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First space telescope dedicated to asteroseismology

Designed with exceptional pointing stability 
for µmag precision photometry (in frequency space)

Intended mission lifetime: 1 year
Actual mission lifetime: 10+ years



Weight = 54 kg 
Size = 60×60×30 cm 
Power: solar panels (peak ~ 38 W)
Attitude Control System: reaction wheels 
(pointing accuracy ~ 1”) 
Communication: three ground stations 
using S-band frequency (~ 2 GHz)
Cost: 6 million USD
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• 15-cm optical telescope
• 101.4 minutes low-Earth 
    Sun-Synchronous (polar) orbit
• Continuous Viewing Zone (CVZ) 

with  a declination range of -18º ≤ 
δ ≤ +36º
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Fig. 8.—Boxes indicate those areas of the science CCD from which data
will be captured and sent to ground: two target Fabry images, three “sky”
Fabry images, three serendipitous direct images, and two overscanned regions
for bias levels.

Fig. 9.—Cartoon of the MOST orbit showing the continuous viewing zone
(CVZ). The elements of the orbit are listed in Table 5.

bient (expected to be !40!C) delivered by radiant cooling; this
arrangement allows the CCD temperature to be maintained to
"0.1!C. The heater voltage is varied as part of a temperature
control loop. The temperature is sensed at a resolution of 0.02!C
and sampled every 100 s. During commissioning, the control
loops will be adjusted to avoid periodic temperature variations,
particularly in the frequency range of scientific interest.
Careful estimates were made by one of us (Skaret 2001) of

the expected MOST radiation environment with Space Radia-
tion 4.0,2 and they indicated a significant but not serious deg-
radation of CCD performance (dark current increase, hot pixels,
reduced charge transfer efficiency, etc.) during the first year in
orbit. Most degradation is inflicted by passage through the high
radiation concentrations of the South Atlantic Anomaly (SAA).
A 5 mm thickness of aluminum shielding largely prevents any
degradation except by the most energetic particles. In fact, the
Invar in the telescope structure provides some 8 mm of shield-
ing. Excessive shielding would induce a flux of secondaries
more damaging than the primaries.
The science and tracking CCDs are operated independently

by two nearly identical radiation-tolerant controllers that differ
only in their software. The science controller is optimized for
low-noise images, with on-board data processing and data com-
pression. The tracking CCD provides an image every second
and a list of lit pixels from the guide stars in the field from
on-the-fly data thresholding.
The CCD controller design is based on a programmable

2 Available from Space Radiation Associates, http://www.spacerad.com.

digital signal processor (DSP) with low-power clock drivers
and simple signal processing. Where possible, radiation-
tolerant parts and circuit designs are used. The clock drivers,
bias voltages, and signal-processing circuits are built from sim-
ple and reliable op-amp and analog switch components, some
of which have been used in previous designs (Burley, Walker,
& Johnson 1998). A separate paper detailing the hardware and
software design is in preparation.
Particular features include low-power CMOS-like clock driv-

ers, preamp and signal processing optimized for fast settling
times (less than 100 ns) to maximize pixel readout rate, and
dual signal processing channels with 14 bit analog-to-digital
converters. A temperature-controlled, ovenized crystal oscil-
lator assures the very high timing stability (!0.5 ppm) nec-
essary for the photometry.
Many of the digital logic functions are concentrated in the

DSP and a programmable logic device. Engineering CCDs and
components of the control electronics were exposed to 12 krad
of energetic protons at the TRIUMF accelerator facility without
failure. This is equivalent to more than 10 years in the MOST
orbit under expected levels of solar activity. The DSP program
code is kept in error-correcting memory to protect against any
radiation-induced upset, at the cost of extra wait states. Instruc-
tions run from the internal, full-speed DSP memory are “at
risk” for radiation hits. In the event of an upset, the DSP can
reload its code over the data link or from on-board flash
memory.
In operation, the CCD system is controlled by commands

and program code sent over the data link. The DSP generates
the clocking signals to control the serial and parallel charge
transfers on the CCD and controls the signal processing to
extract the digitized data on a pixel-by-pixel basis. Basic se-
quence patterns (serial shift, parallel shift, read pixel, flush
pixel) are combined to read out the array. With the appropriate
sequences, the CCD can be read out through one or both output
amplifiers.





