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Abstract: In this study, the flux and energy of the helium ions beam produced by United Nations University/International 

Centre for Theoretical Physics Plasma Fusion Facility (UNU/ICTP PFF) and NX2 dense plasma focus devices, were studied when 

the pressure of gas changed by carrying out numerical experiments using Lee code. The results showed that the value of the ions 

beam flux increased with increasing the gas pressure until reaching a maximum value 1.463E+28 ions. m-2s-1 at 7 Torr in UNU/ 

ICTP PFF device while in NX2 device the maximum value is 6.442E+27 ions. m-2s-1 at 14 Torr and then decreasing while 

continuing pressure increasing, but the energy of ions beam showed the opposite behavior where the maximum value of energy of 

the helium ions beam was 13 Joul at 5 Torr in UNU/ICTP PFF device while it was 144 Joul at 14 Torr in NX2 device this is due 

to the effect of the geometric dimensions on the value of the induced voltage within the plasma pinch. 
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1. Introduction 

When matter is heated to a high enough temperature, it 

ionizes and becomes plasma. It emits electromagnetic radiation. 

The spectrum depends on the temperature and the material. The 

higher the temperature and the denser the matter, the more 

intense is the radiation. Beams of electrons and ions may also be 

emitted. Typically the temperatures are above several million K 

and compressed densities above atmospheric density starting 

with a gas a hundredth of an atmospheric density. One way of 

achieving such highly heated material is by means of an 

electrical discharge through gases. As the gas is heated, it 

expands, lowering the density and making it difficult to heat 

further. Thus it is necessary to compress the gas whilst heating it, 

in order to achieve sufficiently intense conditions. An electrical 

discharge between two electrodes produces an azimuthal 

magnetic field which interacts with the column of current, 

giving rise to a self-compression force which tends to constrict 

(or pinch) the column. In order to ‘pinch’, or hold together, a 

column of gas at about atmospheric density at a temperature of 1 

million K, a rather large pressure has to be exerted by the 

pinching magnetic field. Thus an electric current of at least 

hundreds of kA is required even for a column of small radius of 

say 1 mm. Moreover, the dynamic process requires that the 

current rises very rapidly, typically in under 0.1 µs in order to 

have a sufficiently hot and dense pinch. Such a pinch is known 

as a super fast super dense pinch, and requires special MA fast-

rise (ns) pulsed-lines. These lines may be powered by capacitor 

banks, and suffer the disadvantage of conversion losses and high 

cost due to the cost of the high technology pulse-shaping line, in 

addition to the capacitor banks. [1] 

The Lee model code [2, 3] uses the snowplow model [4] in 

the axial phase, the slug model [5] with ‘communication delay’ 

and thermodynamics in the early radial phase and a radiation-

coupled compression in the pinch phase; all the phases being 

rigorously circuit-coupled so as to be energy and charge 

consistent. The code has on the one hand been successful in 

developing a number of deep insights and on the other hand has 

been successful in applications ranging from correlation with 

experiments in dynamics, neutron and soft X-ray (SXR) yields, 
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in fast ion beams (FIB) and fast plasma streams (FPS) properties 

and in designing plasma focus and variants. Its success on so 

many fronts appears to be due to its use of 4 parameters (fitted to 

a measured current waveform) which in one sweep incorporates 

all the mechanisms and effects occurring in the plasma focus 

including mechanisms and effects difficult to compute or even 

as yet unknown [6]. 

The ions beam emitted from dense plasma focus devices 

studied widely to use it in material science applications and 

production short lived radioisotopes [7-12]. 

In this study we used Lee code to carrying out many numerical 

experiments to study the variations of flux and energy of ions 

beam emitted from two dense plasma focus devices when the 

pressure of helium gas was changed and explain these differences. 

2. Flux and Energy of Ions Beam 

Emitted from Plasma Focus Pinch 

Lee and Saw studied the properties of the ions beam from 

the collapse of the plasma pinch and concluded the 

relationship of flux and ion beam energy as follows [13, 14]: 
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Where: 

fe=0.14: the fraction of energy converted from pinch 

inductive energy into beam kinetic energy, M is the mass 

number of ion, Zeff the effective charge, b is the cathode 

radius, rp pinch radius, Ipinch pinch current, The diode voltage 

U. 

