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EXCITE mission overview

 EXCITE is a balloon-borne 0.5 m diameter IR telescope.

» Science instrument: cryogenic IR spectrograph operating from
0.8 umto 4 um, R = 50.

* Gondola: based on successful SuperBIT platform.

* Science motivation: spectroscopic characterization of the
atmospheres of hot Jupiter exoplanets

* Phase resolved spectroscopy
*  Primary transit spectroscopy
* Eclipse spectroscopy

* Designed to achieve excellent photometric stability & precision
over the long, continuous stares required for phase curve
measurements.

* Uses many new & advanced technologies that are enabling for
low-cost, high precision exoplanet science missions.

 EXCITE flew an engineering flight in August 2024.
* Currently preparing for 2026/2027 Antarctic science flight.
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EXCITE science motivation

Measure spectroscopic phase curves of hot Jupiter exoplanets from from 0.8 — 4 um.

NIR spectroscopic phase curves
allow one to:

* Constrain planet’s global energy T Trr, . o-. 15 o p—
budget. ,\—"O e | 10 K11-17pm

* Measure atmospheric ©..__. Q- ® iV - @ @ 05 |
circulation. =~ 'gﬂ-g C g

* Probe spectral features from £ (Oecutistion o Yo e |
molecules like H,0, CO,, CO, | — .\ -}/ . T E: b e o
CH,, NH,, TiO, VO. e EERGeT as ol U2

* Measure peak of planet’s peak ~ T e [ — £
emission. Star + Planet Nightside o 4 pe5um, E

* Probe atmospheric properties > Transit 2 r S
as function of pressure/altitude. Shar= Planet Shadow 0 i
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* Plus, get transits/eclipses for Orbital phase

free.
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EXCITE science motivation

Some information derived from phase curve measurements:
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Figure adapted from Stevenson et al., 2014

Scientifically rich, but difficult and time consuming, especially from LEO.
Ideally suited for balloon measurement from near Earth’s poles.
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EXCITE science motivation

 LEO phase curve measurements are time consuming, inefficient, and
subject to large settling effects (see below). First two measurements
in literature required 100+ hours of space telescope time to observe
planets with ~ 20 hr periods.

* From balloon altitudes, Earth’s atmosphere is stable and transparent
in 1-4 um region (see right), and near the poles, many targets never
set. EXCITE will pioneer “point and stare” phase curve observations.
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EXCITE science impact
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EXCITE can vastly expand measured phase curve physical parameter space, but
needs to achieve excellent photometric stability (goal: < 40 ppm/hour at 2.5 pm).
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EXCITE payload overview

e Gondola is near-copy of SuperBIT. Three axis stabilization
(yaw/roll/pitch) to better than 1” RMS, line-of-sight stability
better than 0.050” RMS via tip/tilt mirror (requirement: <
450 mas RMS).

e Science instrument: Two channel cold (100 K) prism
spectrometer with native resolving power R ~ 50, coupled
to 0.5 m warm telescope. Science focal plane: H2RG
detector (~50 K, JWST) read out by ACADIA (~130 K, RST)
and MACIE (300K) electronics.

e Designed to achieve excellent photometric stability
required for the science.

T=273K

From telescope Tip/Tilt mirror

Field stop

Collimating mirror

4 200 mm

Cryocoolers

Spectrograph
& Detector

Reaction wheel

Pivot

Inner frame

Telescope

Outer frame
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EXCITE gondola

StarSpec Technologies, Inc. in Toronto, Canada
is built the EXCITE gondola.

Design is nearly identical to the highly-
successful SuperBIT gondola, with some key
changes to accommodate EXCITE’s science
instrument.

Three gimballed frames are stabilized to better
than 1” RMS using feedback from gyros and star
cameras.

Focal plane stabilized to <100mas RMS using
piezo-actuated tip/tilt mirror and feedback from
optical camera at telescope focus.

Solar powered for LDB; battery powered for
conventional flights.

24h continuous daytime observations.

Elevation: 22°-57°,

Azimuth: +/- 135° from anti-Sun.