Observing 
modes:

➡Direct Imaging: 
   targets with magnitude  
   5 ≥ V ≥ 12

➡Fabry Imaging: 
   targets brighter than V≈5
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Fig. 10.—Fabry image from a point source taken with MOST in the lab shown from different perspectives.

to the equator from Plesetsk in northern Russia on 2003 June
30. It is in a Sun-synchronous mode, which will keep it over
the Earth’s terminator. The CVZ spans !19! to "36! in dec-
lination when limited by 0! from the Earth’s limb. The max-
imum dwell time in the middle of the CVZ is ∼60 days or
∼60! in right ascension. The elements of the orbit are given in
Table 5 and illustrated in Figure 9.

6. THE PHOTOMETRY
6.1. MOST Photometric Performance
One of us (R. K.) has critically modeled the photometric

performance expected from MOST. The basic properties of the
system used in the models are given in Table 6. Details of the

model will be presented in a forthcoming paper. Some prop-
erties came from comprehensive simulations during the project
development and lab testing of the flight hardware. Measured
properties are marked “m,” and those that were calculated are
marked “c.”
Figure 10 shows different perspectives of a Fabry image of

a point source obtained in the lab with one of the microlenses.
The virtue of Fabry images is that they remain fixed on the
CCD despite tracking errors, which makes the measurements
immune to sensitivity variations between pixels and within
individual pixels. Integration time is set to achieve a nominal
signal level of ∼50,000 e! for the highest exposed pixels (cor-
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Fig. 3.— The relationship between the instrumental magnitude and the background level as
measured on the CCD frame.

Fig. 4.— Panel A shows the light curve for HD 209458, panel B shows HD 209346, panel

C shows data for HD 209458 phased with the planet orbital period and panel D shows the
data phased with the planet orbital period and heavily binned. The dashed lines in panels

A and B mark when eclipse occurs.
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Ag = 0.038 ± 0.045

2σ upper limit of 0.13
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Fig. 1.— Here we show the MOST photometry full data set, including errors. The photo-

metric data are binned to one point every 15 minutes .

Fitted Parameters

RP RP /R∗ i Mid-Transit Time χ2
r

ThisWorkFH 0.987+0.013
−0.061RJup 0.1007+0.0013

−0.0062 89.283◦ ± 0.024 2455210.6461 ± 0.00781HJD 1.01389

Hebrard et al. 2010 0.981± 0.023RJup 0.1001± 0.006 89.269◦ ± 0.018 2455210.6420 ± 0.0010HJD

ThisWorkFW 0.905± 0.032RJup 0.0961 ± 0.0034 89.346◦ ± 0.022 2455210.6439 ± 0.00773HJD 1.10136

Winn et al. 2009 0.974± 0.030RJup 0.1033 ± 0.0011 89.324◦ ± 0.029 2455210.6590 ± 0.0050HJD *

*Predicted result

Table 3: This WorkFH represents best fit values using Hebrard et al. 2010 constraints. This

WorkFW shows best fit values using Winn et al. 2009 parameters. The variables determined

by the two other groups are shown for comparison. χr
2 is shown for a statistical comparison

of the two fits.

HD 80606b 

V = 8.9 Roberts et al. (2013)
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Figure 7. Photometric observations of HD 37605 by the MOST
satellite, which rule out the edge-on transit of HD 37605b at a 11-σ
level. The solid line is the predicted transit light curve, and the
dashed vertical lines are the 1-σ transit window boundaries defined
by adding σTc

(0.069 day) on both sides of the predicted transit
window (0.352-day wide). See § 4.2 for more details.

