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Measurement perturbed by photo-electrons
due to the high potential of the s/c and 

low temperature of the ambient electrons

Science Operations Department
9

Electron density
in the lobes

PEACE electron 
detectors

WHISPER wave receiver + sounder
Electric field [4-80 kHz]

EFW electric field
spacecraft potential

CIS ion detectors
(plasma neutrality)

13 November 2008 SPINE meeting ESTEC

WBD wave receiver
E-field [0.1-9.5 kHz]

Ne < 0.1 cm-3

Te < 100 eV
10 V < ΔV < 70 V Pedersen et al., JGR, 2008

Masson et al., submitted
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Pedersen et al., JGR, 2008
2001 : Ne (EFW)= 10 exp [-(Vs – Vp)/7.4]
+ 0.05 exp[-(Vs – Vp)/30]
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Cluster 3 / 2001-08-14
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New theoretical interpretation

• Observations show the the cut-off of the Z-mode

• Conditions: fp > fce

• Cutoff frequency observed by WBD is fL
fZ = 1/2 [- fce+ (fce

2+4 fp2)1/2] ~ fp - 1/2 fce

Example

fZ = 1.5 kHz

B ~ 36 nT => fce [Hz]=28 B ~ 1 kHz

⇒ fp ~ 2 kHz, fp ~ 9 √Ne

⇒Plasma density Ne = 0.05 e-/cc
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Fall AGU SM12B-03

WHISPER approach

Agreement 
within 5% with 
PEACE PP data

From 100 ev up 
to 2.5 keV

For limited data 
points per time 
interval
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In-flight calibrations
PEACE

Electron density

– reference source: WHISPER relaxationsounder 
– adjustment principle:

• optimisation technique to fine tune geometric factor in order to achieve “correct” density
• note: does not reveal if the energy efficiencies are correct or not, but these are determined via velocity 

cross-calibration
– WHI sounder Ne range 0.2 – 80 cm-3 (SSR paper) is narrower than PEA (~0.001 to 1000 cm-3)
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checking for “identical” behaviour in similar plasma conditions

– Aim: to compare sensors on all spacecraft at small separations
– example: comparing PSD from C2 LEEA/HEEA, C3 LEEA, C4 LEEA/HEEA to C1 LEEA. 

- The 6 panels correspond to the 6 anode pairs.

- should get a ratio of 1 across all energies if there 
is good inter-sensor calibration

Time periods selected

Cusp 01: Jan 01 – May 01
Cusp 02: Jan 02 – Jun 02

Tail 03: July 03 – Dec 03

Inter-spacecraft calibration

13 November 2008 SPINE meeting ESTEC

Science Operations Department
21

Before
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After
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