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Fig. 2: Radii (median values) of bodies generated from the giant impacts in Fig. 1B for di↵erent time intervals of planet formation. Planetary sizes are computed using a mass-radius relationship for rocky planets (Eq. (4)).

II. Magma ocean (MO) cooling timescales

and 2200 K for a given wavelength corresponding to the ELT
and Darwin filters based on the radiative transfer calculations in
Lupu et al. (2014, Fig. 7). The obtained brightness temperatures
are translated into an estimate for the flux density using the astropy package (The Astropy Collaboration et al. 2018).

3. Results and Discussion
3.1. Frequency of giant impacts during planet formation

Ø
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ocean-inducing giant impacts as a function of time around each
spectral type. The specific impact energies of the collisions occurring in all simulations are shown in Fig. 1A, together with the
Large planetary radius + low atmospheric
emissivity
à(Fig.
long
MO
number
of giant impacts
1B) for
time lifetime
intervals of 20 Myr.
The latter are median values computed over all simulations for a
Evolution of steam atmosphere resultsgiven
in spectral
longer
MO line in Fig. 1A marks
type.sustained
The dashed horizontal

the critical specific impact energy Qcrit = 0.3 · 10 J/kg above
the age of the considered stellar association. tobsR̄ ,i i
which a collision is considered to be a giant impact; these promote extensive melting of planetary surfaces and mantles. Most
time interval within which a magma ocean planet w
giant impacts take place within the first ⇠20 Myr (Fig. 1B), with
is bright enough to be directly observed by future i
similar trends for all star types. Simulations of systems forming around lower mass stars feature higher initial numbers of
n̄GI,i and tobsR̄ ,i are determined from N-body simula
planetesimals and smaller protoplanetary disks, thus exhibiting
tion 2.2) and a magma ocean interior evolution mod
an increased likelihood of close encounters, and hence a greater
2.3), respectively, combined to telescope performanc
number of giant impacts.
Previous work investigating the late stages of planet formafor the ELT/METIS and Darwin telescopes.
tion (e.g., Leinhardt & Stewart 2012; Quintana et al. 2016) has
The telescope parameters most relevant for the d
shown that Earth-like bodies experience 10-20 giant impacts on
average during accretion. The giant impact rates in our simulaassessment are the angular resolution and the sensit
tions are in good agreement with the simulations carried out in
2). A successful imaging program requires both high
the aforementioned studies, especially for A- and G-stars, if we
olution and high sensitivity. The limiting angular re
exclude the first 20 Myr bin. We reiterate that the initial conditions can strongly bias the early impact rate, so by excluding the
Time after GI (years)
first 20 Myr bin for comparison we are able to minimize this bias
10
10
10
10
Table 2: ELT/METIS and Darwin filter performance e
and consider a more dynamically realistic architecture. Our simulations and those performed in Leinhardt & Stewart (2012) and
Ø(2016)
Planetary
fluxsets
evolution
during lifetime of a MO
Quintana et al.
have di↵erent
of initial conditions
with di↵erent numbers and masses of planetesimals. Thus, the
Filter
IWA
Sen
Ø
MO
bodies
having
fluxes
higher
than
telescope
sensitivity
thresholds
à
detectable
cen
dynamical configurations of the systems are not identical and the
initial stages of the simulations are likely to di↵er. This can be
(µm)
(mas)
(
interpreted as starting from similar but distinct stages of planet
formation. Note that by assuming perfect merging, studies likely
ELT/METIS
underestimate the giant impact rate (Quintana et al. 2016). As
computing power increases, the giant impact rate will become
L
3.58
38
better constrained by studies starting from an increasing number
N
10.6
112
of smaller bodies, allowing the simulated systems to reach more
realistic dynamical configurations prior to the onset of the giK
2.2
23
2.6
ant impact phase. Future studies will also benefit from the abilDarwin
ity to run an increasing number of simulations for each initial
condition, allowing researchers to better understand the e↵ect of
F560W
5.6
5
stochasticity on the giant impact rate.
The radii of the post-impact bodies are shown in Fig 2. In
F1000W
10
8
general, perfect accretion of the colliding bodies results in planets with masses of less than 1.5 ME and radii less than 1.1 RE .
Notes: We assume that the sensitivity limits are achieved
Protoplanetary disk mass scales with stellar mass and, therea
arations
as
small
as
the
listed
IWAs.
ELT/METIS: The
fore, the amount of material available for planet formation is
are given as 5- detection limits in 3 hours of telescope tim
greater around higher-mass stars (Table 3). The post-impact bodies around A-type stars is thus expected to be larger and more
overhead, i.e., 8640 seconds e↵ective on source integrat

III a. Detectability assessment: Inner Working Angle (IWA)
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Ø MO planets at angular separations θ ≥ IWA à detectable
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IV. Probability of detecting MO planets
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Quanz 2018).
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Conclusions

Ø β Pictoris is the association best suited for potential future observations of
collision-induced magma oceans, both with Darwin and ELT configurations.

