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t he
invention 5The present inyention relates toilgT/%%%qqa(gs%ss

for producing a flux of energetic particles, and a

source of energetic particles to be operated

according to such nethod. The energetic

particles can be e.g. neutrons, ions, electrons,

X-rays photons, or other types of energetic

paft OD1 ¢8R k GENERAIINGh& i PVEBEDOFLUX OF ENERGETIC
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neutron source is referred to as a "neutron tube". In

this type of source, a source of ions is accelerated
to a hi dHeldofdhernmentionstri ke a target. Typically a

Penni ng 4,0n_sour used. The target is,_a deuterium
D or trit Hﬂ%t‘h

T AR I iiainide ¢ aheetar producing '3 ux of
S IRbeIE partiles;abhl AOINREEWIMEALrHRIBbRRIeSTHS dePBherated

are accelerated to ca. to I ipact onto

t Agerding i®gueh methedit rons through the DD or DT

reacti ons. 20T T reaction _produces 14. 1 MV

neut r ong?he n@rﬁeﬁ)é ?ﬁg'%ﬁjc?rég’%t?'gnnﬁlﬂ%%n&é%”%.eA%Ctmé\?r X-rays
NehotEIES o WithaM tiPed of EASKESIEHdritedr ound a hundr ed

times | ower than those generated by D-T reaction,

i.e. a invegntidut r ons.

) Offt
Ther ef ore, it is. general] referred to use a .
triti um%]acbe%d@g%e%gr ﬁoégpcﬁsdéfn?%trm’aﬁ‘rﬁ %‘rqﬁdghkrfown in the
newt, ramd fd warticular knowhhgpeeot Meitrvhessuice BeFSFERLACH as a
by the energy and current of the beam of accel erated
i ONRUIF@MBIDEDUNt of deuteriumor tritium embedded

i nsi df. H‘?hi%at‘;rEStOfA&F\Sjrth% BRufde 81;? | éé?{;‘%%rna(t%@go a high

targe imtation of
| enehgt ta etrikeeat tavgepr odpitalignar Péeniagi iBnosmatal kYused. The

: }prpgteggs;gcéggélggﬁh1[855@2:%5&0%‘3 cfhlre?n%g BmEengﬁt Iinona metal
substrate, typically molybdenum or tungsten. The ions are acceleraied to
ca. 100 kV to impact onto the target, producing neutrons through the D-D or
D-T reaction.

The D-T reaction produces 14.1 MeV neutrons.

The D-D reaction produces 2.45 MeV neutrons but with a cross-
section around a hundred times lower than those generated by D-T
reaction, i.e. a much lower flux of neutrons.

Therefore it is generally preferred to use a tritium-based target in
order to obtain a high neutron flux.

The neutron yield is determined by the energy and current of the
beam of accelerated ions, the amount of deuterium or tritium embedded
inside the target, and the power dissipation on the target.

A limitation of such neutron tube is that the neutron production rate
is generally limitéd to 10E4 to 10E5 neutrons from a D-T reaction in a 10
microsecond pulse.



WO 2008/ 012335PCT/ EP2007/ 057688 2 The
deut eron beam current I D of such source is generally

wo Jobs/bd5ss0r der of | ess than 10 mA Nbrﬁ?{"/fﬁnglwosmss

10

15

20

25

accessto tritiumis highly restricted for securi

reasons, which is of course a problemfor the

commerci al use of such source. 5Furthernore, the
tritiummaterials used in such source are

radi oactive, and thus require very specific security
nmeans. In addition, such sources are al so

l'i m t ed Tivet Heutesqre deano cument s aff isucho$ourceiis geneselty in the

| ndeed,, for, so applications it would be desirable
tGr%tQi‘ﬁS%FW‘anF%”gfﬁort pul ses (i.e. pulses in the
order ohRchedY RRBASSFP RN i AlXriibl *Toi.@%éttﬁg? reasons,

ight
as nentioned above It 1Is generalpq)y not possi
obthedissdigwiur$e& amrobienx fasfthe aptrirnséreial iuse i sichsoulas. a
short p%I s known..t rate
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onto .a Be target to produce neutrons. Such systemis
hg\%ﬁ%}“ ‘Pfokhfegm%%ﬁ‘, | arge and conpl ex. It

thus appffded], tibakofeasplicitiony i AeUREBelddsimbRAUS bB&hin ultra
pul sed beans (or nore generall fluxes) of particles

asBod udRasati d pulsesondhe oIrden efaa femsanoseconds only) — and with

RS, MeRuBed a8 T gl RS 3 o gignifiant
S AUx of parttiehinopatede ulih shert pakies of a pul sed
vol t age between two el ectrodes, in order to

accel er Hti6 khRWwgce pareiate &Jcbeﬁb@‘érplfﬂ;@f& @élﬁ%rons using an
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| Deuterohbefrdrhuan ddn ebarageihjgetot brd escdletatedrintaeyciotron to 9
el ectrodes, as a consequence of the accunul ation

f
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is however low current, large and complex.

It thus appears that the eﬁcisting sources for producing pulsed
beams (or more generally fluxes) of pariicles are associaied o some
timitations. '

Moreover, the existing sources are exposed io an additional
important limitation.

indeed, the sources which operate on the basis of a pulsed voltage
between two e,iectrrodes, in order fo accelerate charged particles between
the two electrodes, are exposed to a severe limitation imposed by the
Child-Langmuir faw.

This law limits the flux of charged particles between the electrodes,
as a conseqguence of the accumulation of these charged particles between

the electrodes.



Thi s phenonenon is generally referred to as a "space
charge" phenonenon. It constitutes a barrier which

limts the operations of the existing sources.

