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Demory et al., 2012

55 Cancri e  - secondary eclipse depth (4 μm) implies a low albedo

Kepler 10 b  - primary transit depth (0.4-0.9 μm) implies a high albedo
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high and then decreases to reach 1.512 ⇥ 10�2 AU at 1 Myr. As
expected from the order of magnitude timescale, the eccentricity
of 55 Cnc b does not decrease over the integration time. However
due to the presence of other planets exciting its orbit, 55 Cnc b’s
eccentricity oscillates around 0.016.

Fig. 5. Evolution of semi-major axis and eccentricity for the five plan-
ets of 55 Cnc assuming the ”nominal” tidal dissipation for 55 Cnc e
and the initial conditions come from Dawson & Fabrycky (2010). Top
panel: the semi-major axis is plotted in thick colored lines, the colored
dashed lines represent the distance of aphelion and perihelion for each
planet. The corotation radius is indicated by a black dashed line and the
thick red dashed line is the stellar radius. Bottom panel: the colored full
lines represent the eccentricities of the five planets, the dashed dotted
lines represent the secular evolution 55 Cnc e (purple) and 55 Cnc b
(blue) would experience if alone in the system. The thick red dashed
line represent the critical eccentricity of planet e above which its sec-
ondary transit depth is increased by more than 10% by tidal heating.

We tested if assuming pseudo-synchronization for 55 Cnc e
and 55 Cnc b is correct when their eccentricities oscillate around
their mean value. When 55 Cnc e has the maximum eccentricity
its pseudo-synchronization period is of 17.949016 hr, and when
it has the minimum eccentricity, it is of 17.950161 hr. The di↵er-
ence between these two values is of . 0.01%, which is negligible
for dissipation. So the pseudo-synchronization remains a good
assumption. For 55 Cnc b tidal interaction is weak so it keeps its
initial rotation period throughout the evolution. We chose here
to assume pseudo-synchronization.

To validate our version of the N-body code Mercury with
tides, we verified it could reproduce the tidal evolution of single
planet systems simulated with the code used in Bolmont et al.
(2011) and Bolmont et al. (2012), which solves the tidal secular
equations for the semi-major axis, eccentricity (equation 3 of this
paper) and rotation spin evolution of planet and star. We tested
the General Relativity e↵ects with Mardling (2007)’s calcula-
tions for the secular evolution of two-planet systems. However
as they use the constant phase lag model to compute the tidal
force, we cannot compare their tidal evolution calculations with

our simulations, which are based on the constant time lag model.
Moreover, the constant phase lag model has been debated by sev-
eral recent articles, among which Makarov & Efroimsky (2012).

As the dissipation factor of planets is not well known, we
decided to cover a wide dissipation factor range, from 0.1 ⇥ �

p

to 10⇥�
p

. As seen in section 2, the dissipation factor a↵ects the
tidal heating and change the value of the eccentricity required to
a↵ect the depth of the secondary eclipse. In addition, changing
the dissipation in 55 Cnc e has two e↵ects on its orbital evolu-
tion. First, it has an e↵ect on how fast its eccentricity decreases.
For a dissipation factor of 0.1 ⇥ �

p

, the eccentricity reaches the
“equilibrium” in ⇠ 3 ⇥ 105 yrs, while for a nominal dissipa-
tion factor, it does so in ⇠ 3 ⇥ 104 yrs, and ⇠ 3 ⇥ 103 yrs for
10⇥�

p

. This is in agreement with the order of magnitude calcu-
lation of section 3.1. In fact, the eccentricity damping timescale
⌧

ecc

scales as Tp so as ��1
p

/ (k2,p�T

p

)�1, so if the dissipation
factor is twice the fiducial value ⌧

ecc

is half the value calculated
for the nominal dissipation factor.

Changing the dissipation factor of 55 Cnc e has also an e↵ect
on the forcing of its eccentricity by the other planets. The ec-
centricity oscillates between a minimum and a maximum value,
which are given in Table 4 for the di↵erent planetary dissipation
factors. As expected, when the planetary dissipation is higher the
forced eccentricity is lower. In Fig. 5, we plot the critical eccen-
tricity above which the tidal heating has an e↵ect of more than
10% on the depth of the secondary transit. This value evolves
with the dissipation. If the planet has a large dissipation factor,
the eccentricity needed to have a strong tidal dissipation is lower.
In the end, it is the Earth-like dissipation that produces the most
observable e↵ect. Increasing or decreasing the dissipation by a
factor of 10 does not act in favor of the observation of tidal heat-
ing as seen in Figs 3 and 4.