Table 5
PHOTOMETRIC OBSERVATIONS OF

HD 37605 ON MOST

Heliocentric Julian Date Relative Magnitude
(HJD − 2,451,545) (mag)

4355.5105 -0.0032
4355.5112 -0.0047
4355.5119 -0.0018
4355.5126 -0.0026
4355.5133 -0.0018
4355.5140 -0.0039

Note. — This table is presented in its
entirety in the electronic edition of the As-
trophysical Journal. A portion is shown here
for guidance regarding its form and content.

discovered by HET. HD 37605c is the outer planet of the
system with a period of ∼ 7.5 years on a nearly circu-
lar orbit (e = 0.013) at a = 3.814 AU. It is a “Jupiter
analog” with M sin i = 3.366 MJup, which adds one more
sample to the currently still small inventory of such plan-
ets (only 10 including HD 37605c; see §1). The discovery
and characterization of “Jupiter analogs” will help un-
derstanding the formation of gas giants as well as the
frequency of true solar system analogs. This discovery
is a testimony to the power of continued observation of
planet-bearing stars.
Using our RV dataset with nearly 8-year long base-

line, we refined the orbital parameters and transit
ephemerides of of HD 37605b. The uncertainty on the
predicted mid-transit time was constrained down to 0.069
day (at and near Tc = 2, 455, 901.361 in BJD), which is
small compared to the transit duration (0.352 day). In
fact, just the inclusion of the two most recent points in
our RV dataset have reduced the uncertainty on Tc by
over 10%. We have performed transit search with APT
and the MOST satellite. Because of the near-interger
period of HD 37605b and the longitude of Fairborn Ob-
servatory, the APT photometry was unable to cover the

Table 6
Updated M sin i and Errors for HD 114762b and

HD 168443b, c

Planet M sin i ± std. error (MJup)

HD 114762ba 11.086± 0.067
HD 114762bb 11.069± 0.063
HD 168443b 7.696± 0.015
HD 168443c 17.378± 0.044

a For best orbital fit with RV trend (dv/dt).
b For best orbital fit without RV trend
(dv/dt).

transit window. However, its excellent photometric pre-
cision over five observing seasons enabled us to rule out
the possibility of the RV signal being induced by stel-
lar activity. The MOST photometric data, on the other
hand, were able to rule out an edge-on transit with a pre-
dicted depth of 1.877% at a 11-σ level, with a lower limit
for the impact paramter b ≤ 0.996, essentially ruling
out a grazing transit. This transit exclusion is a further
demonstration of the TERMS strategy, where follow-up
RV observations help to reduce the uncertainty on transit
timing and enable transit searches.
Our best-fit orbital parameters and errors from

RVLIN+BOOTTRAN were found to be consistent with
those derived from a Bayesian analysis using MCMC.
Based on the best-fit MCMC systems, we performed dy-
namic and TTV analysis on the HD 37605 system. Dy-
namic analysis shows no sign of orbital resonance and
very minimal planet-planet interaction. We derived a
TTV of ∼100 s, which is much smaller than σTc

.
We have also performed a stellar analysis on HD 37605,

which shows that it is a metal rich star ([Fe/H] = 0.336±
0.030) with a stellar mass of M⋆ = 1.000 ± 0.017 M⊙

with a radius of R⋆ = 0.901± 0.015. The small variation
seen in our photometric data (amplitude < 0.003 mag
over the course of four years) suggests that HD 37605 is
consistent as being an old, inactive star that is probably
slowly rotating. We tentatively propose that the rotation
period of the star is 57.67 ± 0.30 days, based on a weak
periodic signal detected from our APT photometry.