Summary of the invention Enbodi nents of the
present invention seek to provide a nethod for

generating a pulsed flux of genergetic particles (e.g.
neutrons, ions, electrons, x-rays photons, etc.), as

vel | Tats sphemomssonnps egem&riath)g efieredretchoss ahispace charge”

over cones t t|on limtatiaons, .. -
PR PERRBe s Ee anpoirnance it Tl Bhatiors or g eisting
sdufcegenerate a flux of energetic charged particles

havi ng a very high current density during an

ultra-short pul se. By "very high current
densidynmaiviofitfe [FR@Rtior current density of the order
of cn2 or nore. The

def i nbastimentsanf the wmonvemmnseeek 40 gprpvife ea vinetbed for

tion | roun n ‘
sehiert peBediing Shvdelid BRPERSIeLE seurgrsdnar pigctpons. x
ra&é photdnspadtt.),clheswall tds a sourcenimplkementing \siaick hmiethod, which
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owegmmqﬁ theahgie-mentioned “Eﬁ@gapﬁent s of the invention
al so msigpbe.re&gwIe%cmnsaa@r&ethéqn@mohcééék%%%rate a flux
whi ch can be ea fielded, i.e. ed on Vvari ous
of sineegsticiahapgad paftublas hayingea Ngny lkigh @ua@hédemmmﬂnar@ ultra-
Stran $ortab| e. - According to a first aspect of
hf)ﬁté)uz esent ‘invention, there is provided a nethod for
geneBytvey rﬁghouhﬂem dénsxty oft i® mevapéhicureat tendiysof the order of
: r|S|n the,fol | owi ng steps: - initiating a
m@grg@ $7 QT ePEct rode in a vacuum chanber and
al | OWhégdéﬁilﬁb@'o@SJm “&Iﬁa%ﬁﬁngﬁlséw\@réj%uﬁsesmgg duration is
el ectrode in said vacuum cha - at atine
aragndvaifes ngapsEgeINgsma is in a transitional state with
a sp b ckd ;
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to accel erate said distributed ions or said
Legomun BB Y€t rons within said pl asma towards said

SeCOE@nlﬁioﬁﬁéﬁt@Qﬂ‘ thdh@Feiivn aldy gé’eieftﬁbﬂﬂncfel &% eBbrgetic particle
charged particles is c:'gener at ed ile overcom ng

t he
soypecwhich sag decensily dieldedni.e. dﬂpl@y%bméﬁlt@wteswbwﬁ?ular by -
beﬂ{aq)%%som& cgﬁ‘@gh odd;ﬁ’aﬁsqﬂoqtaﬁléer getic particles at

secon According to a second
aspéacconiing ke aplirst aspedtmfethei pmsemmmwenmw |dhe|\e| geproxided a

méggrcﬁ\rgél%eﬁggﬁ etdalhf %rdtnlélﬁée%f regg'%tlgcpgrglggsan(@n&nnsmg the
folfRfRg dteplsect rode, said first el ect rode formng a

plasna source capabl e of causing a plasna to be )
genentitidingah alaseraiala fity elastiogde dn an@syem ehatpbersanghalipwing

saﬁ:eﬁlggr‘ﬁ é%%(réﬂg%w?rds ase oﬂd'é?é‘c&?tﬂé‘ iR Safll V&M chamb%{
connec to said Tirst ectro e for energlzing sal
pl asmbadime atewhich said plasma is in a transitional state with a space

distribution of ions and electrons at a distance from said second elecfrode,

applying between said electrodes a short high voltage pulse so



- a high-vol tage generator connected between said

first and second el ectrodes, -and a control

and nmonitor unit for causing the application of a

short high voltage pul se between said first and

second el ectrodes at a tinme at which said plasm is

in atransitional state in pesponse to the activation

of said plasma source by said ion source driver, with
asatos pessderdits saidodistributed iorensr sail disbdiuten sletirons within said

di st from said d el ectrod t
plase feraids S aoard Fiasiode: VRN 2 Searal s giegharoed

PSS O HenBldtEd nwisifd @v@r‘o@ﬁﬂﬁ% tipuad e sehgtgs eqnrsht limit of a
P el ectr ogﬁee and g_ener ate a high-energy flux of charged
copuentionabyacyim gioggep®dni ng t he space charge current

Lim; ' | f8€econd electrode.
Pr ef Fzﬁé@%gé%ﬁﬁﬁ%ﬁ%rg% P%@E%rgrg% | rren‘?csonofe ??ureo p?r esent
i nvéctomingioea ascéral hepesct of the presentsinventiome thypse iis provided a
articles are erated by a beam target nucl ear or
Sogrct?c‘?fr%}?&%%@tﬁagﬁa@%c‘ﬂw[%&vveen sai d accel erat ed
| ONs PYaiuAt LhambepBontaRiny adrsnsleetrey sade. second eledtrode,
said second electrode is a sem -t ransgﬁr ent

i d
saigt firgt elacroda fermiag @ BIRERFetqUCHEPPARIP GaHiging a plasma to be
geﬁ%%éé %HB %4 dQ\YeEBP?n Qéiat%ﬁ?g"lggﬂ %v?érg§%§ﬁt§é&6ﬁd electrode,

enselves travelling sal d second el ectrode.

WO 2G0RN0LRBES HOVEERR0Estab e 8ad First electrades forcenergizing said
redetermned time is a tine delay fromthe start of
pl%r%%ﬁ%urggner ation, said delay being determ ned from

- at |-eéShig‘ht\ﬁ)It‘agét aa@terhiy etoriectdae bptwessn shlte figet oamd rsgcond
of the electrodes and their nutual distance and

eleqitpdptranst essure. 5* said first electrode conprises a
pai L Plofir&IC ﬁ&ﬁ*ﬁ&gi&?mﬁf for fQIUINA0IR BbFRARoA T3R8 high

ion source. Brief description of "the draw ngs ) i
voltage pulepetiveen aiaid firgt dnddsenond (lectogdeshat @ dmenal which said

wi |l .appear a . re early t fal Clel 0f: ]
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1 is a diagramatic regtrre entation of a particl

a disianee frre seldl sRrPd ¢lR & SO1S [ gEcRISEe said distributed ions
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particle generation 1l5according to the present
andrgemeraterg highianergys idaot chagged pagiclasnuhilecayargoming the space

copla B B B SR oL P
t yp®seferred but non-limiting embodiments of the present invention are as
follows:

* said energetic particles are generated by a beam/target nuclear or
electromagnetic reaction between said accelerated ions or electrons and said
second electrode.

