
Exoplanets and Brown 
Dwarfs

Chris Tinney, UNSW Sydney



Exoplanets & Brown Dwarfs in Australia
• UNSW Sydney, Australian National University, University of Southern 

Queensland, Swinburne University, University of Sydney, Monash 
• Doppler planet searches 
• Transit confirmation (HAT-S, KELT-S, K2) 
• Transit Follow-up (Rossiter-McLaughlin,  

Secondary Eclipse) 
• Exoplanetary system dynamics 
• Modelling - atmospheres, disks, debris disks 
• See M.Ireland’s talk for Extreme AO  

imaging/spectroscopy



Exoplanets & Brown Dwarfs in Australia
• UNSW Sydney, Australian National University, University of Southern 

Queensland, Swinburne University, University of Sydney, Monash 
• Doppler planet searches 
• Transit confirmation (HAT-S, KELT-S, K2) 
• Transit Follow-up (Rossiter-McLaughlin,  

Secondary Eclipse) 
• Exoplanetary system dynamics 
• Modelling - atmospheres, disks, debris disks 
• See M.Ireland’s talk for Extreme AO  

imaging/spectroscopy

The Astrophysical Journal, 731:1 (11pp), 2011 ??? Tinney et al.

Figure 2. Keplerian fits (a),(c),(e) and power spectra of residuals to those fits (b),(d),(f) for: (a),(b) a single eccentric planet with period 363.2 days; (c),(d) a single

circular (e = 0) planet with period 363.5 days; and, (e),(f) two circular planets with periods of 363.2 days and 121.3 days.

(A color version of this figure is available in the online journal.)

The bootstrap FAPs of the two periodogram peaks are <0.001%

(P = 363 days) and 7% (P = 120 days). This suggests that the

120 days periodicity is marginal, at best.

3.1. A Single Eccentric Planet

The top panels of Figures 2(a) and (b) show the results

of a single Keplerian fit to this data at a period near one

year. Table 3 shows the parameters of this fit (P = 363.2 ±
1.6 days, m sin i = 0.34 ± 0.02 M

Jup

, e = 0.41 ± 0.16) which

has a reduced chi-squared (χ2

ν ) value of 1.68 and a rms scatter

of 4.3 m s

−1

. A peak is evident at very low significance in the

residual periodogram to this fit at 20 days. However, this is

sufficiently close to the approximate estimate of the rotation

period of HD 38283 (12 days; Noyes et al. 1984) that it is not

considered likely to be the signature of an additional planetary

body. Figure 3 shows this velocity data folded at a period of

363.2 days, demonstrating the almost uniform phase coverage

we have been able to achieve for this circumpolar star.

To test the probability that the noise in our data might have

resulted in a false detection for this eccentric planet, we have

run simulations using the “scrambled velocity” approach of

Marcy et al. (2005). This technique makes the null hypothesis
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Figure 5. Chi-squared surfaces resulting from a two-planet fit using a genetic algorithm. Left panel: the main signal at 363 days is highly favored (for a period range
allowed in the genetic search of 300–400 days). Right panel: the second signal is less clear, as many local minima are present in the allowed range of 50–200 days.
The most-favored solution for a second planet is at Pc = 52 days, though with an eccentricity at the upper allowed limit (e = 0.6), casting doubt on the uniqueness
and reliability of a two-planet solution.

Table 3
Orbital Solutions for HD 38283b

One Eccentric One Circular Two Circular
Planet Planet Planets

Orbital period P (days) 363.2 ± 1.6 363.5 ± 1.5 363.2 ± 1.5 121.3 ± 0.9
Velocity semi-amplitude K (m s−1) 10.0 ± 0.8 9.1 ± 0.9 8.9 ± 0.7 4.2 ± 0.9
Mean anomaly (deg) 27 ± 23 259.0 ± 3.8 248 ± 5 306 ± 16
Eccentricity e 0.41 ± 0.16 (0.0) (0.0) (0.0)
Periastron date (JD−2450000) 802.6 ± 12 568.45 ± 11 580.2 ± 11 726.8 ± 11
m sin i (MJup) 0.34 ± 0.02 0.34 ± 0.04 0.33 ± 0.04 0.11 ± 0.02
Semimajor axis (AU) 1.02 ± 0.07 1.02 ± 0.07 1.02 ± 0.07 0.49 ± 0.07
Nfit 52 52 52
χ2

ν (m s−1) 1.68 1.99 1.42
RMS (m s−1) 4.3 4.8 3.8

which also includes general relativity. The parameters of the
HD 38283 system (allowing non-zero eccentricities) were used
as the initial input conditions, and the simulation allowed to
run for 107 yr. The two-planet system remained stable for the
full duration of this simulation, so this does not rule out the
two-planet solution on dynamical grounds.

