '

 "Hig ‘§itivity required s - .+ 60" x60” center

| throughput * Pointing knowledge and stability
e Low b?bkground * “Push-Broom” observmg mode
* Long-slit |mag|nggspectroscopy for scattered geocorona * Low spectral resolution < 4 A for O VI resolution

*  Low spectral resolution | ¢ " Push-broom of local galaxies, CGM émission



(c) J1442-0209

¢

CL

‘SPIRES: High-sensitivity in the Lyman UV

Simulated Spectrum: SPRITE’s imaging spectrograph
drastically reduces backgrounds relative to HST_.COS/FUSfE

J103344+635317
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Fluery et al, 2022

Geocoronal Lyman alpha 1216 FUSE Spectru |

Signal-to-Noise is signal AND noise — reducing noise boosts SNR - ‘50galaxies at 0.2 <z<0.4

!ilu_x targets ~ 10"17 erg cm2'st A1 for low redshift sources (z ~ 0.2-0.4) to-Fic > 1072 efg care s A1

-
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Spg-l e SPRIGS: Push Broom Observation Mode N

_Pushbroom Observation Data Products

Individual-Spectra from
each long slit observation

Pushbroom &
Observation g

Qoth spatial and spectral mformatlon in the form of a 3D data cubefx it )\)

12

h 45m Lo \
Lo e . X \ / .
' 20n45m | 30° 57 - - . Data Cube
| 7.0s 59.99% | v e
h 45m Sl . :
18 g e v
'h m 30° 57" :
{4 oo | sose e :
_ 50 SNRs in MCs
5 20h 45m 30757 : :
28.0s 59.99" 2 sq. deg. Of Cygnus/Vela
. : ; - 15 Local Galaxies
. Spatlal Mapping F|.Iel . 2 Local CGM<



LEVELO

Raw Data (Downlink
from Spacecraft):

TTAG Data

- lists of 32-bit words
for all events

- Lya region position
arrays

- Lya region P
histograms

ACCUM Data
- position arrays
- P histograms

LEVEL 1

For all observations:

Build data header
from housekeeping
data

Provide wavelength
calibration

Remove background
noise

For TTAG observations:

Truncate P
distribution
write into user
readable tables

LEVEL 2

For all observations:

e Provide a flux
calibrated
spectrum and
error spectrum
Apply field
distortion
corrections

Data Products Provided to MAST archive

Point Sources:

Multi-extension fits
file containing 1D
Spectra of:

[1] flux

[2] flux err

[3] wavelength
solution

[4] background

[5] calibration-
standard spectrum

STScI | Science insmmure

Extended Sources:

-Grouping of all
spectra for a
pushbroom
observation in same
format as point
sources

-Spatial mapping file
for each grouping

- Interpolated Flux
Data Cube and error
cube for each
pushbroom grouping
(3-D Image [x, y, A]) for
visualization
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SPE' g e i i . S’PRITE Ove‘rviéw

TRX-U UHF |
Transceiver

S . .
— Sensor Sciences

Detector

Space Inventor
BATP3 Battery #1,2
('5‘ S\ —— - F = g
, . . e W ‘ o Electronics
SN SPRITE Calibration | 8 B A ' Solar Panel
Channel (SCC) - g L Deployment
| g )

Mechanism
> :
Grating Mount

Sensor Sciences gl == - Secondary Mirror Sscencany Miron e Y] <
MCP Detect ‘ , ] ‘ and Heater = , i g
il | g T - andiredler : ' i g T g B8 B “SBy | Clydespace S-
= ] DRSS B e\ ; band Radio
po— cw ) 4 L . . e ==:= éé - T —

Sensor Scienc _ Space Inventor
Detector Electro = —= BATP3 Battery #1,2
Z f,’,i’,—; - == ’;‘ = — = . =