* said second elecirode is a semi-transparent grid structure, and said
energetic particles are constituted by the plasma ions or electrons themselves

travelling through said second electrode.
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present invention. souch particles can

different types, and sone specific exanples will be

nmenti oned when referring to Figures 3a to 3c.

The specific exanple of a source of neutrons will now

be described 25with reference to Figure 1. Ceneral
description of the source The source 10 as shown in

Fi gur e *1saidrpredstesmirtasl finlel iswe rimergdete &oms the start of plasma

neutron.tube.110, conpri Si a. ch er fill with | o
aserions fid 85 PR et el Fin.at leasf b bitagtevel of
NERE -p(ASe UiMca 8HPBRYT &7 thePbRtbies taidthdirRiRual didtalee and
Pa) and containing @ WO 2008/ 012335PCT/ EP2007/ 057688

6 Chpmherforessurel ectrode 111 for generating a plasm

and formn I i on rce; this fi.r e r .
20 | RP o B QPOHEES el e oA orming
elagslbsP@edischarge ion sodrc@econd el ectrode 112 whi ch

forms a target which, when inpacted 5by charged

particles fromthe plasm generated by the first

el ectrogge, ic particles P from

said i .%Fne:l’ ,%S %r 'tﬁ &Q%E cond el ectrodes

respect iOthey agpeties pngiargl bavantagesdst thedinenton will appear
cat hode, or conversely -depending on theQ%Ppl i cation

of@ge Cl@:ﬁj'}ycéhei wliawingtdesereweni ght piefer appgn@(@u!imitative
d%\{’ﬁ}?&({iﬁl@ms‘){he‘i’&ﬂ“, H]%lé‘eriﬂr?‘e*elﬂgﬁce to the drawings, in which:

. -Figure 1 is a diagrammatic representation of a particie source
according fo the present invention,

. Figures 2a to 2b illustrate the basic principle of particle generation
according to the present invention,

. Figures 3a to 3c diagrammatically illustrate three embodiments,
which correspond respectively to the generation of three particle types.

Detailed description of preferred embodiments

Now referring to the drawings, Figure 1 diagrammatically shows a
source 10 of particles P according to the present invention.

Such particles can be of different types, and some specific
examples will be mentioned when referring o Figures 3a to 3c¢.

The specific example of a source of neutrons will now be described
with reference to Figure 1.

General description of the source

The source 10 as shown in Figure 1 comprises the following main
parts:
o A neutron tube 110 comprising a chamber filled with low pressure

gas (by low pressure it is meant here a near-vacuum atmosphere

typically in the range of 1-10 Pa) and containing :



for receiving the energetic particles P generated by
the target electrode 112 through a wi ndow 121 and for

i ing the flux of energetic particles 4
WO %(ieﬂg)%ﬂg?st ﬂ'(?lt/?% 07/057688

10

15

20

25

30

said particles P, . A pul sed power uni
whi ch mainly conprises: 15an ion source driver 131
connected to the emtting electrode 111 for powering
said electrode and allow the initiation of a plasna
in the chanber of neutron tube 110, 7 a generator
132 of high voltage (HV) electrical pul ses connected
to ebed fitsdededtoode 112 foogenstadibpi s biasgia apdlfesdingoa plasma

1 LR 1, T AR oo

el ect r odgithihd” Bleckddebei ng kept at a constant vol tage
(typically grounded) while the other is subjected to
hi gh*pat eggand eleciiede HiZywhiahl foage iargetwhiah, when impacted

ener ated synchronously w th the initiafi of t

o1 norm o RO PR ot 4P Fg UsePEeR inecS grectrode
connectied, genéhRtePeherfetiqrrticles M frd@dGaAd impactshe

neutron tube 110 for controlling the various

par atrettee first angle seeRnd electiees resnadtively serresronding to an

foll owm ar ters @ > cont .. of
the cortBoRe APy s, oZulls oo dlivelsal, FfBtIGholon the
neut r orxpplibsticrentpersouk8e, 3 0> hi gh vol tage chargi ng

(i.e. control of the voltage pulses to be delivered
by t he AHUepliP8 caljbnaiost 10 aganged wownstream of the neutron tube

200431 BS3RRETIE ARIOLES kSRl B, Moo e
the {12 sthrerlgbctr astaddiil 112l dnigefarocoltimatiog tthei flex )of energetic
particles into a beam of said particles P,
» A pulsed power unit 130 which mainly comprises:

» an ion source driver 131 connected to the emitting electrode
111 for powering said electrode and allow the initiation of a
plasma in the chamber of neutron tube 110,

v' a generator 132 of high voltage (HV) electrical pulses
connected fo electrodes 111, 112 for establishing a pulsed
high voltage (typicalty 500 kV or more for a neutron source)
thefebetween, with the first or second electrode 111 or 112
being kept at a constant voliage (typically grounded) while the
other is subjected to high potential; these high voltage pulses
are generated synchronously with the initiation of the plasma;

. A control and monitoring unit 140 which is connected to the pulsed
power unit 130 and to the neutron tube 110 for controlling the various
parametez;s of the source — and in particular the following parameters :

