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Cap Canaveral, january 19 2006
Lanceur Atlas V-551
Capacity: 20 Tonnes in low orbit




New Horizons probe

478 kg

December 2005




Launch 19/01/2006
Jupiter : 28/02/2007

Pluto: 14/07/2015




Pluto-Charon system

Pluto : @#=2380 km
) Charon :@~1210 km

Artisteview

1 day Pluto & Charon = 6,4 Earth day
1 an = 247.7 Earth year Obliquity = 120°
Perihelion = 29.6 UA Aphelion=49.3 UA




Several small
satellites discovered
by the Hubble Space
Telescope

e Hydra (2005) ~ 40 km

* Nix (2005) ~50 km

e Kerberos (2011) ~ 10 km
e Styx (2012) ~10 km

Pluto = July 7, 2012
HST WFC3 /UVIS F350LP
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Pluton before2015 (Hubble Space Telescope)




Pluto Spectroscopy before New
Horizons: Surface Composition

» Pluton is covered by N,, CO, CH, ices
« Surface Temperature : ~38K (-235° C)

=An atmosphere in solid-gaz equilibrium with

. B h .
the surface (N, dominated) ernard Schmitt
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Occultation Stellaire

Discovery of Pluto’s atmosphere in 1988
Monitoring of Pluto’s surface pressure since 1988

Thermal structure...

Earth

R planet . g Star




Atmospheric
Temperatures
measured by
stellar occultations

r (km)

Dias-Oliveira, Sicardy et al. 2015
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Atmospheric 2
Temperatures '
measured by 2
stellar occultations

Surface IR
cooling

" == VLT/NACO 18 Jul 2012 egress

{-300 km
:-250 km

1-200 km

>

e Solar radiation
absorbed by methane
e Little IR cooling

== Best profile

=== VLT/NACO 18 jul 2012 ingress W}

/

1- 50 km

Dias-Oliveira, Sicardy et al. 2015
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Atmospheric
composition by
spectroscopy
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Emmanuel
Lellouch
(LESIA,

Obs. de Paris)
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Atmospheric

Emmanuel
composition by Lellouch
spectroscopy Obs. de Paris)

|=>Athin N, atmosphere. Now : ="

— Pressure ~ 1 Pa
— ~0.5% Methane (CH,)

— 0.04 % CO (Lellouch et al. 2009, 2011, 2014)

E g:gg : 8 ot £ & H? R !u',p 1"1 . E ' " o \ r»“ . ""h,
g 008 WA WA it VY PR Y AR A A
o 005 ] | . L e R5 -
x 004 o |
2 003 | NoCH4noCO®  CH4only  CH4andCO i

2330 2331 2332 2333 2334 233b 2336

[ I L T



Mai 2015: New Horizons is approaching Pluton

/,PM_/ New Horizons Full Trajectory - Pluto Flyby

New Horizons

—

Velocity Relative to Pluto (km/s): 13.77

Distance from Sun (AU): 32.54
Distance from Earth (AU): 31.71

/ Distance from Pluto (AU): 0.36
Round-Trip Light Time (hh:mm:ss): 08:47:31
30 May 2015 18:00:00 UTC




New Horizons

2 x atmospheric
temperature profiles

REX/ SDC
Radio science & radiometry Studentdust counter
(underspacecraft)

PEPSSI
Energetic \
particle detector

SWAP
Solarwind

analyzer

2 x solar

. / . 0
Alice occulation profiles

UVimaging (Temperature, aerosols)
spectrometer

LORRI Airglow

L?f.'fl-l'é.lnge Star Trackers \RE"Ph

VISIDIEIMAgEr  ~ lidance and control visible pan.and colorimager, (MVIC: 5000x5000)
IR spectrometer (LEISA

Haze & surface

imaging Map surface ice & surface

temperatures + hazes




First New
Horizons
INERES

Pluto — Charon

LORRI, 12-18 april
(a ~105 millions km)



Premieres
images de
New Horizons

Pluton

. LORRI, 8-12 mai 2015

(@ ~75 millions km)
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. JUNE 8, 2015

PLUTO CENTRAL
LONGITUDE: 39°




JUNE 13, 2015

PLUTO CENTRAL
LONGITUDE: 79°




JUNE 15, 2015

PLUTO CENTRAL
LONGITUDE: 356°




3 juillet 2015
(12.5 million km)




Relative Velocity

14 Juillet: Pluto fly by

13.78 km/s (49,600 km/h) ~10,000 km from Pluto. ~27000 km from Charon
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False Color



False color



Sputnik Planitia
Glacier d’Azote solide







Convection in Sputnik
Planitia Nitrogen Glacier

Numerical simulations of a 4.5 km deep N,
ice layer with realistic interior heat flow at
the bottom (A T =20 K)