Energy in beam (Joul): 

.effE Z U ionsnumber= ×                         (2) 

3. Results and Discussion 

Plasma pinch properties which is the source of the ion 

beam in the UNU/ICTP PFF device 

We use the followed parameters [15]: 

a) Capacitor bank parameters: L0=110 nH, C0=30 µF, 

r0=12 mΩ. 

b) Parameters of the plasma tube: b=3.2 cm, a=0.95 cm, 

z0=16 cm. 

c) Operating parameters: V0=14 kV. 

d) Parameters of the model: fm=0.08, fc=0.7, fmr=0.2, 

fcr=0.7 

And then we use Lee code to carrying out many numerical 

experiments when helium gas pressure changed and we 

obtained the following results as shown in Table 1: 

Table 1. Plasma pinch properties in UNU/ ICTP PFF device. 

Pressure 

Fraction of energy fen 

Ion Effective Charge Radius of Cathode b Radius of Pinch rp Current of Pinch Ipinch VoltageU 

Po Mass Zeff (cm) (m) (KA) (V) 

(Torr) Number 
1 0.14 4 2 3.2 0.13 102 99 

2 0.14 4 2 3.2 0.13 111 82 

3 0.14 4 2 3.2 0.131 114 70 

4 0.14 4 2 3.2 0.131 114 60 

5 0.14 4 2 3.2 0.131 113 52 

6 0.14 4 2 3.2 0.132 111 45 

7 0.14 4 2 3.2 0.132 108 38 

8 0.14 4 2 3.2 0.133 104 33 

9 0.14 4 2 3.2 0.134 100 28 

10 0.14 4 2 3.2 0.136 95 23 

11 0.14 4 2 3.2 0.138 91 19 

12 0.14 4 2 3.2 0.141 86 16 

13 0.14 4 2 3.2 0.146 80 12 

14 0.14 4 2 3.2 0.152 75 9 

15 0.14 4 2 3.2 0.158 69 7 

 

Using the relations (1) and (2) we calculated the flux and 

energy of ions beam that emitted from UNU/ICTP PFF 

device when using helium gas as shown in Table 2: 

Table 2. Flux and energy of helium ions beam in UNU/ ICTP PFF device. 

Pressure UNU/ICTP PFF UNU/ICTP PFF 

Po Flux of Ions Beam Energy 

(Torr) (Ions. m-2s-1) (J) 

1 8.59E+27 7 

2 1.11E+28 10 

3 1.26E+28 11 

4 1.36E+28 12 

5 1.42E+28 13 

Pressure UNU/ICTP PFF UNU/ICTP PFF 

Po Flux of Ions Beam Energy 

(Torr) (Ions. m-2s-1) (J) 

6 1.45E+28 12 

7 1.46E+28 12 

8 1.46E+28 12 

9 1.43E+28 11 

10 1.39E+28 10 

11 1.33E+28 9 

12 1.25E+28 8 

13 1.15E+28 7 

14 1.03E+28 6 

15 8.88E+27 4 
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Plasma pinch properties which is the source of the ion 

beam in the NX2 device: 

We use the followed parameters [16]: 

a) Capacitor bank parameters: L0=20 nH, C0=28 µF, r0=2.3 

mΩ. 

b) Parameters of the plasma tube: b=4.1 cm, a=1.9 cm, 

z0=5 cm. 

c) Operating parameters: V0=14 kV. 

d) Parameters of the model: fm=0.08, fc=0.7, fmr=0.2, fcr=0.7 

And then we use Lee code to carrying out many numerical 

experiments when helium gas pressure changed and we 

obtained the following results as shown in Table 3: 

Table 3. Plasma pinch properties in NX2 device. 

Pressure 

Fraction of energy fen 

Ion Effective Charge Radius of Cathode b Radius of Pinch rp Current of Pinch Ipinch VoltageU 

Po Mass Zeff (cm) (m) (KA) (V) 

(Torr) Number 
1 0.14 4 2 4.1 0.316 167 115 

2 0.14 4 2 4.1 0.317 190 105 

3 0.14 4 2 4.1 0.319 204 98 

4 0.14 4 2 4.1 0.321 212 92 

5 0.14 4 2 4.1 0.322 218 87 

6 0.14 4 2 4.1 0.324 222 82 

7 0.14 4 2 4.1 0.326 225 78 

8 0.14 4 2 4.1 0.327 227 74 

9 0.14 4 2 4.1 0.329 228 71 

10 0.14 4 2 4.1 0.331 229 67 

11 0.14 4 2 4.1 0.333 229 64 

12 0.14 4 2 4.1 0.335 229 61 

13 0.14 4 2 4.1 0.337 228 58 

14 0.14 4 2 4.1 0.34 227 55 

15 0.14 4 2 4.1 0.343 226 53 

16 0.14 4 2 4.1 0.345 225 50 

17 0.14 4 2 4.1 0.348 223 48 

18 0.14 4 2 4.1 0.352 221 46 

19 0.14 4 2 4.1 0.355 219 44 

 

Using the relations (1) and (2) we calculated the flux and 

energy of ions beam that emitted from NX2 device when 

using helium gas as shown in Table 4: 

Table 4. Flux and energy of helium ions beam in NX2 device. 