LASP Bus and 7
Power Boards | |

BCT XACT-15 ~

18 x 16 cm
Primary Mirror

with Housing

———

| 4
!
~~J custom HVPS

* 3D Design with 12U Volume (22.6 x 22.6 x 36.5 cm) |
A bit smaIIer'than_ most toaster ovens — Smaller footprint than MacBook PRO
e Well baffled optical system with tungsten detector shieldin _
“+ Calibration Channel with CaF,BaF, windows ~ . ' B,
 “Bird of Prey” solar panel design ' '

g‘ : : Brian.fleming@CoIorado-.edu https://lasp.colorado.edu/home/cusp/ or Follow @CUSPatCU
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Imaging

Purpose Spectroscopy

Calibration |mag|ng Telescope from Nu-Tek
Grating

Instrument Only View

Telescope

Apertu re 18 x16 cm 0.8x0.8cm Detector Housing from Sensor Sciences
Size (244.8 cm? C.A.) (0.64 sz) Detector Supporting Structures

Grating Mount
scc
Angular

Resolution 10" - 22" 2’10
Field of 1800” x 10” .. R . >
View 60” x 60” Center 2°x2 _ o T o = saffies

Grating Slit
Interface

Bandpass 1000 - 1750 A 1350 — 2000 A

Tech Dev. — eLiF Mirror Coatings <
Spectral 134

Resolution

O e . T secondary Mirror
Housing SCC Collimator

i, SEeM) *Not shown — spectrograph baffles .
S —— > MCP §
Primary Mirror B ———— Detector O
e [ . ~ < o Cet Bare A1
= ‘ , e — Theory 180 A LiF+Al
18 x 16 cm telescope: _ FUSELIF+AI (160 A)

radlli=——— == ‘ . ' % 244 A eLiF (Quijada 2014)
v2) || | 0.6% of a Hubble! 00 o 180 A eLiF (Fleming 2015)
| ‘ ' 1000 1200 1400 1600

Cylindrical Fold ~ Wavelength (A)
Mirror (M3) v s

Brian.fleming@Colorado.edu https://lasp.colorado.edu/home/cusp/ or Follow @CUSPatCU
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SPRITE Instrument Components y

- _Gréting(flighf and spare)
-+ Delivered (Horiba)

s

. Telescope (delivered; Nu ™ ~ Flight Detector (delivered; Sensor Sciences)
. * Tested to GEVS Qualification (14. 1 Grws) ~* Currently evacuated to 1.1 x 107 torr
Q&Ig)&ge qguality meets specifications - LN Thermistors installed, tested -

Cal Channel
e Collimator
f © Custom

, £ Slits (deIiVered; Naﬁdtec)
lon Repeller '+ Etched silicon
- Custom . - Ty =




A view into the SPRITE bathtub showing M3, the OAP for the
calibration channel, and the slit baffle (small gold part nested
in the structure). First light was accomplished through the

MgF, window on the detector door.

.
&
.

The Hg penray in a mount with a
25 micron pinhole aperture. The
beam is folded towards a
collimator that fills the SPRITE
aperture.

-

A T AT A )

 Team members Daniel Szewczyk (left) and Briana Indahl

(right) discuss essential things while a 500s exposure is being

integrated. EM SPRITE can be seen on the right happily
collecting photons.

Brian.fleming@Co'lorado-.eqlu https://lasp.colorado.edL!/home/c.usp/ or Follow @CUSPatCU
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Solar panel deployment

'UHF Radio antennae - -

: T
mechanism (burn er%'

Mechanisms

—tape measure

u§|ng Door Test 01 2006k ps!

Detector housing manual test
(done: hot/cold in vac w/TiNi)



6PE 'TE - Instrument Performance: Sensitivity
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Wavelength (A)

Effective Area @ 105 nm 7
Background 2.5 (2x HST-COS)

Resolution 100 micron
Sensitivity (100ks) 5.4 x 106 erg cm2 st A1
Sensitivity (100ks, 20 A) 6.7 x 107 erg cm2 s1 A2

0

-283

-566

=500 -250 0
Pixels

Geocoronal Lyman alpha 1216

17.3 (degraded)
0.225
60 micron (average)
1.1 x 1015 erg cm2 st A1
9.3x 1018 ergcm? s A1