Fig.5 shows that the eccentricity of 55 Cnc e determined
by Dawson & Fabrycky (2010), e = 0.17, is not stable as it is
damped to values of a few 10�3 in less than 105 yrs. Moreover,
with an eccentricity of 0.17 tidal dissipation in 55 Cnc e would
heat the planetary surface to a temperature hotter than its host
star, even with the lowest dissipation constant we considered
(�

p

⇥ 0.1).
Table 4 also shows that the eccentricity of 55 Cnc e never

becomes high enough to cause a notable increase in the IR emis-
sion of the planet. In the absence of significant tidal heating,
ine�cient redistribution of heat and an albedo lower than 0.55
are required.

7

Bolmont et al., 2013



Bolmont et al., 2013

ec
ce

nt
ri

ci
ty

dissipation factor (relative to Earth’s)



Emeline Bolmont et al.: The influence of tidal heating on the secondary eclipse depth of 55 Cnc e

where ↵
j

is the angle between the normal to the cell and the
direction toward the observer and I

j

is the specific intensity of
the cell given by

I

j

=
✏�B�(T j

) + A��?,�(a) cos ✓
j

⇡
,

where B� is the Planck function, ✏� is the surface emissivity, and
A� is the surface spectral albedo. In this study, we use ✏� = 1 and
A� = A

B

= A. In practice, cos↵
j

is calculated as the dot product
of the directions vectors attached to the center of the planet and
pointing towards the observer and the center of the j cell. Only
locations visible to the observer (cos↵

j

> 0) contribute to �
P,�.

In the previous formula, the star is considered as a point
source but this approximation can become inadequate in the case
of extremely close planets. Seen from 55 Cnc e, the angular ra-
dius of the stellar disk is 15�. This has two main consequences.
First, it a↵ects the distribution of the stellar flux over the plan-
etary surface and thus the temperature map. The terminator that
delimits the dayside and the nightside is replaced by a penumbra
region, as described by Léger et al. (2011). This e↵ect, however,
has a negligible impact on the observed flux even in the case of
55 Cnc e because the a↵ected regions of the planet emit/reflect
an insignificant fraction of the total spatially-unresolved plane-
tary flux. We simulated numerically an extended star by spread-
ing the stellar luminosity over a number of fainter punctual
sources distributed over the stellar disk. We found that, for phase
angles smaller than 120�, the planetary flux calculated with a
point source star and with an extended star di↵er by less than 1%.
There is a second, more significant, e↵ect: phase angles smaller
than 15� cannot be observed as they are eclipsed by the star. The
out-of-transit photometric reference used by D12 actually cov-
ers a broad range of phase angles: 68 � 15� before the eclipse
and 15 � 43� after, while the eclipse itself lasts about one tenth
of the orbit. With our model, we can calculate the planetary flux
from an airless planet for any phase angle (i.e. sub-observer lon-
gitude). Therefore, we can either produce the light curve for the
whole range of observed phase angles (as in Fig. 1 to 2) or for
a phase angle of 35�, which is the averaged value of the out-of-
transit observations by D12 (as in Fig.3 to 4).

To compare the computed planetary flux with the measured
transit depth of 131 ± 28 ppm derived by D12, we calculate the
planet to star contrast ratio R as follows:

R =

R
��
�

P,�(D)w� d�
R
��
�?,�(D)w� d�

,

where D = 12.34 pc is the distance of the 55 Cnc system, w� is
the spectral response of the IRAC2 detector (as given in Fig. 2.4
of the IRAC Instrument Handbook), and �� is the IRAC2 band
(3.9 � 5.1 µm).

2.1.1. Tidal heating

The average surface heat flux �
tides

is given by Ė

tides

/4⇡R2
P

where Ė

tides

is the rate of tidal dissipation. We use here the con-
stant time lag model to compute Ė

tides

. For a planet of mass Mp
in pseudo-synchronous rotation orbiting a star of mass M? at a
semi-major axis a and with a null obliquity (formula 13 from
Leconte et al. 2010), the rate of tidal dissipation is given by:

Ė

tide

= 2
1
Tp

GMpM?