See Romualdez et al., 2024 for more information.
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EXCITE telescope

* Officina Stellare ﬁOS in Itagl built the telescope,
which is minimally changed from the telescope that
flew on SuperBIT.

* 0.5m primary, secondary has 3-axis actuation for
focus correction.

* EXCITE-specific changes include: baffle interior
wrapped in MLI (passively cool the optics), radiator
plates mounted to exterior of baffle, Richey-
Chrétien optical configuration, larger f/# (f/12
instead of t/10.8).
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EXCITE receiver

Receiver consists of:

* Cryostat
* Spectrometer H2RG Detector Box (50 K) R
* Detector system S B G
Field Stop Top Plate:
C led | i Ambient
oupled to te escope via TR
generatively-designed & ?,13 A
“transfer box”, which also yinder
Titanium ACADIA — 100 K Stage
supports key components of ;
the gondola’s fine guidance Opiies Bench 50 K Stage
5 g (100 K
system.
Sapphire
Window
[
Telescope -
Mounting Points
SUB
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EXCITE cryogenic system

Cryostat and cryocoolers

Cryocoolers are Thales LPT-9310 (100 K) and
LPT-9310-HP (50 K).

Linear pulse tube cryocoolers have fewer
moving parts and generate less vibration than
other cryocooler technologies. This is their first
implementation on a balloon payload.

Pistons are oriented along boresight axis to
minimize impact of vibrations.

Semi-custom cryocooler drive electronics from
West Coast Solutions/Creare allow passive and
active vibration reduction.

EXCITE has measured zero negative impact
from cryocooler exported vibrations on the
instrument’s pointing stability.

Heat dissipated by the coolers is removed via a
pumped methanol liquid cooling loop.

See Kleyheeg et al., 2024 and Kirkconnell et al.,

2024 for more information about the cryostat
and drive electronics.
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EXCITE spectrometer
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Figure from Bernard et al. 2024

*  Optical bench machined from Ti-6Al-4V, chosen for high strength and low CTE.

. Kinematic flexures couple the optical bench to the Al cold plate.

*  Spectrometer is alighed at room temperature and maintains alignment as it cools to its 100K operating temperature.

* Detectorassembly is thermally isolated from the optical bench via Kevlar suspensions that maintain alignment during cooling.
. See Bernard et al., 2024 for more information.
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EXCITE detector system

Zero dark current in H2RG detectors: it is all
multiplexer glow

Michael W. Regan* and Louis E. Bergeron
Space Telescope Science Institute, Baltimore, Maryland, Uniled States

Abstract. We present the analysy

tors with a S-um cutoff, which sh PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE PACTAC, 126:730-749, 2014 August
current. Instead, the observed sign] 2014, The Astronomical Seciety of the Pacific. Al rights reserved. Printed in U.S.A.

that arises as cach pixel is selecte
dependent dark current by comy]
sampled dark exposures. Such ex
current and uniform amplifier gl
detector that are missing the epox
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Finally, we show that the magnitu
the pixel clocking rate, and the

an insignificant dark current sho
of the mercury cadmium telluride]
© The Authors. Published by SPIY
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New and Better Detectors for the

BERNARD J. RAUSCHER,' NICHOLAS BOEHM,” S|
MATTHEW A. GREENHOUSE,' MichagL Hicki
D. BRENT MoTT,’ AUGUSTY!

Received 2014 April 16; accept

ABSTRACT. ESA and NASA recently selected tw
for flight on the James Webb Space Telescope (JWST)
incorporate Teledyne's “improved barrier layer” desig]
H2RGs. The better indium barrier, together with other
over the years, has improved the performance and reli
sured performance characteristics that most dircctly af
dark current, quantum efficiency (QE), and image per
yield over the full NIRSpec pass band of A = 0.6-!
E, > (2.65 £ .2)E,, where £, is the HgCdTe band|
5 um cutoff HgCdTe

Online material: color figures

» JWST NearIofrared S L

The Dark Current and Hot Pixel Percentage of James Webb Space Telescope
5 pm Cutoff HgCdTe Detector Arrays as Functions of Temperature

