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Now this is for the star only. For the primary eclipse case, we need to calculate the fraction of photons
shining through the exoplanetary atmosphere (terminator), we calculate the area of the terminator, A

atm

,
which depends on the atmospheric scale height, H. The ratio of terminator area and the area of the star,
(A

atm

/A⇤)
2, is

✓
A

atm

A⇤

◆2

=
2⇡(R

p

+H)2 � 2⇡R2
p

2⇡R2
⇤

=
2R

p

7H + (7H)2

R2
⇤

(10)

for an atmosphere that is 7 scale-heights thick, where H = kT
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/Mg, and k is the Boltzmann constant, T
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the planetary temperature, M the mean molecular mass of the atmosphere and g the planetary surface
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We now find the SNR of the atmospheric feature for the primary eclipse to be the fraction of the
stellar light, N⇤, that travels through the atmosphere divided by all the noise sources in the denominator
of equation 1.

SNR
primary

=
N⇤(14Rp

H + 7H2)
p

N
F

��/2

R2
⇤
p

N⇤ + n
pix

(N
S

+N
D

+N2
R

)
=

✓
A

atm

A⇤

◆2

⇥ SNR
star

(11)

For the secondary eclipse case we have a similar calculation. Here we need to calculate the ratio of
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Table 1
Coordinated Synoptic Investigation of NGC 2264: Observations

Telescope Instrument Dates Band(s) Time Sampling

Spitzer IRAC/mapping 2011 Dec 3–2012 Jan 1 3.6 µm, 4.5 µm 101 minutes
Spitzer IRAC/staring 2011 Dec 3; Dec 5–6; Dec 7–8; Dec 8–9 3.6 µm, 4.5 µm 15 s
CoRoT E2 CCD 2011 Dec 1–2012 Jan 3 3000–10000 Å 32 s (high cadence), 512 s
MOST Science CCD 2011 Dec 5–2012 Jan 14 3500–7500 Å 24.1, 51.2 sa

Chandra ACIS-I 2011 Dec 3–2011 Dec 9 0.5–8 keV ∼3.2 sb

VLT Flames, UVES 2011 Dec 4–2012 Feb 29 4800–6800 Å 20–22 epochs
CFHT MegaCam 2012 Feb 14–2012 Feb 28 u, r 30 epochs
PAIRITEL 2MASS camera 2011 Dec 5–2012 Jan 3 J, H, K 1–12 epochs
USNO 40 inch telescope CCD 2011 Nov 22–2012 Mar 9 I 912–1026 epochs
Super-LOTIS CCD 2011 Nov 11–2012 Mar 1 I 495–522 epochs
NMSU 1 m telescope CCD 2011 Oct 12–2012 Mar 4 I 47–54 epochs
Lowell 31 inch telescope CCD 2011 Oct 12–2012 Jan 14 I 44 epochs
OAN 1.5 m telescope CCD 2012 Jan 10–2012 Feb 15 V, I 23–28 epochs
KPNO 2.1 m telescope FLAMINGOS 2011 Dec 16–2012 Jan 3 J, H, KS 40–52 epochs
FLWO 60 inch telescope KeplerCam 2011 Nov 30–2012 Jan 26 U 35–60 epochs
ESO 2.2 m telescope WFI 2012 Dec 24–2011 Dec 29 U, V, I 25–45 epochs
CAHA 3.5 m telescope Omega 2000 2011 Dec 5–2012 Feb 18 J, H, K 35 epochs
CAHA 3.5 m telescope LAICA 2012 Jan 25–26 u, r 20 epochs

Notes. We provide the details of observing runs associated with the Coordinated Synoptic Investigation of NGC 2264. Some of the data were not used
due to non-photometric conditions. We also note that the fields of view were not the same for all instruments. In many cases we monitored a number of
5′–20′ regions at slightly different cadences, depending on weather. In the time sampling column, we show either the time between each data point or
the total number of data points per field for the unevenly sampled ground-based runs.
a We note that MOST data for each of two fields were taken over only about half of each 101 minute orbit. Observations with a number of epochs listed
were not taken at regular intervals, because of weather interruptions, and many of them involved multiple fields.
b The cadence listed for Chandra observations is the temporal resolution of photon arrival times during the exposures.

to explore connections between morphology and physical pro-
cesses in this paper. In future work, we will incorporate addi-
tional multiwavelength and spectroscopic data collected by the
CSI 2264 project to further constrain variability mechanisms.

The structure of this paper is as follows: In Section 2 we
describe the stellar sample; in Sections 3 and 4 we describe
the observations and data reduction. In Section 5 we present
our classification of optical/infrared light-curve morphologies,
and in Section 6 we provide a statistical characterization of the
variables. In Section 7 we investigate the correlation of optical
and infrared light-curve morphologies, subsequently exploring
the relationship between variability properties and stellar and
disk observables (Section 8).

