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Abstrnact : Expernimental nesults on the ene/getic cnarac-
tenistics of the plasma focus ionic component, produced
in the IPF 2/20 device are presenied, For enengies
greaten than approximate 50 keV the enengy distributicns
04 the {ons emitted forwand are well {itted by zthe
exponential function expl(- E/B}), where the medium va-
Lue of B 48 48 keV., Most of the distributions have a
maximum Lih the enengy nange 25-417 kev,
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1. INTRODUCTION
. " The result: presented in this paper come in addition
to those presented in the previous werks /1,7/.

The measurements of the emergetic charac.eristics of
the plasma focus ions emitted forward were carried out on
the IPF 2/20 device.The energy in the condenser bank was
10 kJ. and the operating voltage was 16 kV,.

2+ BXPERIMSNTAL SET-UP

The plasma focus ionic component -was analyzed using
a combizned time - of - f£light and electrostatic deflection
method /1,2/,

The analyzing system (fig. 1la) has a modified system
of diapkragms in compérison with that presented in /1,2/,
The first diaphragm has a conic profile (skimmer)” and was
used either at a floating potential or at the analysing
system potential.In both cases there were no evident diffe-~
rences ,as compared {o previous results.Vork with the first
diaphragm at floating potential prevents th: occurence of
discharges batween the centrsal electrode and the first di-
aphragm,separated at 7.5 cm.

Most experiments weres carried out without the electric
deflection field,with the 1l mm, high ion delector entrance
aperture,placed azdally (fig. 1 a,b),

Due to the analyssr system acceptance solid angle,
only ions emitted in the plasma focus region by & 0.7 x 1.4
ll2 surface perpendicular to the device axis can reach tae
detector.

The axis of the analysing system coincides with the
axis of the plasms focus device,within a precision of 1 mm.

Practically for all discharges ion signals were e -
corded.This leads to the conclusion that either the hot plas-
ns Zo.ms reproductible on the device axis,or the emitting
region dimensions are comparedls with the hot plasma dis -~
placement from the device axis,from one J{~~harge to an -
other.

The energy losses of ions,ivp the hot plasma end in
the working gas (Hydrogem at 1.5 Torr) ,bexing of only s
fow keV,they have been neglected /4,5/,
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The variation of the secondary emission coefficient
of electrons,with the energy of the ions incident on the
Venetian blin. (fig. la) is the only factor which determi-
nes the dependence of the ion detector response on incident
proton energies.The secondary emission coefficient varies
only slightly for energies above 20 ke¥.It thus rises by
only 15 % between 20 and 60 keV /6/.

In the following the recorded ion signals have been
tsken into sccount only for energies higher than 20 keV.

5+ BXPERIMENTAL RESULTS

Using the analysing system in the monosnergetic mods
(£ige 1lc) /1,2/ the total ion emission time /7/ has beem
determined.Fig. 2 presents a typical proton pulse.The ener-
&y of the recorded protcns is 80 keV.,The medium velue of
the ion emission time is of appr. 50 ns.This value is in
good agreement with the emission time of neutrons produ-
ced in the first 2.5 cme. from the central electrode,which
has been determined with a collimator and a ™ -~ scintill-
ator assembly,

Using a 140 cm. flight base the iqn flight time (hum-
dreds of ns.) is much greater than the ion emission time.
Hence the energy distribution of the plasaa ions can be de~
termined Uy means of & tims = of - flight separation me -
thod.

The protons emitted by the plasma focus reach the ion
dstector (fig. la) as protons and € atoms,because the initi-
al beam attains the charge equilibrium state through atomic
processes in the background gas.The charge state of the
beam has been determined using a special systea of emtrance
spertures (fige. 1d) for the ion detector.When an electric
deflection f£1eld is applied only H atoms reach the ion de-
tector through the 4 mm. high axial sperture.Protons with
energies in a range dstermined by the electric deflectica
field and the position of the & mm. high sperture,also re-
ach the detactar.A typical signal is presented in Iig, 3,
The proton peak overlaps t2s H atons sigoal throughout tis
time renge ceorrespeading to the energy renge ¢f the recor-
ded protons.
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The experimental values of the recorded beam charge
state coincide,within 15'%,with the equilibrium fractions.

The results presentad below have been obtained with
an axial detector entrence -aperture,without eleotric deflec~
tiop field (fig. la,b)

For a limited number of dischauxges a d{stinot group
of high energy ions has been recorded (fig. 4a).0n this
oscillogram a distinot 260 keV (200 ns.) ion group can be
observed,

Using the relation t

N=CNy T3 (1)
where T is the iomn flight time and C is a constant,the ion
energy distribution N has been obtained from the amplitude
of the signal,which was recorded on the oscilloscope (Nype

Fig. 40 ettows the ion energy distribution obtaincd
from the oscillcgram presented in fig. 4a.The marked incre-
ase of N while decreasing energy is in accordance with the
results presented in /7/.For most discharges the ion signals
rise sharply (fig. Sa),at high energies (130 ~ 260-keV) .For
only one discharge the signal rise started at 400 keV,.

This high energy limit of the ionic component is in
egreement with the results described in /8,9/,where the exi-
stence of high energy deuteror beams has been brought for-
ward by means of a tritium target.The determinations were
performed on the same devigce.