6. NOTE ON PREVIOUSLY PUBLISHED ORBITAL FITS

In early 2012, we repaired a minor bug in the BOOT-
TRAN package, mostly involving the calculation and er-
ror bar estimation of M sin i. As a result, the M sin i
values and their errors for two previously published sys-
tems (three planets) need to be updated. They are:
HD 114762b (Kane et al. 2011a), HD 168443b, and HD
168443c (Pilyavsky et al. 2011b). Table 6 lists the up-
dated M sin i and error bars.
One additional system, HD 63454 (Kane et al. 2011c),

was also analyzed using BOOTTRAN. However, the
mass of HD 63454b is small enough compared to its host
mass and thus was not affected by this change.

The authors thank John A. Johnson for providing a
copy of his Doppler code and his help with our incorpo-
ration of the code into the HET pipeline. The authors
also thank Debra Fischer for her assistance in this regard.
This work was partially supported by funding from

the Center for Exoplanets and Habitable Worlds, which

HD 37605b Wang et al. 2012V = 8.7
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frequency of true solar system analogs. This discovery
is a testimony to the power of continued observation of
planet-bearing stars.
Using our RV dataset with nearly 8-year long base-

line, we refined the orbital parameters and transit
ephemerides of of HD 37605b. The uncertainty on the
predicted mid-transit time was constrained down to 0.069
day (at and near Tc = 2, 455, 901.361 in BJD), which is
small compared to the transit duration (0.352 day). In
fact, just the inclusion of the two most recent points in
our RV dataset have reduced the uncertainty on Tc by
over 10%. We have performed transit search with APT
and the MOST satellite. Because of the near-interger
period of HD 37605b and the longitude of Fairborn Ob-
servatory, the APT photometry was unable to cover the

Table 6
Updated M sin i and Errors for HD 114762b and

HD 168443b, c

Planet M sin i ± std. error (MJup)

HD 114762ba 11.086± 0.067
HD 114762bb 11.069± 0.063
HD 168443b 7.696± 0.015
HD 168443c 17.378± 0.044

a For best orbital fit with RV trend (dv/dt).
b For best orbital fit without RV trend
(dv/dt).

transit window. However, its excellent photometric pre-
cision over five observing seasons enabled us to rule out
the possibility of the RV signal being induced by stel-
lar activity. The MOST photometric data, on the other
hand, were able to rule out an edge-on transit with a pre-
dicted depth of 1.877% at a 11-σ level, with a lower limit
for the impact paramter b ≤ 0.996, essentially ruling
out a grazing transit. This transit exclusion is a further
demonstration of the TERMS strategy, where follow-up
RV observations help to reduce the uncertainty on transit
timing and enable transit searches.
Our best-fit orbital parameters and errors from

RVLIN+BOOTTRAN were found to be consistent with
those derived from a Bayesian analysis using MCMC.
Based on the best-fit MCMC systems, we performed dy-
namic and TTV analysis on the HD 37605 system. Dy-
namic analysis shows no sign of orbital resonance and
very minimal planet-planet interaction. We derived a
TTV of ∼100 s, which is much smaller than σTc

.
We have also performed a stellar analysis on HD 37605,

which shows that it is a metal rich star ([Fe/H] = 0.336±
0.030) with a stellar mass of M⋆ = 1.000 ± 0.017 M⊙

with a radius of R⋆ = 0.901± 0.015. The small variation
seen in our photometric data (amplitude < 0.003 mag
over the course of four years) suggests that HD 37605 is
consistent as being an old, inactive star that is probably
slowly rotating. We tentatively propose that the rotation
period of the star is 57.67 ± 0.30 days, based on a weak
periodic signal detected from our APT photometry.

6. NOTE ON PREVIOUSLY PUBLISHED ORBITAL FITS

In early 2012, we repaired a minor bug in the BOOT-
TRAN package, mostly involving the calculation and er-
ror bar estimation of M sin i. As a result, the M sin i
values and their errors for two previously published sys-
tems (three planets) need to be updated. They are:
HD 114762b (Kane et al. 2011a), HD 168443b, and HD
168443c (Pilyavsky et al. 2011b). Table 6 lists the up-
dated M sin i and error bars.
One additional system, HD 63454 (Kane et al. 2011c),

was also analyzed using BOOTTRAN. However, the
mass of HD 63454b is small enough compared to its host
mass and thus was not affected by this change.

