
Speckle imaging of Pluto was attempted over two decades ago
by a number of observers, mainly in order to determine the
orbital parameters for Charon. Hetterich & Weigelt (1983) and
Baier & Weigelt (1987) used an image intensifier, photon-
counting camera for their speckle work, and their papers
summarize the field at the time. These authors were able to de-
termine Charon’s separation and position angle to near 0:025″
and 1°–2°, respectively, using autocorrelation techniques. Baier
& Weigelt (1987) even set out to determine the diameters of
Pluto and Charon by modeling the source flux distribution in
an attempt to reproduce the autocorrelations they obtained.
The diameter estimates had nearly a 50% uncertainty. During
the 1984–1985 season, Beletic et al. (1989) performed speckle
observations of Pluto in order to better define Charon’s orbit.
Their work used a two-dimensional image intensifier that typi-
cally received 30 photons in each Pluto speckle image. They
also produced a reconstructed image of Pluto and Charon using
18,000 speckle frames but did fully resolve the two bodies en-
ough to allow diameter measurements.

Given that it is a challenge to obtain an image of the Pluto-
Charon system with sufficiently good spatial resolution to mea-
sure its orbital and physical parameters, we chose to observe
these bodies as a test of our speckle camera performance. The
results discussed below demonstrate the capabilities of our hard-
ware and software in terms of magnitude limits and resolution.
We hope that the results will spark other ideas for the applica-
tion of speckle imaging.

We observed Pluto with our speckle camera system using the
Gemini North (Gemini-N) 8 m telescope. Our camera is a vis-
iting instrument making its first voyage to Gemini. We describe
below the observational setup and our speckle imaging techni-
ques, which differ slightly from our previous efforts (see Howell
et al. 2011; Horch et al. 2009, 2011). We follow this with our
results for the Pluto-Charon system. We discuss our camera’s
abilities, as well as its limitations, for such work and end with
some conclusions about future improvements and possibilities
for additional speckle imaging applications.

2. GEMINI SPECKLE OBSERVATIONS AND
TECHNIQUES

We observed Pluto using our Differential Speckle Survey
Instrument (DSSI) camera (Horch et al. 2009, 2011; Howell
et al. 2011) at the Gemini-N 8 m telescope located on the
4,200 m summit of Mauna Kea on the Big Island of Hawaii.
As a visitor instrument, DSSI was mounted on a side-looking
Cassegrain port (see Fig. 1). The installation went smoothly
using a customized interface box and the expert help of the
Gemini-N day crew.

The DSSI speckle camera uses a dichroic element to split the
beam into red and blue channels, sending single channels to
each one of our two 512 × 512 pixel Andor Ixon EMCCD cam-
eras. Prior to the dichroic, the beam passes through a collimat-
ing lens. The dichroic is then followed by a bandpass filter and a

magnifying (reimaging) lens to focus the image on each detec-
tor. We used filters with central wavelengths of 692 nm and
880 nm and bandpass widths of 40 nm and 50 nm, respectively.
This configuration resulted in plate scales of 0:01085900 pixel!1

and 0:01136600 pixel!1 in the 692 nm and 880 nm channels, re-
spectively. These plate scales were designed to produce nearly
Nyquist sampling for point sources imaged at the diffraction
limit of an 8 m telescope.

The observing techniques we used to image Pluto were es-
sentially the same as we normally use for speckle imaging of
stars. We observed Pluto on 2012 July 28 from 9:00 to 9:36
UT near the meridian at an airmass of 1.3. As always, we also
observed a nearby single star to serve as a point source calibra-
tor for image reconstruction. The native seeing at the time is
estimated from our data to have been 0.4'' full width at half-
maximum (FWHM). With the telescope guided and tracking
Pluto, we obtained eight sets of 1000 frame, 60 ms exposures
of the Pluto-Charon system simultaneously in each filter (total
exposure time for each filter was 8 minute). Our observations of
the fifth magnitude calibrator star consisted of one set of 1000
60 ms frames in each filter. In each camera, we selected a 256 ×
256 pixel subregion centered on either Pluto or the point source
calibrator for read outs. This resulted in a 2:8″ × 2:8″ field of
view. A typical 60 ms, 692 nm speckle frame from the Pluto
data is shown in Figure 2.

The speckle instrument settings for Gemini were quite simi-
lar to those we have used at the WIYN 3.5 m telescope (Howell
et al. 2011), but with the pixel scale approximately 2 times smal-
ler in order to produce similar PSF sampling when accounting
for the ratio of the diffraction limits on the two telescopes. Our
field of view at Gemini was approximately the same size as for

FIG. 1.—Photograph of DSSI mounted on the side port at Gemini-N. The
instrument (silver box with two cameras attached) is surrounded by the larger,
standard Gemini instrument cage enclosure. See the electronic edition of the
PASP for a color version of this figure.
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I. Kepler and Speckle  
� Kepler follow-up observations include speckle 

imaging with the Differential Speckle Survey 
Instrument (DSSI), shown in Figure 1. 