Althouth for some discharges the recorded signals have
one or zore aaxima,this cannot be 1n‘terpreted a8 &n ‘¢ner-

&y modviation.The ion signals presented in /?7/ are characte-
rized by an arbificial energy modulation.which was due to
an insufficient screening of the ion detector egainst elec-
tromagnevic noise,

There are two different types of ion energy distribu-
tions s

~for 70 % of the discharges the ion distributions have

e maximum at low eaneyrgies,in the range 25 ~ 47 keV
(f1ige Sb and 6b)};

~for 30 % of the discharges the ion distributions ri-

se monotonicalily towards low energies till 20 keV,

vhere a slight limiting tendency can be observed,(Pig.4.b)

Some i0n energy distributions of the first type have
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a structure at low energies (fig. 7b).Thers is one particu-
lar energy distribution,of the second type, which rises
sharply at low energies, due to a numerous group of low
energy ions, vieible on the oscillogram (fig. 8a).

The ion energy distribationswere fitted with the fun-
otionss A B~ and C exp(~E/B) , where 4 and C are constants,
ot and B ere parameters.The ion distributlons with a maxi-
mum were fitted only for energies greater than that corres-

ponding to the maximum.

We sssumed that the independent variable was exactly
determined,the whole error of the measuremeant affecting
the dependent variable /10/.Thus the error affecting the
distribution is s

o - N‘\/( ONase)?, i 21,2 (2)

where G N\ggc 18 the error affecting the signal amplitudes
and 07T 1is the error affecting the ion ﬂight‘tino.

As due to the variation of the secondary emission co-
efficient with the 10n8 6NErEY,GNos./Nosc 18 = 10 % and the
maxinum value of 0T/ T is £ 10 %,the main error affecting
the ion energy distribution is due to the finite ion emi=-
ssion time, '

With only one exception, the fit of the ion energy
distrivutions with C exp(~FE/B) was characterized by a better
correlatica coefficient /10/ than that with A B~%,

The values of B are in the range 20 - 80 keV ,the me-
diun value beihg B = 48 keV.The values for o are whithin
the range 1 - 3.,3,while the medium value is X = 1l.8.

Supposing the energy distributioms of deutemnns are
similar to those of protona,on figs. 4b - 8b the N-G curves
are also presented,The energies corresponding to the maxi-
num values of N -G are within the range 56 ~ 106 keV,(G is
the cross section of the D-D fusion reaction). This result
is in good agreement with the end - on neutron spectrosco-
py measurements, performed on the same device.Considering
a bean -~ target mechanism, an axial beam of deuterons,
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enmitted forward with energies in the ronge 50 - 80 keV can
accont for these measurements,

4, CONCLUSIONS

The maxima of the ion energy distributions, tiought
forward at low iom energies, cannot be ezplained' by the
decrease of the secondary emission coefficient with de-
creasing ion enexq.ll'or instance, in the case of the ion
snergy distridbution presented in fig. 6b,the difference
between N at 20 keV and N at 38 keV (corresponding to the
maximury) is greater than 20 %, while the secondary emision
coefficieat varies with only 15 % over a larger energy ran-
ge (20 -~ 60 keV) /8/,

The value of the paremeter B = 48 keV is consistent
with that given in /11/.It has to be noticed that the re-
sults presented in /11/ were obtained without differential
pumping and the fit with exp(~B/50) is valid for energies
greater than 150 keV,

The value X = 1.8 has to be compared with « =3.5
obtsined on a single discharge by /12/,
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~ The ion analyszer system

1, plassa foocus electrodes

2. conic diaphraga (skimmer)

3. ceramic tube

4, diaphraga systea

5. drift tudbe

6., slectrostatic analyzer entrance aperture

7. deflection plates

8. electrostatic analyzer exit aperture (ion detec-
tor entrance aperture)

9. Venetian-blind

10, scintillator

11 photomultiplier

- Axial aperture
- Aperture for monoenergetic determinations

- Aperture system for ionlc component charge state
deteminations

- Typical oscillogram of 80 keV proton pulse

-~ Typical-o0soillogram ir the case of ion beam
charge state determinations

- Anglyser system output signal

- Ion energy distribution ; NO function

- Analyser system output signal

- Ton energy distridbution 3§ NO function ;
Dotted line - the funotion exp(=R/60)

- Analyser system output signal

- Ion energy distridbuticn § NG funotion ;
Dotted line ~ the funutinn exp(-E/21)
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- Analyser systea output signal 4

- Jon energy distubntion t 6 funotion
- Analyser s;stema ou’put signal

- Jon energy distribution ;§ N0 funotion



L

PU‘“P vacuum A
pump
vacuum pump
la)
cross section A-A
{b) c) (d)
FIG .1
100 ns 100ns

- hXr
hXr | hxe ]
FIG.2 FiG.3



Niarb.units)

=

FIG. 4

131
12

11

10 4
91
81

N

- 0100 190 200 ig 300
Enorgy(kovl

FIG.4b

74
ol 1
5 | "
41 {
33
11 1

1100

90

80

wn N
o o
Nxclarb. units)

&~
Q

30

20

10



Nlarb. units)

FIG.5a

1'1 4

10

.94

.8

TR0 180 200
EnergylkeV
F!6.5h

11

110

Oy

PN
Nxglarb.units)

(4]

3



Nfarb. units)

N WSSO N P v O

190ns H J[’

hXr

FiG.6a

\ g

-
.

1 500

+ 400

(7%
o
O

1 200

Y

» 100

A
>

30 60 = 90

120

Energy(keV)

FIG.60L

Nxg larb. units)



N (arb. units)

hXr
FIG.7a

101

Y

e

Wb

t 55

1+ 50

- 45

20

115

110

10 20 40

60

80 100 120 140 160

Energyl(keV)
FIG,7b

Nxclarb. units)



N larb. units)

0Gns

FIG.8a

50 100

FIG.8b

350

200
Energyi,kev)

Nxo (arb, ufiits)

s

N WSO N e o O

—h

115

14

{13
[:Y)




