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MOTIVATION 
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• Developed in the context of nuclear 

fusion research 

• Installed at Padova (CNR area) 

• ICP Plasma  

• 2.5 kW RF Power (f=2 MHz) 

• Max beam energy: 60kV 

• Max beam current:135mA 

• Continuous operation 

• Cs enhanced H-  production 

 

Scopes 

• Physics of Negative ion  formation 

and extraction 

• Code Benchmark and validation 

• Test Advanced concepts: 

- Alternative to Cesium 

- Energy Recovery system 

 

NIO1 is in the EU roadmap to DEMO 

NIO1 [1] 

COLLISIONAL PROCESSES INCLUDED IN THE MODEL 

SCC REGION      SIMULATION SETUP 

Compute Charge density 

 

Electric Potential 

Electric Field 

Process particles 

Move particles 

PIC METHOD 

particle positions are scattered to the grid 

performed by solving the Poisson equation 

computed from the gradient of potential 

update velocity and position according to  

Newton’s second law 

sample sources  and collisions to 

add/remove new particles 

H- H2
+ 

Ghost  layer 

• Neumann boundary conditions 

∇ φ  = const 
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FINITE DIFFERENCE SCHEME 

Poisson equation 

φi,j φi+1,j 
φi-1,j 

φi,j+1 

φi,j-1 

t=0.25µs 

This activity has been 

carried out under the 

Fusion Researcher 

Fellowship WP2015 FRS-

ENEA granted by 

EUROfusion. The Tesla 

K20 cards used for this 

research were donated 

by the NVIDIA 

Corporation.  

implementation: C++, CUDA 

High-energy (MeV) hydrogen neutral beams for fusion are produced 

by neutralizing a precursor negative ion beam; negative ions are 

generated in a plasma sources, extracted and accelerated by a multi-

grid, multi-aperture electrostatic accelerator. 

After all the acceleration stages beam enters the so-called drift region, 

where it meets the ambient H2 gas. In this region the negative ions 

experience collisions with ambient gas H2 and thus produces positive 

ions H+. The total charge density from being negative starts to 

continuously approach zero. This process is called Space Charge 

Compensation. Due to significant change in charge density during 

transient phase the beam optics is heavily influenced, e. i. the 

diverging stream of ion negative ions becomes less divergent and 

when steady state is reached beam has severely improved optics. 

Our interest in developing an accurate and efficient model for NBI 

physics has led us to implement a CUDA based numerical simulation 

for Space Charge Compensation. 

6. H- + H2 → H2
  + H+ + 2e  double electron detachment 

7. H- + H2 → H2 + H + e electron detachment 

8. H- + H2 → H2
+ + H- + e ionization 

9. H+ + H2 → H2
+ + H charge exchange 

10.H+ + H2 → H2
+ + H+ + e ionization 

1. e + H2
 → H2 + e elastic scattering 

2. e + H2 → H2 
+ + e + e ionization 

3. H + H2 → H2 
+ + H- charge exchange 

4. H + H2 → H2 + H+ + e electron detachment 

5. H + H2 → H2
+ + e + H ionization 
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Energy and angular distribution of ions (solid line) and 

electrons (dashed) located in the beamlet (red) and in 

between beamlets (blue) 

DISTRIBUTION FUNCTIONS 

Compensation parameter ψ(x) along the cenrtal (dashed line) and lateral 

beamlet (solid line) at different time steps (case φR = 0 V) 

φR=100 V

φR=0 V
ψ

Compensation parameter ψ(y) at 8 mm downstream repeller as a function 

of time; ψ in the correspondence of the centre beamlet reaches 1.08 and 

1.02 respectively for the case φR = 100 V and φR = 0 V 

BEAM SELF-POTENTIAL 

COMPENSATION DEGREE  
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Vertical profile of particle densities at x=200 mm in last simulation frame. Beam ions, molecular ions, and electrons 

DENSITY PROFILES 

t=1.25µs 

t=2.5µs 

t=3-15µs 

φ  
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+ + e + H   [1] 
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e + H2 → H2 
+ + e + e   [3] 

e + H2
 → H2 + e (elastic scattering) [4] 

CASE φR = 0 V  

Background gas density nH2 = 1.2x1019 m-3 [5] 
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[1] See M. Cavenago, oral presentation « NIO1 first experimental operations », THIS CONFERENCE 

φR φp at      . 

0 V ~15 V 

100 V ~60 V 

200 V ~140 V 

 A 
 B 


  

C 


  

D 

Line A 

Line C,D 

Line B 

φ = φ 0 

http://www.c-ad.bnl.gov/icis2015/abstracts/MonPE26 Sartori Emanuele Simulation of Space Charge Compensation in a multibeamlet negative ion beam C02 Poster MonPE26.pdf

