SCWI - a UV slicer based o e
spectrograph for cosmic web
emission detection

* Project goals

e Enabling technologies for IGM detection

e SCWI: Design, challenges & status

e Generic ETC to help the instrument design

e Understand limitations & trade-offs

e Simulate observations & prep science
Vincent Picouet, PD

SCWI systems engineer
California Institute of Technology | NUVA 2025 @ LAM



Super-pressure Cosmic Webh Imager - goals

Scientific goals: "Mapping the CGM and IGM in emission"

) . ] _ ] ASTRO 2020 - galaxies panel discovery area
e Circumgalactic and circumqguasar medium (CGM, CQM ) direct

mapping and characterization ~50% of galaxies’ related questions

e Intergalactic medium (IGM) emission detection ASTRONET roadmap

e This will prepare HWO0 IGM/CGM related science

Illustris simulation

log, ,(M.)=10.4 SFR=158.1 sSFR=5.99Gyr™’

Techno advancement hyproducts:
e UV coatings & rejection filters
e Slicer + IFS technology
e High efficiency UV gratings
e Photon counting UV detectors

e Advancing HWO technology

Stellar light (continuum) Gas density (emission line, low SB)



Slicer IFS development & Large format, high-QE, Solar- §
new detections by large blind, fast readout, photon-
ground telescopes at z>2 counting detectors

+Acsi/stability U

+sky subtraction / reduction Status (tech gap) :
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+ systematics control Ongoing & consistent effort
not reached yet (TRL ~3-5)
Bacon +21 Picouet +24

Martin +23

Extremely challenging science! Just a few photons / source / night
But some ~enabling technologies these last 15 years...

B8 Super pressure flights Commercial subarcsec
gondolas

-40°S from Wanaka
Up to 50 nights Status (18 flights herit.):
~33km (Tatm, uv~50%) Risk delegation on

avionics, pointing,
telemetry, interface,
power, thermal

Picouet +21,
Romualdez+20

Allowed mass ~1400kg




~ ights fligh
~33 cosmological gain in 30 nights flight

spectral surface brightness : ' % | | s c WI
density (z~31 0.7) LR m I , 5 —
| /. concept

STARSPEC

~3"" Slicer based Spectrograph (R~1000, Existing 850cm JPL Telescope Commercial Gondola
R~4"’) + JPL EMCCD + Back End + Fine Pointing System with BIT heritage
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Low surface brightness balloon-borne instrument requiring

maximum of photons collected minimum noise/background
Large area, high-altitude and elevation, long nights *  Background must stay around 1 e~/pix//h
Optimized coatings in and out of band . Control stray and scattered light (+stringent baffling)
Minimize # optical surfaces & scattering losses . Mitigate cosmic ray and Cherenkov impact
Complex instrument in small gondola Mid-TRL photon counting detector (Picouet +25)
m Important mass (1.4T) / power (5.5KWh) / volume constrains - Intricate detector requiring fine tuning/process
Fast telescope (9 optics) > Controlled mech. deformation - Performance has never been proved simultaneously
m 2 arcsec slice requires sub-arcsecond guidance - Cryo for detector cooling (-100°C, dark vs CTI optimization)
: Launch base AIT & flight ops (Picouet +24) CGM and IGM science
— Agressive schedule and high risk profile project - Difficult trade space between IGM detection vs CGM characterization
T 300kg of UV optics/subsyst. to AIT @ the launch base = Field of view, Plate-scale and dispersion
m UV > contamination & challenging testing on earth = Science fields
Altitude & duration req.+ Moon & security constraints - CGM/IGM surface brightness uncertainty
: No in-ops maintenance > actuators VS single point failure - Multi night operations
Environment (Te[+40,-601°C, Pe[10731]mbar, shocks, = All operations must be automated
U particules, pendulum), big solar/radiator panels = multi hours calibration per day (WCS+A solution, flexure, etc)




Fast and high risk profile project - Status

End of Assumed start of First SPB window

maturation Implementation -

Status : 2025 ]

n Science simulations

1 Tl‘ade Studies //’,,/ ! PSR Window for ZPB flight

n Science/tech requirements

n Conceptual design

n AIT draft/implementation plan -~
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Exposure Time Calculator :

Instrument model to support design & trade studies

A Examine the instrument efficiency

A Explore the SNR evolution under different

A Run different trade studies or find local optimums for instrument parameters

Image simulator:
A Analyze and get used to 2D+3D simulated image (.fits)
Improve data reduction pipeline
A Adapt detection strategy (eg compatibility of combining CGM and IGM field)

