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GPI is an AO-fed  
high-contrast 

 integral field unit

Credit - Paul Langlois

2.8”

3
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2 observing modes
Spectroscopy / 

Photometry Polarimetry

14mas plate scale
R~30-80 
(dep. on λ) 
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GPI Exoplanet Survey: Detections So Far

Search for young 
Jovian planets at 3-50 
AU .


Observed ~380 out of 
the proposed 600 
nearby young stars.
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HD 984 B
PZ Tel B

HR 2562 B
HD 206893 B

HR 8799 cde

HD 95086 b

51 Eri b

β Pic b



disk detection & characterization
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Typical “raw” contrast = 10-4 @ 0.4”
(1x 60sec H-band IFS image)
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Final contrast ~10x better 
(postprocessed 1hr sequence)

( conservative flat spectrum reduction ; CH4 redux is ~2x better)

2 Rameau J. et al.

Figure 1. : (Left:) Zoom-in images on HD 95086 b ob-
tained with GPI at the first and last epochs. The ma-
genta crosses show the measured positions (for clarity,
the size of the symbol is not representative of the pre-
cision). The orbital motion is clearly detected within
the GPI data. (Right:) Deepest image obtained on
HD 95086 with GPI at K1 band in 2015 Apr. 08.

ponent debris disk is required to model its spectral energy
distribution (SED) and resolved images with a dust-free
gap (Su et al. 2009; Matthews et al. 2013). The semima-
jor axis of the four planets are both consistent with the
location and geometry of this gap, evidence suggesting
that the imaged planets are responsible for gravitation-
ally sculpting the disk. This dust distribution is analo-
gous to that seen in the HD 95086 system. HD 95086
(1.7 M�, 17± 4 Myr, 90.4± 3.4 pc) has a large infrared
excess (Rizzuto et al. 2011; Chen et al. 2012) modelled
by either two or three component disk (Moór et al. 2013;
Su et al. 2015), and marginally resolved with Herschel
(Moór et al. 2013). At a projected separation of 56 AU,
intermediate to the two populations of dust, a planetary
companion, HD 95086 b, with a model-dependant mass
of 4.3+0.8

�0.7 MJup (De Rosa et al. 2016), was discovered by
direct imaging (Rameau et al. 2013b).
HD 95086 b was imaged during the commissioning of

the Gemini Planet Imager (GPI; Macintosh et al. 2014)
in late 2013 (Galicher et al. 2014). In this letter, we
present astrometric measurements of HD 95086 b ob-
tained with GPI at Gemini South Observatory, Chile, be-
tween 2014 and 2016, in which significant orbital motion
is measured. By combining our new astrometric mea-
surements and a reanalysis of those presented in Galicher
et al. (2014), with previous measurements from Rameau
et al. (2013a), we present the first constraints on the or-
bital parameters of HD 95086 b and discuss implications
of the system architecture and properties of any addi-
tional planet.

2. OBSERVATIONS AND DATA REDUCTION

Observations of HD 95086 b were made with GPI at
four di↵erent epochs between December 2013 and March
2016 with either the H (1.5–1.8 µm) or K1 (1.9–2.2 µm)
filters (program IDs GS-ENG-GPI-COM, GS-2015A-Q-
501, GS-2015B-Q-500, and GS-2016A-Q-12). HD 95086
was also observed on 2014 March 24 and 26 (program
ID GS-ENG-GPI-COM) but the image quality was not
su�cient to detect the planet. The observing sequences

consisted of an observation of an argon arc-lamp to cali-
brate the o↵set between the position of the microspectra
at the target elevation and at zenith caused by instru-
ment flexure (Wol↵ et al. 2014), followed by between 30
and 100 minutes of on-source integration, centered at
meridian passage to maximize the field rotation for an-
gular di↵erential imaging (Marois et al. 2006). A log of
the observations is given in Table 1.
The GPI observations on 2013 December were first

published by Galicher et al. (2014) but were reprocessed
in this work for a uniform set of measurements, owing
to an improvement of the spot registration and astro-
metric calibration. The raw GPI images were reduced
with the Data Reduction Pipeline (v1.3.0) to produce
(x, y,�) calibrated datacubes. The DRP was also used
to measure the satellite spot positions for precise image
registration (Wang et al. 2014). The images were filtered
with an unsharp mask (15⇥15 pixels), the speckles were
then subtracted using LOCI (Lafrenière et al. 2007), with
dr = 5 pixels, NA = 300 times the full-width-at-half-
maximum (FWHM), g = 1, and N� = 0.75 or 1 FWHM
depending on the amount of field rotation. The resid-
ual images were finally rotated so that north was aligned
with the vertical axis, combined with a trimmed mean
(10 %), and collapsed to build a broadband final image.
The astrometry of HD 95086 b was extracted at all

epochs following Marois et al. (2010); Lagrange et al.
(2010). A model point spread function (PSF) was built
from the satellite spots and injected into the data at
an initial position. The amoeba-simplex optimization
method (Nelder & Mead 1965) was then used to iter-
ate over the position and flux to minimize the residuals
in a wedge of �r ⇥ �✓ = 2 ⇥ 2 FWHM. Errors were
calculated by injecting fake planets at the same separa-
tions but twenty positions angles uniformly distributed
between 90� and 270� away from planet b and repeat-
ing the same exercise. Final uncertainties on the relative
companion position were computed by adding quadrat-
ically the errors from the measurements, the spot reg-
istration, and the plate scale and position angle o↵set.
For the GPI measurements we used the same astromet-
ric solution as described in De Rosa et al. (2015) to con-
vert pixel o↵sets into on-sky separation and position an-
gle. The results of this analysis are presented in Table 1.
Measurements from the literature were also compiled in
this study (Rameau et al. 2013b,a). They were obtained
with VLT/NaCo at L 0 (3.5–4.1 µm) at three di↵erent
epochs between January 2012 and June 2013.

3. CONSTRAINTS ON THE ORBIT OF HD 95086 B

The astrometry of HD 95086 b given in Table 1 showed
a roughly constant separation and a decreasing position
angle with time, consistent with face-on, circular orbital
motion (see Figures 1 and 2). The orbital motion was
still clear within the GPI data sets which covered more
than two years. As in De Rosa et al. (2015) we fitted
the orbit using a rejection sampling technique is more
computationally e�cient than traditional Markov chain
Monte Carlo (MCMC) techniques at generating poste-
rior parameter distribution for short orbital arcs. Briefly,
this technique sampled the posterior probability density
function of orbital parameters by generating orbits from
prior distributions, scaling the semimajor axis and rotat-
ing the position angle of nodes to fit one of the observa-
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Can predict ~60-70% of raw contrast variance

Predicted 0.8” contrast
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pseudo-closed loop
WFE2 [nm2] IFS img 59
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Next steps:
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2D PSF modeling
-> PSF library 
-> GPI 2.0 
-> WFIRST



Let’s talk!
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• WFIRST / CGI 
• bridging science & engineering 

requirements 

• AO telemetry-informed post-processing 

• improved wavefront sensing 

• …


