PICTURE, a sounding rocket to characterize the debris disk of Epsilon Eridani
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ABSTRACT Mission Properties Observing Plan
The PICTURE (Planetary Imaging Concept Testbed Using a Rocket Experiment) sounding Telescope 0.5 m, f/12.3 Gregorian Observing
rc_)cket will Qemon_strat_e a nulling |nterferometer (@ ‘ r}uller_ ) to chara_cterlze tt_1e exozodiacal dtist Visible Nulling Coronagraph, TARGET T Purpose
disk of Epsilon Eridani (K2V, 3.22 pc) in reflected visible light to an inner radius of 1.5 AU (0.5”) Nuller 600-750 h £0.15 ime
from the surface of the star. The first launch of PICTURE suffered a telemetry failure and the . nm, shear of 0. 1om Demonstrate nulling
primary mirror was shattered upon landing. A new launch is scheduled and the PICTURE . . . . Rigel 60 Sec i
payload is currently undergoing refurbishment, including receiving a new SiC primary mirror. Science a_nd Wavefront | 1024x1024 pixel, baCk"Hum',natled record reference PSF
PICTURE visible light observations will constrain scattering properties of the Epsilon Eridani Sensing CCDs CCDs from Astro-E2 X-ray mission ) ; ;
exozodiacal dust and debris environment. Measuring the dust brightness of the system €Eri, Roll 1 >105 Sec Characterize Exozodi
constraints the background which must be overcome for future exoplanet observations. Inner & 1.5Md (0.5") & 5" ch terize E di 3 )
Additionally, PICTURE will demonstrate operation of a MEMS deformable mirror and a visible Outer Working Angles : : eErl. Roll 2 1055 aracterize £x0zodi The first PICTURE launch in
nulling coronagraph in space. Improved modeling and post-flight measurement of instrument - : ; i, > ec and track speckles  October 2011. (Courtesy WSMR.
Tip-Tilt steering mirror, 5 mas Y
performance allow us to present refined exozodiacal dust sensitivities. Pointing System p . g ’
pointing (Mendillo et al. 2012a)
Epsilon Eridani Debris Disk: Interfering the PICTURE wavefronts: Simulated €Eri observations
Nuller performance is simulated by interfering the complex wavefronts of the sheared nuller arms after subtraction of dustless Rigel PSF
and generating the resultant point-spread-function (PSF) for a list of discrete points, composed of Counts Counts,
the central star and the warm inner ring, with POPPY (Physical Optics Propagation with PYthon) R ° a 'i“t bl ®
PICTURE FOV ) [Perrin et al 2012, github.com/mperrin/poppy]. We computed the polychromatic PSFs in parallel 60 60
UTEEEEE AR using PiCloud.com, which after stacking and addition of noise, produce realistic images. 15 5
st : Simulation Inputs: o o
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RRETA S - | Reidemeister et al. 2011 : " 12 0.1 A dustless simulation showing four regions of Th dicted 3AU ri b
Epsilon Eridani’s Spectral energy distribution From the SED, Backman et al. (2009) ! . 12 o scattered light (corners) from the DM at large N prel icte toff Sngt;hcar;] seen at ﬁ)ve,
(SED) shows a significant flux excess at 24um infer a system of rings, shown above, ' ‘ o 02 radii and a residual central leakage from color - '© cl[rcde 1S I(I:u _to Y the (horizontal yt
and beyond, indicating a warm ring within 10AU, W|th_a thln_rlng near 3AU, s_cattenng . 5 _gi mismatch between Epilson Eridani (210 gzlenso);i er transmission minima af
proposed by Reidemeister et al. (2011) to be starlight with an expected integrated 0 h second observation) and Rigel (20 second). and .9
sustained by solar wind-driven Poynting- brightness of 2*104 F-. 00 01 02 03 04 05 %0 01 02 03 04 05
Robertson drag. (F- ~3e8 phot/sec for PICTURE). Example wavefronts from the DM mirror arm of the nuller. Contrast
The 50 contrast curves at right are derived Best case, radial 5o contrast/pix in 210s
The Payload *% el iefehieiieibet from the annular, one pixel wide, standard 5 : SRk asipy T
ACs 41" ' ) E deviation of the expected background (from | s
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Electronics Instrument i star brightness (as in Bailey et al 2013). The 15
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