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Introduction:  Newly discovered exoplanet fami-
lies, like Super-Earths and mini-Neptunes, have the po-
tential  to  explain  the  formation  differences  between
rocky and gaseous planets by filling the gap that exists
between these two families that compose our solar sys-
tem. The Super-Earth 55 Cancri e has been thoroughly
studied over the years that followed its discovery [1,2].
55 Cancri e orbits the nearby naked eye star 55 Cancri
(V=6.0),  allowing high precision measurements of its
physical and orbital parameters. The mass and radius of
this planet have been recently updated via the use of i)
precise interferometric measurements, photometry, and
ii) stellar models that improved the host star’s parame-
ters [3].  New values  of  the planet’s mass and radius
have been derived (see Table 1), strengthening the Su-
per-Earth status of this planet.

These two parameters directly provide the planet’s
mean density, which gives a hint on its possible compo-
sition (mainly to distinguish rocky from gaseous plan-
ets). However, to go further than this first approxima-
tion, modeling the interior of such bodies is necessary.
Here,  we perform a  detailed  study of  55  Cancri  e’s
composition based on the recently refined physical pa-
rameters of the planet [3], assuming this latter is either
fully rocky, or an ocean planet.

Model and parameters:  The model used in this
work computes the radius and the internal structure of a
given planet,  assuming its  mass and composition are
known. It is based on the interior model presented in
[5], which uses a one-dimensional approach and takes
the Earth as a reference for compositional, thermody-
namic, and elastic constants. A planet described by this
model can be constituted of up to five fully differenti-
ated concentric layers: a metallic core (iron and iron al-
loy), the lower mantle and the upper mantle (both made
of the same elements that form silicate rocks, but in dif-
ferent phases), a layer made of high pressure water ice
VII, and a liquid water layer on top. The composition
of each layer is fixed, therefore only their mass (and
thus their size) is variable, as a fraction of the planet
mass. Two parameters are defined: the core mass frac-
tion (CMF) and water mass fraction (WMF), that fix
the locations of the core/lower mantle and upper man-
tle/ice VII layer separations, respectively. The remain-
ing boundaries are directly computed from phase dia-
grams of the respective materials.

The variations of the pair (CMF,WMF) (hereafter
designed as the “composition” of a planet) allow the
model to simulate different planet kinds, from terres-
trial (i.e. fully rocky) to ocean planets (that contain a
significant  amount of  water,  unlike the  Earth  or  any
rocky planet in our solar system). We exclude from our
simulations  the  case  of  planets  harboring  a  thick
gaseous atmosphere, like Uranus or Neptune. However,
to allow the existence of liquid water at the surface of
the simulated planet, we consider that the surface con-
ditions are close to that of the Earth (1 bar pressure and
288 K temperature).  This  assumes the presence  of  a
thin Earth-like atmosphere, which has no influence on
the computations of the planet  radius (given that  the
mass of such an atmosphere is negligible compared to
the planet mass). Given its mass, 55 Cancri e should be
able to retain such an atmosphere. The physical and or-
bital  parameters  of  55  Cancri  e  and  its  host  star  55
Cancri used in our calculations, are summarized in Ta-
ble 1.

Parameter Value Ref.

Planet parameters

Orbital period (day) 0.736546 ± 3·10-6 [4]

Orbital distance (AU) 0.01575 ± 0.00037 [4]

Planet mass (M⊕) 8.631 ± 0.495 [3]

Planet radius (R⊕) 2.031+0.091
-0.088 [3]

Stellar parameters

Star mass (M⊙) 0.874 ± 0.013 [3]

Star radius (R⊙) 0.960 ± 0.018 [3]

Table 1. Physical and orbital parameters of 55 Cancri e
and its parent star 55 Cancri.