4a

"
Na1(e) � Na2(e)2

⌦(e)

#
, (1)

Fig. 1. The e↵ect of albedo and eccentricity on the light curve. This
graph shows the planet/star contrast ratio as a function of the orbital
phase for di↵erent values of (e, A). All these models give the same flux
(131 ppm) for a phase angle of 35�, which is the average value for the
out-of-eclipse Spitzer observations by D12. Calculations are done with
the nominal value �

p

and the orbital parameters and planetary mass
from Endl et al. (2012). The short-dashed and full lines are for a uni-
form temperature (perfect redistribution of heat) while there is no redis-
tribution in the three other cases.

Fig. 2. Same as Fig. 1 but the modeled light curves are superimposed to
the actual photometric observations with Spitzer as published by D12.
Only 3 of the cases from in Fig. 1, with the same line styles and color,
are shown here.

where the dissipation timescale Tp is defined as

Tp =
1
9

Mp

M?(Mp + M?)
a

8

R

10
p

1
�

p

(2)

and depends on the mass of the planet Mp, its dissipation factor
�

p

(as defined by Hansen (2010)) and of the mass of the star M?.
Na1(e), Na2(e) and ⌦(e) are eccentricity-dependent factors:

Na1(e) =
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The di↵erence in the rate of tidal dissipation assuming syn-
chronization or pseudo-synchronization for planet 55 Cnc e is
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where ↵
j

is the angle between the normal to the cell and the
direction toward the observer and I

j

is the specific intensity of
the cell given by

I

j

=
✏�B�(T j

) + A��?,�(a) cos ✓
j

⇡
,

where B� is the Planck function, ✏� is the surface emissivity, and
A� is the surface spectral albedo. In this study, we use ✏� = 1 and
A� = A

B

= A. In practice, cos↵
j

is calculated as the dot product
of the directions vectors attached to the center of the planet and
pointing towards the observer and the center of the j cell. Only
locations visible to the observer (cos↵

j

> 0) contribute to �
P,�.

In the previous formula, the star is considered as a point
source but this approximation can become inadequate in the case
of extremely close planets. Seen from 55 Cnc e, the angular ra-
dius of the stellar disk is 15�. This has two main consequences.
First, it a↵ects the distribution of the stellar flux over the plan-
etary surface and thus the temperature map. The terminator that
delimits the dayside and the nightside is replaced by a penumbra
region, as described by Léger et al. (2011). This e↵ect, however,
has a negligible impact on the observed flux even in the case of
55 Cnc e because the a↵ected regions of the planet emit/reflect
an insignificant fraction of the total spatially-unresolved plane-
tary flux. We simulated numerically an extended star by spread-
ing the stellar luminosity over a number of fainter punctual
sources distributed over the stellar disk. We found that, for phase
angles smaller than 120�, the planetary flux calculated with a
point source star and with an extended star di↵er by less than 1%.
There is a second, more significant, e↵ect: phase angles smaller
than 15� cannot be observed as they are eclipsed by the star. The
out-of-transit photometric reference used by D12 actually cov-
ers a broad range of phase angles: 68 � 15� before the eclipse
and 15 � 43� after, while the eclipse itself lasts about one tenth
of the orbit. With our model, we can calculate the planetary flux
from an airless planet for any phase angle (i.e. sub-observer lon-
gitude). Therefore, we can either produce the light curve for the
whole range of observed phase angles (as in Fig. 1 to 2) or for
a phase angle of 35�, which is the averaged value of the out-of-
transit observations by D12 (as in Fig.3 to 4).

To compare the computed planetary flux with the measured
transit depth of 131 ± 28 ppm derived by D12, we calculate the
planet to star contrast ratio R as follows:

R =

R
��
�

P,�(D)w� d�
R
��
�?,�(D)w� d�

,

where D = 12.34 pc is the distance of the 55 Cnc system, w� is
the spectral response of the IRAC2 detector (as given in Fig. 2.4
of the IRAC Instrument Handbook), and �� is the IRAC2 band
(3.9 � 5.1 µm).