= “sluggish lid regime” convection
McKinnon et al. (Nature, 2016)
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Challenger
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Glacial flow into Sputnik Planitia

Unambiguous evidence of massive,
recent downslope glacial flow




Equator




Stereo Topography

Equator




Numerical modeling of temperatures and ices on Pluto

(Bertrand and Forget, Nature 2016)

Tanguy
Bertrand
Doctorant au
LMD




Numerical modeling of temperatures and ices on Pluto

(Bertrand and Forget, Nature 2016)

Surface
Thermal s\ Insolation
7 -balar}ce \\
| P
\ Tanguy
I Bertrand
Condensation/ ‘ Doctorant au
Sublimation of | LMD
1/3N,, CH,, cO




First 10,000 years of the reference simulation
(Bertrand and Forget, Nature 2016)

Initial distribution After 250 years After 4000 years After 10000 years
N,, CH,, CO ices everywhere o All N, ice trapped in the basin

« Sputnik Planum »-like basin
(3 km deep)

GT4

Condensation rate:

N, +cH,+co 4 I
Ice-free M — o TC \
dt L

TcZ > Tc1

N, ice tends to stabilize in the crater because of the higher pressure
= warmer N2 frost point = stronger Thermal cooling
= Increased condensation rate



N, ice in Sputnik Planitia
(-8 km ?)
CO, ice in Hellas

crater (-8 km)



Pluton in 2015

(Bertrand and Forget, Nature 2016)
(Grundy et al., Science 2016)

a) Pluto by New Horizons

b) N, ice observation / e) Model \

N, + CH, + CO ]

N,+ CH,

_




Physical state and A =N, (2.15 pm) B - CO (1.58 um) C—CH, (1.7 um)
distribution of materials —

at the surface of Pluto !

from New Horizons u

LEISA imaging

spectrometer

Schmitt et al. Icarus 2017 )-8

Pluto observed by New Horizons CH, versus N, band depths
(Stern et @l. 2015) (Schmitt et al. 2017)

Evolution des glaces volatiles

P Progressive loss of volatiles
L,

Volatile-free equatorial terrains

Bladed terrains CH,

Sputnik Planitia glacier N, + CH, + CO




Pressure (Pa)

Modeled Evolution of Surface pressure

Earth years
1988 2013 2038 2063 2088 2113 2138 2163 2188 2213 2238
: ( Observatlons (SteIIar occultatlons) 5
Lo Slcardy et al 2016 i .
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CH, mixing ratio (%)

Atmospheric mixing ratio of CO and methane

1988 2013 2038 2063 2088 2113 2138 2163 2188 2213 2238
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Changes of obliquity and longitude of perihelion over 3 millions years

0.8 Myrs Ago: Currant Epoch: 0.6 Myrs Henca:
Climate Extreme Intermediate Climate  Moderate Climate

103

T T T §

30 T 20 Y =y 05 0.0
Time (Myrs}
Eade & Binzel (2015), Dobrovolskis et al, (1997), and Dobrovolskis & Harris (1983)



Modeled Net Budget of N, ice in Sputnik Planitia

(Bertrand et al. 2017)

during one Pluto

during one Pluto day year in current during the
| orbital conditions last 2 Myrs
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Modeled Net Budget of N, ice in Sputnik Planitia

(Bertrand et al. 2017)

during one Pluto

year in current during the
orbital conditions last 2 Myrs
N, ice [mm] N, ice [m]
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Modeled Net Budget of N, ice in Sputnik Planitia

(Bertrand et al. 2017)

during one Pluto day

N, ice [um]
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An atmosphere on Pluto ?







Mesure de la temperature par occultation Radio
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Pluto atmosphere General
Circulation Model (GCM)

(LMD, Paris)

Tanguy Mélanie
Bertrand Vangyvichith
Doctorant au  (These en2013)
LMD

Radiative transfer through CH, and CO (“tuned NLTE ")
+additional “cooler” above 30 km (~C,H,, HCN ?)

