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The JUICE mission to Jupiter aﬁd the
Particle Environment Package (PEP) | PEP
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What is JUICE;
JU.IC.E: JUpiter ICy Moons Explorer

1. The first L-class mission of ESA’'s Cosmic
Vision program

2. Target: Jupiter and its three icy Galilean
moons

3. Guiding science questions:

« What are the conditions for the
emergence of life in the universe?

« How does the solar system work?



Jupiter




Our Solar System
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Why Jupiter?

“A planet of superlatives”:

e

The largest and most massive planet
1300 times more massive than the Earth

The strongest magnetic field and the fastest rotationj
20000 stronger magnetic dipole moment than that o
Earth, 1 jovian day: 9.5 hours

The largest number of natural satellites (95!)
...including four large and very diverse moons

An extreme plasma and particle radiation environment
Best parallel to astrophysical systems



Why Jupiter?

Source: ‘Wikipedia



Why Jupiter?

Jupiter’s Galilean moons

Europa

(silicate ~ (ice) Ganymede
rock, iron) | (ice)

Callisto
(silicate
rock & ice)



Why Jupiter?

Liquid water ocean in the subsurface of the Galilean icy satellites

Galileo mission

(1995-2003)

Europa

Ganymede -



Why Jupiter?
A complex interplay of processes, starting at Io

Callisto

Ganymede

Europa




Why Jupiter?

A complex interplay of processes, starting at Io




Why Jupiter?

Jupiter’s gigantic magnetosphere

|

Fnyn: Jonothan Nichols



Why Jupiter?

Jupiter’s magnetosphere spreads the impact of Io’s volcanism

/ NN 7

e

- —_— J(’;"A*

N

:

L

Callisto

/



Why Jupiter?

l of Europa’s surface —
j detection of salts
| (McCord et al. 1998)

Detection of Hydrogen
- Peroxide on Europa’s

surface (Carlson et al.
1999)
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Why Jupiter?

Links between charged particle radiation and astrobiology
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Young surfaces indicate mixing of surface
and ocean material - salts and
hydrogen peroxide delivered to the
surface



Why Jupiter? A summary
Ocean worlds

Extreme space weathering environments

Links to astrobiology

A mini “solar” system in our neighbourhood
Do all Galilean moons harbour subsurface liquid water oceans today?
What are the properties of those oceans?

What is the interplay between Jupiter’s space environment and the moons?

Is the ocean environment of the icy moons suitable for hosting life?




JUICE: mission profile
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JUICE mission profile
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July 2031: Jupiter Orbit insertion
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+35 moon flybys

2X Europa
12x Ganymede

21x Callisto

2032: High inclination phase 2033-2034: Back to the equator




JUICE mission profile

2034-2035: Ganymede orbit phase, first ever planetary moon orbiter



The experiments on JUICE

@ In situ instruments @ Remote sensing instruments Geophysical instruments Experiment

Optical camera system
(JANUS)

Visible and infrared imaging
spectrometer
(MAJIS)

P
UV imaging spectrograph f:j
(uvs)

Planetary Radio
Interferometer &
Sub-millimetre wave Doppler Experiment
instrument (PRIDE)
(Swi1)

Radar sounder
(RIME)

10 + 3 experiments: remote

3GM elements
(inside spacecraft)

~/Z q.... MAGNETOMETER
BOOM (J-MAG, RPWI)

Laser altimeter ’(
(caa) '@
Q&QF“

Radio science experiment
(3GM)

Magnetometer
(J-MAG)

Particle environment package
(PEP)

Radio and plasma wave
instrument
(RPWI)

sensing, sounding, in-situ sampling




Example: Detecting subsurface oceans

Magnetometer
(J-MAG)

Particle environment package

B, [nT)
33
o

o

(PEP)

Radio and plasma wave
instrument
(RPWI)

Bysvm [nT)

=
c
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06:55
UT on 1996-12-19

Fig. 5. Observed and modeled magnetic field for the E4 flyby in the EPhiO co-
ordinate em. From top to bottom: By, By, By,. The red curve shows
the measured field (Kivelson et al., 1997). The dashed black curve shows the
predicted field when no induction is included in our model. The predicted field
by including induction is shown for the ocean conductivities opc: 100 mS/m
(blue), 250 mS/m (brown), 500 mS/m (green), and 5 S/m (bla The as
sumed thickness of the crust is 25 km and the assumed thickness of the ocean

is 100 km.