To further examine whether HD 38283 contains a single or

Q3

double planet system, we examined the data using a genetic
algorithm. We restricted the allowed range in period for the
∼1 yr “b” planet to 300–400 days, while allowing a second “c”
planet to take on periods between 50 and 200 days. The genetic
algorithm employed was used in a similar manner to that which
Cochran et al. (2007) used to distinguish among several possible
orbital solutions for the outer planet in the HD 155358 system.
Here, we ran 50,000 trials, in which the genetic algorithm
performed two-planet fits and logged the resulting χ2. Each trial
is the result of hundreds of generations, in which a population
of two-Keplerian orbital solutions evolves to a minimum χ2

value. Figure 5 shows the χ2 achieved for the allowed periods
of the two planets. From these results, it is clear that the
363 days signal is the favored solution for planet “b.” However,
the putative “c” planet can take on a wide range of parameters,
with no clearly favored χ2 minimum. From Figure 5 we see that,

while our least-squares fit prefers a 120 days second planet, the
χ2 surface is quite complex. In our previous experience with
genetic algorithms, a correct solution should “evolve” rapidly
toward a sharp χ2 minimum when brought to bear on data
containing real and coherent Keplerian signals. We therefore
conclude that these genetic results cast doubt on the uniqueness
and reliability of any two-planet solution.

Combining these strands of evidence, we conclude that the
data do not conclusively demonstrate the existence of a second
planet in this system. What data we have are only suggestive, at
best. Occam’s Razor then leads us to conclude that the “simpler”
model of a single planet in an eccentric orbit is to be preferred,
until intensive monitoring can confirm the existence of the radial
velocity features that would be expected on short timescales
were the system to be one in a 3:1 resonance.

4. DISCUSSION

4.1. Is this Really a Planet?

As noted above, scientists are generally (and justifiably) wary
of time series data that show periodicities at integer multiples
or divisors of one year. Bugs in the codes used for applying
systematic corrections to the data are an obvious route for the
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Future Paths … 
Kepler was great. But almost all its planets and host stars 

cannot be followed up, because they are too faint 

–  We need transiting planets orbiting bright stars! 

Primary Eclipse!
   Measures Planet Radius!
   Measures Atmosphere Transmission!
   Measures Stellar-Spin-to-Planet Orbit Alignment!
 !
  

Secondary Eclipse!
    Planetary emission can 
    be measured !

Secondary eclipses from the AAT 5

Figure 2. Light curves for the eclipse events of WASP-4b as observed on 2014-09-04 and 2014-09-11, labelled as per Figure 1, but with
the light curves from each night arbitrary o↵set for clarity in the top panel.

c� 2015 RAS, MNRAS 000, 1–22



Key Facilities for Australia
• 3.9m Anglo-Australian Telescope

• Hi-res I2 spectroscopy with UCLES (e.g. AAPS - 50 planets over 20y) 
• Fibre-IFU fed spectroscopy CYLOPS+UCLES for transits … 
• Secondary eclipses with IRIS2 

• Access to twin 6.5m Magellan Telescopes 
• FourStar (NIR Y dwarf imaging, astrometry), FIRE (NIR spectra), 

Planet Finder Spectrograph (PFS) 
• New Veloce spectrograph coming to AAT in 2018 
• New Minerva Australis array of dedicated 0.7m coming in 2018
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Figure 2-3: Veloce Environmental Enclosure (Top and two closest sides of External Enclosure removed, 

lid of Internal Enclosure removed) 
  

• Veloce Rosso is a compact, ultra-stabilised and hyper-calibrated spectrograph 
for 3.9m Anglo-Australian Telescope — funded for 600-930nm at R~80,000 able to 
obtain Doppler velocities for Sun-like and M-dwarf stars at sub-m/s precision 

• Spectrograph stabilised to 1m/s and calibrated  
by laser-comb to ~20cm/s



FunnelWeb
• The FunnelWeb survey will obtain R=2100 spectra for all stars in 

the southern sky to I<12 (𝜹<+30, |b|>10), plus targeted science 
programs

• plus all possible M dwarfs to I~14.  
• plus “adolescent star” candidates in Solar 

