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Previously, the PICTURE interferometer’s 
starlight suppression (contrast ratio) has been 
measured in monochromatic laser light (Rao 
et al. 2008) to be on the order of ~1/600 at the 
central star and 1e-4 in the science region.


!
We have measured comparable nuller 
performance in white light with the following 
improvements:

!

•White light injected through a crystal fiber 
simulates ~10-15% bandwidth, coupled with 
a spliced multimode input fiber which allows 
monitoring of input brightness while nulling.

•A new instrument test enclosure and a 
pneumatic optical bench suppress air 
currents and high frequency vibrations

•Measurements with the flight science and 
wavefront sensor cameras

• Epsilon Eridani’s spectral energy 
distribution (SED) shows a significant flux 
excess (data points, above) at 24um and 
beyond, indicating a warm ring within 
10AU.


• From the SED, Backman et al. (2009) infer 
a system of rings, lines above, with a thin 
ring near 3AU, scattering starlight with an 
expected integrated brightness of 2*10-4 F*.
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!
The PICTURE (Planetary Imaging Concept Testbed Using a Rocket Experiment) 
sounding rocket will use a visible nulling interferometer to characterize the 
exozodiacal dust disk of Epsilon Eridani (K2V, 3.22 pc) in reflected visible light to an 
inner radius of 1.5 AU (0.5Ó) from the star.  Launch is scheduled for Fall 2014 and 
the PICTURE payload is currently undergoing refurbishment. The first launch of 
PICTURE suffered a science telemetry failure and the primary mirror was shattered 
upon landing; the second launch will fly a new SiC primary mirror and onboard data 
storage. PICTURE visible light observations will constrain scattering properties of 
the Epsilon Eridani exozodiacal dust disk from 600nm to 750 nm, measuring the 
background brightness which must be overcome for future exoplanet observations. 
Additionally, PICTURE will demonstrate operation of a MEMS deformable mirror 
and a visible nulling coronagraph in space.  We present the latest measurements of 
interferometer performance.
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Figure 13: Left: PICTURE launch. Right: Telemetry failure. The main science data telemetry transmitter
(TM 2) failed 70 seconds after launch.

7. FLIGHT, ANOMALY, RECOVERY & FUTURE WORK

PICTURE launched from White Sands Missile Range at 4:25 MDT on October 8th, 2011. Approximately 70
seconds after launch, the main science data telemetry transmitter onboard the payload failed. Figure 13 shows
the TM transmitter power during flight. This TM channel transmits the high-bandwidth 4 Mbps data stream
shown in Figure 4, which carries all of the WFS and SCI images and the WCS data products. Due to lack of
data, the in-flight performance of the nuller and active optics cannot be confirmed. Approximately 20 seconds
of flight data has been recovered, unfortunately this data is from very early in the flight, before the FPS had
acquired steering lock and thus the nuller had not begun its alignment sequence. This data may be useful in
future analysis for determining some basic functionality of the nuller and telescope.

The most important result returned from the PICTURE flight is the successful demonstration of the FPS.
In flight, the ACS acquired the calibration star, Rigel according to schedule. Manual ACS uplinks were sent to
drive the star into the acquisition mirror pinhole. The functioning FPS telemetry link showed the star appear on
the live angle tracker GSE display. An additional ACS uplink was sent to drive the star into the capture range of
the FSM at which point the FPS immediately locked on and stabilized the beam pointing. The FPS operated at
200 Hz with a 5 Hz bandwidth. Analysis of the raw centroid and FSM data that was stored onboard has shown
that the FPS stabilized the 627 mas RMS ACS radial pointing error to 5.1 mas RMS. The FSM position data
also provides a high-precision measurement of the rocket ACS performance. A power spectral density analysis
of both the ACS body-pointing and the FPS stability is presented in (Mendillo et. al. (2012) submitted).

The operation of the telescope in flight is confirmed through the FPS results. The FPS data suggests that
the telescope PSF was much larger than anticipated, nearly 10 the diffraction limit. The cause of this is yet
unknown. Unfortunately, the lightweight primary mirror shattered upon landing in the New Mexican desert.
The remaining hardware was recovered intact and appears to be in working order. Post-flight optical testing has
not yet been conducted.

Future prospects look towards a PICTURE reflight. This would first and foremost accomplish the science
and technology goals of the first mission. In addition, many lessons have been learned along the 7 year road to
flight. A number of hardware upgrades have been identified to improve the nuller performance. The two leading
contributors to OPD in the nuller, the telescope primary mirror and the DM, should be replaced. A more
rigid SiC primary would narrow the void between laboratory and space operation, giving near diffraction-limited
performance in both environments with a similar areal density. Higher quality production-run DMs are now
available from BMC. A drop-in replacement could be integrated into the nuller and run with the existing driver
electronics. The nuller calibration system could also be revived by replacing the pinhole mount with a design
that does not obscure the calibration reference beam. This would enable full nuller operation and an additional
avenue for data post-processing.
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The first PICTURE launch in 

October 2011. (Courtesy WSMR.)

A new lightweight silicon carbide primary mirror is

currently being manufactured by Northrop Grumman AOA Xinetics.

A new MEMS 
deformable 

mirror from Boston 

Micromachines is 
being prepared for 
integration.

The figure at right 
shows the 

expected flattened 

surface figure.

