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SPACE TELESCOPES
Hubble Space Telescope

2500M€
one BRITE < 0.7M€

roughly to scale…
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THE BRITE NANO-SATELLITES

mass: 7 kg
size: 20 x 20 x 20 cm3

telescope diameter: 3cm 3-axes stabilization

24° x 24° field of view:
fits Orion completely

24°

24°

power consumption:
5 - 10 W

pixel size: 9μm x 9μm
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BRITE-CONSTELLATION
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Goal: Measuring the light of 
15 - 30 brightest, most luminous stars 

per field for up to half a year continuously
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BRIGHTNESS VARIATIONS OF STARS
Binaries

Rotating stars: spots

Pulsating starsYoung stars /
Stars with disks

Planetary Transit
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BRITE-CONSTELLATION SCIENCE

V < 4.5 (7) mag
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BRITE FILTERS

BRITE Blue: 400 - 450nm BRITE Red: 550 - 700nm
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INTO SPACE…

“BRITE in the box”

Feb 25, 2013: 
Launch of the Austrian

BRITEs from India
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ALL BRITES ARE IN POLAR LEOS

altitudes: 600 - 900km
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✦ Time series photometry for some of the brightest, most 
massive and luminous stars in the sky

✦ 15 - 30 stars per observing field at once

✦ Time bases of up to half a year for a single observing 
campaign

✦ Observations during 15 - 30 minutes per orbit

✦ 11 Megapixel CCD with 30 arcsec / pixel

- selected rasters are read out

�10

OBSERVING STRATEGY
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THE BRITE SKY
RA = 00:00 h

RA = 12:00 h

625 stars (multiple times)
in 42 completed fields

Brightest: Canopus V = -0.72 mag
Faintest: HD 96265 V = 8.03 mag

BRITE Legacy Fields:
observed multiple times
➜ time bases of years
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BRITE TARGET STATISTICS

Total: 526 stars 

O: ~5% 
B: ~50% 
A: ~14% 
F: ~11% 
G: ~5% 
K: ~11% 
M & cooler: ~4%
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HIGHLIGHT I: A MASSIVE HEARTBEAT

ι Orionis:  
‣ O9 III + B1 III/IV

‣ high eccentricity e = 0.764

‣ short Porb = 29.13376d

 

2498 H. Pablo et al.

Figure 2. Binary solution of ι Ori. In the top panel are the phase-folded red filter light curve (red) and blue filter light curve (cyan) overlaid with the PHOEBE

fit (black). The data shown here have not been cleaned in order to show the TEOs present in both light curves in the top panel, most notably around phase =
0.9. The blue filter light curve has been artificially shifted in flux to facilitate the display of both light curves. The bottom panel shows the radial velocity data
from Marchenko et al. (2000) (black x) and Ritter Observatory (black dots) overlaid with the PHOEBE fit in red.

analysis. As the Orion I and Orion II campaigns were separated
by a year, it was necessary to split the analysis of individual os-
cillation frequencies by observation as well as by colour. Next, the
binary modulation that is discussed in detail in Section 4 was re-
moved separately from each data set by subtracting a model of the
binary variation, consistent with the parameters shown in Table 2,
in the appropriate colour. Finally it was important to determine an
adequate significance threshold. Since the pulsations seen in ι Ori
exhibit frequencies that are largely less than 1 d−1 (see Table 3) red
noise can, and does, play a significant role (see Fig. 3) and thus the
noise floor must be fit before continuing.

Using the procedure outlined by Gaulme et al. (2010), the back-
ground noise level was calculated by fitting power density (PD) as
a function of frequency in log–log space using the following form:

PD = A

1 + (τf )γ
+ c, (1)

where c is the constant white noise, A is the amplitude, τ is the char-
acteristic time-scale associated with the signal, f is the frequency
and γ is the power index. While it is not uncommon to use two
or more of these semi-Lorentzians to fit the noise floor, one was
sufficient in all of our data sets. To ensure that this noise floor was
not altered by power from real signals, peaks that were significantly
higher than the median level were each fit simultaneously with the
noise floor using Lorentzians. The noise floor as well as the signifi-
cance threshold can be seen clearly in Fig. 3. While the noise floor
is well defined, we were unable to gain any extra information from
the derived parameters. Many had large errors, but even γ , which

was well constrained for each data set, varied significantly between
both the epochs and colours of observations. One possible expla-
nation for this disparity in the noise floor is some combination of
both stellar and instrumental signal which is difficult to disentangle,
especially as the Orion II data sets contain data from two different
satellites.

