
• Aim: to reconstruct the original VDF 𝑓 from the detected 

counts 𝐶

• Need the transmission function α or its integration, the 

geometric factor 𝐺

assuming 𝑓 to be constant over the velocity bandwidth of 

one detector

• 𝐺 is different for each detector position, applied electric 

field, and plasma condition

• Numerically computed by simulating a known flux of ions, 

generated uniformly from area 𝐴0 within the ranges of 

parameters 𝐷𝜃,𝐷𝑣⊥, 𝐷𝑣∥ and looking at the detected counts 

𝐶0 in one detector

• α for one detector shows small entrance angle, Gaussian 

shape in velocity peaked at the mean value.

Key components of the device:

• Thin aperture perpendicular to 

the main magnetic field 

direction

• Metallic filtering plates with 

small gap to filter the ions

• 2 arrays of miniaturized 

detectors, placed on two 

screens, to record the landing 

position of the ions

• 2 electrodes to apply a uniform 

perpendicular 𝐄 field of the 

order of kV/m
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Design of DIVO for RFX-mod2.

A particle’s trajectory is shown in blue

3. Velocity Resolution

• DIVO (Diagnostic for Ion Velocity Observation) resolves the two components of the ion velocity,

parallel and perpendicular to the magnetic field, allowing for the reconstruction of the ion

velocity distribution functions (VDFs) in velocity space.

• The knowledge of the VDFs is fundamental to understand many dynamical processes that are

associated to kinetic effects, ion acceleration, and heating mechanisms, such as magnetic

reconnection[1,2] and also to strong turbulence activity.

• DIVO can be used at the plasma edge of fusion machines. The proposed design is optimized

for its usage in RFX-mod2[3], that has been upgraded with a modified magnetic boundary and

several improvements on the diagnostic capabilities[4].

• Numerical simulations are run to optimize the design of the device, as well as to assess its

expected velocity resolution, to define its operational range, and to compute its characteristic

geometrical factor.

• DIVO offers a direct and local measurement of the distribution functions in velocity space, with a good spatial resolution, in 

different kinds of magnetized plasmas where ions have a gyro-radius of few mm

• It is quite versatile, as the only requirement is that its aperture has to be aligned with the direction of the local magnetic 

field. 

• Development and construction of DIVO’s prototype and test in relevant plasma conditions

Particles motion inside the 

geometry of DIVO

Green: travels straight as 𝑣⊥=E/B 

and 𝜃=0°

Red: oscillates and drifts

4. Calibration
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• Balance between the electric and the Lorentz

forces, with the aim of interrupting the Larmor

gyration of the ions

• A generic ion experiences the force due to E and B

and oscillates and drifts for E × B. If 𝐸 = −𝑣⊥𝐵 is

satisfied, the ion travels straight till it impacts a

detector

• 𝑣⊥ is selected by the specific electric field that is

applied and by the filtering plates

• 𝑣 // is measured from the arrival position on the

detectors
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• 𝒗⊥ is characterized by a Gaussian 

transmission curve, whose 

mean value corresponds very 

closely to 

• Magnitude of applied E is 

optimized for a better 

reconstruction of the distribution.

• The 𝑣// resolution strongly depends on the size and number 

of detectors.

• The yz screen detectors show a better resolution (5-20%) 

than the ones of the xz screen (5-40%).

• Central bins show a better resolution than the external bins.

Individual particles generated with random 𝑣⊥ and 𝑣// uniformly distributed between 10 and 120 km/s and independent to each other. 

Simulations at different values of the applied electric field.

Here shown the case: gas = D2, B = 0.5 T

• The 𝑣⊥ resolution is strongly related to the 

Larmor radius (rL∝
m𝑣⊥
q𝐵

) of the incoming ions. 

The plates used to filter the particles are more 

efficient at larger rL , due to their fixed spacing

• Resolution between 5% and 19.5%.

• 𝒗// is characterized by a Gaussian

transmission curve.

• Ions with the same 𝑣 // reach a

different final position for different

E, as the travelled distance

depends on both 𝒗⊥ and 𝒗//

• The relationship between position

and 𝑣// is very different for the two

screens.

Watch the full video here:


