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A&A proofs: manuscript no. PDS70

Table 1. Stellar parameters of PDS 70.

Parameter Unit Value References
Distance pc 113.43±0.52 1
Te↵ K 3972±36 2
Radius R� 1.26±0.15 computed from 2
B mag 13.494±0.146 3
V mag 12.233±0.123 3
g0 mag 12.881±0.136 3
r0 mag 11.696±0.106 3
i0 mag 11.129±0.079 3
J mag 9.553±0.024 4
H mag 8.823±0.040 4
Ks mag 8.542±0.023 4
Age Myr 5.4±1.0 this work
Mass M� 0.76±0.02 this work
AV mag 0.05+0.05

�0.03 this work

References. (1) Gaia Collaboration et al. (2016, 2018); (2) Pecaut &
Mamajek (2016); (3) Henden et al. (2015); (4) Cutri et al. (2003).

fit as well as the independently determined e↵ective temperature
Te↵ and radius are listed in Table 1. We perform a simultaneous
fit of all these observables. The uncertainties are treated as Gaus-
sians and we assume no covariance between them.
We use a Gaussian prior from Gaia for the distance and a Gaus-
sian prior with mean 0.01 mag and sigma 0.07 mag, truncated at
AV=0 mag, for the extinction (Pecaut & Mamajek 2016). Given
AV , we compute the extinction in all the adopted bands by as-
suming a Cardelli et al. (1989) extinction law. We use a Chabrier
(2003) initial mass function (IMF) prior on the mass and a uni-
form prior on the age. The stellar models adopted to compute
the expected observables, given the fit parameters, are from the
MIST project (Paxton et al. 2011, 2013, 2015; Dotter 2016; Choi
et al. 2016). These models were extensively tested against young
cluster data, as well as against pre-main sequence stars in mul-
tiple system, with measured dynamical masses, and compared
to other stellar evolutionary models (see Choi et al. (2016) for
details). The result of the fit constrains the age of PDS 70 to
5.4 ± 1.0 Myr and its mass to 0.76 ± 0.02 M�. The best fit pa-
rameter values are given by the 50% quantile (the median) and
their uncertainties are based on the 16% and 84% quantile of the
marginalized posterior probability distribution. The stellar pa-
rameters are identical to the values used by Keppler et al. (2018).

3. Observations and data reduction

3.1. Observations

We observed PDS 70 during the SPHERE/SHINE GTO program
on the night of February 24th, 2018. The data were taken in the
IRDIFS-EXT pupil tracking mode using the N_ALC_YJH_S
(185 mas in diameter) apodized-Lyot coronagraph (Martinez
et al. 2009; Carbillet et al. 2011). We used the IRDIS (Dohlen
et al. 2008) dual-band imaging camera (Vigan et al. 2010) with
the K1K2 narrow-band filter pair (�K1 = 2.110 ± 0.102 µm, �K2

= 2.251 ± 0.109 µm). A spectrum covering the spectral range
from Y to H-band (0.96–1.64 µm, R� = 30) was acquired simul-
taneously with the IFS integral field spectrograph (Claudi et al.

straints the allowed distance values. As a result, the best fit distance
value reported here from the MCMC posterior draws is identical to the
value provided by the Gaia collaboration.

2008). We set the integration time for both detectors to 96 s and
acquired a total time on target of almost 2.5 hours. The total field
rotation is 95.7�. During the course of observation the average
coherence time was 7.7 ms and a Strehl ratio of 73% was mea-
sured at 1.6 µm, providing excellent observing conditions.

3.2. Data reduction

The IRDIS data were reduced as described in Keppler et al.
(2018). The basic reduction steps consisted of bad-pixel correc-
tion, flat fielding, sky subtraction, distortion correction (Maire
et al. 2016), and frame registration.
The IFS data were reduced with the SPHERE Data Center
pipeline (Delorme et al. 2017), which uses the Data Reduction
and Handling software (v0.15.0, Pavlov et al. 2008) and addi-
tional IDL routines for the IFS data reduction (Mesa et al. 2015).
The modeling and subtraction of the stellar speckle pattern for
both the IRDIS and IFS data set was performed with an sPCA
(smart Principal Component Analysis) algorithm based on Ab-
sil et al. (2013) using the same setup as described in Keppler
et al. (2018). Figure 1 shows the high-quality IRDIS combined
K1K2 image of PDS 70. The outer disk and the planetary com-
panion inside the gap are clearly visible. In addition, there are
several disk related features present, which are further described
in Appendix A. For this image the data were processed with a
classical ADI reduction technique (Marois et al. 2006) to mini-
mize self-subtraction of the disk. The extraction of astrometric
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Fig. 1. IRDIS combined K1K2 image of PDS 70 using classical ADI
reduction technique showing the planet inside the gap of the disk around
PDS 70. The central part of the image is masked out for better display.
North is up, East is to the left.

