Airborne Instrumentation for Solar Coronal Studies
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Airborne instrumentation has been used to explore the mid-infrared corona through solar eclipse ~ The Day/Night Airborne Motion Imager for Terrestrial Environments (DyNAMITE) _
observations [1], [2]. Existing platforms, the NSF/NCAR Gulfstream V (GV) and NASA’s WB-57F, ?OTIZiL_:j:ﬁiS)TES DS 2po§f'5ni§qwfn'vﬁ§ ?rir;(gjzr;te;c;-:rlmlfgse.dE)i?)?seurraeJr’lier:mi,S?‘l:;emrzSr;?s,t -
provide infrastructure that future instrumentation can utilize. We give an overview of recent zoom levels, focus, etc. are adjustable in real-time.

science from airborne eclipse observations. We then describe the Airborne Stabilized Platform for
InfraRed Experimentation (ASPIRE) for the GV and the potential for new instrumentation on the
WB-57s using the existing Airborne Imaging and Recording System (AIRS) pointing platform and

possible future options.
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and Peruvian academic and government scientists. AIR-Spec on-board the GV for the A|R,\'/|Sgp5|ﬁ
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The NSF funded AIR-Spec, ASPIRE and ACES programs use the NCAR Gulfstream V High-performance Instrumented Airborne Platform for SiIX/X - '
Environmental Research (HIAPER) aircraft. This platform allows for deployment across the globe as the jet has no restrictions for its Fig. 3: Cutout of 2017 DyNAMITE MWIR image of a prom-
deployment. The AIR-Spec program had successful flights during the 2017 and 2019 total solar eclipses. These two flights demonstrated inence, cavity, & streamer, & corresponding spectral line
the flexibility of the observing system as sun was on the south side of the aircraft during 2017 and on the north side during 2019. Eclipse images using AIR-Spec. Multispectral data provide insight
flights in the Antarctic in 2020 and 2021 were planned and only canceled due to international travel restrictions caused by the pandemic. into the nature of coronal IR emission (Williams et al. 2020).
We describe the results from the the successful eclipse observations, the capabilities available to the community with the new ASPIRE SCIFLI Airborne Multispectral Imager (SAMI)
platform, plans for the 2024 eclipse and future possibilities. SAMI carries a complement of high frame-rate scientific cameras sensitive to multiple ey Chreten e P
g Acnre | sen oot Improved Performance: Image Stability The Airborne Coronal Emission Surveyor (ACES) is an Passbands to allow us to characterize the complete spectral profile of coronal structures MWIR camera iR cgmers
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imaging Fourier transform spectrometer to observe from visible to MWIR wavelengths. The four high-resolution cameras (with fixed FOVs)
the solar corona from the NSF Gulfstream V during the are all fed by a single 203-mm telescope and operate simultaneously.
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| Moo  Data will observe the 1-4um wavelength region to look for Table 2: Noise budget shows adequate SNR at all altitudes with only moderate binning in space and time.
o 2?; N lines that may be viable candidates for measuring the High-altitude flight suppresses residual sky brightness, which is negligible here.
1 e e [ Chattanoogs coronal magnetic field and plasma diagnostics at large SUCECHIYDE: Sl oA lCHEAES Ayave Vouon
; ] —\ | dii. ACES i focal ol st N Observation altitude: 1.5 Ro 2.0 Rp 1.5 Ro 2.0 Rp
W S W o'W sow ssw sew 67T W 65w 65 W >Ofar radii. I_S a New Oca. _p ane Instrumen Total K+F photon flux: 1.1x10° ph/s/pix 2.4x10* ph/s/pix 1.1x10° ph/s/pix 2.4x10* ph/s/pix Sl eamers
otality conterline & swath otttk R I A B K I ea Y S (R I R R A/l enabled by the Airborne Stabilized Platform for K photon flux: 7.9x10* ph/s/pix 1.1x10* ph/s/pix 7.9x10" ph/s/pix 1.1x10* ph/s/pix LYIVIS camara