Pressure NX2 NX2 

Po Flux of Ions Beam Energy 

(Torr) (Ions. m-2s-1) (J) 

1 2.89E+27 42 

2 3.87E+27 64 

3 4.52E+27 81 

4 5.00E+27 94 

5 5.38E+27 105 

6 5.68E+27 114 

7 5.91E+27 121 

8 6.09E+27 127 

9 6.23E+27 132 

10 6.33E+27 136 

11 6.40E+27 139 

12 6.44E+27 141 

13 6.45E+27 143 

14 6.44E+27 144 

15 6.40E+27 144 

16 6.35E+27 144 

17 6.26E+27 143 

18 6.16E+27 142 

19 6.04E+27 141 

Figure 1 shows the variations of ions beam flux with 

pressure changing in the studied devices: 

 
Figure 1. Changes the ions beam flux when the gas pressure changes in two 

devices. 

Noted: 

a) In both studied devices, the value of the ions beam flux 

increased with increasing the gas pressure until reaching 

a maximum value 1.463E+28 ions. m
-2

s
-1

 at 7 Torr in 

UNU/ ICTP PFF device while in NX2 device the 

maximum value is 6.442E+27 ions. m
-2

s
-1

 at 14 Torr and 

then decreasing while continuing pressure increasing. 

This is due to the behaviour of the pinch current (Ipinch) in 

both devices as shown in Tables 1 and 2. 

b) It is clear that the value of the ions beam flux in the UNU/ 

ICTP PFF is greater than that of the NX2 device. This can 

be explained by returning to relationship (1) and the results 
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in Tables 1 and 2 where we note that the value of each 

fraction of the energy carried by the ions beam from the 

induced energy of the plasma pinch (fe) in both devices is 

constant at (0.14) as well as the effective charge value (Zeff) 

and the helium ion mass number is constant. Thus, the 

increase in ions flux in the UNU/ ICTP PFF is due to the 

increase the ratio of the cathode radius to the pinch radius 

(b/rp) and secondly the decrease in the value of the voltage 

within the formed plasma pinch since the flux of the ion 

beam is inversely proportional to this voltage. 

Figure 2 shows the variations of ions beam energy with 

pressure changing in the studied devices: 

 
Figure 2. Changes the ions beam energy when the gas pressure changes in 

two devices. 

We can see from Figure 2 that the energy of the ions beam 

from the NX2 device is higher. This can be explained by the 

relation (2) As follows: 

The energy of the ions beam is directly proportional to 

both the induced voltage in plasma pinch and the number of 

emitted ions, this voltage is associated with two factor: first 

the value of the initial discharge current (I0), which can be 

calculated from the relationship 

0

0

0

0

V
I

L

C

=
 and It is clear that 

because of low induction in NX2 then the initial discharge 

current is the highest, second the plasma pinch induction (Lp) 

and because of the lower anode length in the NX2 compared 

to the UNU/ICTP PFF, the plasma layer reaches a higher 

speed simultaneously with the discharge current reaching its 

highest value, thus ensuring that the maximum value of 

capacitor bank power reaches to the pinch and thus increased 

the voltage within the plasma pinch, which contributes to the 

acquisition of helium ions after the collapse of the plasma 

pinch more energy, which explains the increase in the energy 

of ions beam which emitted by the device NX2, although 

they have a lower flux. 

4. Conclusions 

A series of numerical experiments were carried out using a 

Lee code to study the variations of flux and energy of the 

helium ions beam emitted by two dense plasma focus devices 

that are close to the operating energy and varying in 

geometry dimensions when the gas pressure changes. 

The results showed that the flux in UNU/ICTP PFF device 

is higher than in NX2 device while in contrast the energy of 

the ion beam in the NX2 device was higher due to the 

difference in the value of the induced voltage within the pinch. 

This difference in voltage value is due to the lower anode 

length in NX2 device compared to UNU/ICTP PFF device 

and this ensures that a larger amount of capacitor bank 

reaches to the formed plasma pinch and thus increases the 

value of the induced voltage within it. 
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