» gas control (i.e. control of the composition and pressure of the
atmosphere in the neutron tube chamber 110},
> high voltage charging (i.e. control of the voltage pulses to be

delivered by the HV pulse generator 132),



whi ch further ensures a "safety interlock"”, i.e.
prevents generating the HV pulse unless a suitable
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e first electrode 11 and whi ch nDnltors
oper ati on. It shoul d be noted here that the
first electrode 111 can have different enbodi nents.
In a first of such enbodi nents, it conprises a set of
two el ectrode nmenbers powered by the current received
fromthe ion source driver. In a second enbodi nent,
t he Pl &sntioi of theiHV anwdse Hyngat geeeradxbrebiiﬁ dind et theel powering of

to t | t th
obodi ettt Bestioges] f By s ianes €8 GFVeper art on
The \QRRAGLHAB @hshhes %O“éraﬁ-ﬁ?r]iﬁte?iéléko':tes ﬁeﬁérﬂ%sgéﬁérﬁtmg the

period which imrediately fofl ows the initiation of
i on PVaurise aniesha suiahleglizsna dde flratlbeeraestabhshed by the ion
illustrate reseryv

posi UG Bhi ek el ogeaL Tt B W Fupdirf ERertion.

ini tiat gdskyultihBe PRBRID P@refthbhehé i first Sb&fddeOde 11khn have
the plasma being progressively devel oped fromsaid

f dtf&re@u eobediments.1in a first of such-Bnabedimenss, tihepmprises a set of

BB e L i i B8, R e brrelt xde8vad ggamigne ion

aedume EARERN eNsyEIRE BbdditAbaglthy Pi&sRatibanitidted by a laser
cmim crosecond. The "transition period" referred to

abea@ diseeted pyriadhe dirshelecirade ptli. 4af geurgeeathaseembodiments
I ALt AL of the plasma and the tine where the said
p?t\éshgé%&%f uses within the chanber 110 and reaches

t he Secgﬁﬁ:cﬁbi@%ﬂaﬁ@rﬁWZ according to the pI asma
initiation and expansi on as nenti oned above. [

poi nt, fhe %@Borbétfvte@rﬁqureet%eépl@&ﬁ&;&@mﬁ@@ geriod which
C}r@rﬁ’mgﬁ@?@lg%l ks BEIRIon A0Sl B e st dledeitie 111.

| ower db"n’ehet Musﬁramhiaerglbsdmemthe ptasiai ¢.e. afresbevoir of positive
ot h Thi s condi.t is due to

el ectrod t he
fpﬂgtrée%egﬁg:]giegﬁi}:@i cg@rges)ofs :mtlateg by the powering of the first
electrode 111, the plasma being progressively developed from said first

electrode 111.

The plasma then expands from the first electrode 111, with a
plasma temperature of less than 1 eV (1 eV = 11604 °K) and an expansion
velocity typlcally less than 1 cm/microsecond.

The “transition period” referred to above corresponds fo the time
period between the initiation of the plasma and the time where the said
plasma diffuses within the chamber 110 and reaches the second electrode
112 according to the plasma initiation and expansion as mentioned above.

At this point, the space between the two electrodes has a high
density of charges (ions and electrons) in the vicinity of the emitting
electrode 111, and a much lower density of charges in the vicinity of the
other electrode 112. This condition is due to the finite expansion velocity of
the plasma created at the emitting electrode 111 and the velocity

distribution of the plasma ions and electrons.
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30the plasma created at the emtting el ectrode 111
and the velocity distribution of the plasma ions and

P2007/057688
ustrated in Figure 2a, during the tran5|1i!]|£on 4

period, a plasm edge 1101 corresponding to the

pl asma envel ope develops fromthe emtting el ectrode

111 and progresses towards the second el ectrode 112.

The positively and negatively charged particles

contained in the plasma are 5represented in Figure 2a

"+" or 'As' ilisyimteldsin Figure 2a,Tthering #resiransiiopepéroat, o plasma
s used for synchronizing the s |y of

t Rohy T SwreSiand i, GLiel deshsnenyebpenbpudioBs fom the

p@rrﬁ.ttmg' éi@bﬂ'odé‘ ﬁb!' §ﬁ‘n§’ d?bg#éf\seb 8R8rdsStRPS I elecirode 112.

bet ween el ectrodes a predeterm ned
t iTine plsiiively ahd rtega(aselyuccmrged pact;ci@(scomﬂainaabm the plasma are

a 1 The,,t e of ggering the high
%9@38”?%‘} Hd?m" by® theslé'gﬂ?(% and nonitor unit
140 on T%@etrgr'ﬁtlén qferrdaeof e ipPddrea i$ iugBdobr tslyﬁchmmzmg the
pl asma. shoul d be observed here t

t sugghr bhine i/ wlwt@ethauﬁar@@t elestrodantiz. Mﬁr@@armiarly,

F PR, BRTElieRh * 1 Bplos e, sty BORRL P 1 gH o2 ot

?'ﬁ?@dét@ﬁfﬂmb&?um@%uhhb 4hé hinedionpekod, a8 Wik bélexphfined later.
'S

reason, the HV pulse may be referred to in the
rest of Thedimesy ririggedng dke dvgh yetage isamastoped Hy the control

T%ﬁ{j {Slﬁ%?rsurﬂwﬂ ,tcﬁ‘[ﬁl a\'gé:sqé?)rf ﬁLa?’ |gt ea%pﬁ%% Bptl'% epiasma

char ges jtodhdue Uerkblﬁsabe@“’@'éahma@geﬁﬁb anetyVigtiise during the
opposed to the polarity of the target electrode when

t H@nﬁﬁpnewerl%i eRIRaScEN BEcelpratien niial bepay ot eharges from
tﬁrﬁeﬁf:ttlﬁéee%étfq}%e 1 tow d-ghtﬁéetat@%g%ﬁcg@d\%ﬁ ﬁ%%{sﬁﬁ&strated in

el ect

t figose Pib obIciis naeakseanth:s‘ H&‘rwlgemhay bartfecleestioRn tidrsst of the
production of energietl c particles can be obtained :
tﬁ?@?@?{“% as an "ger¢IRIaloRiPWEBcesses, as illustrated

ibgarFr: ?gr u@?s Sc@é\é"étéﬁ‘ 't@%r}‘n trﬁémf@%rﬁ are the

get nutl ea ect romagneti c reaction,

i [teoytr etaadesh k. gthteeshslagasndf 3he ioitial plasma whose polanty s
opposed to the polarity of the target electrode when the latter is powered by
the HV pulse. They can be ions or electrons.