FUSE S‘peCtI'UI -

60%
1000% (in-space est.)
67%
390%
620%
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| \Q ~e~ Launch August30, 2024—Vandenburg SFB (California) =~ -

~« Estimate 2 mohths for com'mi.ssionihg. before science Qbservations '
* Early Release Science: Repeat 2-3 choicest known emitters to
-validate instrument - |

* Data available on I\/IAST 12 months after observatlon .
* This is not a proprletary perlod” We jUSt have too small of a team
to get it out earherI '

Friends of SPRITE (or anyone) can propOSé targets.!

2. Brian.fleming@Colorado-edu https://lasp.colorado.edL!/home/cAusp/ or Follow @CUSPatCU



https://lasp.colorado.edu/home/cusp/
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THE COLORADO ULTRAVIIJLET SPECTROSCOPY PREIGRAM
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Brian.fleming@ Colorado:edu https://lasp.;olorado.edu_/home/c.usp/ or Follow @CUSPatCU.
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BPRITE- The Near Future... = e Z
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0%% The CUSP Team is working on a prototype far-UV (100 = 200 nm) IFU,
% INFUSE, which will do a cursory study-of NGC 2366 {a potential GP analog). ‘
F \ If successful, look for an orbital mission in the late 2020’s

~ NGC 2366 - GALEX
V0 gy WO Mrk 71 —= HST-AC

Arcseconds

W

Arcseconds

o

Unknown

I R —————

. INFUSE explores stellar
feedback in a nearby 1200 1400 1600

0 100 200 analog to early galaxies Wavelength (A)
Arcseconds
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Brian.fleming@Colorado.edu https://lasp.colorado.edu/home/cusp/ or Follow @CUSPatCU
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~S‘p.e'*|zj g The istant Future., et oot i A
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SPRITE is a testbed fo.r.,enab'ling tec_hnoldgies'fbr the UV - ¥
spectrograph on the Habitable Worlds Observatory (HWO) |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o . - o A

L U \Y O I R

FINAL REPORT

\\;

SPRITE specifically enables coverage between 100 nm < A <115 nm through
advancement of eLiF. mirror coatings. Our detector is neat too.

eLiF has already been baselined on one new mission and several proposed




"SPR'”Ej =t Redlly the Ia_st inde“(I orormseX). -7 o A

CU

» \Q ”We'juSt have too small of a team to get it out eA.ar_Iie_r!'.”-' L

~ 1" Yhe CUSP team will be hiring a research scientist ._(thihk “nostdoc” but
with higher pay and the opportunity for a long-term (or short if you

prefer) appointment) for anytime later this year, with the primary focus -

centered ar‘ound‘LyC/.Lyoc, with the role of helping lead SPRITE analysis

Please épp'ly 'or' pr'odothers to apply |

The job ad will I|kely out in earIy May or just e- ma|I me at
\ brian. flemlng@lasp colorado.edu |

*unless we get to the backups



E Backup - SPIRES Survey . | e Cl/j\

000 o000 11815gth (A1)2OO 1300 * ~ 50 galaxies surveyed 2<2=<04 ' e
Geocorona|Lines Lyo » ~ 100 ks per target on average ‘

LyC SNR = 12 Y s sensitivity to ~ 107 erg cm2 s A-"for 20 A bins

<100

This is less than LzLCS — what do we add?
« ~ 10-15 targets that align with LzLCS targets

[
-

. ~35-40 targets that probe new dlscovery space

» Redshift, depth, B, Os,, etc
- » Test prediction models! -
. Larger portion of the LyC (A >715 A)
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1200 1400
Observed Wavelength (A)  Notime aIIocatlon constraints
« “Tenuous” detections? Just add time!

SlfhuIatlon of detection from J1442- 0209
(|ZQtOV et al., 2016). f... = 7.4%
g Texp =60 ks

b Brian.fleming@Colorado.edu httos://Iasp.Coldrado.edu/home/cusp/ or Follow @CUSPatCU
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