Flux from thermosphere
(negligible on Pluto)

Thermal molecular
T(z) conduction & viscosity

Convection

S

SurfaceN, + CO + CH,
condensation/sublimation

Turbulence

Subsurface
\ conduction (22 layers)



Altitude (km)

Zonal Mean temperature

a) Reference: No South Pole N2 condensation b) Global mean
240 240 |
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Comparison with REX observations

(Hinson et al, Gladstone et al., 2016,.)

a) New Horizons REX observations
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Temperature (K)

Observation
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c¢) With South Pole N, condensation

Altitude above surface (km)
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0

o\ 40 50/60 70 BO 90 100 110 120 130

Temperature (K)

—— Ingress: 193.5°E, 17.0°S and Local time 16:31 (7.5°N in the GCM)
—— Egress: 15.7¢E, 15.1°N and Local time 04:42
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The low level inversion is induced by N, sublimation + topography
T Diurnal cycle in modeled Sputnik Planum (7.5°N 180°E)

a) Reference
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(see also Hinson 2015)



A summary of possible

circulations
(Forget et al. 2017)

Cas de simulation Moyenne zonale des vents zonaux (m/s)

Flux intense de condensation N,
(Toigo et al. 2015)

Rétro-superrottation

5 8 8 8 8

Altitude (km)

Flux modéré de condensation N,
(Simulation alternative)

Superrotation

g 2

Altitude (km)
g

= 8 & 8 B

=

Pas de flux de condensation 00
(Simulation de référence) 180

Faibles vents induits thermiquement

— 140

8

Altitude (km
g
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Modelling the Methane cyc

Modeled CH4 gas used
Transport in radiative transfer

m

le

Latent heat
.y s ‘/A kConvection Atm. Condensation | release is
Dilution by & | significant
subliming N,
é Boundary layer | %
EE 7‘““‘-;7. i f—ﬁ T
Condensation

Sublimation

\

When N2 ice is present : CH4 Vapor pressure
calculated assuming N2 : CH4 mixture with
0.3% CH4 (Merlin et al. 2015)
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Formation of Methane ice clouds a few 100s of
meters above surface where N2 ice sublimes
Case with N2 ice belt (180x90) Max visible opacity < 0.1

CH4 ice clouds (1E-6 kg/m-—2)

Latitude

0.4
0.2
0.G5

—e topography (km)

gﬂsu 60E 120E 180 120W 60W 0

Longitude
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Cloud Condensation
Pluton ?

‘\



Organic Hazes



Modélisation des brumes organiques

P (Bertrand and Forget 2017)
hv Densité d’aérosol
Engcm3
600 — 1.00e-12
550 Méthane CH, Photolyse par les rayons UV

. - DiSSOCiation ionisation
?

P Formation d’hydrocarbures et nitriles
450 Diazote N, = C,H,, C;H,, C;Hg, HCN 1.00e-13

$

N
o
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§ 350 Accumulation, agrégation
i Y Transport des volatils
2 300 Formation d’aérosols - P 1.00e-14
B organiques solides
= 250 '
2 200
150 Transport et s:edlmentatlon 1.00e-15
des aérosols
100
50
0 —1.00e-16
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Charon and the 4 satellites seen by New Horizons

Albedo > 0.6 waterice ?

- .
Styx Nix Kerberos Hydra
(10 km) (54 km) (12 km) (43 km)

Tokm Charon




Next for New Horizons
Fly by of « MU69 » le 01/01/2019

KBO 2014 MUG9



Fly by of « MU69 » le 01/01/2019

Kuiper object MU69
Size ~50 km
Sun, Earth

D —

Occultations
3000km



Merci.




	Pluton, les glaces du bout Pluton révélee par la mission New Horizons�et la simulation numérique… ��
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Pluto Spectroscopy before New Horizons: Surface Composition
	Diapositive numéro 9
	Atmospheric Temperatures measured by stellar occultations
	Atmospheric Temperatures measured by stellar occultations
	Atmospheric composition by spectroscopy
	Atmospheric composition by spectroscopy
	Diapositive numéro 14
	New Horizons
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	14 Juillet: Pluto fly by
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39
	Diapositive numéro 40
	Diapositive numéro 41
	Diapositive numéro 42
	Diapositive numéro 43
	Diapositive numéro 44
	Diapositive numéro 45
	Diapositive numéro 46
	Diapositive numéro 47
	Diapositive numéro 48
	Diapositive numéro 49
	Diapositive numéro 50
	Diapositive numéro 51
	 Pluto atmosphere General Circulation Model (GCM) �(LMD, Paris)
	Diapositive numéro 53
	Comparison with REX observations�(Hinson et al, Gladstone et al., 2016,.)
	Diapositive numéro 55
	The low level inversion is induced by N2 sublimation + topography�T Diurnal cycle in modeled Sputnik Planum (7.5oN 180oE)     (see also Hinson 2015)
	Diapositive numéro 57
	Modelling the Methane cycle
	Diapositive numéro 59
	Diapositive numéro 60
	Diapositive numéro 61
	Diapositive numéro 62
	Diapositive numéro 63
	Diapositive numéro 64
	Diapositive numéro 65
	Diapositive numéro 66
	Diapositive numéro 67
	Diapositive numéro 69
	Diapositive numéro 70
	Diapositive numéro 71



