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Summary 

ω Much work using variety of diagnostics reported on plasma focus ion 
beams, mainly experimental 

ω No benchmark or scaling patterns appears to have been reported. 

ω We adapted our beam-target neutron yield mechanism to carry out 
numerical experiments on deuteron beams from plasma focus 

ω Ion beam data are computed for a range of fitted machines 0.4-486 kJ 

ω Ion number fluence: 2.4-5.7 x 1020 ions m-2; independent of E0   

ω Energy fluence : 2.2-10.6 x106 J m-2 ; independent of E0  

ω ¢ȅǇƛŎŀƭ ƛƴŘǳŎǘŀƴŎŜ tCΩǎ όоо-55 nH) produce 1.2-2 x 1015 ions per kJ 

     carrying 1.3-4 % E0 at mean ion energy 50-200 keV; higher L0 giving      

     lower number per kJ. 
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Brief review of existing work 

ÅaŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ƛƻƴ ōŜŀƳǎ ŦǊƻƳ tCΩǎ ƘŀǾŜ ǇǊƻŘǳŎŜŘ ŀ ǿƛŘŜ 
variety of results using different units;  

ÅLess correlated than expected  

ÅNot giving any discernable pattern or benchmarks.  

Å In summarizing experimental results, Bernard el al1 in 1996, it 
was reported that total yields of ions reach 1010-1014 sr-1 

depending on energetics and experimental conditions.  

Å In a single discharge fast ions are emitted from point-like (sub-
mm) sources mostly as narrow micro-beams with duration 
times of 2-8 ns forming intense bunches having total powers 
reaching 1011 to 1012 W.  
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Brief Review- Summary 
Å Many different experiments  

Å Many different machines 

Å Different gases 

Å Many types of diagnostics 

Å Many sets of data 

Å Data- some total (FC), some sampling (track detectors) ie not all ions 
recorded 

Å Different perspectives,  

Å different units: ( e.g. Bernard et al 1996, Kelly et al 1996, 1998, Takao et al 
2003, Bhuyan et al  2005, 2011, Szydlowski et al 2004, Bostick et al 1993) 

  number sr-1; bunch power in W;  

 beam power brightness in GW cm-2 sr ;  

 ion current densities in A cm-2   ; beam ion densities in m-3 ;  

 tracks m-2 ; ions/sterad ; J/sterad ;  

 total ion numbers; flux in m-2s-1 ; ion fluence in (MeV.sr)-1 

Å Correlation among experiments? Benchmarking? Scaling? 
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Gribkov et al  2007 
Å A more integrated approach.  

Å Examination of plasma conditions and energetics within the PF at the time of 
formation of the plasma diode mechanism9; estimate for PF-1000 at 500 kJ:  

Å (a) Energy of the electron and ion beam= 20 kJ or 2.5% of E0.  

 They comment that these values are conservative when compared to 
the  highest values of 10-20% reported at Kurchatov, Limeil Laboratory and 
 Lebedev using different methods.   

Å (b) Assume cross-section of the ion bunch= pinch cross section (1 cm radius) 
and bunch length= 15 cm; thus bunch volume ~50 cm3, they estimate 

  average ion energy ~100 keV  

  total number of beam ions ~ 6x1017 ions and  

 concentration of ions within bunch volume~ 1016 cm-3.   
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Gribkov et al  2007 

ÅAmong published results, Gribkov et al stand 
out in their presentation  

ÅCorrelates the energetics of the ion beams to 
the energetics of the system  

ÅGives a sense of proportion of how the ion 
beams fit into the overall scheme of things 
within the PF discharge 

 



International Symposium on Plasma Focus in Series SPFE2013 
14 June 2013, Nilai , Malaysia 

Our numerical experiments on Ion Beams 

ÅThe ion beam numerical experiments adds on 
as a branch to the integrated view which our 
numerical experiments strive to present of the 
plasma focus 
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Philosophy, modelling, results &         

applications of the Lee Model code  
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    Discussion 

Modelling:  

Ion beam fluence 

Post focus axial shock waves 

Plasma streams 

Anode sputtered material 
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Summarise basic physical picture 
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   Plasma Focus Pinch with plasma stream  
(Paul Lee- INTI PF) 
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  Emissions from the PF Pinch region 

 

 

  

Mach500 Plasma stream 

Mach20 anode material jet 
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Sequence of shadowgraphs of PF Pinch-  
  (M Shahid Rafique PhD Thesis NTU/NIE Singapore 2000) 

 

 

 

 

 

                          Highest post-pinch axial shock waves speed ~50cm/us M500 

 

Highest pre-pinch radial speed>25cm/us M250 
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aǳŎƘ ƭŀǘŜǊΧ{ŜǉǳŜƴŎŜ ƻŦ shadowgraphics of post-pinch copper jet 
  [S Lee et al J Fiz Mal 6, 33 (1985)] -10 kJ PF   

 
 

Slow Copper plasma jet 2cm/ms M20, 
0.2 mg copper carrying 50J KE. 
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Extracted from V A Gribkov presentation: IAEA Dec 2012- 
 V N Pimenov 2008 Nukleonika 53: 111-121 
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 Flux out of Plasma Focus 

Charged particle beams 

Neutron emission when operating with D 

Radiation including Bremsstrahlung, line radiation, 
SXR and HXR 

Plasma stream 

Anode sputtered material 
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Basic Definition of Ion Beam characteristics 

ÅBeam number fluence Fib (ions m-2)  

ÅBeam energy fluence           (J m-2) 

Flux =fluence / pulse duration 

ÅBeam number flux Fib/t defines (ions m-2s-1) 

ÅBeam energy flux defines            (W m-2) 
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Equation for the beam ion fluence 

From earlier work in deriving beam-gas target neutron yield we obtain 

the deuteron ion fluence as follows: 

 

We  denote: 

 Jbt as the beam ion fluence with units of (number of ions m-2).  

This is the ion fluence that is generated by the inductive plasma diode 

action. From equations (1) and (2) we write the ion fluence as: 
 

Å   Jbt=CnIpinch
2zp(lnb/ rp)/(prp

2U1/ 2)  ions m-2        (3) 
 

(ref Phys. Plasmas 19, 112703(Dec 2012)) 
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 Modelling the Fluence 
Ion beam number fluence is derived from beam-plasma target 
considerations as: 

Fib = Cn Ipinch
2zp[ln(b/ rp)]/ (prp

2 U1/2)    ions m-2 
        Cn =8.5x108; All SI units 

Ipinch=pinch current 
zp=pinch length 

b=outer electrode, cathode radius 
rp=pinch radius 

U=beam energy in eV where in this model U=3 Vmax 
(max dynamic induced voltage) 

These focus properties are computed by our 
code so that for each shot we may determine 
the fluence 


