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TO RECONSTRUCT A SURFACE MAP

Reflective light-curve

Exoplanet Observer




ALBEDO

« Albedo (/cel bi:dou/) (Latin: albedo, meaning 'whiteness’)

« Absorption of light at the surface

« Expressed as a number between 0 and 1
0: surface absorbs all light

« 1:surface reflects all light
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ALBEDO MAP OF EARTH

Source: NASA
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TO RECONSTRUCT A SURFACE MAP

Reflective Light-curve

Observer




WHAT DETERMINES THE LIGHT-CURVE:

THE MAP Q\

« Half of the planet is iluminated by the star

« Half of the planetis visible to ET

« Rotation gives a signal, dependent on the map




WHAT DETERMINES THE LIGHT-CURVE:
ORIENTATION

* north-south axis

« Observer perspective




WHAT DETERMINES THE LIGHT-CURVE:
ORIENTATION

* north-south axis

« Observer perspective: Edge-on observation



NEXT GEAR




THE REFLECTIVE LIGHT CURVE EQUATION

 Vectors

 Planet r

« Surface S

« Observer O '\';:?‘_;,;:: 8\
N \

. Light-curve f(t) \\___)



THE REFLECTIVE LIGHT CURVE EQUATION

The light-curve
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THE REFLECTIVE LIGHT CURVE EQUATION 4%
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03 Light-curve, one year
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03 Light-curve, one day
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HOW TO INVERT WITH KNOWN TILT




> et = Zz,m M A(Y,™)
04



M(s) =) ;. M;"Y,™(s) SpH series

D foe™! — Zz,m M™A(Y,™)
Projécting

fuo = Zl,m AP (o) M
04









TO RECONSTRUCT A SURFACE MAP
e - f(t) = A(M)
f =AM

Reflective Light-curve

Exoplanet el Observer

M = A"1f

Albedo
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« A is notinjective < Multiple maps give the same signal
Observer cannot see the north pole
Change the map on the north pole=»

Same signal

« As not surjective < Not all light-curves can occur
When the planet is between the star and the observer
Nothing is iluminated and visible =
Forthist: f(t) =0

« A solution does exist

04

IS THE TRANSFORMATION INVERTIBLE®

N
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Surface Maps

IS THE TRANSFORMATION INVERTIBLE?

. ..  Light-curves
A (not surjective, -

not injective) ([

A (not injective)

A (bijective)

Pseudoinverse ~
AT (bijective) —




RECONSTRUCTING EARTH'S SURFACE MAP
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Non-tilted
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HOW TO INVERT WITH UNKNOWN TILT

+
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UNKNOWN TILT

Surface Maps . . Light-curves
- A (not surjective, -

not injective) cr

A (not injective)

A (bijective) ( Im (A)

Pseudoinverse
AT (bijective)




UNKNOWN TILT

Light-curves

Cm




Light-curves

Im(A)
(tilt 90°)

UNKNOWN TILT?

Light-curve
Measurement

m(A)
(tilt 60°)

Im(A)
(tilt 45°)




Light-curves

Im(A)

(tilt 90°)

DOES TILT AFFECT THE IMAGE?

Light-curve
Measurement

m(A)
(tilt 60°)

Im(A)
(tilt 45°)




DOES TILT AFFECT THE IMAGE? NO!

Light-curves
(Cm

Light-curve
Measurement




TO RECONSTRUCT A SURFACE MAP

Reflective Light-curve

| |
| |
| Axial filt I
| |
| |
|

I I
I I
I I
| Exoplanet observer |
I I
| P —mm—————— | |
I | M | |

| Albed | I — A_'_ff | | Recovered |
| s | | | | Albedo |
| : | « We do not know the axial |l ° :
| | it |l

| g 1 |

« Do not know the

pseudoinverse




| « We do not know the axial |
| ilt, |
e | + Do not know the |
- ______ | __ pseudoinverse ]

CONCLUSIONS

« We canreconstruct the albedo map of an exoplanet if we know the tilt

« The image of the transformation is not a function of the filt =

No reconstructions of maps with unknown ftilt
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Albedo Map of Earth Map with l0 =5
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DECOMPOSITION
OF THE MAP

Map with I, =10 Map with [ =15

Map with 1., =20
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OTHER PLANETS OR MOONS?

« What to do if there is more tha one planet in the solar system®@

« Other frequencies



IS DE AARDE TE ZIEN

« Could aliens see earth this way?

« No: to much noise from the sun



WHY DO WE WANT THIS MAP?¢

« [Information about extraterestial life

* Insight in plate tectonics

O1
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Average value of albedo per longitude

Orignal
Reconstructed