The authors thank John A. Johnson for providing a
copy of his Doppler code and his help with our incorpo-
ration of the code into the HET pipeline. The authors
also thank Debra Fischer for her assistance in this regard.
This work was partially supported by funding from

the Center for Exoplanets and Habitable Worlds, which

HD 37605b Wang et al. 2012V = 8.7
HD 20782b Kane et al. (in prep.)V = 7.4



• Exoplanets detected via radial velocity by the 
HARPS and HIRES surveys;

• Host stars with V < 12 and accessible to MOST;

• Planets with minimum mass in the super-Earth 
regime (between 1 and 10 M⊕);

• Orbital period ≤ 10 days, leading to transit 
probability ≥ 5 %;

• A total of 12 super-Earth candidates were 
observed.

Barclay et al. (2013)

MOST Transit Search



MOST Transit Search

Determine predicted transit times 
and transit window size within the 
period of observability with MOST 
from the RV-derived ephemeris 
(the time of inferior conjunction T0 
and the orbital period P):

T0new = T0 + nP

Tbeg = (T0 - δ-T0) + n(P - δ-P)
Tend = (T0 + δ+T0) + n(P + δ+P)

Observe during at least 2 predicted 
transit windows.

HD 115617b (61 Vir b)
P = 4.21429 ± 0.00046 days



HD 156668b
RA: 17h 17m 40s   Dec: +29° 13′ 38″ Not in the CVZ!



4.4. MOST Null Results
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4.4. MOST Null Results

Figure 4.8: Top panel: Light curves for four transit windows of HD 156668b.
Middle panel: Light curves for three (additional) transit windows of HD
156668b.Bottom panel: All HD 156668 light curves folded to the period of
planet b (P = 4.6432± 0.0011 days) and binned in 8-min. bins. Horizontal
axes units and other denotations are as in Figure 4.1.
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HD 156668b
RA: 17h 17m 40s   Dec: +29° 13′ 38″ Not in the CVZ!



MOST Survey Results

Planet Period (d) Transit probability (%) Transit window coverage Radius upper limits (R⊕) 
and composition constraints

GJ 581e 3.15 5 full 1.6 (water ice)

BD 082823b 5.59 6.7 1σ 2.13 (silicate)

HD 1461b 5.77 8 full -

HD 69830b 8.67 5.2 < 1σ 5.4 (H/He)

HD 96700b 8.13 6.6 marginal 5.0 (H/He)

HD 115617b 4.21 9.8 most of 2σ 1.74 (silicate)

HD 125595b 9.67 4.5 most of 1σ 2.75 (water ice/silicate)

HD 125612c 4.16 13 2σ; contains gaps 3.02 (water ice)

HD 156668b 4.64 7 1σ 2.05 (water ice/silicate)

HD 160691c 9.64 5.6 < 1σ 5.5 (H/He)

55 Cnc e 0.74 30 full transit detected

HD 97658b 9.49 4 3σ transit detected

Cumulative:        68%



3

Fig. 1.— Reduced MOST photometry acquired during 2007 April 25 to June 14. The tire-track pattern of the data is due to the fact
that MOST alternated between GJ 581 and other stars during these observations. See section 2 of the text for details.

Fig. 2.— Top: Reduced MOST photometry acquired during 2009 May 8-20. Bottom: Same, but with the modulation visible in the top
panel removed (see section 2 for details). The tire-track pattern of the data is due to the fact that MOST alternated between GJ 581 and
another star during these observations. See section 2 of the text for details.