With this done it was now possible to set our detection threshold.
Following the procedure laid out by Gabriel et al. (2002), we define
a false alarm probability, FAP, that in a series of N frequency bins
that at least one peak will be m times above the noise given Gaussian
statistics:

FAPN (m) = 1 − (1 − e−m)pN , (2)

where p is an empirical term necessary when oversampling the
Fourier transform. For an oversampling of 5, which we use, p is
equal to 2.8 (Gabriel et al. 2002). The way our FAP is defined, the
lower its value the more likely that a given peak is real. We then pick
a significance threshold which equates to an FAP of 0.05 per cent.

With our limits determined, we now apply a standard pre-
whitening procedure, iteratively fitting sinusoids to significant peaks
found in the Fourier transform. Each time a new peak is found, the
light curve is fit in combination with all other frequencies and the
residuals are used to determine if any significant frequencies re-
main. This was carried out using the PERIOD04 software package
(Lenz & Breger 2005). All signals above the detection threshold,
as well as peaks near the threshold and found in multiple data sets
are included in our fit and given in Table 3. Additionally, as most
significant peaks are also orbital harmonics, those peaks which were

MNRAS 467, 2494–2503 (2017)Downloaded from https://academic.oup.com/mnras/article-abstract/467/2/2494/2980608/The-most-massive-heartbeat-an-in-depth-analysis-of
by guest
on 17 October 2017
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Difference frequencies25 Orionis:  
‣ B1 Vne

‣ V = 4.96 mag

✦ Excess angular 
momentum in Be stars

• regular pulsation-driven 
ejection of matter

✦ Key: large-amplitude 
difference frequencies 
of non-radial pulsation 
g-modes

SMEI x 10

SMEI

BRITE 2014/15 & SMEI

BRITE 2016/17 R

BRITE 2014/15 B&R

0.1777 d-1

0.0129 d-1

Baade et al. (2019, in prep.)

HIGHLIGHT II: BE STARS



13 March 2019 K. Zwintz�15

planet responsible for the known warp in the debris disk (e.g.,
Dawson et al. 2011). Compared to Millar-Blanchaer et al.
(2015), the argument of the periastron, ω in our fit has
increased from n-

+156 76
33 to n-

+206 13
52. This new value is consistent

with ω=200°± 20° that is required for the falling evaporat-
ing bodies (FEBs) scenario proposed by Thébault & Beust
(2001) to explain redshifted absorption features in β Pics
spectrum. Note that under previous definitions of the orbital
parameters, this has been expressed as ω=−70°± 20° from
the line of sight. This scenario also requires a slightly eccentric
orbit, which is consistent with our derived orbital parameters.
For a more in-depth discussion of βPicb’s relationship to the
debris disk and the FEB scenario, we direct the reader to
Millar-Blanchaer et al. (2015).

The biggest improvement in our understanding of the orbit
of βPicb is the improved constraint on the inclination of the
orbit. We find the inclination to be = n -

+i 88 .81 0.11
0.12, which

allows us to place the tightest constraints on the probability that
βPicb will transit its host star. Assuming an angular diameter
of the star of 0.736mas (Defrère et al. 2012) and considering

the range of a from our orbit fit, we find that in most cases we
need - ni 90∣ ∣ < 0°.05 in order for the planet to transit. With
our current constraints on the inclination, we have ruled out the
possibility that βPicb will transit at 10σ significance. This
tight constraint on the inclination and transit probability is due
to the slightly longer time baseline and the improved precision
in the measured PA of the GPI astrometry compared to Millar-
Blanchaer et al. (2015). For an edge-on orbit that transits the
star, we should see no significant change in PA over time.
However, Figure 4 shows that the GPI points alone reveal a
significant increase in PA over time. Thus, regardless of
systematic astrometric calibration errors between instruments,
we conclude that βPicb will not transit its star.