Neighbourhood 
• Starbug+TAIPAN facility on the 48” UKST 

delivering 370-870nm twin camera spectra.  
• positions 150 fibres in parallel in ~ 5min - 

survey of ~ 1e6 stars/year feasible

Exoplanetary	
Science	

TESS	

Galac1c	
Archaeology	

Gaia	

Young	Stars	

Gaia	



SWIMS/MOIRCS Astrometry & Spectra 
o T and Y-type brown dwarfs can’t be seen by 
Gaia - no flux in optical. Parallaxes are critical, and 
are right at the limit of what can be done with 8m-
class telescopes at J=20-24, and need < 0.5”. 
o Nasmyth is the way to go to control flexure 

Ultimate Subaru has great potential here for 
parallaxes at J=24-25 of faintest and coldest Y 
dwarfs. But 
(1) need to be control how GLAO system 
“modifies” astrometric distortion of field 
(2) medium band filters much more efficient 

Extreme Brown Dwarfs with Subaru

The Astrophysical Journal, 796:39 (13pp), 2014 November 20 Tinney et al.

Figure 2. Astrometric solutions as reported in Table 2, with the fitted proper motion removed for clarity.

consistent (at the combined 1σ level) with that of B14. Our
quoted uncertainties are smaller, which is to be expected given
the per-epoch precisions obtained from the Spitzer data that
dominate the B14 solutions, where the average precision per

epoch of 60 mas compares with the median precision for our
targets of 9.9 mas.

K13 have presented a parallax for W0647 of 115 ± 12 mas,
while we measure π = 93 ± 13 mas, making the two
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Figure 3 - W1-W2 and J-W2 
colours for new WISE T  and Y 
d w a r f s s u p e r i m p o s e d o n 
previously known M/L/T dwarfs 
(purple) as a function of spectral 
type. The amazingly red J-W2 
colours of these objects indicate 
temperatures in the 300-500K 
range! (Kirkpatrick et al. 2011). 
However, they also make 8m 
t e l e s c o p e f o l l o w - u p 
observations of the coldest 
objects (with J-W2>6, or J>21) 
critical.

– 110 –

Fig. 7.— J-W2 color versus spectral type. Color coding is the same as in Figure 5.

– 86 –

Fig. 1.— WISE W1-W2 color versus spectral type. The W1-W2 colors for a sample of
previously known M (open squares), L (open triangles) and T (open circles) dwarfs from
Table 1 are shown in blue violet. The colors of new WISE discoveries from Table 2 are

shown by the solid, black circles. W1-W2 color limits are indicated by arrows.

– 86 –

Fig. 1.— WISE W1-W2 color versus spectral type. The W1-W2 colors for a sample of
previously known M (open squares), L (open triangles) and T (open circles) dwarfs from
Table 1 are shown in blue violet. The colors of new WISE discoveries from Table 2 are

shown by the solid, black circles. W1-W2 color limits are indicated by arrows.

Figure 4 - A WISE Y dwarf (red) with FourStar 
filters overplotted J1, J2, J3 (green from left to 
right), J (yellow), CH4s, CH4l (purple), H (cyan). J3 
picks out “all the flux and half the sky” for Y dwarfs.

J

J1 J2 J3

H

CH4s CH4l



Exoplanets with Subaru
• Near infrared M-dwarf doppler with IRD - fed by AO! 

• Australia can contribute M dwarf candidates from FunnelWeb+TESS 
• Sadly HDS not strong for this science any more - field has moved on 

and sub-m/s precision, needs a dedicated stabilised spectrograph 
• Secondary eclipses with MOIRCS / SWIMS 

• Growth industry in the age of TESS delivering  
hundreds of new targets 

• Deliver J,H,K emission fluxes for the planets

Future Paths … 
Kepler was great. But almost all its planets and host stars 

cannot be followed up, because they are too faint 

–  We need transiting planets orbiting bright stars! 

Primary Eclipse!
   Measures Planet Radius!
   Measures Atmosphere Transmission!
   Measures Stellar-Spin-to-Planet Orbit Alignment!
 !
  

Secondary Eclipse!
    Planetary emission can 
    be measured !

Secondary eclipses from the AAT 5

Figure 2. Light curves for the eclipse events of WASP-4b as observed on 2014-09-04 and 2014-09-11, labelled as per Figure 1, but with
the light curves from each night arbitrary o↵set for clarity in the top panel.

c� 2015 RAS, MNRAS 000, 1–22



Exoplanets with Subaru
ULTIMATE JHK GLAO Imaging of Clusters. 

Searches for the coldest, planetary-mass members of young star 
clusters, to probe the form of the bottom of the mass function. Ultimate’s 
ability to see faint objects (because of its excellent image quality) would 
make it a world leader in this science at levels fainter than J=24. 

Wide-field here is critical … these clusters have low contrast on the sky, 
so you need to survey large areas. This would potentially be 
ULTIMATE’s strength in this area over JWST.