A

Parameters

Observed source

- Source brightness
- Sky brightness
- Source extension

-  Source's line width
Detector parameters

- Pixel size, QE & Read noise
- Dark current & extra bckd
- Readout time

- Cosmic ray losses

Observing strategy

- Exposure time
- Total acquisition time
- Atmospheric transmission

- Observed wavelength

EMCCD

- EM gain
« CIC thresholding

- Smearing exponential

length

Instrument design

- Collecting area
- Plate scale at detector
- Instrument throughput

- Spatial resolution @slice/det

SCWI specifics

-  Temperature. Fixing:

- Dark(T), CTE(T)

- Thresholding photon counting
- Threshold

Spectrograph design

- Spectral resolution
- Slit dimensions

- Dispersion

Imaging

- Detector full well
- Conversion gain
- Throughput(A), Atm(A),

Sky emission lines

GitHub deployed ETC, with a
python backend connected to an
iInstrument database

Used for trades :
e Dispersion
e Plate scale
e Resolution
e Detector type
e Det Temperature
e Exposure time
e ohservation strategy

Picouet 26 14
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Figure 22
Source) SCWI PERF : FOV=4.0amin*, A=205nm, Total Throughput=8%, Effective area=148.7cn:|2, Platescale=1.5, PSF, 3=2.0, 1.2 pix, Npix = 2
e I -Signal: 0.51 (86.7%) : -
n SNR local optimums (detector, dispersion, B |mmowossoam
§ 1.5 1 e Read noise: 0.02 (0.1%) 1.5
resolution etc) & 1.0 -E:I-:i;an;tlig.;ﬂd: 0.03 (0.3%)
7 v I Quadratic sum: 0.55
2 05-
n Throughput(<), Atm(<) 0.0 -,
i Overall background: 0.039 (13.1%)
i i o _ < s ~Signal: 0.260 (86.9%)
n Evolution of observations predictions with g 47 = Dok cument; 0.035 (11.6%)
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! SNR [Best]=15.65, SNR=18.77 L 15
n Stacking on emission line g
- = - 10
n Extract fits data g s
— . 0

n Flight validated

|
I
o

Left: Ext. Source surface brightness, Right: Point source power
—-17 'SNR=5 limiting SB/power per pixel (40.04ergs/s~3.7E+04LU)
SNR=5 limiting SB/power per elem resolution (39.74ergs/s~1.9E+04LU)

—18 - [ SNR=5 limiting SB/power per source (37.71ergs/s~1.7E+02LU)
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This instrument model / ETC / image simulator is generic for