4.2. Hill Sphere Transit

Unlike the planet, βPicbʼs Hill sphere, the region around
the planet that could contain gravitationally bound circumpla-
netary material, will transit the star. We define the radius of the

Hill sphere as » -r a e1 m
MH 3

3 ( )( ) using the approximate

Figure 4. (Top) Offset of βPicb in R.A. (blue) and decl. (red) with respect to β Pic as a function of time. We have plotted the measured data and 500 randomly
chosen accepted orbits from the MCMC sampler. (Middle) Radial separation of βPicb from the star as a function of time. The same 500 randomly chosen orbits have
are also plotted (Bottom) PA as a function of time for the data and the 500 randomly chosen orbits. To keep the data compact, we have wrapped PA by 180◦ to only
consider PAs between 180◦ and 360◦. This allows for easy comparison of the 2003 point, which is nominally at a PA of 34°. 4 but here displayed at a PA of 214°. 4. The
dashed black line indicates a constant PA of 212°. 4, the weighted mean of all points. If the planet were to transit, we would not be able to see a significant deviation
from constant PA in time. For all the plots, error bars are also plotted but many are too small to be seen on this scale.
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The Astronomical Journal, 152:97 (16pp), 2016 October Wang et al.Wang et al. (2016)

DE offset

RA offset

10 Wang et al.

Figure 3. Posterior distributions for the seven orbital elements in our Keplerian orbit model along with inferred distributions
of possible dates for transit events in the top right corner. The vertical dashed lines in the marginalized posterior distribution
plots indicate the 16th, 50th, and 84th percentile values. For the transit events, the dotted line corresponds to the ingress and
egress of the full Hill sphere, the dashed line corresponds to the ingress and egress of the half Hill sphere, and the solid line
corresponds to the date of closest approach.

surements and the lack of significant change in �2
red

even
with significantly smaller error bars lead us to conclude
the measured astrometry and uncertainties derived from
BKA are accurate.

4. DISUCSSION

4.1. The Orbit of � Pic b

Having demonstrated the accuracy and precision of
this new technique, we now analyze the new constraints
on the orbit of � Pic b. Not surprisingly, the estimates
for a and e have not changed significantly from Millar-
Blanchaer et al. (2015) since the GPI points reanalyzed
in this paper do not have a su�ciently long time base-

line to constrain these parameters. As seen in Figure
4, all but one astrometric measurement is on one half
of the orbit curve. The other half of the orbit is not as
well constrained, leaving a degeneracy in a and e. This
degeneracy can be broken with more measurements ob-
tained when the planet appears on the other side of the
star. Better constraints on a and e will provide better
insight on how � Pic b interacts with the debris disk
and potential unseen planets in the system. The new
total mass of the system, MT = 1.80+0.03

�0.04 M�, is sig-
nificantly higher than the MT = 1.61 ± 0.05 M� from
Millar-Blanchaer et al. (2015). This new total system
mass, which e↵ectively measures the mass of the star

HIGHLIGHT III: THE 𝛃 PICTORIS SYSTEM

Lagrange et al. (2014)

𝛃 Pictoris b: 
‣ M = 10 Mjupiter

‣ semi-major axis: 8 - 13 AU

𝛃 Pictoris: 
‣ Teff = 8200 ± 150 K
‣ Age ~23 Myr
‣ 𝛅 Scuti pulsator

‣No Hill sphere transit observed photometrically

International Observing Campaign:
Photometry & Spectroscopy
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HIGHLIGHT III: THE 𝛃 PICTORIS SYSTEM