orbit (54 out of every 101.4 minutes), for nearly 12 days
(Figure 2). The alternating target was monitored during
the remaining 47.4 minutes. Both the 2007 and 2009 ob-
servations were acquired in Direct Imaging mode, with
individual exposure times of 3.0 s. Sets of 8 individual
frames were stacked on board the satellite before being

downloaded to Earth, leading to a total integration time
of 24 s per data point. There is also a modest readout
overhead of 3.2 seconds, resulting in a sampling rate of
27.2 s (outside of the interruptions for the alternating
target).
The raw data were reduced using aperture photometry.
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the remaining 47.4 minutes. Both the 2007 and 2009 ob-
servations were acquired in Direct Imaging mode, with
individual exposure times of 3.0 s. Sets of 8 individual
frames were stacked on board the satellite before being

downloaded to Earth, leading to a total integration time
of 24 s per data point. There is also a modest readout
overhead of 3.2 seconds, resulting in a sampling rate of
27.2 s (outside of the interruptions for the alternating
target).
The raw data were reduced using aperture photometry.

A Search for Transits of GJ 581e

5

for Rp � 1.93R� at least 95% and 99% of the time, re-
spectively. For larger values of b these confidence limits
tend to shift to larger radii, though only mildly so for b 
0.6. This is because the transit duration is shorter and
there are less in-transit data points, making the signal
more di�cult to detect. Further, for larger values of b
the planet would cross nearer the limb of the star, thus
blocking out less light and leading to a shallower transit
than in the case of b = 0. In light of these two argu-
ments, we note that while transits with RP  4R� and
b = 0.9 do not meet our detection criteria with su�cient
statistical confidence, deeper transits do. Our detection
limits as a function of b and Rp are shown in Figure 3, in
the form of 68%, 95% and 99% confidence contours. A
value of b = 0 corresponds to an edge-on transit, while
b = 1 represents a grazing transit.

Fig. 3.— Detection limits for injected transits as a function of
planetary radius (RP�inj) and impact parameter (binj), for GJ
581e. The solid points correspond to the values of RP�inj and
binj at which we tested our sensitivity. The solid, dashed and
dotted lines indicate the 68%, 95% and 99% confidence contours,
respectively.

3.3. Transit Search

We perform the transit search described above on the
2009 light curve (within the 3� transit window corre-
sponding to the circular orbit solution). We do not find
any transit candidates for a planet with Rp �1.42 R�,
which is our 1� detection limit (for b = 0).
Our best transit candidate (for which ��2% = 0.54%

was largest) has the following properties: Rp = 0.912R�,
b = 0.40 and � = 0.058, and therefore it occurs near the
positive edge of the 3� window (the predicted mid-transit
time corresponds to � = 0.0). This signal is significantly

below our detection limit and over five times smaller than
the rms of the phased data within the 3� transit window.
Such a planet would have a density (⇢) of 13.4 g cm�3, an
unrealistic value as it is greater than the maximum iron
fraction limit for a rocky planet (Marcus et al. 2010). For
these reasons, we consider this candidate very unlikely
to be a transit signal. The phased observations spanning
the 3� transit window and the best-fit model for this
candidate are shown in Figure 4.
Using the HIRES-based results from Vogt et al. (2010),

Andrae et al. (2010) find a possible discrepancy between
the residuals of a circular orbit solution for the four plan-
ets, and the expected Gaussian distributed residuals if
the best-fit model was the true model. They suggest
this discrepancy may indicate that the planetary orbits
are eccentric. Further, when fitting a Keplerian model
to the HARPS RV data (see section 3.1), Forveille et
al. (2011) obtain significant values for the eccentricity
of planets d and e, and di↵erent mid-transit times for
all planets than in the circular model case. Motivated
by these result, we also carry out a transit search for
GJ 581e within the 3� transit window computed from
the orbital parameters associated with the Keplerian
model. The rms=0.00425 (in units of relative flux) of
the phased photometry within this window is marginally
smaller than that of the circular solution transit window
(rms=0.00431). Thus our sensitivity to transits should
be very similar or marginally better. We find no transit
candidate near or above the detection limits reported in
Figure 3.
The best candidate (��2% = 0.92%) in this case

represents a planet with Rp = 1.19R�, b = 0.79 and
� = �0.006, very close to the predicted mid-transit time.
With a mass of 1.95 M� (Forveille et al. 2011), this planet
would have ⇢ =6.41 g cm�3 which would make it slightly
denser than 55 Cnc e and suggest a silicate composition
model (Seager et al. 2007). Nevertheless, the statistical
significance of this signal is too low relative to our de-
tection limits to make it a likely candidate. The phased
observations showing this candidate can be seen in Fig-
ure 5.

