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Instrument Team: 
PI: Joseph Westlake,  
Johns Hopkins University/Applied Physics 
Laboratory (APL) 

Deputy PI: Ralph McNutt, APL 
Instrument Project Manager: Cindy Kim, APL 

Instrument Lead Engineer: Matthew Grey, APL 

Faraday Cup Lead: Justin Kasper, UM 

Deputy Faraday Cup Lead: Anthony Case, SAO 

Instrument Capabilities: 
• In Magnetospheric Mode: 

• Electron Energy: 10 eV – 2 keV 
• Ion Energy: 20 eV – 7 keV 

• In Ionospheric Mode: 
• Electron Energy: 1 – 50 eV 
• Ion Energy: 1 – 50 eV 

• Energy Resolution: 10% ΔE/E 
• Sensitivity: 0.5pA/cm2 – 1x105/pA.cm2 

• FOV: 3x90 deg. Cone 
• Temporal Resolution: 1s for a full ion and electron 

sweep 
 

Investigation:  
PIMS measures the plasma surrounding Europa to 
characterize the magnetic fields generated by 
plasma currents. 
Goals: 
• Determine Europa's magnetic induction response, 

corrected for plasma contributions, to estimate 
ocean salinity and thickness. 

• Understand the mechanisms responsible for 
weathering and releasing material from Europa's 
surface into the atmosphere and ionosphere. 

• Understand how Europa influences its local space 
environment and Jupiter's magnetosphere. 

Instrument Elements: 

Faraday Cup 

Central Electronics Unit 

Plasma Instrument for Magnetic Sounding (PIMS) 
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PIMS Science Team 
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PIMS Investigation Objectives 
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Plasma Measurements Crucial for Magnetic Sounding 

Figure credit: Xianzhe Jia (University of Michigan)  5 

• PIMS will measure and correct for the 
strong plasma induced fields surrounding 
Europa allowing for precise magnetic 
sounding. 

• The figure shows the ratio of the plasma 
induced magnetic fields to the induction 
dominated magnetic fields plotted over 
the Europa flyby trajectories  

• The amplitude and phase of Europa’s 
magnetic signature is strongly 
influenced by plasma conditions.  
 



PIMS Design 

PIMS Sensor 

PIMS Central Electronics Unit 

• PIMS is composed of three Faraday 
Cups, each with a 90º FOV. 

• FCs measure the current produced on 
metal collector plates by charged 
particles with sufficient energy per 
charge (E/q) to pass through a 
modulated retarding grid placed at 
variable (AC) high voltage (HV). 

• In the Jovian magnetospheric 
plasma PIMS measures: 

• The density and flow velocity of 
ions with energies below 7 keV  

• The density and energy spectrum 
of electrons with energies below 
2 keV 

• In Europa’s ionosphere, and 
transitional plasmas PIMS measures: 

• The density and temperature of 
ions and electrons 
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How Faraday Cups Work 
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PIMS Performance 
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PIMS Radiation Tolerance 
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Faraday Cup Measurements at Jupiter 

Voyager PLS 

Europa PIMS 10 



Thank you! 



EXTRA SLIDES 
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High-Level Traceability 

13 

Science 
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Characterize extent of the ocean 
and its relation to the deeper 

interior 
(Decadal Objective 1) 

 
Characterize ice shell and any 

subsurface water, including their 
heterogeneity, and the nature of 

surface-ice-ocean exchange 
(Decadal Objective 2, Clipper 

Objective IO) 
 

Understand Europa's space 
environment and interaction with 

Jupiter's magnetosphere  
(Decadal Objective 5) 

PIMS Investigation 1: 
Determine Europa's 
magnetic induction 

response, corrected for plasma 
contributions, to estimate ice 

shell thickness, ocean thickness, 
and salinity 

(Clipper Investigation IO.2) 

PIMS Observable 1.1: 
Measure the characteristics of the rapidly co-

rotating Jupiter plasma that governs the intensity 
and structure of magnetic perturbations from 

plasma near Europa 

Jovian Plasma 
Ion  Dens i ty ,  F low Ve loc i ty ,  

Tempera ture ,  
Der ived Ion  Compos i t ion  

Elec t ron  Dens i ty ,  Tempera ture  

PIMS Observable 1.2: 
Measure the magnetic perturbations from plasmas 

originating from Europa by measuring the 
conductivity of Europa’s ionosphere and identifying 

plumes and measuring their mass-loading.  

Europa Ionosphere & Plume 
Ionosphere  

Ion  Dens i ty ,  F low Ve loc i ty ,  
Tempera ture ,  

Der ived Ion  Compos i t ion  
Elec t ron  Dens i ty ,  Tempera ture  

PIMS Observable 1.3:  
Measure the thermal to suprathermal pickup ions 
generated from Europa, their related currents, and 
Europa’s Alfvén wing structure to determine their 

influence on the magnetic field observed near 
Europa 

Europa Pick-Up Ions  
Ion  Dens i ty ,  F low Ve loc i ty ,  

Tempera ture ,  
Der ived Ion  Compos i t ion  

E lec t ron  Dens i ty ,  Tempera ture  
Determine global surface 

compositions and chemistry, 
especially as related to habitability 

(Decadal Objective 3) 
 

Understand Europa's space 
environment and interaction with 

Jupiter's magnetosphere  
(Decadal Objective 5) 

 
Understand habitability of Europa's 

ocean through composition and 
chemistry. (Clipper Objective C) 

PIMS Investigation 2: 
Understand the mechanisms 

responsible for weathering and 
releasing material from Europa’s 
surface into the atmosphere and 

ionosphere 
(Related to Clipper 

Investigation C.1, C.2) 

PIMS Observable 2.1: 
Measure Jupiter’s O and S ions responsible for 

producing Europa’s sputtered atmosphere. 

Jovian Plasma 
Ion  Dens i ty ,  F low Ve loc i ty ,  

Tempera ture ,  
Der ived Ion  Compos i t ion  

Elec t ron  Dens i ty ,  Tempera ture  

PIMS Observable 2.2: 
Measure the composition of the cold, ionized 

components of the atmosphere 

Europa Ionosphere & Plume 
Ionosphere  

Ion  Dens i ty ,  F low Ve loc i ty ,  
Tempera ture ,  

Der ived Ion  Compos i t ion  
Elec t ron  Dens i ty ,  Tempera ture  

Understand Europa's space 
environment and interaction with 

Jupiter's magnetosphere  
(Decadal Objective 5) 

PIMS Investigation 3:  
Understand how Europa 
influences its local space 
environment and Jupiter’s 

magnetosphere, the structure of 
Europa-associated partial torus 
and the possible existence of 

Europa plumes. 

PIMS Observable 3.1: Measure the Jovian plasma 
torus structure to determine the influence of the 

Europa particle source 

Jovian Plasma 
Ion  Dens i ty ,  F low Ve loc i ty ,  

Tempera ture ,  
Der ived Ion  Compos i t ion  

Elec t ron  Dens i ty ,  Tempera ture  
PIMS Observable 3.2: Measure the electrons and 
electron beams that connect Europa with Jupiter’s 
ionosphere to determine the magnitude of the field-

aligned current systems. 

E lect rons  
Elec t ron  Dens i ty  and 

Tempera ture   


	Slide Number 1
	Slide Number 2
	PIMS Science Team
	PIMS Investigation Objectives
	Plasma Measurements Crucial for Magnetic Sounding
	PIMS Design
	How Faraday Cups Work
	PIMS Performance
	PIMS Radiation Tolerance
	Faraday Cup Measurements at Jupiter
	Slide Number 11
	Extra slides
	High-Level Traceability