These accelerated charges then impact on the target electrode 112,
which in turns produces a beam of energetic particles P.
This production of energetic particles can be obtained through a
variety of processes, as illustrated in Figures 3a-3c, and more particularly:
. through a beam target nuclear or electromagnetic reaction,
as illustrated in Figures 3a and 3b, or
« by exiracting a flux of ions passing through a grid structure,
as illustrated in Figure 3c.
it has been indicated in the foregoing that the plasma initiation and
the acceleration pulse triggering are synchronized. This is performed by the

acceleration pulse foliowing the plasma initiation by a predetermined delay



by extracting a flux of ions passing through a grid
structure, as illustrated in Figure 3c. It
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ion and 30t he accel9er ation pulse triggerin
are synchroni zed. This is perfornmed by the
accel eration pulse followng the plasnma initiation by
a predeterm ned delay WO
2008/ 012335PCT/ EP2007/ 057688 9 whose val ue depends
inter alia on the voltage level applied to the first
e wdmtseodalugldeperis jeemainyonfthe heolEgecteved applied tanithe first

11 th I trod f i dj wh behavi

st Chr e drnety "ol Ned. BleRineth 03 E1 "8R3 H D5 (hese

a‘“eié&l%ote%%ﬁt mg;té atRR &ﬂéﬁ%‘ﬁghéﬁ r d8P&ndd8n F%bﬁ‘ﬁié%rﬂetry), the
er. I's del that a

5in the cha elay 1s set so

profiage d¢eveliapptied @credwethehaiegtrodendittyantl 44 2) &iod ithoa pressure
in %he S age between the emtting electrode 111 and
ti‘fénea?@%(' Bl-ectrode 112 is obtained prior to the

appl i catrihgngafayt ResdPNsd thftea §ROBEREONIGN O ItAE AfHarge density
charge acceleration. 10Said proper condition is when

a distgbiitiore anthedepariet pelvfearhtivegeryitting iefeetepdsol bt ang the target

opposed, t he pol arit f fhe target electr 1 S .
PR3 el the Grp G GREHY Pline generating
dit 8t ERAetdiRelcblGh. el ectrode. The pl asma

whi cﬁﬂgevel ops during the transition period between

the eni Saithgorepet tqondéion is ameen He sighifeantefeasino®é charges

SDRuB e B gy et et RIS ket i areay
t bieveropedl batheoFonti11®1 ik eill Ghial dlstarog Mo thewirgbi elbctrode.

dictates a space charge limted current flow .
| ndeed, Theepigpage Wwhticly gevploes oliigh the fiansitioReperiod between

c o [ 0 i I :

S BB JetREi T A5 D g MBI 2 importan
vebibdgeovearadniiig $he Bpacy Bhiga irmitatien NMexitionsa duintexduction of
that can flow in a vacuum tube operating at noderate

pdwe specication, T1ge they fhdldtLangmayit jaw whishdictales aapage charge

oG e Vis the voltage across the diode
Al dpE.

I'stance between the anode and cat hode, in
a 1- D plaiwud, dgsc sbpté ochardBAphengmepohskditpother current in a
when an i nmpul se voltage is applied across the diode, .
t NCWUiTr Eitdad0 P aIUE aflie dhehdapsEageniyuple e diode
"BEbMdtiPaN® i 98| ad AT Y iR SRS A SélndSimum current that
simul taneously fa at the sane tine, as dictated by
t ben dicadie a wpewlandeb opttating atheoderate pgwer.r cui t

M U nempuTateHanihe s sxpmsada 88 o2 YRLE BRerd v is the
voltage across the diode and d the distance between the anode and
cathode, in a 1-D planar description.

At high pulsed power, when an impulse voltage is appiied across
the diode, the current usually rises during the voltage pulse, while the
voltage V measured across the diode simultaneously falls at the same fime,
as dictated by the diode impedance Z=V/i of the driving circuit which is
continuously decreasing. At a sufficiently high current level, the voltage
across the diode falls to practically zero and the diode has effectively

become a short circuit (i.e. the impedance has collapsed).



30across the diode falls to practically zero and the
di ode has effectively becone a short circuit (i.e

i dance has col |l apsed). WO
WO 2@@%%1/2%%2 PCT/EP2007/057688
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335PCT/ EP2007/ 057688 10 Such
i npedance col | apse, or closure of the diode, derives
fromthe devel opnment of a fully conducting plasna
across the anode and cat hode of the di ode, which
takes a finite tinme, defined as the transition
period, as nentioned in the foregoing. 5By triggering
t he Hv guickampedaneetdodapsel afclosiire ertaasiy edeyrderives from the

perl g&%n%g tar%ﬁt Ch%r?ﬁ},@g n beiagr%%]gl %%tngggragg&%ﬁode of

V‘ﬁﬁé ficd &l ughich téﬁé@dé‘rfﬁﬁtecﬂn'eaMnéé'é@tl@é’%&@%ﬁmn period, as
In this respect, the plasma plays the rol e of

r eventitneg lbéhe‘f@leg@mgagm nst diffusion of the char ges

o SCai B Biagergne U S, BEREE 8 Khe SOBLEERSRSR perioc,

bithe BergeY ehafgds! darf BBdRcigttiled throligh thedeveiepingplasma, the
sufficient to provide charge neutralization to the

aobstanieoih{hercdaaraasing oveiiage ue He FoRSRANCSN C@ﬂa@se being
g%@ Zjharge whi ch woul d ot herwi se occur if the beam
har ged particles were to be accel erated

t hr ough | teigC rB¥Pcegiren piabms piays i i ol iodra akladvwag barrier
to obtain a beamcurrent far exceeding the limt set

bygemst diffusien ahigeshargasit contains. The synchr oni zat i on
and del nﬁl%téﬁ‘ﬁgph%':l ér{Hh;{aEe% é%‘?taréﬁgﬁ g'lé‘s?ﬁ@&l%e tR9Piasma