2.1.1. Tidal heating

The average surface heat flux �
tides

is given by Ė

tides

/4⇡R2
P

where Ė

tides

is the rate of tidal dissipation. We use here the con-
stant time lag model to compute Ė

tides

. For a planet of mass Mp
in pseudo-synchronous rotation orbiting a star of mass M? at a
semi-major axis a and with a null obliquity (formula 13 from
Leconte et al. 2010), the rate of tidal dissipation is given by:

Ė

tide

= 2
1
Tp

GMpM?

4a

"
Na1(e) � Na2(e)2

⌦(e)

#
, (1)

Fig. 1. The e↵ect of albedo and eccentricity on the light curve. This
graph shows the planet/star contrast ratio as a function of the orbital
phase for di↵erent values of (e, A). All these models give the same flux
(131 ppm) for a phase angle of 35�, which is the average value for the
out-of-eclipse Spitzer observations by D12. Calculations are done with
the nominal value �

p

and the orbital parameters and planetary mass
from Endl et al. (2012). The short-dashed and full lines are for a uni-
form temperature (perfect redistribution of heat) while there is no redis-
tribution in the three other cases.

Fig. 2. Same as Fig. 1 but the modeled light curves are superimposed to
the actual photometric observations with Spitzer as published by D12.
Only 3 of the cases from in Fig. 1, with the same line styles and color,
are shown here.

where the dissipation timescale Tp is defined as
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and depends on the mass of the planet Mp, its dissipation factor
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(as defined by Hansen (2010)) and of the mass of the star M?.
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The di↵erence in the rate of tidal dissipation assuming syn-
chronization or pseudo-synchronization for planet 55 Cnc e is
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where ↵
j

is the angle between the normal to the cell and the
direction toward the observer and I

j

is the specific intensity of
the cell given by

I

j

=
✏�B�(T j

) + A��?,�(a) cos ✓
j

⇡
,

where B� is the Planck function, ✏� is the surface emissivity, and
A� is the surface spectral albedo. In this study, we use ✏� = 1 and
A� = A

B

= A. In practice, cos↵
j

is calculated as the dot product
of the directions vectors attached to the center of the planet and
pointing towards the observer and the center of the j cell. Only
locations visible to the observer (cos↵

j

> 0) contribute to �
P,�.

In the previous formula, the star is considered as a point
source but this approximation can become inadequate in the case
of extremely close planets. Seen from 55 Cnc e, the angular ra-
dius of the stellar disk is 15�. This has two main consequences.
First, it a↵ects the distribution of the stellar flux over the plan-
etary surface and thus the temperature map. The terminator that
delimits the dayside and the nightside is replaced by a penumbra
region, as described by Léger et al. (2011). This e↵ect, however,
has a negligible impact on the observed flux even in the case of
55 Cnc e because the a↵ected regions of the planet emit/reflect
an insignificant fraction of the total spatially-unresolved plane-
tary flux. We simulated numerically an extended star by spread-
ing the stellar luminosity over a number of fainter punctual
sources distributed over the stellar disk. We found that, for phase
angles smaller than 120�, the planetary flux calculated with a
point source star and with an extended star di↵er by less than 1%.
There is a second, more significant, e↵ect: phase angles smaller
than 15� cannot be observed as they are eclipsed by the star. The
out-of-transit photometric reference used by D12 actually cov-
ers a broad range of phase angles: 68 � 15� before the eclipse
and 15 � 43� after, while the eclipse itself lasts about one tenth
of the orbit. With our model, we can calculate the planetary flux
from an airless planet for any phase angle (i.e. sub-observer lon-
gitude). Therefore, we can either produce the light curve for the
whole range of observed phase angles (as in Fig. 1 to 2) or for
a phase angle of 35�, which is the averaged value of the out-of-
transit observations by D12 (as in Fig.3 to 4).

To compare the computed planetary flux with the measured
transit depth of 131 ± 28 ppm derived by D12, we calculate the
planet to star contrast ratio R as follows:

R =

R
��
�

P,�(D)w� d�
R
��
�?,�(D)w� d�

,

where D = 12.34 pc is the distance of the 55 Cnc system, w� is
the spectral response of the IRAC2 detector (as given in Fig. 2.4
of the IRAC Instrument Handbook), and �� is the IRAC2 band
(3.9 � 5.1 µm).

