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I. Introduction 

 Examination of ion transport phenomena in the low-pressure E×B discha
Thruster (HET) is one way to improve our understanding about the physical proc
specific type of plasma source used for propulsion of satellites and interplaneta
schematic drawing of a HET is shown in Fig. 1. As Xe+ ions are not magnetized
flow is solely driven by the electric field. By measuring the ion velocity it
reconstruct the accelerating potential and therefore the electric field, the latter bei
the anomalous electron diffusion across the magnetic barrier. Moreover, the spre
energy is a direct consequence of the degree of interaction between the ionizat
layers. The highest value of the kinetic energy ions can reach under a given 
operating parameters, which is always above the applied potential, is also a
furnishes valuable information about the temporal and spatial electric field dynam

In this contribution we present spatially-resolved measurements of th
Distribution Function (VDF) in the discharge chamber and in the plasma plum
PPS®X000 Hall effect thruster performed by means of Laser Induced Fluoresce
the near infrared [4,5]. Ion VDFs were measured parallel to the thruster axis,
direction, for a broad range of thruster operating conditions: 300 V – 700 V disch
– 160 G magnetic field strength and 6 mg/s – 15 mg/s xenon gas mass flow rate
the time-averaged ion axial velocity, kinetic energy dispersion profiles and electr
are presented, discussed and compared with the numerical outcomes of kinetic
HET models. Moreover, the ion VDF were also probed in the thruster far-field (7
HET exit plane) by means of a Repulsing Potential Analyzer (RPA). The shape 
by RPA as well as its evolution with operating conditions are in perfect ag
observed by way of LIF spectroscopy.  
 
II. Experimental arrangement 

LIF spectroscopy is a non intrusive diagnostic tool that enables to determ
probed particles along the laser beam direction by measuring the Doppler shift o
The transition used in this work is the 5d 2F7/2 → 6p 2Do

5/2 at λair = 834.7233 
chosen due to a large population in the 5d 2F7/2 metastable state of Xe+ ion and 
branching ratio of the λair = 541.915 nm line originating from its upper state. Th
extensively described in [4,5]. The laser beam used to excite Xe+ metastable ion
amplified tunable single-mode external cavity laser diode. The laser remains m
frequency tuning range of more than 10 GHz. The spectral width of the laser b
1 MHz. The diode laser beam first passes through a Faraday isolator to prevent o
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Fig. 1 Simplified drawing of the HET design showing main components and E×B fields. Xenon 
gas is used as a propellant. 

the laser cavity. The wavelength is accurately measured by means of a calibrated wavemeter whose 
absolute accuracy is better than 100 MHz. A plane scanning Fabry-Pérot interferometer with a 
1.29 GHz free spectral range is used to real-time check the quality of the laser mode. The power of 
the beam is also continuously monitored. The primary laser beam is modulated by a mechanical 
chopper (2 kHz) before being coupled into a 60 m long single-mode optical fiber of 5 µm core 
diameter. The fiber allows to carry the beam into the vacuum chamber of the PIVOINE-2g ground-
test facility [8]. The fiber output is located behind the thruster. Collimation optics are used to form a 
narrow beam that passes through a 2.2 mm in diameter hole located at the back of the thruster. The 
laser beam propagates parallel to the channel axis in the direction of the ion flow. About 8 mW of 
light power are deposited into the detection volume. A 16 mm in length slit was made in the channel 
dielectric outer wall in order to carry out measurements inside the channel. A detection branch made 
of a 40 mm focal length, which focuses the fluorescence light onto a 200 µm core diameter optical 
fiber, is mounted onto a travel stage perpendicular to the channel axis. The magnification ratio is 1 
meaning that the spatial resolution is 200 µm in axial direction. The LIF light is transported by way 
of the 200 µm fiber to a 20 cm focal length monochromator that isolates the 541.9 nm fluorescence 
line from the rest of the spectrum. A Hamamatsu R928 photomultiplier tube serves as a light 
detector. A lock-in amplifier operating at the chopper frequency is used to discriminate the 
fluorescence light from the intrinsic plasma emission. 

