INAF-RSN2 Auditions

19 May 2021

Arxes: at th%rigins_ of
Planetary Systems
red)
O i

- What We Do in the Shadows

Diego Turrini, INAF — Osservatorio Astrofisico di Torino

On behalf of the Arxes, AMS and DDyPSyPro Teams



Modern Challenges in Planetary Formation

Mass — Period Distribution

19 Nov 2020
exoplanetarchive.ipac.caltech.edu

New observational data highlight our limited
understanding of planetary formation.
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Eccentricity — Period Distribution
17 Dec 2020 AS 209 HD 163296
exoplanetarchive.ipac.caltech.edu
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) Planets and their systems can form and evolve under
10 100 1000 10° a wider range of conditions than previously thought.
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Arxes (pron. arches) is a program focused on linking planetary
Arxes architectures and composition to the formation and evolution

(P.I. Diego Turrini) history of planetary bodies, their systems and their native
protoplanetary disks.

AMS (Ariel Main Stream) is a project, born from Arxes and the Ariel AMS
mission, focused on studying the compositional link between _ .
protoplanetary disks and exoplanetary atmospheres. (P.I. Diego Turrini)

DD PS PRO DDyPSyPRO is a program focused on understanding the
y y dust dynamical evolution and life cycle in protoplanetary

(P.l. Stavro lvanovski) disks and their impact on disks characterization.

The multidisciplinary teams of Arxes, AMS and DDYPSyPRO
include modelling, observational and computational skillsets merging Teams
expertises from Solar System, stellar astronomy and exoplanets.




Arxes + AMS: Signatures of Planet Formation

Combining data from multiple astrophysical source, it is now
possible to compositionally characterize the birth environment
of planets with unprecedented details.
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These models allows to reliably study the
compositional fingerprints of planet
formation and identify their chemical tracers.




Arxes: Signatures of Chaos and Order

ARIEL PLANETS - PRESENT DAY ORBITS ARIEL PLANETS - FORMATION REGIONS

(HOT AND WARM PLANETS) (COLD PLANETS - ATMOSPHERIC COMPOSITION NOT REPRESENTATIVE OF INTERIOR)

Planetary systems possess a rich A Y
diversity of orbital architectures,
making meaningful comparisons of their
histories difficult without a global metric
of their dynamical states.
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From Super-Jovian Planets to Super-Earths

ORBITAL DISTANCE FROM THE STAR

- Disc-driven Migration during Formation » Planet-Planet Scattering and Late Migration

The NAMD is fast to compute,
architecture agnostic, intuitively
interpreted as dynamical
temperature, and its uncertainty
IS easily computed by Monte
Carlo techniques.

Logio(NAMD)
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Arxes: Planet Formation’s Feedback on Disks

Protoplanetary disks are not left
unaltered by the planet formation
process.
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The interactions between planets and
planetesimals have feedback effects on it

the dust and gas of disks. 3 ‘m
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Combining n-body simulations and
statistical collisional methods, we can
guantify dust regeneration in planet-
hosting disks.
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DDyPSyPRO: Dust Life Cycle in Disks

The characterization of the planet-
forming region in disks heavily depends
on understanding the dust dynamical
evolution and lifecycle.
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The know-how on dust evolution derived
from Solar System studies allows for
more physically realistic models of
dust-gas coupling in disks.
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Figure: spherical partiC/e(C,/aio'é) with

particle(c/a:l) with
r=1 mm

This, in turn, allows to
constrain and remove the
biases due to oversimplified
assumptions.
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Mercury-Arxes: parallel and GPU-accelerated
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non-spherical dust particles.

Genesis Cluster: develpment and scientific
production platform for the activites of the teams,
Genesis is a 144-cores cluster on a dedicated
network and managed by LAPD and Arxes.




Coordination of the Planet Formation WG of Ariel’s
international consortium through the mission lifecycle
(proposal + Phases A, B1, B2/C) + contact node for
Ariel-SPICA synergies with SPICA’s consortium.

First identification of compositional tracers of
planet formation and migration not relying on C and O.

First application of system-wide, architecture-
agnostic metrics to study exoplanetary systems.

-

First identification of dust regeneration by
collisional processes in protoplanetary disks. ATXGS
+

First investigation of dust dynamics with non-
spherical particles in protoplanetary disks.

DDyPSYPRO
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» Bootstrapping
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Current Status
New iteration of an INAF community that has long been an international excellence
Transitioning from the start-up stage to emerging community
Goals

Keep supporting INAF’s major efforts in observational programs and space missions

Establish as an international, multidisciplinary excellence

Approaching the limits of what can be done leveraging on synergies and shared interests
Difficult to respond on-time to all the needs of the community

Due to limited size, difficult to reach critical mass to access major funding schemes