Results:  We performed a simulation of the interior
of 55 Cancri e for every composition allowed by the
variations of the CMF and WMF of the planet. The pa-
rameter space formed by these variations is represented
by a ternary diagram (as those displayed on Figure 1),
on which each point corresponds to a unique value of
the pair (CMF,WMF), i.e. a unique composition. A cor-
ner corresponds to a planet fully composed of the indi-
cated  compound (core,  mantle,  or  water),  whereas  a
planet located on the side opposed to this corner does
not contain any fraction of this compound (as it is the
case for the Earth and Mercury, whose WMF is consid-
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ered zero). Since the planet mass is fixed for the entire
ternary  diagram,  each  point  yields  a  corresponding
planet  radius  (via  the  use  of  the  model).  Thus,  the
ternary diagram is seen as a colormap of the planet ra-
dius. Since we know the mass of 55 Cancri e with its
associated uncertainty, we explored the planet compo-
sition for the estimated value of its mass and the values
at 1σ, that is 8.14, 8.63, and 9.13 M⊕ [3].

We also plotted the isoradius curves corresponding
to the extreme values measured at 1σ, as well as the
central  value  estimated  for  the  planet’s  radius.  As
shown on Figure 1, these curves delimit the domain of
compositions  allowed  for  55  Cancri  e,  knowing  its
mass and radius. This domain shifts to the right of the
ternary diagram when the mass increases, correspond-
ing to denser planets. From this area, it is possible to
deduce the boundary values for the CMF and WMF of
the planet. The planet with the largest core is obtained
with  a  mass  of  9.13  M⊕ (maximum  at  1σ)  and
(CMF,WMF) = (61%,39%), yielding a radius of 1.943
R⊕, i.e. one of the densest compositions. On the other
hand, 55 Cancri e can possess a more important water
amount,  the  maximum  being  reached  with
(CMF,WMF)  = (34%,66%)  and a  mass of  8.14  M⊕.
With these values, the radius of the planet reaches the
maximum of 2.122 R⊕. Interestingly,  in any case ex-
plored here, it is impossible for 55 Cancri e to present
an  Earth-like  composition,  since  the  corresponding
point  on  the  ternary  diagram  (33%  CMF  and  0%
WMF) lies always outside of the domain of composi-
tions allowed for this planet.  Moreover,  these results
show that  the  updated  estimations  of  55  Cancri  e’s
mass and  radius  are  incompatible with a  fully rocky
planet, whatever the assumed CMF value. Indeed, the
domain of allowed compositions does not contain the
side of the diagram that corresponds to a 0% WMF, un-
less the mass of the planet is 9.13 M⊕, and its radius
1.943 M⊕. And even in this case, 55 Cancri e would be

fully made of a silicate mantle, a composition difficult
to explain with the existing formation scenarios [1,2].

Conclusion:  In this study, we investigated the in-
ternal structure and composition of 55 Cancri e using
its recently updated mass and radius [3], under the hy-
pothesis of a terrestrial or ocean planet. In agreement
with previous studies, we show that 55 Cancri e cannot
be fully rocky, and must harbor a significant amount of
water. Alternatively, a thick atmosphere could replace
this water layer, a case that needs further study. Finally,
this work uses a model based on the compositional pa-
rameters of the Earth and the solar system, since it is
the best-known case in this domain. However, previous
studies have proposed that 55 Cancri e would be com-
posed of materials different from those the terrestrial
planets in the solar system are made of.  Its  host star
presents carbon-rich features [6], and the planets would
thus have formed in a protoplanetary disk depleted in
oxygen-based  materials  like  silicates  or  water  [7].
Therefore, a study of a possible carbon-rich planet 55
Cancri  e,  using  the  recent  estimates  of  the  planet’s
physical parameters, is another step needed to under-
stand the interior of this close neighbor to the solar sys-
tem.
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Figure 1. Ternary diagrams displaying the investigated compositional parameter space of 55 Cancri e. From left to
right, diagrams correspond to three different planet masses (central value estimated by [3], and extreme values at
1σ). Each diagram shows a colored map of the obtained planet radii, with the isoradius curves denoting the central
and 1σ values estimated by [3].
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