Recent Contrast Measurements Made Using the PICTURE Visible Nulling Coronagraph

Example 20” SiC mirror, 

http://www.northropgrumman.com.

(Mendillo et al. 2012b)

New primary mirror undergoing initial figuring.

Backman et al. 2009

The Payload

The contrast map is generated from a dark 
subtracted, mean null image divided by the 
peak of the smoothed bright output.

The predicted 3AU ring can be seen above, 
using the contrast measurement to the left, the 
ring is cut-off by (horizontally oriented) nuller 
transmission minima at 0” and 0.9”. 

PICTURE  is funded by the National Aeronautics and Space Administration, Grant 
NNX13AD50G. Boston Micromachines Corporation provided DM surface 
measurement data used for this work.
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Figure 7. Observed SED of the ϵ Eri disk, after subtraction of the stellar photosphere, compared with the model SED. Individual photometric points include MIPS
SED flux densities at 55 and 90 µm, iteratively aperture-corrected using model images, and rescaled according to the measured MIPS 70 µm image total flux. The
thick solid line is the IRS SL + SH + LH combined spectrum, rescaled to have zero average excess for λ = 5–12 µm. The thin solid line is the total model flux
(sum of all four dust components). The two dashed lines are the contributions of the two unresolved inner belts. The dot-dashed line is the contribution of the small
(a ∼ 15 µm) silicate grains in the sub-mm ring and halo. The dotted line is the contribution of the large (a ∼ 135 µm) ice grains in the sub-mm ring.

Table 2
Model Components

Component r (AU) MT (M⊕) α a (µm) x f

W1 3 1.8 × 10−7 . . . 3.0 . . . 3.3 × 10−5

W2 20 2.0 × 10−5 . . . 8.0 . . . 3.4 × 10−5

RS 35–90 2.0 × 10−4 +0.01 6.0–23 −3.5 3.0 × 10−5

RL 35–90 4.2 × 10−3 +1.05 100–200 −3.5 4.4 × 10−6

HS 90–110 2.5 × 10−4 +0.15 15–23 −3.5 4.8 × 10−6

Notes. Columns: (1) model component: W1 = warm belt 1, W2 = warm belt 2, RS = sub-mm ring,
small grains; RL = sub-mm ring, large grains; HS = halo, small grains; (2) location; (3) total mass; (4)
mass surface density exponent, assumed to be zero for the W1 and W2 components, fitted to data for the
other components; (5) grain radius; (6) assumed grain size distribution exponent; (7) fractional luminosity,
Ld/L∗.

of the 70 µm uncertainty to the uncertainties in the uncor-
rected flux densities plotted in Figure 3(b). Once the photo-
spheric contribution is subtracted, an excess from the disk of
1.30 ± 0.25 Jy at 55 µm and 1.52 ± 0.25 Jy at 90 µm is
obtained.

4.4. Model Summary

As described in the preceding section, the overall model
of ϵ Eri’s circumstellar material includes (1) particles with
low FIR emissivity and high sub-mm emissivity, consistent
with the properties of radius a = 100–200 µm (effective
a ∼ 135 µm) amorphous H2O ice grains in the sub-mm ring
at r = 35–90 AU; (2) particles with high FIR emissivity and
low sub-mm emissivity, consistent with the properties of a =
6–23 µm (effective a ∼ 15 µm) “astronomical” silicate grains
at r = 35–110 AU, corresponding to the sub-mm ring plus an
exterior halo; (3) a narrow belt at ∼3 AU (T ∼ 120 K) of small
(a ∼ 3 µm) silicate grains; and (4) a narrow belt at ∼20 AU
(T ∼ 55 K) of small grains (a ∼ 8 µm) of undetermined, but
possibly silicate, composition. Specific properties of the model
components are presented in Table 2.

Figure 7 displays the SED of the complete model and the
separate disk components compared with the photometric and

spectrophotometric data (model photosphere SED subtracted).
Spitzer mid-IR and FIR data especially reveal a complicated
SED shape that strongly constrains the temperatures, locations,
and grain sizes of warm unresolved material. The model is
not unique but was built from the fewest components with the
simplest assumptions that produced a good match to all the
available data. Many alternate models were tested, resulting in
confidence that (1) 70 and 160 µm emission does not extend
beyond 110 AU, (2) 350 µm emission does not extend beyond
90 AU, (3) 350 µm emission does not extend inside 35 AU, (4)
the dominant emission in the sub-mm ring is not from silicate
particles, (5) 70 and 160 µm emission within 35 AU must
include nonemitting gaps, with emission restricted to annular
zones, and (6) grains in the innermost warm belt at r ∼ 3 AU
have silicate composition.

The model rises less steeply than the IRS observations at
10–18 µm. The excess flux in the model is less than 3% of the
emission from the system in that range. This may be related
to uncertainty in the photospheric model subtraction at short
wavelengths where the IR excess is barely significant, and may
also indicate the presence of crystalline silicates, with a sharp
20 µm spectral feature, combined with the amorphous silicates
assumed in the model.

The total measured wavefront error is < 14 nm 
RMS, comparable to the expected DM surface 
(below). High spatial-frequency DM scalloping 
(solid arrow) primarily scatters light into 
“diffraction spikes” outside the science region 
(solid arrow).
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