Zwintz, K., et al.: Pulsational characteristics of � Pic

Fig. 12. (colour online) (Upper panel) Observed and best-fitting mode normalised amplitudes in di↵erent photometric bands using the true errors
and �F = 0.1 on the frequencies. In the latter case, only even modes are retained and the inclination search interval is [70�, 90�] rather than
[0�, 90�].The (n, `, m) mode identifications are provided in each panel. (Lower panel) Observed vs. theoretical pulsation spectra for the two above
cases. The observed frequencies are represented by the continuous vertical lines that span the plot. In both panels, the observations are in blue and
the theoretical results and annotations are colour-coded. Di↵erent values of �2 are given: “ampl” corresponds to the mismatch on mode amplitudes,
“seismic” to the mismatch on frequencies assuming a uniform error of �F = 0.1 d�1, and “seismic(True)” to the mismatch on the frequencies using
the observed errors. �2 calculations have 18 degrees of freedom, i.e., ⌦/⌦K, i, f and the 15 free amplitudes. In the upper panel, �2

ampl
for

even modes is 412.3, while �2
ampl

for the true seismic case is 467.8.

measured inclination of the planetary orbit and the circumstel-
lar disk of 88.81±0.12� (Wang et al. 2016). It also leads to the
best fit with the normalised amplitudes. However, the price
to pay is a relatively high �2 value for the seismic component
(although the theoretical frequencies come in the same order
as the observed ones). Possible causes for this significant dif-
ference in the frequencies include shortcomings in the stellar
models. In particular, the models are uniformly rotating. This
does not seem very realistic because baroclinic e↵ects are ex-

pected to lead to di↵erential rotation as shown in more realistic
models based on the ESTER code (Espinosa Lara & Rieutord
2013; Rieutord et al. 2016). This in turn will a↵ect rotational
splittings (Reese et al. 2009), thus modifying the frequencies of
non-axisymmetric modes. Also, the di↵erences between the fit-
ted and observed mode amplitudes still remain relatively high
even for the most favorable solution. Possible causes for this in-
clude the use of pseudo non-adiabatic mode visibilities rather
than visibilities based on fully non-adiabatic calculations.

Article number, page 15 of 22

Pulsation frequencies 
in multiple passbands

Amplitude Variability

Asteroseismic Models
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DSS image
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HIGHLIGHT IV: SURPRISE!
BRITE Carina II target stars

eta Carinae WR 22

HD 92063

ASASSN-18fv
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NOVAE
Nova Progenitors: 

‣ pair of red dwarfs  
in the process 
of merging

‣ white dwarf and  
another star

Example: 
Nova V5852 Sgr 


(Aydi et al MNRAS, 461, 1529, 2016)
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FWHM 8 pixel, 

27“/pixel,  


4 sec exposures, 

550 – 700 nm

grey: individiual measurements 
red: orbital means (98 min) 

signal from HD92063 only

~ t0 of Nova

 discovery report

„ASASSN-18fv“

HD 92063 
‣ Red Giant

‣ K1 III

‣ V = 5.08 mag

�19

HIGHLIGHT IV: SURPRISE!

BRITE – Toronto (BTr) Satellite

HD92063
2018-03-01

HD92063

ASASSN-18fv

2018-04-14
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BRITE data cover the 
evolution of the Nova 

Car 2018 with an 
unprecedented time 

resolution!

HIGHLIGHT IV: SURPRISE!
Aydi et al. (2019, in prep.)

grey: individiual measurements red: orbital means (98 min) 



13 March 2019 K. Zwintz

BRITE OPPORTUNITIES
✦ Observing Proposals: Submission any time

- Contact: konstanze.zwintz@uibk.ac.at

✦ BRITE Photometry Wiki: 
http://brite.craq-astro.ca/

- Observed, ongoing, future fields

- List of publications

✦ 10 future fields planned until 2020

✦ Webpage:  
http://www.brite-constellation.at 
Facebook: 
http://www.facebook.com/briteconstellation
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http://brite.craq-astro.ca/
http://www.brite-constellation.at
http://www.facebook.com/briteconstellation
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