and contrast values was performed by injecting negative point
source signals into the raw data (using the unsaturated flux mea-
surements of PDS 70) which were varied in contrast and position
based on a predefined grid created from a first initial estimate of
the planets contrast and position. For every parameter combina-
tion of the inserted negative planet the data were reduced with
the same sPCA setup (maximum of 20 modes, protection angle
of 0.75⇥FWHM) and a �2 value within a segment of 2⇥FWHM
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PDS70, SPHERE 
Muller et al. 2018

HIP65426, SPHERE 
Chauvin et al. 2017

HD131399, SPHERE 
Wagner et al. 2016

51 Eri, GPI 
Macintosh et al. 2015
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• RV 
• We can « only » improve 
the parameters 

• Still degenerate 0.01 0.10 1.00 10.00
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My work
Other work

P<20d P<100d P>1000d

• Transits 
• Can do much better!

• Direct imaging 
• Always need a model

M4-7 dwarf companion
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PHOTOMETRY of stars hosting exoplanets in 
transit: PLATO, TESS, ...
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Transit duration: 
T=2R★/aΩ 
Period: P = 2π/Ω

P/T3 = (π2G/3) ρ★ 

Measure of stellar density ρ★  

(Maxted et al. 2015, Seager & Mallén-
Ornelas 2003)

Measure of R★ by 
interferometry within the 
ISSP survey

INTERFEROMETRY : 𝜽

Direct 
measurement of 
the stellar mass 

M★=(4π/3)R★3ρ★ 
(Ligi et al. 2016)
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VELOCIMETRY of exoplanets 
in transit
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Transit light 
curve: 
 Rp = R★ x √TD

RV measurements:  
mp sin(i) = M★ K 

(P/2πGM★)1/3

Planetary density 
ρp

➔ Composition of exoplanets

PHOTOMETRY of stars hosting exoplanets in 
transit: PLATO, TESS, ...
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HD219134
55 Cnc
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• Obliquity measurement: remove the sin(i) 
• Need high spectral resolution (resolve absorption lines ➔ orientation of the stellar spin axis 
projected on the sky plane) 

• Planetary orbit from Gaia 
➔ measure the relative angle between the stellar spin and the planetary angular momentum: 
 the obliquity. 

• 51 Eri for imaging 
• More generally, photocenter shift due to spots 

• Limb-darkening (2 stars) determination, to compare with LD in transit studies.

➔ Composition of exoplanets 
➔ Understand the Fulton gap (photo-evaporation) 
➔ Terrestrial planets with host stars of different metallicities: elemental abundances of the 
heavier elements correlated between planets and stars? 
➔ Evolution of exoplanets atmospheres (age) and orbital dynamics.

Transiting exoplanets systems
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• Stellar parameters 
 
 
 

• Planetary parameters

Direct: M★ R★ ρ★ 

Derived: Teff  log(g) age

Direct: Mp Rp ρp 

To be compared with 
asteroseismic 

parameters when 
possible 

Benchmarks!

Composition 
Evolution
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Transiting exoplanetary systems
Target selection

Final list

NASA Exoplanet archive 
(exoplanets.org)

Exoplanets encyclopedia 
(exoplanet.eu)

Reject duplicates 
Reject errors

Reject.txt 
Duplicates.txt

Merged 
list

Crossmatch of the 2 tables 
Check alternative names

List 1

Selection on  
Theta 

Declination 
magV

List 1

Direct update

• No 100% complete database 
• All have their own characteristics (column names…) 
• All include mistakes
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http://exoplanets.org
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The sample
Target selection

45 stars  
42 with transiting exoplanets 
3 detected by direct imaging 
(for LD  and imaging) 

MagV < 9 
θ★ > 0.1 mas
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• Mainly diameters: 2x 6 telescopes with calibrated visibilities 
• Very good precision required (1%) 

• Small stars → high visibilities 
• But in any case, the measurements, even if not very precise 
(<2%), will be better than what is actually done (i.e. models).

Transiting exoplanetary systems
Observation requirements

θ = 0.182 mas
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• Parallaxes: distances (Gaia)  
•  Photometry: Fbol for Teff 

•  Transit +RV data  (literature) 

•  Stellar models (isochrones) 
(mass comparison, age) 

• Planetary models ? 
•  Gaia astrometry 
• Spectra from SPICA

For the program
Additional tools and data

→ already available  
→ to be computed in the S01 program 

→ already available but need to be 
checked 
→ available 
 
 

 
→ availability? (For many stars) 
→ check the targets 
→ check resolution

15



•   Case by case papers (ex. 55 Cnc, HD219134) if a 
deep analysis is possible 

• Requires the use of planetary interior models 
• Really depends on the SPICA results 

•   1 general paper OR include the results in a general  
SPICA paper at the end of the survey? 

•  To be discussed

Transiting exoplanetary systems
Publication strategy
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Thank you

ISSP Meeting - Nice, May 2023
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