
CHARA Collaboration Year-Eight Science Review  

Delicious Diameters of Dwarfs 
(in particular, the juicy red ones) 

Tabetha Boyajian 
GSU / Hubble Fellow 

 
In collaboration with a whole bunch of y’all 



CHARA Collaboration Year-Eight Science Review  

Radical Radii of Red Stars  

Tabetha Boyajian 
GSU / Hubble Fellow 

 
In collaboration with a whole bunch of y’all 



CHARA Collaboration Year-Eight Science Review  

•  Fundamental properties of stars 
Radius:  f (θ, π) 

Temperature:  f (θ, FBOL) 
Luminosity:  f (FBOL, π) 

Mass 
Age 

•  A large & accurate set of data 
–  Building empirical  

 calibrations/transformations   
–  Test atmosphere/evolutionary models: 

they are notoriously BAD  
•  Exoplanet environments 

Interest and Motivation 

θ = angular diameter 
π = parallax 
FBOL = bolometric flux  
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Data and Method 
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•  Observed a couple dozen KM dwarfs 
within ~10 pc over the past 3 years 

•  Use multiple wavelengths (H & K), 
baselines, and calibrators over 
several nights 

•  Fit calibrated visibilities to get 
angular diameter 

Spectral Energy Distribution Fits 
•  Collect flux calibrated photometry 

from literature and fit to spectral 
template to get bolometric flux and 
reddening 

Interferometric Observations 
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R:  f (θ, π) 
T:  f (θ, FBOL) 
L:  f (FBOL, π) 

Tables of the measured 
properties of stars 
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Some Cool Results 
•  Empirical relations 

– Color relations to T, R, and L (with Fe/H) 
– Global relations joining T, R, L, & M 

•  Single versus binary star properties 
– Mass-radius relations 
– Temperature-radius unrelations? 

•  Exoplanet characterization 
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Color-Temperature Relations 

2nd order polynomial; average scatter ~70K 
Solid line = our fit (all metallicities) 
Dashed line = Casagrande et al. 2008 ([Fe/H]=0) 
 

L.C. 
III & I 
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Comparing measurements of Teff 
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Color - Radius and Luminosity Relations  
with metallicity! 

Solution found using a 2 variable 2nd 
order polynomial fit to color and [Fe/H] 
 
àAverage scatter ~0.03 R¤ 
 
àAverage scatter ~0.007 L¤ 
 

Plots: 
The colored lines are solutions to the metallicity dependent fits, where the line color (red, orange, green, teal) 
represents our solution for an iso-metallicity line to [Fe/H] = +0.25, 0.0, −0.25, −0.5  
 

DSEP: [Fe/H]=-0.5, 0.0 
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Global Properties: Mass-Radius 

•  Single and binary 
stars have comparable 
radii (solid and dotted 
lines, respectively) 

•  Fit to a 2nd order 
polynomial, but ~1:1 
relation (dashed line) 

•  Relation does not 
appear to have a 
dependence on Fe/H 

“The most 
interesting 
boring plot 
ever” 

(M
A

S
S

) 

[Fe/H] does not 
effect radius (or 
mass) only the 
color index 
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Global Properties:  
Radius-Temperature(-Luminosity) 

•  No (detectable) dependence on 
[Fe/H] on the temperature-
radius plane 

•  Models predict that there is a 
[Fe/H] dependence 

•  The models are inconsistent 
and don’t really do a good job 
anyway 
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This is not what you expect 

If the radii are comparable, the temperature is off!  

Equal mass systems: 
YY Gem, GU Boo 
(~0.6 M¤) 

At a given mass, the TEFF is lower by several 100K  

           L α R2T4 

 

So the luminosity must also be lower at a given mass… 
Masses for single stars are derived from the mass-
luminosity relation (MK) from eclipsing binaries 
 

IS IT REAL?? 
1)  Binary TEFF are wrong or 
2)  Binary TEFF is correct, and the effect is a 

consequence of higher activity rates in binary stars 
   

Removed due to delicate content. 
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Exoplanet characterization 
•  Insights from Fundamental Stellar Parameters 

–  Planetary astrophysics = f (stellar observables).  
Examples: planetary diameter, planetary mass, orbital period, inclination, eccentricity, orientation, etc. 