Galileo E4 flyby:
Schilling et al. (2007)
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The Particle Environment Package
(PI: Stas Barabash, IRF, Sweden)



PEP Science Goals

ghetopause

1. How do the icy Galilean moons (Europa, Ganymede,
Callisto) interact with the complex and diverse
environments of Jupiter’s corotating magnetosphere?
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2. What are the mechanisms under which material is released to
the jovian magnetosphere by active and inert moons?

3. How do internal and external solar wind drivers cause . :
such energetic, time variable and multi-scale phenomenain | perec
the Jovian magnetosphere |
/ ‘ \ e Callisto




Partlcle Enwronment Package (PEP)
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PEP: 6 instruments in one experiment!

PEP-Lo (Europe): JEI, JNA, JDC, NIM
PEP-Hi (USA): JENI, JoEE



PEP Energy and Species coverage

Magnetospheres
Energetic particles

Exospheres / lonospheres
Thermal gas/plasma Hot plasma & ENAs
-« > <

.. JENI(ENA)

N No ENAs>

ENAs and neutral gas

NIM (n)

Y UNA(ENA)

JENI (i)

lons |

NIM (i) | 06 )

Electrons JOEE

JEI (e)

102 103 104 10° 10° 107

Energy (eV)

102 10"  10° 10°

Neutral, positive and
negative particles

8-9 decades in
energy

Energy & mass
spectroscopy

In-situ + Remote
sensing

Most sensors
measure more than
one particle species
or states




Particle Environment Package Accomodaton (PEP)

PEP sensor accommodation and resources | | EE

_IDC 90°x360°

NIM 10°x300°

T~ NIM 90°x360°

- JEI 90°x360°

S JENI 90°x120°

. INA 15°x150°

Mass: 50.6 kg (nominal)
Power: 72.0 W (max)




PEP: JDC/JEI ("Plasma Spectrometers”: 10 eV - 40 keV)

Top Head Grid Deflectors

MLI

Inner Sphere

Outer Sphere

CEM Grid

analyzer

CEMs Peek Insulators

Front-End Electronic
Start

Tantalum Shielding

Technique: Electrostatic analyser (both) + TOF (JDC)
Species: Electrons & ions (both) + Mass composition (JDC)
Detectors: Channeltrons (both) + MCP (JDC) + SSD (JDC)




PEP: JENI/JoEE (“"Energetic particles”: 10 keV - 2 MeV)
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Technique: Energy Loss SSD (both), TOF (JENI), Magn. Deflection (JOEE)
Species: Electrons & ions (both) + Mass composition (JENI)
Detectors: SSD (both) + MCP (JENI)



PEP: In-situ charged particle spectrometr products

Orbits Orbité Orbit7 Orbit8
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Juno JADE observations (Kim et al. 2019, 202




PEP: JENI/JNA ("ENAs"”: 100 eV - 300 keV)

Deflection-
Collimator
Assemblies

Pre-amplifier boards

Interface board

Start/Coin
Anode

Stop MCP

Electronics

Variable Aperture (1 or 2)

Technique: TOF (both), Electr. Deflection (both), Energy loss SSD (JENI),
Charge Conversion (JNA)

Species: Energetic Neutral Atoms (H, O, S) when deflectors on
Detectors: SSD (JENI), MCP (JENI), Channeltrons (JNA)



PEP: JENI/JNA ("ENAs"”: 100 eV - 300 keV)

CassmiMIMI Inca
Spatial H+ 20-50 keV
7 May 2008 (128}
00:00:59 - 01:04:59
TG}

Frame: SATURN
5.000

N
cnts/quad
{cm"-ar-s-ka\"

0.2000
Salum:, 575 SKR

Body shill 1919 secs
Image shill 1919 sees

Stare Ave: 16 Wih: 1
Rs 22.32

Charge exchange process S

LT 1231
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Lon, ., 320.34
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NIM (Thermal neutrals & ions <10 eV)

Simulated NIM/Callisto Mass Spectrum
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Technique: TOF, Ionization of neutrals, post-acceleration
Species: 1-1000 amu, M/AM>800, including molecules

Detectors: MCP




PEP: First light & Status

1st stage of PEP
commissioning
successful

First data acquired by
three sensors (JENI,
JoEE, JEI)

1 Ongoing

~| commissioning

| process for the next

| years (due to s/c
outgassing and use of
HV)
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Thank you!



Particle Environment Package: JNA

Building the Jovian Neutrals Analyzer
for the JUICE mission to Jupiter

2018 - 2020