the acce erdating puls OMB Su ent

démn prégregSiohblienatepet lfolpe dondudting) din @I@dl‘cﬂm mglom it sufficient
order to provide charge neutralization to

a&ar@vlaee@a@%rﬁ%ﬁfa@ﬁav%ao Jhetaegelagating bedm ang foagrevent
bges iohta %;5‘&&&: o8 which A ie e &widd 8ccur if the beam of

acce ating e Was det erm ned Wit h respect
thITErgB‘d parttci@ were 46 &= ptesiemmted dhtcer)hby vtda:aum rezyon This

i schar 5The duration of the accelerati .
P AeuRalies rca s (o@D Arkiesn Coiteph o xegging the it set by
Oﬁ?é@th'lierl_ang%n‘ wimted by the diode closure tine.
In a conventional particle source of vacuum di ode
type, tHeecsyhchtonizatiore ayfd td@agobetyeea\/oir@s imitinl  electrode
aSSI bi I|t|ﬁs t hat

REige ahfdne rREcalalg Subise Piedion® SUREIELY plagna density
hi@hp¥ agdyBlopk8SSn t i $Blel rEgibn, in order to provide charge
neutralization to the accelerated beam of charged particies.

It has been seen that the time of triggering of the accelerating pulse
was determined with respect io the time of initiation of a plasma created by
the first pulse discharge.

The duration of the accelerating pulse is also a time parameter of
the source operation, and is limited by the diode closure time.

In a conventional particle source of vacuum diode type, the control
device of the source avoids all possibilities that could iead to an impedance
collapse, and the diode is operated at moderate to high vacuum (iess than

0.1 Pa).
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specifically, in a conventional neutron tube, where a

. deuterons is accel erated across a di
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€ a target to produci neutrons, the cur
drawn in the diode is then limted by space charge
current flowrestriction to typically 0.3 Alcn2 for a
deuteron beamwith an 5 accelerating voltage of 100
kV across a diode gap of 2 cm In practice, the beam
current used is nuch below this value, typically |ess
than 1 MbreTshjazlﬂdaﬁyIm & konténiemead nelitroautibenwhere a beam of
rodgced in suc devi ces (exa

I f Th
T L e U S S o livds g aiks; 8r rpt o produce
L0RunacHRl £0AbhNY Ao} iAY5 BN RIMAE NI 6PR0oRE charge

neutron yle and m ni nu
wicdtrienbflo@. Eestriction to typlcaliy @BeAmne?smnta devtenon deam with an

t Frelsraor Toias af {00 Ry #sfosy 3 8lode Bep 3 6 G 18 Hractice, he
OBRGA! BT s PLBABRIGN ithis et Aypichity RIBSHBRG mA. This

el ectrode, and a space charge neutra?l ze beam of a
fémrﬂsAthfariiulsecesoh@eatrenapmﬂuaedows stble divdcks depample of a

asb V accel er a nd 1 cm di ode.
eflo” Bectiart B, Madkd bara H8ufby | g e hitn 100 kv
a‘é@@éléfeﬁhgﬂ%lﬁﬁé agaximEmt bedra adurderd U d AA Neuttdh vield of

the case of the present i nventi on, substanti aIIy

hu&gh@rnl@cﬁnci/ramlramunzpummld&eof%eu%hn be obtained in
a singl | se N r se _of, 10 ns oduce an :
cqui val i He vt vy toBacitne) Ooplatd PR Gole bynamic
Eéﬁﬂr@?@ﬁb@%@cbhﬁfrom1&6'1@‘3?’9' e of operation of :
e source, where a high- energ)éI flux of charged

partl cl &5ej @loﬁﬁom@éérﬁ?dt\w@h Ee@iasm:ﬁpllnlﬁaﬁdoﬂt dhe gemitting

AR Sl 8RR ol eed! SEETPU% DR can o

albboserdted eicessoie dibbe 3@ itbhab0e klaceiérdtingivoliage and 1

. a conventional vacuum di ode. For instance, a short

pGs@iode O@Pns), high current (> kA), high-energy (>

Acdi 1 onF RERPEBY (hE PP TLE SR RedREEHRI Ao yolgoe) s

Addltlona escription of a preferre
memlicaliyestoahdvi€d nst source according to a parti cuI ar
enbodlnFnt of the present inpvention i s use

gener at Imeapese Pt NG PisssRt inxention, substantlaqu h:gher equivalent
299@%1961?§t§55éﬂ_/b%P89%?ﬁ&?Tr§%8smgle pulse (10° n per pulse of 10 ns

produces an equivalent fluence rate of 10™ n/s). It will be appreciated here
that the principle of operation of the source, where a high-energy flux of
charged particies is produced by the direct application of a ultra-short high
voltage pulse to electrodes between which an ion plasma is in a transitional
state, allows to overcome the space charge current limit of a conventional
vacuum diode. For instance, a short pulse (<10 ns), high current (> kA),
high-energy (> 700 keV) charged particle beam can be generated.

Additional description of a preferred embodiment
As mentioned above, a source according to a particular

embodiment of the present invention is used for generating an initial beam



12 of deuterons, which hit a cathode target 112 in

order to produce a beam of neutrons. In this
wo HaSE gwe | ow pressure atnosphere of the ch P’JO&’T/OS%SS
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to be able to use the source in a public environnent,

it is desirable to avoid any use of radioactive

materials in particular for the target el ectrode.

