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

No benchmark or scaling patterns appears to have been reported.

We adapted our bearmarget neutron yield mechanism to carry out
numerical experiments on deuteron beams from plasma focus

lon beam data are computed for a range of fitted machines4@@ kJ
lon numberfluence 2.4-5.7 x 1@%ions m?; independent of
Energyfluence: 2.210.6 x16J m?; independent of
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carryingl.3-4 % Eat mean ion energy 5800keV, higher k giving
lower number per kJ.
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Brief review of existing work

AaSlFadiNsYSyua 2F A2y oSkya F
variety of results using different units;

A Less correlated than expected

A Not giving any discernable pattern or benchmarks.

A In summarizing experimental results, Bernard &iralLl996, it
was reported thatotal yields of ions reach 18-10 srt
depending on energetics and experimental conditions.

A In a single discharge fast ions are emitted from ptike (sub
mm) sources mostly as narrawicro-neamswith duration
times of 28 ns forming intense bunches havitugal powers
reaching 16'to 102 \W.
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Brief ReviewSummary
Many different experiments
Many different machines
Different gases
Many types of diagnostics
Many sets of data

Data some total (FC), some sampling (track detectmrs)pt all ions
recorded

Different perspectives,

different units: ( e.g. Bernard et al 1996, Kelly et al 1996, 1998, Takao et ¢
2003,Bhuyaret al 2005, 2011Szydlowsket al 2004 Bosticket al 1993)

numbersrt; bunch power in W,

beam power brightness iBWcm? sr;

lon current densities i cm? ; beam ion densitiesam3;

tracksm ; ions/sterad; Jiterad;

total ion numbersfluxin nr?s?t; ion fluencein (MeV.s)+
A Correlation among experiments? Benchmarking? Scaling?

o o o To Do Do Do I
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Gribkovet al 2007

A Amore integrated approach.

A Examinatiorof plasma conditions and energetics within the PF at the time c
formation of the plasma diodmechanisrfi; estimate for PA000 at500 kJ:

A (a)Energy of the electron and ion beam= 20 kJ or 2.5%,0f

Theycomment that these values are conservative when compared to
the highestvalues of 120% reported aKurchatoyLimeilLaboratory and
Lebedewsing different methods.

A (b) Assumecrosssection of the iorbunch= pinclcross sectiorfl cm radius)
and bunch length45 cm; thusbunch volume ~50 ctnthey estimate

average ion energy ~106eV
total number of beam ions ~6x10'” ionsand
concentrationof ions withinbunch volume-106 cnms.
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Gribkov et al2007

A Among published resultsGribkovet al stand
out in their presentation

A Correlates the energeticsf the ion beams to
the energetics of the system

A Gives a sense of proportioof how the ion
beams fit into the overall scheme of things
within the PF discharge
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Our numerical experiments on lon Beams

A The 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

Experimental based; Energy Mass & Charge consistent; Connected to reality;
Utility prioritised; Cover whole process: birth to streaming death.
Universal: all gases and all plasma focus from smallest to largest and beyond.

Connect to reality, fit computed
with measured current

I

Dynamics & Energy Distributions

Temperature, Density
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Discussion

Modelling

lon beam fluence

Post focus axial shock waves
Plasma streams

Anode sputtered material
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Summarise basic physical picture
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PlasmarboctsiRinchiwith plasmasiream
(Pawllllcee INTII RF)
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Emissionsfsem ithee PR iRinchgiegion

D ~bean,

Mach500 Plasma stream
S0 keV Mach20 anode material jet
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Segueneeof ishadowgraphs of PR Rinch
(M ShahigRafiquePhD TFThesisINTW/NIE-Singapare)2000)
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Figure 6.40: Shadowgraphs during the post
focus phase forming bubble-like structures.
Average Y, = 1.6 x 10°.

Figure 6.42: Seq uence Highest postpinch axial shock waves speed ~50cm/us M500

of compression in plasma

focus. Y, =1.2 x 1 08 Highest prepinch radial speed>25cm/us M250
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a dzOK f | 0 S NXshaSdjvgzphiocdposkpich copper jet
[S Lee et al BizMal 6,33(1985)] -10 kJ PF
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Extracted from V A Gribkov presentation: IAEA Dec 2012
V N Pimenov 2008 Nukleonika 53: 2121
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Flux out of iPlasmad=ocus

Charged particle beams
Neutron emission when operating with D

Radiation includin@@remsstrahlungline radiation,
SXR and HXR

Plasma stream
Anode sputtered material
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Basic Definition of lon Beam characteristics

A BeamnumberfluenceF, (ions n¥)
A Beamenergyfluence (J m?)

Flux =fluence / pulse duration

A Beamnumber flux F/t defines (ions ms?)
A Beamenergy fluxdefines (W-Bh
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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:
Jt 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:

A 3t=G lincrizy(Inb/ 1 )/(pr,2UY2) ions m2  (3)

(ref Phys. Plasmd®,112703(Dec 2012))
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e Fluence

lon bea ed from beanplasma target

considerations as:
Fib — C:n IpinchZZp[ln(b/ rp)]/ (prp2 Ul/Z) |OnS m2
G, =8.5x16; All Slunits
lninc—pINCch current
Z,=pinch length
b=outer electrode, cathode radius
r,=pinch radius
U=beam energy iaVwhere in this model U=8ax
(max dynamic induced voltage)
These focus properties are computed by our
code so that for each shot we may determine
the fluence
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