–  Host star is primary energy source of the system. 
–  Planetary formation, evolution. 
–  Radiation environment & Habitable Zone (HZ). 

•  Similar but more focused approach & application 
–  Near-IR interferometry: angular stellar diameter. 
–  With trigonometric parallax: physical stellar diameter. 
–  SED fit: stellar bolometric flux FBOL. 
–  From angular diameter and FBOL: TEFF and L. 
–  From L, TEFF: habitable zone. 
–  Stellar physics determine planetary physics. 
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Targets 
•  Done or in progress 

–  GJ 581 (with 4/6 planets, some of which are in the Habitable 
Zone); von Braun & Boyajian et al. (2011a) 

–  GJ 436 (with a transiting planet); von Braun & Boyajian et al. 
(2012) 

–  55 Cnc (with a transiting planet and a planet in the HZ); von 
Braun & Boyajian et al. (2011b) 

•  Soon 
–  GJ 876 (multi-planet system with  
      some planets in the HZ) 
–  … and many more 

Normal EHS 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 

XXXX 
XXXX 
XXXX 
XXXX 
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GJ 436 Results 
von Braun & Boyajian et al. (2012) 

•  Directly Determined Stellar Parameters 
Parameter   Value (Uncertainty)   
Spectral Type    M3 V    
θUD(mas)     0.405(13)   
θLD(mas)     0.417(13)   
FBOL(10-8 erg/s/cm2)    0.787(5)   
Radius (solar)    0.455(18)   
Luminosity (solar)   0.0253(1)   
TEFF(K)     3416(54)   
 
HZ boundaries (AU)   0.16—0.31   
aPlanet (AU)    (b) 0.03   
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GJ 436 – Interpretation 
1.  MCMC: for selection of system 

parameters, create synthetic V, R, K, HST, 
and Spitzer IRAC-4 light curves – 
compare to literature data. Same for RV 
curves.  

2.  10000 iterations. Χ2 criterion to determine 
derived system parameters. 

3.  MCMC calculates correlations and error 
estimates. 

 
 

 

10 von Braun & Boyajian et al.

Fig. 6.— Radial velocity data from Maness et al. (2007), superimposed with the model fit generated by our MCMC analysis. The RV
units are in kms−1. For details, see §4.

Fig. 7.— Correlations between some of our proposed parameters of the MCMC analysis. See Table 2 for explanation of symbols and
units; δ, the transit depth, is shown here in mmag. For details, see §4.2.

The GJ 436 System: Astrophysical Parameters of M-Dwarf and Transiting Neptune 9

Fig. 5.— Spitzer/IRAC4 light curves (top: transit; bottom: eclipse) from Knutson et al. (2011), phase folded with ephemeris information
in Table 2 and superimposed by the respective model fit generated by our MCMC Analysis. For details, see §4.
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GJ 436**: 
Derived 
System 

Parameters 
 

**no 
planet in 

HZ  

The GJ 436 System: Astrophysical Parameters of M-Dwarf and Transiting Neptune 11

Fig. 8.— Correlations between some of the GJ 436 physical and orbital system parameters as calculated in our MCMC analysis. See
Table 2 for explanation of symbols and units. For details, see §4.2.