� Features of DSSI include  
� Simultaneous two-color imaging. 
� State-of-the-art EMCCD cameras. 
� Diffraction-limited imaging in the visible. 

� This instrument has been used 10-15 nights per 
year at the WIYN Telescope, and in 2012 and 
2013 at Gemini North. 

 

�  Limiting magnitude (of primary star) for diffraction-limited 
imaging = 14.0 to 14.5, depending on observing conditions and 
observation time. 

�  Astrometric precision generally ~2 mas per observation. 
�  Over 550 KOIs observed to date. 
�  ~40 close companions have been discovered. 
�  Below: Table of astrometric data for four systems discovered at 

WIYN. 
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Figure 1: The Differential Speckle Survey Instrument  (DSSI) mounted at Gemini. 
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II. Current Observing Projects with DSSI 

IV. What’s Next? 

EMCCD 
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�  We will bring DSSI to the DCT at 
Lowell Observatory in spring of 2014, 
and to Gemini North in the summer of 
2014. See the poster in this session by 
van Belle et al. for more information on 
speckle at DCT. 

�  Based on collection area, we should be 
able to go ~0.5 magnitudes fainter at 
DCT relative to WIYN while achieving 
slightly higher resolution (40 mas at 
λ=692 nm versus 50 mas at WIYN). 

�  Diffraction-limited imaging at DCT will 
be sufficient for confirmation of all 
Neptune- and larger-sized planets. 

The DSSI speckle camera has been used routinely at the 
WIYN 3.5-m Telescope for Kepler-related observations 
since 2008, and more recently, at the Gemini North 8.1-m 
Telescope. We discuss the detection limits of the system 
at these two facilities, including detection rates for 
companions as well as typical results for astrometric and 
photometric precision. In the case of Gemini 
observations, astrometric precision for a typical 2-minute 
observation is better than 1 mas. For companions 
discovered early on in the program, we now have more 
than 4 years of astrometric data and can make a 
preliminary assessment about whether the companions 
are likely to be gravitationally bound. We will also discuss 
techniques for improving the performance of the system 
beyond the current limits, and how this could impact its 
use for further Kepler follow-up and other exoplanet 
projects. 

II. Results from Gemini North 

KOI 1422, Mag. = 15.92 
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KOI 13 19 Jun 2010 279.7 1.165 28 May 2013 279.1 1.160 +1.0±1.0 -4.4±1.0 +1.0±1.3 -10.2±1.0 

KOI 98 (Kepler 14) 19 Jun 2010 143.7 0.290 28 May 2013 143.8 0.287 -0.7±1.0 +0.7±1.0 +0.6±2.4 -17.4±2.1 
KOI 258 19 Sep 2010 72.8 1.014 21 Sep 2013 72.6 1.018 +0.9±1.0 +1.5±1.0 -1.6±1.2 4.0±1.1 
KOI 976 13 Jun 2011 316.5 0.259 21 Sep 2013 315.5 0.253 +0.4±1.3 -3.3±1.3 3.5±1.3 -6.0±1.3 

(Proper motions from UCAC3, Tycho, and Tycho-2 Catalogs.) 

              Given the lack of relative motion and the large proper motion in declination for KOI 98 = 
Kepler 14, this is clearly a common proper motion pair, highly likely to be gravitationally bound  
but with a long orbital period. 

Figure 4: Comparison of WIYN and Gemini data quality. 
(The source is KOI 98AB, a 12th magnitude object.) 

Figure 2: Example of the use of analytic continuation for 
faint source detection at Gemini. 

WIYN Gemini 

�  Limiting magnitude (of primary star) 16.0-16.5 
depending on observing conditions and observation time. 

�  Astrometric precision generally ~1 mas. 
�  40 KOIs observed to date at Gemini. 
�  12 close companions detected. 
�  Main focus at present: better analysis techniques,  for 

example, analytic continuation in the Fourier plane: 
unique extrapolation of Fourier components based on the 
assumption of a black background on the image plane. 
(See Fig. 2, above right.) 

�  At right, detection limit curves for DSSI at Gemini (Fig. 
3). 

�  Below, (Fig. 4) reconstructed images from WIYN and 
Gemini on the same target (KOI 98 = Kepler 14). 

Figure 3: 3-sigma contrast curves for 15 minute (on-source, 
 blue) and 2-hour (on-source, green) speckle observations 
 of a star observed with DSSI on Gemini, and the theoretical 
 best visible light results for an 8-m telescope in space (red).  


