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Main goal of talk is to describe the
near-space environment at 120,000 ft?

¢ Imaging: what is the seeing quality?
¢ Photometry: how much scintillation?
¢ Daytime: How much sky bkground?
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Question: What is the atmospheric seeing at 120,000 f¢t?

Natural Seeing

A Critical Feasibility Question: Will speckles generated by aberrations of
free-atmospheric origin permit 10-° contrast limit, assuming a perfect

coronagraph?
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Pin Chen, et al. km

From a presentation by Pin Chen et al. 2009, KISS workshop on
Innovative Approaches to Exoplanet Spectra.
< http://www.kiss.caltech.edu/workshops/exoplanet2009/>
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The SUNRISE Mission’s Shack-Hartmann Experiment

Solar Phys (2011) 268: 103-123
DOI 10.1007/s11207-010-9676-3 106 T. Berkefeld et al.

THE SUNRISE BALLOON-BORNE OBSERVATORY .
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The Wave-Front Correction System for the Sunrise
Balloon-Borne Solar Observatory |
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© The Author(s) 2010. This article is published with open access at Springerlink.com Flgurc 3 Scheme of the wave-front sensor of Sunrise. The field stop coincides with a focal plane of the

telescope.

The purpose of a Shack-Hartmann array , -
. . . Figure 4 Illumination pattgm of
is to split up an aperture into smaller sub-  the CWS lenslet array. The image

of the 1 m entrance pupil

apertures. Relative motion between the provides a homogeneous

. 1llpm1natlon of the six peripheral

images formed by the Shack-Hartmann Ixlcro Jexiacs, excegpt for fhe
(small) influence of the spiders.

lenslets indicates wavefront distortion The central lenslet is obscured by
the secondary mirror and is not

caused by the atmosphere. used.

QUESTION: How good is the seeing at 120,000 ft?

The 2009 SUNRISE flight quantitatively measured the effects
of seeing. Result: you cannot tell that you are not in
space from the Correlated Wavefront Sensor results.
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The SUNRISE Mission’s Shack-Hartmann Experiment

The Sunrise Mission
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Abstract The first science flight of the balloon-borne Sunrise telescope took place in June
2009 from ESRANGE (near Kiruna/Sweden) to Somerset Island in northern Canada. We ' : £

0

get raw camera image get correlation functions

QUESTION: How good is the seeing at 120,000 ft?

The 2009 SUNRISE flight quantitatively measured the effects
of seeing. Result: you cannot tell that you are not in
space from the Correlated Wavefront Sensor results.
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Diffraction-Limited Performance from 120,000 ft

LRI 0.063”

0.042”

0.031”

0.126”
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0.252”

0.168”

0.126”

A one meter telescope in the stratosphere will provide a 0.125 arcsec point
spread function (PSF) in visible wavelengths.

What about photometry?
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What is the Amplitude of Scintillation at 120,000 ft?

Robert et al. Vol. 25, No. 2/February 2008/J. Opt. Scc. Am. A 379

Retrieving parameters of the anisotropic refractive
index fluctuations spectrum in the stratosphere
from balloon-borne observations of
stellar scintillation

Clélia Robert,"* Jean-Marc Conan,' Vincent Michau,’ Jean-Baptiste Renard,” Claude Robert,” and
Francis Dalaudier®

' Department of Optics, Office National d'Etudes et de Recherches Aérospatiales,
BP 72, F-92322 Chdtillon Cedex, France
‘Laboratoire de Physique et Chimie de I'Environnement, CNRS, 3A Avenue de la Recherche Scientifique,
F-45071 Orléans, France
*Service d'Aéronomie du CNRS, BP 3, 91371 Verrieres-Le-Buisson Cedex, France
*Corresponding author: clelia.robert@onera.fr

Received July 18, 2007; accepted November 9, 2007;
posted December 4, 2007 (Dec. ID 85406); published January 18, 2008