TABLE 2
Derived GJ 436 system parameters and 1σ error limits

Parameter Symbol Value Units

Transit epoch (BJD)a . . . T0 2454576.89848+0.00006
−0.00006 days

Orbital perioda . . . . . . . . . P 2.64389792+0.000000628
−0.000000608 days

Transit deptha . . . . . . . . . . (Rp/R∗)2 ≡ δ 0.0070+0.00005
−0.00005

Transit durationa,b . . . . . tT 0.0419+0.00025
−0.00023 days

Impact parametera . . . . . b 0.86+0.004
−0.004 R∗

Secondary eclipse deptha ∆f2 0.00046+0.000024
−0.000023

Stellar reflex velocitya . . K1 0.018+0.0009
−0.0008 km s−1

Orbital semimajor axis . . a 0.029+0.0013
−0.0012 AU

Orbital inclination . . . . . . i 86.5+0.11
−0.12 degrees

Orbital eccentricity . . . . . e 0.146+0.004
−0.004

Longitude of periastron . ω −21+5.4
−4.2 degrees

eccentricity × cos(ω)a ecosω 0.136514+0.0002657
−0.0002674

eccentricity × sin(ω)a esinω −0.051953+0.0143786
−0.0118633

Stellar mass . . . . . . . . . . . . M∗ 0.472+0.0636
−0.0566 M#

Stellar surface gravity. . . log g∗ 4.80+0.029
−0.029 [cgs]

Stellar density . . . . . . . . . . ρ∗ 5.03+0.295
−0.289 ρ#

Planet radius . . . . . . . . . . . Rp 0.370+0.0149
−0.0145 RJupiter

Planet mass . . . . . . . . . . . . Mp 0.075+0.0076
−0.0072 MJupiter

Planet surface gravity. . . log gp 3.10+0.026
−0.027 [cgs]

Planet density . . . . . . . . . . ρp 1.48+0.116
−0.103 ρJupiter

Note. — Derived system parameters of GJ 436 from MCMC analysis. Note
that the measured system parameters are given in Table 2. For details, see §4.
aProposed parameters in MCMC analysis, along with R∗ from Table 1.
bDefined here as the time between first and fourth contacts.

von Braun et 
al. (2012) 
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55 Cancri 

Orbital parameters Dawson 
& Fabrycky (2010) 

Habitable 
Zone 

von Braun et al. (2011) 

No. 1, 2010 RADIAL VELOCITY PLANETS DE-ALIASED 951

Table 9
55 Cnc Dynamical Radial Velocity Fit, Pe = 2.8 days

Planet K M sin i P a e ω λ VL VK χ2 N (χ2
ν )1/2 rms

(ms−1) (MJup) (days) (AU) (deg) (deg) (m s−1) (m s−1) (m s−1)

e 5.1(2) 0.0339(16) 2.81703(17) 0.0382(3) 0.09(5) 178(4) 118(4)
b 71.4(3) 0.825(3) 14.6507(4) 0.1148(8) 0.011(3) 143(19) 139.7(4)
c 10.1(2) 0.169(4) 44.375(10) 0.2403(17) 0.02(2) 359.9(3) 88(2)
f 5.8(3) 0.158(8)) 259.8(4) 0.781(6) 0.42(4) 178(3) 33.(3)
d 47.1(6) 3.84(4) 5165.(43) 5.74(4) 0.012(6) 279(22) 224.0(6)

6.3(5) 5.9(6) 830.1 27 1.683 6.51

Notes. Data are the Lick and Keck data presented by Fischer et al. (2008). Tepoch is set to the weighted mean of the observation times (JD 2453094.762), which
should minimize the correlation in the errors between P and λ for each planet. Masses and semi-major axes are in Jacobian coordinates, as recommended by
Lee & Peale (2003).

Table 10
55 Cnc Dynamical Radial Velocity Fit, Pe = 0.74 days

Planet K M sin i P a e ω λ VL VK χ2 N (χ2
ν )1/2 rms

(ms−1) (MJup) (days) (AU) (deg) (deg) (m s−1) (m s−1) (m s−1)

e 6.2(2) 0.0260(10) 0.736537(13) 0.01560(11) 0.17(4) 181(2) 125.(6)
b 71.4(3) 0.825(3) 14.6507(4) 0.1148(8) 0.010(3) 139(17) 139.6(3)
c 10.2(2) 0.171(4) 44.364(7) 0.2403(17) 0.005(3) 252.(41) 90.(2)
f 5.4(3) 0.155(8) 259.8(5) 0.781(6) 0.30(5) 180.(10)) 35.(3)
d 46.8(6) 3.82(4) 5169.(53) 5.74(4) 0.014(9) 186(8) 223.2(7)