InfraRed Experiments (ASPIRE). It builds on the Resolution element: 2%2 pix 2x2 pix 2x1 pix 2x1 pix
10 — S success of ASPIRE and AIR-Spec to expand the infrared Obser‘é?&g“ dme. 314; 110; 01'375 03225
ima, Feru ignment Loops . . . . .
st Flight Path ol / I — window for plasma and magnetic field studies of the
a0l oty S| [ —— sun’s outer atmosphere. saivisnwiR) s DNAMITE () I s Jasiases e AN
= & Centerline = otal LLlpse e o e b Example Blackbody Spectra
= = | Observation i ‘
S e S 185 - Wavelength (um) . 10 o ioég%OKK(é:rggénizcrg
Rep Noi Bt Islan) Aom) In  ofT FIPFiEmor(d) a o ; %+ The NSF supported GV aircraft ) ' :
30 T 19 ' - ' ' ' e :
115 110 105 100 95 90 85 80 75 113 112 111 110 109 108 107 1.375 ¢ : 1500 ] —..= — g
. o 1014.3 Ar XIII* 645 15.76 5.1 S5 y | 3
ety Pt 1030.1_S XII*_ 640 _10.36 169 ~ 137 % 1000 ;"”’f% - enables future solar coronal -
East Limb West Limb 10749 Fe XIII  6.25 7.90 0.7 0.3 ;5/ E l i = . . =3
i . l0800 FoXIl 625 750 08 05 £isss] P opEpEs ! instrument development using
200 | Vsix T T 2 _wmof 7 Alsix 1 % 710833 Hel 450 2459 49 63 || e = 2 = e,
> S a0l SXI 15 2 % ' c 7 >
2 o ——{m § Sl wi 12924 SIX 605 1036 127 M6 N , the ASPIRE platform via the NSF 5
T 60 { 90 5 2 iig 1 Zg 2 1392.8 S XI 6.25 BlIODEN 225 4.0 -2 -1 0 1 2 2500 5000 7500 10000
9 o % I E - ical Pa ifference (cm avenumber (cm! 6 ~ 7
- loo = oo |%c 14305 SiX 615 815 11 08 Optical Path Difference (cm) Wavenumber (cm) MRI program. The NASA WB57 : 7
' ' ' ' ' ' < 1| 1 '2 1 | 1 | 1 | 1| < 1920.1 S XI 6.25 10.36 11.7 3.2 Figure 9. Modeled ACES interferogram (left) and spectrum (right). [ ~ o /
14 Sec;:jomel'wavel;ﬁ;fh (pm1)'48 1 ! Seco.:d Order.‘\llcaveler;;?h (um).48 © 1935.0 Si XI* 6.20 8.15 20.8 10.0 a i rC ra ft h ave n eW i n St r u m e ntS 5 I SRER— ] ) g
. : . Tox , , Q N : ; ; : — 8 1963.0 SiVI* 5.60 8.15 6.7 Wavelength (um)
= | | s 2 S 22063 FeXIl* 620 790 69 83 o . . / (T of; oos from O ~0lopr: CMONO Y with S for scale:
2., i OB s o} P <«—— 320 pixels =2.75 R, ——> in place that are well suited for F 8. 2 > (Left) {/776/865 Jrom 2017 campaign (color: MWIR, mono: VIS) with SAMI F OVs f07‘ scale,
z s % ® 32650 CaXI* 650 611 142 actual FOVs are co-boresighted. Pointing will be determined during pre-event planning based on
£ 40 A T e A —100 2 g | | £ . _ ‘ ‘ ' 1 1 1 i By 8 ¢ . ) e A | - : : - |
2« A . = . 24826 SiVI* 580 815 32 150 2 hi gh cadence ) h Igh resolution predicted solar activity. (Right) Schematic of SAMI spectral bands; comparison of fluxes between
YT 1s e e e res I e T - 1 b G 1 R x . . bands discriminates between emission mechanisms, e.o., direct vs. scattered blackbody emission
Second Order Wavelength (um) Second Order Wavelength (um) 2856.3 FelX 5.90 7.90 79 173 2 CO rO n a I e C I I p S e O bS e rvat I O n S ] 0 b b b W & ’ AN k- Dy ™ Dok ! 4 » N .
30285 Mg VIIL 590  7.65 32 128 |
e — o2 | 3927.7 SiIX 605 815 53 12.1 Tz The a b| I |ty Of the commun |ty to
i 16 §owlimb}] ) : Table 1. Strong lines in the 1-4 um range a, . . . .
; 10 [ ] ® o o i
_E Modeled s Density sensitive line pairs and high-FIP ele- < USE the WBS7 alrc raft 1S ||m ItEd
. ) ments are highlighted. Asterisks indicate lines W . Refe rences
20| 0" thai havesmotbeenvobsemved [4], The lasktwo | as NASA does not operate this
5 columns give the uncertainty (due to photon . e
% noise) in the measured line intensity at 1.1 Rg as a Commun|ty faC|||ty [1] Samra- Et aI. (2018) Ap.”-., 856, ngo
£ S XI1.39 pm Si X 1.43 pm ol | SXI192pm if Fe IX 2.85 pm b S\ and . Shei (AR Figure 11. Example image at ZPD, show- .
Mk | ClLaMK ISMK | osmx quiet sun (QS) and an active region (AR). : ; : o I
10 1 1.1 1.2 1.3 10 1 1.25 1.5 1 1.1 1.2 1.3 10 1 1.1 1.2 lng the FOV and Spatlal reSOlutlon. [2] Caspl A. et a (] (2020) Apj’ 895’ 131

Distance from Sun Center (R,)