Wth that concern in mind, natural l|ithiumcan be

sel ected as the target material, a broad spectrum of
hiodlWeaterogy, whighridha csthddertacgeud 2 ireostegytoeprbdudd agbeam of
up to 14 MeV bei ng produced through the 7Li (d, n)8Be
ré'&é‘irpaﬁ: The use of 7Li as the target

Tt e | all 99\LEBS (KICHAP BRI BALBBAGCAEYCHU A s made

energy (typically above 500 key) an the one tha
wial igabeinmagorihgdvittf deuteriuti.um t arget were used (the

o IR BB SR, LA B . 1
eeafthBRNMo avoid any hfe afdiddiodbtivEURiat&ididian f @égﬁic&lﬁatfor the

pure Li is a netal "' wth a low nelting point and can
béarget elegtrodiedi zed, it may be preferred to use a

conpoung, hearing 7Li. .20l n fhe particul ar_enbodi ment

T Eot r SR M toricara A atheh O oy TR So B as the
Pradue eshiBal ke brbdesbeafa éﬁhig‘hne@érg? fAFdnshivh maximum
vol tage pul se across a plasma ion diode. _
Tienergip prisading uer o é MeNebgipg ceroghaed dhwughetire 7Li(d,n)8Be
I ig%1 t'o%f a vacuum di ode and allows a short pulse (<

16 5 "high current (> kA), high-25 energy (> 500

key) degher age bgRMmLt oaPethaengigat eflatethe igtdet GButeron with
such an energetic deuteron beamon the lithium

beignifiganttyr ieber enargy (typisalyeabpve 0 keWii thanhthgh one that

i i Vo T | o) i .
oSN e LT, i toroet HERd EpEP BB Ry g an
okchergyt aremd 1A ke @rgy)s gotthat highen aareiéadtioh will be necessary
condition. Thus no 30acci dental neutron generation of

i 1 pedsembediment.

In addition, due to the fact that pure Li is a metal with a low melting
point and can be easily oxidized, it may be preferred to use a compound
bearing 7Li.

in the particular embodiment illustrated here, the high-energy
deuteron is produced by the direct application of a short high voltage pulse
across a plasma ion diode.

This approach overcomes the space charge current limit of a
vacuum diode and allows a short puise (< 10 ns), high current (> kA}, high-
energy (> 500 keV) deuteron beam to be generated.

The impact of such an energetic deuteron beam on the lithium
bearing target results in a neutron puise with high intensity and energy.

The neutron pulse is generated “on demand” upon a command
trigger. At all other times, the whole system is in an “off” condition. Thus no
accidental neutron generation of is possible.

The HV pulse generator 132 preferably comprises a sequence of



The HV pul se generator 132 preferably conprises a
sequence of WD 2008/ 012335PCT/ EP2007/ 057688 13

Vv mul tiplication and pul se conpressio
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voltage is first increased”to 30 kV using a
conventional electronic inverter unit. This voltage
is used to feed a four-stage Marx circuit. 5Upon a
command trigger fromthe unit 140, the Marx circuit
erects a pul se voltage of 120 kV. This voltage is

t heltags etiutiiplichtiorg eanal wl&e cbmmia@gohi medalesc Hrbm @ starting
produce a 5 ns pul se q The out put_ of

t PEage IS§€p|bfd?fr{ﬁ@ 2@0%11 ,tiﬂe vglt@gﬁ,tﬁ firgt tn&r%@sg)@ tﬁu?r(g KV using a
o oD TGl g BERAAE, oo BE s UOPi0e R LG (814686  four-

t stameghiaax sipewit.al | nsul at ed high voltage coupling
stage to the neutron t hol der [

vol t age S?Eﬂmﬁ‘@ §'E—95“ ithe HP@H‘WOV‘&%@E& gilrg“h't erects a
' g:%y;eatvbﬁg%é?'dffh@@ ian %ﬁé’%ltégié! %yth%ﬂ'm?éﬁ td nél’iar[b%ea pulse

esi gne e Ion source 11 gener at es
déorreingrise dirs:umtowraxthcbéaa 5 nHpalssefdi2ftid/ di scharge in

deut eri A se e h| olta e.ion .sourc rive

(51 T IBeougeR bR AL, fowuas Gwepl 9 & B pulse
C%h‘sﬂirrr%rgﬁﬂiv:dm%% M‘dxﬁhuh’ﬂﬁné!' ﬁiﬁaﬁ@' hiase R FDEY . This high
generator 1s synchroni zed THe 1on source is
avohage puiss lsrteearfedethnmgma spesial smeulaticddugh wioltage rooupling

[ithium earl n eutrqn .target being the cathode 112.
Uﬁtﬂge gmqtrg)gtnt]a tg? I9¢fe "hi gh vol tage pul se, a

deut er O'Théerﬂghwdlt%g@ SGeRramr i3 itnritérsednntiign \ié)ﬁaﬁe insulating
accel erated by the high voltage to inpact onto t

c gilhwbishtalioyest a veneexrbpagewst ta badesigaeti gh ener gy

o Lndon RN SoHETT ! oF hitL bty e E iR & Blciced by
par sePéaratd Qiss‘@fdrg@ ina@gut@dinht OA sepdrafed Bighn do&égé!\hbﬁ hsource

provi des control and status information on all
notveed 3bfis tlﬁ@dri@u?q'w ﬁeaqmswrcewresama o gl eaptrol signal

C . ed. af et

W Fhich a1} uled RasY TR ERT 5 SR died ™ ©tY

gener at O’heSiMﬁtsimrce is arran'ﬂw asthe @mot:lubm ’Cbﬁrﬂoarasﬂrilé)dtode
is_evacuated by a small turbo nol ecul ar

n¥tthaths litaige ttPﬁaﬁf"'@ Depionyeiget k@'@@nﬁ‘?@n&ﬂ"&de 112. Upon

application of the high voltage pulse, a deuteron beam with a current > 1 kA
can then be accelerated by the high voltage to impact onto the cathode
target, thereby generating the high energy neutrons. _

The operation of the whole generator is under the control of a
dedicated console which is part of the conirol and monitor unit 140 and
which provides control and status information on all modules of the neutron
generator. Unit 140 is also coupled to a set of safety sensors to ensure
safety interlock and proper operation of the neutron generator system.

