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Exoplanet eclipse signals are weaker than the systematics present in the 
Spitzer Space Telescope’s Infrared Array Camera (IRAC), and thus the 
correction method can significantly impact a measurement. BiLinearly 
Interpolated Subpixel Sensitivity (BLISS) mapping calculates the sensitivity 
of the detector on a subpixel grid and corrects the photometry for any 
sensitivity variations. Pixel-Level Decorrelation (PLD) removes the 
sensitivity variations by considering the relative intensities of the pixels 
around the source. We applied both methods to WASP-29b, a Saturn-sized 
planet with a mass of 0.24 ± 0.02 Jupiter masses and a radius of 0.84 ± 
0.06 Jupiter radii, which was observed during eclipse twice with the 3.6 µm 
and twice with the 4.5 µm channel of IRAC aboard Spitzer in 2010, 2011, 
and 2014 (programs 60003, 70084, and 10054, respectively). We present 
preliminary eclipse depths for these observations using both the BLISS and 
PLD models.

Comparison of BiLinearly Interpolated Subpixel Sensitivity Mapping and 
Pixel-Level Decorrelation

Ryan C. Challener1, Joseph Harrington1, Patricio Cubillos1,3, Andrew S. D. Foster1, Drake Deming2

1 University of Central Florida, Orlando, FL, 2University of Maryland, College Park, MD, 
3Space Research Institute, Austrian Academy of Sciences, Graz, Austria

rchallen@knights.ucf.edu

Abstract

Acknowledgements
Spitzer is operated by the Jet Propulsion Laboratory, California Institute of Technology, 
under a contract with NASA. This work was supported by NASA Planetary Atmospheres 
grant NNX12AI69G and NASA Astrophysics Data Analysis Program grant NNX13AF38G.

BLISS
BiLinearly Interpolated Subpixel Sensitivity (BLISS, Stevenson et al., 2012) 
mapping removes positional systematics by directly calculating the 
intrapixel sensitivity variations at a very fine subpixel grid. This is done by 
assuming that, once temporal systematics and the eclipse model are 
removed, any additional variation is caused by intrapixel effects. Then the 
model is

F (x , y , t)=F s E(t )R (t)M (x , y )

Pixel-Level Decorrelation (PLD, Deming et al., 2015) uses the values of the 
pixels themselves to remove positional variation, rather than relying on 
traditional centering. Instead, PLD treats the total flux as the sum of the 
brightest pixels, along with parameters that allow for temporal variations. 
The model is

where F is total flux, F
s
 is a parameter for the flux of the system, E is an 

eclipse model, R is a ramp model, and M is the BLISS map.

PLD

F (t)=F s(∑ ai p̂ i(t)+E(t )+α+βt+γ t 2
)

where F
s
 is a parameter for the flux of the system, E is an eclipse model, i 

denotes a single pixel, a
i
 is a free parameter which weights pixel i, p is the 

value of pixel i normalized by the sum of the pixels considered at time t, α is 
a constant offset, and β, γ are temporal parameters.
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We modeled light curves of two observations of 
WASP-29 in both warm Spitzer channels, totaling 
four observations. We used our Photometry for 
Orbits, Eclipses, and Transits (POET) code to 
calculate interpolated aperture photometry. For 
BLISS, we determined the best photometry and 
centering methods by minimizing the standard 
deviation of the normalized residuals (SDNR). 
Note that we choose to use variable aperture 
radius photometry with ch. 2, visit 2 because it 
reduces red noise despite a larger SDNR.

The PLD model, however, depends heavily on 
binning the data. In that case, we determine the 
best binning, centering, and photometry through 
minimizing chi-squared of a binned-sigma 
relation, which is at a minimum when the binned 
data has minimal red noise. We find bin sizes of 
254, 82, 222, and 46 points per bin for ch. 1 visit 
1, ch. 1 visit 2, ch. 2 visit 1, and ch. 2 visit 2, 
respectively.

We used a Markov-chain Monte Carlo code (MC3, 
https://github.com/pcubillos/MCcubed) to find the 
best-fitting model and estimate parameter 
uncertainties. For all fits, ingress/egress time and 
eclipse duration were fixed to calculated values 
from known orbital parameters.

Both BLISS and PLD find ch. 1 visit 1 to be an 
outlier, with residual red noise, an unusually deep 
eclipse, and offset eclipse midpoint. This could be 
a real effect of the star, or noise introduced in the 
centering and photometry. The only inconsistency 
is the midpoint of ch. 1, visit 2; all other midpoints 
and depth are reasonably consistent between 
methods and observations.

Channel 1
Visit 1

Channel 1
Visit 2

Channel 2
Visit 1

Channel 2
Visit 2

BLISS 1547 ± 75 532 ± 83 601 ± 110 262 ± 106

PLD 1226 ± 179 477 ± 102 572 ± 142 512 ± 147
Eclipse depths for each observation and model. Depth are presented in parts-per-million.
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