3.4. Constraints and Implications

Even when a super-Earth transits and its radius can
be measured, it is still di�cult to gain insight into its
detailed composition. Nonetheless, useful limits can be
placed on its interior structure when both its mass and
radius are available (Rogers & Seager 2010). Unfortu-
nately, we do not detect a significant transit signal for
GJ 581e. If the planet transits, then we can use the
limits determined in section 3.2 to constrain its size as
follows.
To 1� confidence, we exclude pure hydrogen, hydro-

gen/helium, pure water ice and 50% water ice composi-
tions for detectable (b  0.6) transiting orbital configu-
rations. To 2� confidence, we rule out compositions less
dense than 75% water for b  0.6. We exclude hydrogen
and hydrogen/helium compositions with 3� confidence.
Quantitatively, for MP = 1.84M� (based on the circular
orbit solution), we rule out densities lower than 3.54 g
cm�3 , 2.39 g cm�3 and 1.41 g cm�3 with 1�, 2� and 3�
confidence, respectively.
There are so far no transiting planets with a measured

2007 photometry

2009 photometry



55 Cancri A (G8 dwarf,  V=5.95) has 5 known planets.

Dawson & Fabrycky (2010) reanalyzed the discovery RV data (McArthur et al. 2004, 
Fischer et al. 2008) and predicted it could have a much shorter orbital period: 

P =0.74 days = 17h 41m,

leading to a a priori transit probability of ~30%.

Transit discovery:

Winn, Matthews et al.
(2011) used the MOST
space telescope to confirm
the prediction with 
a transit detection.

 55 Cnc e
Background and Discovery

Winn et al. (2011)
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55 Cnc e
Optical secondary eclipse (MOST)

Eclipse depth = -1 +12-18 ppm
                         ≤ 13 ppm                           

Geometric albedo ≤ 0.45 (at 1σ)

=> Bond albedo ≤ 0.68



55 Cnc e: 2011 run
Star-planet interaction?

Winn et al. (2011)

Winn et al. (2011) detected modulation of light in phase with orbit of planet e:
                interaction of planet magnetosphere with stellar magnetic field?

amplitude:
168 ± 70 ppm



Amplitude of the modulation changes from epoch to epoch and even within 
2012 observing run.

55 Cnc e: 2012 run
Star-planet interaction?

All 2012 photometry



Amplitude of the modulation changes from epoch to epoch and even within 
2012 observing run.

55 Cnc e: 2012 run
Star-planet interaction?

All 2012 photometry

Amplitude: 
84 ± 36 ppm

Middle 2/3 of 2012 
light curve



55 Cnc e: 2013 run
Star-planet interaction?



Period = 14. 65 days

 
Mp sin i = 0.826 MJup

No transits with impact parameter < 1.02

55 Cnc b



Period = 44.37 days

Mp sin i = 0.171 MJup

For partial transit window coverage,  
no transits for a gas giant 55 Cnc c for impact parameter < 1.

55 Cnc c



HD 97658b - Background 
Radial velocities

Discovery by Howard et al. (2011)

Period = 9.4930 ± 0.0021 days
TC = 2,455,982.59 ± 0.31
MP sin i = 7.7 ± 0.7 MEarth

K1V type host star
V mag = 7.7

4% a priori geometric transit probability Dragomir et al. (2012)

3σ transit window size in spring 2012: 1.9 days



Henry et al. (withdrawn)

Announcement of transit-like signals 
for HD 97658b with APT data (2011)

Transit candidate depth 
suggested a low-density 
super-Earth with 2.9 ± 0.3 
REarth radius
 



MOST Photometry (2012) 

binning

binning

both light curves phased and binned

No transit at expected time
Dragomir et al. (2012)



MOST Photometry (2012) 
Completing the 3σ transit window coverage



MOST Photometry (2012) 
Completing the 3σ transit window coverage

?