6.3(5) 6.3(6) 591.7 27 1.421 5.96

Notes. Data are the Lick and Keck data presented by Fischer et al. (2008). Tepoch is set to the weighted mean of the observation times (JD 2453094.762), which
should minimize the correlation in the errors between P and λ for each planet.

sampled to the data, with other known planets subtracted off
beforehand. We judge whether the “pattern” of the predicted
aliases matches the data: for example, yearly aliases appear
as sidebands of the candidate frequency while daily aliases
often appear as a doublet caused by the sidereal and solar day.
If all the aliases match in amplitude, phase, and pattern, we
can be confident that we have found the true orbital period. If
there are discrepancies and the aliases of none of the candidate
frequencies match the data, we know that noise prevents us
from definitively determining the true period and that follow-
up observations are necessary. Misunderstandings about aliases
have previously led to incorrect identification of planets’ orbital
periods, a key parameter in defining the planets’ properties, as
well as the dynamical behavior of the planets in the system. We
have corrected common misconceptions, including that aliases
always appear near the frequency of peaks in the window
function, that any frequency above 1 cycle day−1 is necessarily
an alias, and that aliases will appear if the data are scrambled or
if the true frequency is subtracted out.

4.2. Summary of Results

For two systems, we confirmed previous distinctions between
alias and true frequency. The period of GJ 876 d is indeed
1.94 days, not 2.05 days. The period of HD 75898 b is indeed
400 days and the periodogram peak at 200 days is
indeed an alias, not a second planet or eccentricity harmonic,
the alternative explanations proposed by Robinson et al. (2007).

For two other systems, we determined that the data are too
noisy to allow us to definitely distinguish between alias or
true frequency. According to our analysis, it remains unclear
whether the period of Gl 581 d is 67 days or 83 days; even
a period of 1 day cannot be ruled out. It also remains unclear
whether HD 73526 contains two planets with orbital periods
187.5 and 376.9 days, locked in a 2:1 resonance, or whether

one of the periods is actually 127 days. Further observations of
these systems are required, preferably at times that reduce the
aliasing.

For a final pair of systems, we determined that the reported
orbital period was incorrect, due to mistaking a daily alias for
the true frequency. According to our analysis, the orbital period
of HD 156668 b is actually 1.2699 days, not 4.6455 days. The
orbital period 55 Cnc e is 0.7365 days, not 2.817 days. The
standard, general-purpose software SigSpec mentioned in the
introduction (Reegen 2007, 2010) agrees with our orbital period
distinctions (we used the parameters: depth = 2, par = 0.2 and
par = 0.5, and a frequency upper limit of 2 day−1).

4.3. Implications for 55 Cnc e

What are the implications of an updated period for the
innermost planet of 55 Cnc?

First, it dramatically lowers the effective noise when de-
termining the parameters of the planetary system. Fischer
et al. (2008) reported independent Keplerian fits with rms of
6.74 m s−1, and a self-consistent dynamical fit with rms of
7.712 m s−1. Our Keplerian fit achieves rms of 5.91 m s−1,
and our self-consistent coplanar dynamical fit achieves rms of
5.96 m s−1. By adjusting the inclination of the system relative
to our line-of-sight and the planets’ mutual inclinations, an even
better self-consistent dynamical fit might be possible. Therefore,
perturbations might be directly detected via a lower rms when
interactions among the planets are included, and the architecture
of the system further constrained. We have just begun exploring
this avenue.

Second, 55 Cnc e itself can now be searched for transits
at the new period, with high a priori probability of ∼25%.
Given the period and phase of the radial velocity signal,
we report predicted transit epochs in Tables 7 and 8. The
predictions differ because the latter assumes zero eccentricity,
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55 Cancri – Press 
Darth Vader's motherland discovered  
 
Professor Kaspar von Braun and his colleagues at the University of California 
at Berkeley and the State University at San Francisco discovered another 
interesting exoplanet in the double star system 55 in the constellation Cancer. 
There is a great likelihood that there is some type of life on the planet. Now 
this discovery causes heated debates in the scientific world. 

Potentially Habitable Planet Discovered in Binary System 

Dearastronomer.com 