BERNARD J. RAUSCHER, DoON J. LINDLER,' DAvID B. MOTT, AND YITING WEN
NASA Goddard Space Flight Center, Greenbelt, MD 20771; Bernard J.Rauscher@nasa gov
AND
PIERRE FERRUIT AND MARCO SIRIANNI
ESTEC, Astrophysics Division, Postbus 299, Noordwijk, NL2200 AG, Netherlands
Received 2011 February 11; accepied 2011 June 20; published 2011 Juiy {1

ABSTRACT. We measured the median dark current and “hot pixel” percentage of Ay, ~ 5 pm cutoff HgCdTe
James Webb Space Telescope (IWST) Near Infrared Spectrograph HAWAII-2RG (H2RG) detector arrays as func-
tions of temperature. Although these measurements were made in the context of JWST, we believe that they will
interest others using H2RGs. We found that the median dark current depended only weakly on temperature through-
out the 36.5 K <7 < 45 K temperature range (although there were some exceptions). In contrast, the hat pixel
percentage depended strongly on temperature, with the percentage of hot pixels approximately doubling for each
6 K temperature increase. Moreover, the data suggest that this trend becomes stronger at warmer temperatures.
These new measurements broadly confirm our previous finding that T ~ 38 K is close to optimal for current-
generation Ay, ~ 5 pm cutofl HZRGs, although semewhat warmer (' < 45 K) temperatures may be used if lower
pixel operability is acceptable.

Online material: color figures

EXCITE’s detectoris a JIWST/NIRSpec flight candidate
H2RG (4 megapixels) with 5.3 um cutoff. It has been
extensively characterized.

Detector read out using ACADIA (130K, RST) and
MACIE (300K).

Band-defining filters are used on detector enclosure
to limit effective bandpass of detector.

NASA/Sophia Roberts
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EXCITE engineering flight

Overall performance:

* 10h13mflight, with ~7.5h at float altitude of >39 km.

* Achieved 3 axis gondola stabilization of <1” RMS, meeting requirements for science.

* Detector system performed nominally.

* Cryogenic system metall requirements with significant margin.
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« GPScompassfailed on pin release, limiting ability to solve for azimuthal position.
* Elevation axis had limited travel (~40-57 deg, instead of 22-57 deg) due to thermo-elastic

deformation of bearing housing.

* Implemented both hardware and software changes to prevent recurrence and mitigate

potential impact during science flight.
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EXCITE current status

e EXCITE sustained minimal damage on
termination/landing/recovery.

 Completed payload refurbishment and re-
assembly in Summer 2025, including:

 Cleaned telescope optics.

* Rebuilt frameless motors designed to
operate over wider temperature range;
confirmed via TVAC at CSBF.

* Rebuilt cryocooler power supply with
features to limit RFI. Confirmed via EMI
testing at GSFC.

* |Integrated solar panel arrays with gondola
assembly.

e Built and currently testing pinhole sun sensors to
provide redundant azimuth information in flight.

e Currently performing pointing tests using
laboratory and sky sources.

* |nstallation of science detector planned for Fall
2025, followed by full system testing until next
deployment.

e Instrument paper by Rehm et al. in prep.
Submission expected this month.
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EXCITE team

Thank you! Questions?

ASU: StarSpec:

Lee Bernard, Nat Butler, John Hartley, Steven Li,
John Gamaunt, Logan Jensen, Javier Romualdez
Michael Line, Jennifer Patience

UCL:

Quentin Changeat, Billy Edwards,
Ingo Waldmann

Brown:

Caitlyn Altermatt, Oliver Carey,
Kanchita Klangboonkrong,
Annalies Kleyheeg
Tim Rehm, Gregory S. Tucker

U. Oxford:
Vivien Parmentier

U. Rome La Sapienza:
Andrea Bocchieri,
Azzurra D'Alessandro, Enzo

Cardiff:
Lorenzo Mugnai

Cornell: Pascale
Nikole Lewis, Maura Lally, Ryan
Challener U. Toronto:
C. Barth Netterfield
NASA/GSFC:

Kyle Helson, Daniel P. Kelly,
Ed Leong, Stephen F. Maher,
Ryan McClelland,
Laddawan R. Miko, Peter Nagler,
Paul A. Scowen,
Augustyn Waczynski
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