MOST Photometry (2012) 
Completing the 3σ transit window coverage

?
HD 97658 leaving the MOST Continuous Viewing Zone.

Must wait until next year (2013) to find out.



MOST photometry (2013)

Dragomir et al. (2013)
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HD 97658b

Dragomir et al. (2013)



55 Cancri e

planetary radius = 1.990 ± 0.082 REarth
planetary mass = 7.81 ± 0.56 MEarth
planetary mean density = 5.49 ± 0.79 g/cm3

stellar radius = 0.943 ± 0.010 RSun
stellar mass = 0.905 ± 0.015 MSun

orbital inclination = 85.4 ± 2.5 deg
period=0.7365417 ± 0.0000027 days planetary radius = 2.34 ± 0.16 REarth

planetary mass = 7.86 ± 0.73 MEarth
planetary mean density = 3.4 ± 0.7 g/cm3 

stellar radius = 0.943 ± 0.010 RSun
stellar mass = 0.905 ± 0.015 MSun

orbital inclination = 89.45 ± 0.4 deg
period=9.4894 ± 0.0002 days

HD 97658b



The super-Earths 55 Cnc e & HD 97658b
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Figure 1. Planet radius versus 
mass for planets of approximately 
Earth-size to Neptune-size. Only 
planets with published mass and 
radius measurements are shown.  
Of the super-Earths, only HD 
97658b (filled red circle), GJ 
1214b, and 55 Cnc e (filled black 
circle) orbit stars bright enough 
for detailed characterization; 
unfortunately 55 Cnc e has a 
smaller radius and orbits a larger 
star, resulting in a less favorable 
transit depth than either HD 
97658b or GJ 1214b.  Solid lines 
mark solid planet contours of 
pure ice (light blue), half water 
and half rock (dark blue), pure 
rock (red), and a Mercury-like 
rock-iron mix (grey) using the 
Seager et al. (2007) models.   
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Figure 2. Left panel: MOST transit light curve for HD 97658b.  This light curve shows the average of 
three continuously observed transits from March-April 2013 (Dragomir et al. 2013).   Right panel: K 
vs. V magnitudes for all of the published transiting planets with measured masses less than 10 MEarth.  
The size of the points is proportional to the planet-star radius ratio, and for multiple-planet systems 
we use the radius ratio for the largest planet in the system. 
 

HD 97658b
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The super-Earths 55 Cnc e & HD 97658b

55 Cnc e
No Hydrogen...
Ehrenreich (2012)

Atmosphere containing 
some water vapor?

(Gillon et al. 2012; 
Valencia et al. 2010)

Carbon planet?
(Madhusudhan et al. 2012)

HD 97658b
A low mean molecular 

weight (hydrogen?) 
atmosphere fits the 
planetary density;

Though HST WFC3 
observations show a 
flat spectrum (so far)



CHEOPS

CHEOPS features many improvements 
over the design of MOST. 

It will excel at transit searches of RV 
planets, follow-up of transit survey 
candidates, phase variation studies…

Its discoveries will also identify the 
most promising targets for further 
characterization by JWST and the 
ELTs. 

CHEOPS - Credit: University of Bern



Summary

Though it has a smaller aperture, MOST bears many 
similarities to CHEOPS.

MOST has demonstrated the power of low-cost microsatellites 
for exoplanet science.

It brought about the first significant constraints on the albedo 
of an exoplanet, and the discovery of transits for two super-
Earths orbiting very bright stars.

It has led to the development of creative observing and data 
analysis strategies (and so far has survived them all).

It now looks forward to the discoveries of its successor. 


