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ILLOS/SATELITES EXOPLANETARIOS
¢DONDE ESTAN?

~> PRESENCIA TIPICA DENTRO DEL SISTEMA SOLAR
RESULTADO DE:

e FORMACION Y EVOLUCION PLANETARIA
PDS 70c - A. ISELLA, ET AL. 2019

e [MPACTOS Y COLISIONES
ORIGIN OF THE MOON - R. CANUP, 2012

e DISRUPCIONES DE MAREA
SATURN'S RINGS - J. WISDOM, ET AL. 2022

—> ;OUE TAN COMUNES Y ABUNDANTES SON ESTAS ESTRUCTURAS?
—> ;SON ESTRUCTURAS ESTABLES O TRANSITORIAS?

—> ;CUALES SON SUS CARACTERISTICAS Y DIVERSIDAD?

Jupiter Saturn Uranus Neptune Haumea Chariklo Quaoar
Radius 60,268 km | 25,559 km 24,764 km 798 km 124 km 555 km
69,911 km ®

o ° g

Roche ®
. limit

HEDMAN, M. (2023)

ALMA (ESO/NAOJ/NRAO)/BENISTY ET AL.

MELOSH, H.(2019)




M. A. KENWORTHY & E. E. MAMAJEK

OS/SATELITES EXOPLANETARIOS
;DONDE ESTAN?

ENALES DEBILES PARA DISCERNIR DEL RUIDO?
—> R. HELLER. 2018

SUB-MERCURY EXOPLANET KEPLER 37b o

— T. BARCLAY, ET AL. 2023 :

LUZ REFLEJADA POR ANILLOS KRONIANOS -10%ppm 10 2is00en (oo

—_ J | ZULUAGA’ E'|' Al_ 2020 _ KIPPING, D., BRYSON, S., BURKE, C. ET AL.

POSIBLES CANDIDATOS:

Relative intensity

e EXORING - J1407 B
(M. A. KENWORTHY & E. E. MAMAJEK. 2015)

e EXOMOON - KEPLER 1708 B
(KIPPING, D., BRYSON, S., BURKE, C. ET AL. 202¢)

Residuals (ppt)

1 A ) - i 3
g 'i‘." s :I.illll e ' o i - L kit "_ 3 !1_'- e = "n.--- -!--,r'_'.
ST LI TR Ll i T | e L L L] ‘I":l-l-" I Tl
B oo TR Tlge é AT, AL 3 Sy o 1

_p [Planet-only model
55,604 55,605
BJDy;c — 2,400,000




GLES'
RETIZANDO SUPERFICIES...

— ). . ZULUAGA, M. SUCERQUIA & ). A. ALVARADO-MONTES
WITH CONTRIBUTIONS OF A. VEENSTRA

ATRIBUTOS DE SPANGLES:

1. ESTADOS
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3. PARAMETROS FISICOS

(ALBEDO, OPACIDAD, EMISIVIDAD, ETC.)

MODELAMIENTO DE EFECTOS OPTICOS:
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—> SCATTERING
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Scattered light may reveal the existence of ringed
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The bright side of the light curve: a general photometric model of
non-transiting exorings

Jorge 1. Zuluaga®*, Mario Sucerquia® and Jaime A. Alvarado-Montes**

4SEAP/FACom, Instituto de Fisica - FCEN, Universidad de Antioguia, Calle 70 No. 52-21, . Colombia
b Universidad de Valparaiso, Av. Gran Bretaiia 1111, Valparaiso , Chile

“Niicleo Milenio Formacion Planetaria - NPF, Valparaiso , Chile

4Sehool af Mathematical and Physical Sciences, Macguarie University, Svdney NSW 2109, Australia

“Research Centre for Astronomy, Astrophysics and Astrophotonics, Macguarie University, Svdney NSW 2109, Australia

ARTICLE INFO ABSTRACT

Keywords: Rings around exoplanets (exorings) are one of the most expected discoveries in exoplanetary res
planets and satellites: rings There is an increasing number of theoretical and observational efforts for detecti
techniques: photometric none of them have succeeded yet. Most of those methods focus on the photometric signatures of
methods: numerical exorings during transits, whereas less attention has been paid to light diffusely reflected: what we
planets and satellites: detection denote here as the bright side of the light curve. This is particularly important when we cannot
detect the typical stellar flux drop produced by transiting exoplanets. Here, we endeavour to develop a
both ringed ansiting and transiting
mplex interaction of luminous, opaque,
g their surface with small circular plane
discs that : C
and show 1 credible potential to describe the light curve of comple >ms under various orbital,
planetary, and observational configurations of planets, moons, rings, o As our model uses
a very general approach, we can capture effects like shadows or planetary/ring shine, and since the
model is also modular we can easily integrate arbitrarily complex physics of planetary light scattering.
A comparison against existing tools and analytical models of reflected light reveals that our model,
despite its novel features, reliably reproduces light curves under common circumstances. Pryngles
source code is written in Python and made publicly available,

A general polarimetric model for transiting and non-transiting
ringed exoplanets
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PRYNGLES '
GENERALIZANDO.EL-PROBLEMA... INTERFAZ RingedPlanet (2022).