Scintillation effects are not negligible in the stratosphere. We present a model based on a 3D model of aniso-
tropic and isotropic refractive index fluctuations spectra that predicts scintillation rates within the so-called
small perturbation approximation. Atmospheric observations of stellar scintillation made from the AMON-RA
(AMON, Absorption par les Minoritaires Ozone et NO,; RA, rapid) balloon-borne spectrometer allows us to
remotely probe wave-turbulence characteristics in the stratosphere. Data reduction from these observations
brings out values of the inner scale of the anisotropic spectrum. We find metric values of the inner scale that
are compatible with space-based measurements. We find a major contribution of the anisotropic spectrum rela-
tive to the isotropic contribution. When the sight line plunges into the atmosphere, strong scintillation occcurs
as well as coupled chromatic refraction effects. © 2008 Optical Society of America
OCIS codes: 010.1300, 010.1330, 010.12%0, 280.0280, 120.6200.

Short answer: Coorol
At astronomical elevation angles (5° -
75°) from z = 35 km, scintillation will
be a negligible noise source. 0.0001 |

o 2100 = Normalized Variance

Robert et al. (2008) fit a scintillation

model to balloon-borne observations
(z = 29.2 km).Their model accurately
predicts scintillation (except at chords

corresponding to elevation angles

below 3°!).
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What is the Daytime Sky Background at 120,000 ft?

Sky Background model:
* Decreases with A4
* Decreases by 2x for every 5km in z

* Worse at angles 45° from sun or less
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Short answer: Daytime background is
significant. About 100x less than from Mauna Kea.
Not good for UV/Visible targets.
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Summary of the near-space environment

at 120,000 ft:
¢ Imaging: diffraction limited at A<|um.

¢ Photometry: virtually no scintillation.
¢ Daytime: A problem at A<|um.

Balloon-borne telescopes have an important
niche at A<|um.This is a regime that is

only accessible to HST. It not covered by
ground-based AO systems.
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A Strawman Planetary Payload

From Young et al. 201 |,“Venus Stratoscope: A Balloon-Borne
Campaign to Study Venus’ Atmosphere and Surface,” submitted

to NASA/Planetary Astronomy.
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One meter aperture - fits in WASP.
Two cameras, IR (F/12) and CCD (F/30)

Fast exposures (0.2 s), no Fine Steering
Mirror. Over 90% of images should be
diffraction limited (because of WASP).

Estimated flight duration: 3 - 8 weeks.
Estimated Cost (build, fly, recover): $3.85M
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A Strawman Planetary Payload
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Venus from a stratospheric telescope:

Frequent opportunities (every 19 months).

Imaging at |.74 ym shows lower cloud deck,
shorter wavelengths determine surface
emissivities.

Wavelengths within 2.25 - 2.45 pm window: trace
gas retrievals, determine cloud properties.

Jan 2014:Venus will be continuously visible from
Antarctica. Fits with NASA’s existing Antarctica
program.

Resolution at .74 ym is 0.44” for a |-m
telescope (88 km on Venus). Cloud tracking to
recover winds with 2 m/s precision.
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MIDAS_00 display_0O

NACO slit

More High-Resolution Targets

Fig 1. Spatially resolved
spectroscopy of Pluto &
Charon from the VLT/

NACO. Protopapa et al.

2010

Fig 3. HST/HRC
discovery of the binary
centaur (42355) 2002
CR46 with 300 sec of on-

target integration. Noll
et al. 2006.

Fig. 2 Neptune (HST) in the 0.619 pm filter of WFPC2 in 1994, 1997, 2001-2002 and 2004-2007 (left to right).

Some Broad Science Goals:

® Understanding basic weather on giant planets: long-term monitoring of the giant planets at
wavelengths shortward of 1.0 ym.

® C(Clean PSFs: finding & observing faint objects, often next to bright objects. Goals include the
understanding of formation scenarios (asteroids, centaurs, TNOs, satellites and comets), ring/
satellite systems, separate spectroscopy of close binaries, and discovery of faint NEOs.

® Astrometry: vastly improved occultation predictions (e.g., for TNOs), NEO orbit determination.

Balloon Science A simple |-m telescope in the stratosphere has a 0.12” diffraction limit, outperforming every

. . telescope shortward of | pm except for HST. Ei\e
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