N

spectrograph & imagers

N

Charact. Unit SCWI SPEC 'gggf UVEXFUV ASPERA JUNOUVS GALEXFUV % LUMOS % CETUS %}’:' % Blue MUSE ""Rgﬂ Ha%n % r:‘:‘r’:)i NISP S'IEE SPQER tREXS
- wavelength ) nm 205 200 160 104 150 152.8 227 150 ~ 200 250 450 700 450 600 600 700 700 1000 1000 1000  2.18
-?,' Spectro description Slicer Slicer Long slit Grating Slit Slitless Slitless MOS DMD MOS MSAMOS Slicer Slicer Slicer IFU Slicer Slicer Slicer Slit less Long slit 1. var filte Slitless
° dimensions A 3 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 2 2 2 2
£ FOV_size ) amin2 4.00 900.00  44100.00  60.00 3600.00 4608.00 4464.00 4.80 673 28900 0 ~ 0~ 2.00 0.003 0016 ¥ = 1.00 0.02  1983.19  0.03 '84760.0(360000.00
*2 Bandpass ) nm 197-213  180-300 © 115-265  101-106 68-210 135-175 175280 100200 150-300 180-350 350-560 560-1080  350-580 500-28500 800-1350  465-930  465-930  900-1192 950-1650750-2420 1.6-4
pixel_scale "/pix 1.500 2.425 1.030 45.026 148.000 1.500 1.500 0.330 0.100 0400  0.147  0.147 0.200 0.100 0.004 0.200 0.025 0300  0.012 6200 8.600
. Mode . Slicer ~ Slit... v : . : . . . . B~ R~ : Hv LR=. v . . . . : .
2 Bandwidth ) A 160 1200 1500 50 1420 400 1050 1000 1500 1700 2100 5200 2300 279000 5500 4650 4650 2920 7000 16700 24
5 Spectral_resolution | NdA 1500 2500 1600 2000 75 200 90 8000 1500 1000 4500 1400 4000 2700 3500 | 3000 3000 380 350 | 41 50
% Slitwidth ) " 5 10.00 2 60.00 90.00 | 3600 3600 | 3.00 0.2 2.00 1.35 135 ©  0.200 01 | 003 0.200 0.025 42 04 12600 2160000
:.; Slitlength ] " 120 | 240.00 3600 3600 432.00 3600 3600 Y 500 : 20 360.00 2040 2040 84 3.0 006 60.000 7.500 42 "o 81360 © 2160000
dispersion Alpix 1.10 0.40 0.38 0.53 1.00 2.50 6.06 0.04 1.40 0.42 0.10 0.50 0.40 14.29 0.69 0.40 0.40 13.00  11.00 & 418  0.02
Name SCWI ISTOS UVEX  ASPERA JUNO GALEX GALEX LUVOIR CASTOR CETUS Keck  Keck VLT JWST ELT VLT VLT  EUCLID VLT 3;PHERE: tREXS
§. Altitude km 36 1000 1000 450 1000 1000 1000 1000 1000 1000 4 4 3 1000 3 3 3 1000 3 1000 250
2 Collecting_area | m2 0.177 0.177 0.442 0.00254 0.00100 | 0.196 0.196 176.000  0.780 177 75398  75.398 52.810 34.21 1195 52810  52.810 113 5281 0031 0.035
G Atmosphere ) %I100 0.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 0.90 1.00 0.92 0.90 0.90 1.00 092 100  1.00
Sky Y erglcm2/s/"2/A  455E-19 | #REF! | 2.00E-17 1.00E-18  1.00E-18 153E-19  1.03E-19 = 200E-17 1.00E-18 1.00E-18 5.19E-20 3.33E-20 1.13E-17 3.00E-17 5.00E-18  5.19E-20 5.19E-20 1.00E-18 1.50E-17 1.00E-18 2.00E-18
Name . Cos... ¥ G. v Co... ™ Co..» Cos... ¥ Cos... * Cos... ¥ Cos... ¥ i | 4 G » C » Cos... ¥ C > cos... ¥ , S A £ v o 4 b4 C v
3 Signal erglcm2/s/"2/A 19E-19  12E-16 19E-19  1.9E-19 1.9E-19 1.9E-19 1.9E-19 19E-19  19E-19 1.9E-19 19E-19 19E-19  19E-19  19E-19  1.9E-19 1.9E-19  19E-19 19E-19 1.9E-19 1.9E-19 1.9E-19
5 Size_source " (0) 9.0 5.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
‘:’; Line_width h A (0) 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 085 085 085
& acquisition_time | hour 90 2 90 C 9 90 90 90 90 90 90 90 90 90 90 90 90 90 9 90 90
exposure_time | sec 150.0000 1000 1000 300 30 1000 1000 1000 600 1000 1600 1600 500 1000 300 | 500 500 565 20 96 10
T PSF_RMS_mask | "o 0.20 0.00 0.96 0.10 540.00 0.00 0.00 0.00 0.00 040 | 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 030 000 0.0
I PSF_RMS_det | " (0) 1.30 4.40 0.96 51.00 540.00 1.83 2.26 0.02 0.30 0.40 0.59 0.59 0.02 0.10 0.05 0.02 0.02 0.23 030 620 @ 120.00
= ‘Throughput %/100 0.23 0.15 0.10 0.10 1.00 0.16 0.16 0.80 0.70 0.50 0.30 0.30 0.35 0.20 0.35 0.25 0.20 0.50 025 080 | 0.07
EMC... v Uv... v




Tech gap:

D]

UV Photon-
counting detectors

MCP

CMOS (UVEX type)

RNDR detectors:
Skippers, qCCD,
MAS, SiSeRO...

EMCCD

n Large format (megapixel)
n Small pixel size
n Broad-band NUV detector (180-360 ni
n High-QE (>50%)
Solar-blind,

n Single photon-counting

Missions

GALEX

UVEX

Under
development

FIREBall-2
Roman

Photon counting

Advantage

No CR impact
Low dark
No Cherenkov

High TRL
QE~60%

RN~0.1e-/pix
No CR impact

QE~60%
Red rejection
filter implemen
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Figure 25

SCWI MCP : FOV=4.0amin?, A=205nm, Total Throughput=3%, Effective area=63.7cm?, Platescale=1.5, PSF, ,=2.0, 1.4 pix, Npix = 2
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p Read noise: 0.000 (0.0%)
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exposure_time [Best]=1.010*% [3.010+%3]
SNR [Best]=1.36, SNR=1.36

Left: Ext. Source surface brightness, Right: Point source power
SNR=5 limiting SB/power per pixel (40.72ergs/s~1.8E+05LU)

I SNR=5 limiting SB/power per elem resolution (40.42ergs/s~8.8E+04LU)
|7 SNR=5 limiting SB/power per source (38.42ergs/s~8.8E+02LU)
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Interest of suborbital projects to prep for HWO

Prepare the science, advance the technology, train the teams
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