1. SISTEMAS ESTRELLA-PLANETA-ANILLO
2. MARCO DE REFERENCIA PLANETOCENTRICO,
3 DINAMICA ANALITICA —> PROBLEMA DE KEPLER

—> EFECTOS TESTEADOS e <107*:

1. PAQUETES EXTERNOS — batman & PyPplusS
2. MODELOS ANALITICOS — M. SUCERQUIA, ET AL. 2020

INTERFAZ System (DEV):

. SISTEMAS ARBITRARIQS

. MARCO DE REFERENCIA BARICENTRICO
 INTEGRACION NUMERICA — REBOUND

. REESTRUCTURACION DE ARQUITECTURA MODULAR

. GESTION CENTRALIZADA DE SPANGLES —> PANDAS

U1 s N N

—> EFECTOS TESTEADQOS es107

1. INTERFAZ RingedPlanet
0. PROXIMAMENTE PAQUETES EXTERNOS
—> Pandora, LUNA, Gefera




ELANDO FOTOMETRIA...

EFLEXION as, CosAi |
DIFUSA - Z dd? Az (Ai)cos Z;

ATMOSFERAS — (SOBOLEV V.v. 1975)

1
Az (A; —2/ Z p(v, As, Z) d(cos Z) —»  ALBEDO
) U S JSEn ] LAMBERTIANOQ

L. SEMI-INFINITA T — 00
2. ISOTROPICAMENTE GRIS

v f(v:. 2) (v, A) COEFICIENTE DE
4 cosA +cosZ — REFLEX|0N

p(v: A, Z) =

AS:4[;1/01COSACOSZp(’y,A,Z)d(COSA)d(COSZ) —> ALBEDO ESFERICO

SUPERFICIES — (RUSSEL H. N. 1916):

f

CoS A

AL (A)_sz Z) 4cos Z) —> ALBEDO LAMBERTIANO

LEY DE REFLEXION DIFUSA:

1. LEY DE LAMBERT _ [ cosA
2 LEY DE LOMMEL-SEELIGER T 2) = { e
e
A D
47,
Diffuse
Reflection
Forward \A'
Scattering ) ~ Absorption
(transit)

ZULUAGA J. I; SUCERQUIA M & ALVARADO-MON



ELANDO FOTOMETRIA...

(TRANSITO) I(O)
Diffuse
Reflection
Forward
Scattering Absorption
(transit)

ZULUAGA J. I; SUCERQUIA M & ALVARADO-MONTES J. A.

ABSORCION B Zas cos Z; Bi(Z:) I(p)

LEY DE OSCURECIMIENTO DEL LIMBO - NO LINEAL

—> (CLARET A. 2000)

R2
R?

p=y/1-

I(p)
=1- C,(1-u"?
o) T2

1.TEMPERATURAS — (Zed < T < Hed)
(. INDICE DE METALICIDAD — (-5 < log Fe/H < 1)l

FACTOR DE ATENUACION

—> (FRENCH, R.G. & NICHOLSON, P.D. 2000)

CONSIDERA EFECTOS DE ABSORCION Y DIFRACCION

-
T e_ cos Zj
2 cos Z;

Bi(Z;) =1~

1. SPANGLE OPACO - SUPERFICIE
2. SPANGLE SEMITRANSPARENTE - ANILLO/ATMOSFERA




STRUCTURAS DETECTABLES...

RRELACION DE MAGNITUDES FOTOMETRICAS:
1. TAMANO DEL CUERPO
2. DISTANCIA A LA ESTRELLA

3. NATURALEZA DE LA ORBITA
4 ORIENTACION DE LINEA DE VISION

TRANSITO:

—> SUBESTIMACION DE DENSIDADES

—> RESOLUCION DE OBJETOS ADICIONALES
—> ANALISIS DE VARIACIONES DE TRANSITO

REFLEXION DIFUSA:

—> TRAZAS OBSERVABLES EN TRANSITO PRIMARIO/SECUNDARIO

Transit [1e3 ppm]

Normalized Flux

i

Saturn-Like Light Curve

(a=005|e=0]i=30°)

Planet

Total

Ring

<

-19

0.5

(a=0.3|e=0]i=0° (a=0.001]e=0]i=30°

t [d]

2

2.5

Saturn - SuperEarth Transit Light Curve
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0.988

-0.2
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w

0.1

Moon

3.5

Planet — Total
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o

0.2

Diffuse Reflection

(ppm]



STRUCTURAS DETECTABLES...

CAPACIDAD OBSERVACIONAL:

ESPACIO DE PARAMETROS RESTRINGIDO
LIMITACION EN TIEMPOS DE OBSERVACION

. MENOR VARIEDAD DE SISTEMAS RESOLUBLES

. PRECISION INSTRUMENTAL REQURIDA Y FUTURA

S N Ny =

SCATTERING:

— REDUCCION EN EL GRADO DE POLARIZACION
—> TRAZAS OBSERVABLES EN TRANSITO PRIMARIO

Saturn-Like Light Curve
(a=0.05|e=0]i=30°)

—— Planet —— Ring — Total

—
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M. SUCERQUIA, ET AL. 2020
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D.S. DUQUE-CASTANO, J. |. ZULUAGA & L. FLOR-TORRES. 2024
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. TECNICAS DE TTV/TDV

. MAPEOQ DE SUPERFICIES/ATMOSFERAS

. ANALISIS DE DIVERSIDAD Y ESTABILIDAD

. IMPLEMENTACION DE MODELOS MULTIBANDA o
. AJUSTES A MODELOS DE COMPOSICION Y DINAMICA INTERNA

OTRAS APLICACIONES: m: - Kf
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R. HELLER. 2018




NOS MANTENEMOS EXPECTANTES DE LA PRIMER DETECCION EN
ANILLOS Y SATELITES EXOPLANETARIOS

~,
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