2.1.1. Tidal heating

The average surface heat flux �
tides

is given by Ė

tides

/4⇡R2
P

where Ė

tides

is the rate of tidal dissipation. We use here the con-
stant time lag model to compute Ė

tides

. For a planet of mass Mp
in pseudo-synchronous rotation orbiting a star of mass M? at a
semi-major axis a and with a null obliquity (formula 13 from
Leconte et al. 2010), the rate of tidal dissipation is given by:

Ė
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= 2
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Fig. 1. The e↵ect of albedo and eccentricity on the light curve. This
graph shows the planet/star contrast ratio as a function of the orbital
phase for di↵erent values of (e, A). All these models give the same flux
(131 ppm) for a phase angle of 35�, which is the average value for the
out-of-eclipse Spitzer observations by D12. Calculations are done with
the nominal value �

p

and the orbital parameters and planetary mass
from Endl et al. (2012). The short-dashed and full lines are for a uni-
form temperature (perfect redistribution of heat) while there is no redis-
tribution in the three other cases.

Fig. 2. Same as Fig. 1 but the modeled light curves are superimposed to
the actual photometric observations with Spitzer as published by D12.
Only 3 of the cases from in Fig. 1, with the same line styles and color,
are shown here.
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The di↵erence in the rate of tidal dissipation assuming syn-
chronization or pseudo-synchronization for planet 55 Cnc e is
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What can be the influence of tides 
on orbital IR photometry ?

HD189733, 8 µm, 

Knutson et al., 2008

- IR excess
- rotation
- combination of both



no atmosphere

8.7 microns

0.1 bar (CO2)

1 bar (CO2) 10 bar (CO2)

Brightness temperature (K)



default model parameters

0.3 MSol
R=2REarth
Porb=10 days
A=0.1
Qtide=Qtide,Earth

G0=3000 SI (=rock)



observer

star
θ

β

The model computes: 

1. the time-dependent surface illumination for any 
Keplerian orbit and any rotation ω

2. the internal heat flow resulting from tidal dissipation

3. the time-dependent (sub)surface temperature with a 
heat diffusion model (assuming thermal surface 
properties)

4. the flux (reflected light + thermal emission) received 
by a distant observer.
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Some eccentric short-period planets (Msini <12 MEarth)

Bolmont et al., 2013

Msini < 20 MEarth



final rotation state for an eccentric planet 

- pseudo-synchronization: f(e)
absolute minimum of the dissipation predicted
by (some) theories

- spin-orbit resonance (1:1, 2:1, 3:2,....)
local minimum of the dissipation 
requires a preferential axis
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MStar=0.3MSun, RP=2REarth, e=0.3, P=20 days
transiting planet (R and i known) - 20 days of observation spread over 2 orbits

6-16 microns (10 bands) / noise=2*stellar photon noise / detector throughput=30%



- rotation period of eccentric rocky planets can be 
measured by orbital spectro-photometry

- tested for planets witout an atmosphere, tbd for 
dense atmospheres (work in progress)

- the main obstacle is the intrisic variability of the 
star



Tides and chemistry
The case of GJ436b,
a transiting eccentric hot Neptune



Impact of tidal dissipation on the thermal profile



mole fraction

Tint=100K

Tint=240K

Tint=400K

Tint=560K



mole fraction mole fraction mole fraction

The CO/CH4 ratio can also be 
explained by a high metallicity 

without tidal heating

But CO2 is very sensitive to the metallicity and provides a 
strong constraint
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problems
- no scenario reproduce all observed spectral features
- problem with the model ? requires circulation ? high temperature 
opacities poorly known 
- observations are debated 

Tidal heating can explain CO/CH4 > 1 simultaneously with a low CO2 
abundance, and assuming reasonable dissipation

- But tidal heating can be revealed by indirect chemical consequences
- while the internal heating itself may not be observable  
- GJ436b is a great target for future observations (JWST, ARIEL, E-ELT)



- the thermal emission and radiative budget of exoplanets can be 
affected by tides, even for very low eccentricities

- the IR tidal excess can be observed at secondary eclipse and by 
orbital photometry

- the rotation of eccentric planets can be constrained by orbital 
photometry