2. SAMPLE SELECTION

At ∼760 pc (Park et al. 2000) and ∼1–5 Myr (Rebull et al.
2002; Dahm 2008), NGC 2264 provides a rich selection of pre-
main-sequence objects with masses from the substellar regime
through ∼7 M⊙. It includes areas of recent star formation
where embedded stars are visible only at infrared and longer
wavelengths (Teixeira et al. 2012), as well as lower extinction
regions with 1000 to 2000 optical sources. The membership
of this cluster is well characterized (Sung et al. 1997; Rebull
et al. 2002; Ramı́rez et al. 2004a; Dahm & Simon 2005),
encompassing a large population for time series studies. The
bulk of members are within a one square degree region of sky,
comparable to the fields of view covered by CoRoT and Spitzer,
as shown in Figure 1. Our goal in studying variability among the
YSOs in NGC 2264 is to analyze multiwavelength flux behavior
in a relatively unbiased sample of disk-bearing members. Since
CoRoT only observes using pre-selected pixel masks, we mined
all of the available published data in advance to identify
highly probable cluster members with previously derived stellar

Figure 1. Field of view for IRAC and CoRoT observations of NGC 2264 carried
out in 2011 December. The underlying image is from the Digitized Sky Survey
(Lasker et al. 1990). The smaller square regions represent the IRAC staring
fields in channel 1 (solid line) and channel 2 (dashed line). The large region
observed by CoRoT is 1.◦3 × 1.◦3.

properties. A summary of our membership selection criteria
is available in the Appendix; these resulted in a list of over
∼1500 cluster members. For convenience of identification, we
have assembled a comprehensive catalog of all cluster members,
candidates, and field stars in the NGC 2264 field of view (FOV),

3

Cody et al. 2014

Coordinate Synoptic Investigation 2264 
Campaign 

• Non members of NGC 2264!
• N = 195 stars in total !
• 103 with observations in all the channels 
( R band, 3.6 μm, 4.5 μm)!

• V < 15!
• few stars with V < 10, although the 
available ones have very few data points 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• Important study for JWST, EChO(ESA / M3), ARIEL (ESA / M4) 
• Correlations are detected in some targets at  

both low and high frequencies. 

• However, it is not possible to generalise  
a level of  correlation as a function of  the  
stellar spectral class or the magnitude.  

• Simultaneous observations over the timescale 
t < 10 hours are needed. 

• The presence of  correlations at low frequencies (i.e. t > 1 day) means that, 
when we observe the infrared phase curve of  the planet, we need to be 
extremely careful and take into account the stellar variation.

Summary part1



DIRECTLY IMAGED 
EXO-PLANETS
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Theoretical Models for early cooling and 

contraction are poorly constrained 

GIANT PLANETS: 10-100 Myr
have just formed, they had not time to cool down to their final 

equilibrium temperature.  



!
Theoretical Models for early cooling and 

contraction are poorly constrained 
Figure 1.30: Figure taken from Marley et al. (2007). Evolution of the parameters of radius,
R, temperature, Te f f , and luminosity, L, for planets with di↵erent masses. “Hot-start”
models are represented in dotted lines. The parameters for the two models converge for
older ages. The moment when the planet looses the information on its birth depends on its
mass.
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!
Theoretical Models for early cooling and 

contraction are poorly constrained 
!

NO observations  MIRI wavelength range 
We apply a planetary model to see what MIRI can bring to 

the atmospheric characterisation.

Figure 1.30: Figure taken from Marley et al. (2007). Evolution of the parameters of radius,
R, temperature, Te f f , and luminosity, L, for planets with di↵erent masses. “Hot-start”
models are represented in dotted lines. The parameters for the two models converge for
older ages. The moment when the planet looses the information on its birth depends on its
mass.
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have just formed, they had not time to cool down to their final 

equilibrium temperature.  



JWST/MIRI
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(5-28 microns)
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HD 95086b TEMPERATURE Accuracy 
with NIR+MIRI observations
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Another way to probe the temperature is measuring  
the Ammonia absorption (~10.5 microns).
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Summary part 2
• MIRI combined with NIR measurements, can 

constrain the planetary temperature down to 20K.  
  > Better constrain the theoretical models 

• We are using statistical procedures on the post 
process of  the coronographic images, in order to 
get a better planetary signal to noise ratio. 

•   

• With MIRI we finally have the opportunity to 
probe NH3 in a planetary atmosphere (and we 
already know where to look for it!)  
In the process of  measuring the significance of  the 
NH3 detection for diverse planetary systems. 

• Constraints for the planetary formation 
theories!

20



© R.Wesson

“A scientist naturally and inevitably (…) mulls over the 
data and guesses at a solution. He proceeds to testing of the 

guess by new data—predicting the consequences of the 
guess and then dispassionately inquiring whether or not 

the predictions are verified”

- Edwin Powell Hubble