The ion current incident on a RPA located on the thruster centerline 70 cm away from the 
thruster exit plane was recorded as a function of ion axial energy by varying the repelling potential on 
the analyzing grid [9]. The far-field ion VDF is then inferred from the derivative of the I(V) trace. The 
RPA employed here is composed of 4 stainless steel grids with 0.4 mm holes with a 1.5 mm gap in 
between one another and a copper collector. The first grid is at floating potential, i.e. the plasma 
potential is not accounted for. The design of the RPA is especially suited  for operation at high voltage 
(up to 1000 V); the grid mounts are optimized to avoid short-circuit due to grid material sputtering. A 
40 mm in length ceramic tube with a 7 mm in diameter sampling orifice was mounted ahead of the 
RPA first grid to produce a collimated ion beam as well as to limit the ion flow entering the device. 

 
III. Mean ion velocity and velocity dispersion 
 The mean Xe+ ion velocity profile along the thruster channel axis is shown in Fig. 2 for 500 V 
applied voltage, 6 mg/s flow rate at the anode and 17 A current into all coils. The mean velocity is 
computed from the first order moment of the measured VDF. As can be seen in Fig. 2, most of the 
acceleration process occurs outside the thruster channel [4,5]. The fraction of the accelerating potential 
located inside the channel reaches 25 % at 500 V. The maximum value of the axial ion velocity 



Fig. 3 On-axis distribution of Xe+ axial 
velocity dispersion at 500 V. The normalized 
standard deviation p is obtained from the 
second order moment of the VDF [3,4]. 

Fig. 2 On-axis distribution of Xe+ mean axial 
velocity at 500 V. The position 0 corresponds 
to the channel exit. The dashed line is the 
maximum achievable velocity. 

 
 component is slightly below the maximum achievable velocity obtained when assuming a full 
conversion of the potential energy into axial kinetic energy. The maximum Xe+ ion kinetic energy is 
found to be 430 eV at x = 40 mm. At 500 V, the acceleration layer stretches from ~ -10 mm to 35 mm. 
 The corresponding on-axis distribution of the ion velocity dispersion is shown in Fig. 3. The 
velocity dispersion is calculated either from the second order moment of the VDF (one then obtains the 
so-called p parameter) [4,5] or from the FWHM of the VDF. The form of the profile of the FWHM is a 
direct consequence of the overlap between the ionization layer and the acceleration layer [4,5]. The 
highest value of the FWHM is reached at the end of the ionization region. The FWHM subsequently 
decays towards a constant value that solely depends upon the overlap degree. The profile of the 
normalized standard deviation p is also strongly linked to the interplay between the two aforementioned 
regions. However, p also reveals the existence of very slow and very fast Xe+ ions. The clear difference 
between the shape of the on-axis development of the FWHM (single-peaked curve) and of p (growth 
and plateau), see Fig. 3, originates in the production of very slow and supra-sped up ions (ions with an 
axial kinetic energy that exceeds e.Ud) through a wave-riding mechanism that is captured in PIC and 
hybrid simulations [4,5]. 
 
IV. Electric field 
 The profile along the PPS®X000 thruster channel axis of the acceleration electric field 

Fig. 4 Profile along the PPS®X000 HET channel axis of the acceleration electric field for 
500 V discharge voltage. The electric field is computed from the mean ion velocity profile. 



Fig. 5 Xe+ ion EDF measured in the thruster far field (x = 70 cm) by means of RPA for various 
discharge voltages (6 mg/s, 17 A in the coils). 

measured at 500 V applied voltage is shown in Fig. 4. The electric field is computed from the mean 
ion velocity, that means the field magnitude is underestimated as the mean velocity accounts for slow 
ions created in the acceleration layer [4,5]. The electric field is confined into the region of strong 
magnetic field as it results in the drop of the electron mobility in axial direction [1,2]. As can be seen, 
a large part of the electric field extends outside the channel. The highest value of the electric field is 
shifted upstream when the voltage is ramped up [5]. 
 
V. RPA data 
 The Xe+ ion EDFs measured along the plasma jet axis in the thruster far field at x = 70 cm by 
means of RPA for various discharge voltages (6 mg/s, 17 A in the coils) are displayed in Fig. 5. The 
EDF broadens with the voltage for two reasons. First, the overlap between the ionization and the 
acceleration layers increases with Ud. Second, the effect of slow and fast ions is more pronounced at 
high voltage. The existence of very slow and very fast ions with respect to e.Ud is obvious. The fraction 
of supra-sped up ions, which is given by the area under the EDF curve for Ek > Ud, is found to increase 
with the applied voltage. The mean ion axial velocity obtained by LIF spectroscopy at x = 40 mm and 
by RPA are in good agreement. 
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