The neutron tube chamber 110 is evacuated by a small turbo
molecular pump to normally less than 0.1 Pa. Upon the command for
generating a neutron pulse, deuterium gas is injected into the chamber

through the discharge electrodes of the ion source, raising the chamber



30generating a neutron pul se, deuteriumagas is
injected into the chanber through the discharge

des of the ion source, raising the c
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Pa. The ion source driver 1s then energized to

produce the first transient plasma. After a

predeterm ned tinme delay (which corresponds to the

time between the creation of the transient plasma and

t he expansion of said plasma sufficiently to provide
Clpaespiraeid radpour at ¢ig., The iohe soorder drivands nhent enengized to

it 140 check h i [ I .
OB et TGN ENs BB AR RGedSiefhrer dia oglay (which
h'cBer%Bbﬁ@Q%o R ?ifn%%@ﬁﬁé’érpfhde \Q‘F@Jt%n%eaﬂﬁar%’lhéﬁtgﬁ%bﬁia and
deut er on eam w | e create t0|rrp|nge on the

néhe eapansiog eif, saah ¢lasmal stffecsdrdiyvt topprioyeleotharget measiralization),

ki 6BRrPCagg ey unikd 05 ecke gt 1ibioh el is prrectly
t Bpefstiflg BHESHen iSISP?/S alTBSrrﬂﬁé‘ﬁd 95SinAiate W8S High 'vbltfagg: pulse

emtted’ sotropica n order to produce a specifi

bganefaior,| wbaté 2qbdranal gsérgetic deateson dupanh omill be emated to
< DBk "6 et torgeT i, dRafa 3o anied REBUlR wil be

apehrbtdiedi n a forward direction. The collimator
e fectiveI%/ moderates and thermalizes the neutrons.
The t heAtdhe gt obie aulseytheachambeoty againuenuated to below

i nteprogatj o ch later than the original pulse and

p oﬁFae%ﬁdya@Bﬁéf Bﬁ)gfl plﬁﬁ%_nnel of information.

Ext ensi yaenwgktrond! ar®dgéndrally Ushitted hi%oﬁogcalky. In order to
Monte-Carl o code 4 20 PAB, " has established Tor

neseduaeciad spBfifct kean forilacalized canmlyds aro'interrogation” of an

OB e o R 4P0 Bk M 2 B oRSGEE SBotkieB. e oH:
deegsadto el theChbgndpetiatiinn foesird directipn oVeswllimator

in _detector performance using advanced si gnal
pEfeslivaindnedeyates ang hempglzes the neutrons. The thermal neutrons

arrive at the object under interrogation much later than the original pulse
and provide an additional channei of information.
Extensive numerical modeling, using the 3-D Monte-Cario code

4
MCNP4B, has established for near field objects of < 1m a fluence of 10

2
neutrons./cm for a good signal to noise ratio in a prototype according to the

invention,
This figure does not take into consideration possible improvement
in detector performance using advanced signal processing algorithm. If the

target surface is 1 m away from the neutron source, then the neutron

8
source strength must be 41 x 10 neutrons total, assuming isotropic

emission.

9
The prototype iliustrated is capable of producing a 5 ns pulse of 10

neutrons through the 7Li{d,n)8Be reaction.

7Li+d — 8Be + n + 15.02 MeV



25 target surface is 1 maway fromthe neutron
source, then the neutron 8 source strength nust be
4-rr x 10 neutrons total, assun1ng i sotropic

WO N2 6n. 9 The prototype il l ustrat edGREEP207/057688
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capabl e of producing a 5 pul se of 10 neutrons

t hrough the 7Li (d, n)SBe reaction. WO

2008/ 012335PCT/ EP2007/ 057688 15 Thi s reaction
is exotherm c and the residual nucleus may be left in
many different excited states, even for not very high

deut er omh@nReetyion T§ @xperErimo sintiitie resRduradclbay endy be left in
broad energy range, with energy extending up to 1

MBVENYS A iifereTatcexaited sdaiess SVERJOF BRt verydiigh (detieren anasgy. The
n %%LErBBS %HIF§ gy%cﬁﬁ‘%%t Rl td?ga@ %Wew réa?w@)(%lr M hséﬁ ﬁﬂ? tez@(tend ing

i s contrtol St e e oper a
Maipxourd Mevand thus t he magni tude of the accel eration
pul se, and the inpedance of the drjiver, o these two

par anet & soréi@ﬁtma\qdﬁ@?:& dhet FreRrogueiblibh afetiis crmuteqn energy
n
- Spe Sy Bt sodfpe AN bohfoiba B BB C i ¢ ons
per sedosn dpetdtivgwaritagaoftthe Manxeurit, @nditbus the magnitude of the
acceleration pulse,
. and the impedance of the driver,

these two parameters controlling together the ion beam current.

9
The generation of 10 neutrons in a 5 ns pulse represents very high

17
neutron rate of 2x10 neufrons per second. However, as the generator is

designed to operate at a repetition rate of around 1 Hz, the duty cycle is
9
very low and the average neutron source rate is only 10 neutrons per

second. This is important for personnel safety consideration for public

operations.

Examples of specific embodiments

A source as described above can be used for generating different
kinds of energetic particles.

If the emitting electrode is defined as the anode (by the sign of the
accelerating pulse) and the low pressure gas is e.g. deuterium, then the
cathode ac}s as a target and the source can be used as a source of
neutrons (cf. figure 3a).

If the emitting electrode is the cathode and the low pressure gas is
e.g. H; or Ar, the anode acts as a target and the source can be used as a
source of X-ray photons (cf. figure 3b).

The source can also be used as an ion beam source - e.g. with the

emitting electrode being the anode and the cathode being arranged as a



designed to operate at a repetition rate of around 1

Hz, the duty cycle is very | ow and the average
WO#EE%II’Z% source rate is only 10 neutrons per Bhs 7688
I'S™'S inportant for perﬁpnnel saf ety consideration

for public operations. Exanples of specific

enbodi nent s A source as described above
can be used for generating different 20ki nds of
energetic particles. If the emtting

el ectrode is defined as the anode (by the sign of the
acedli dranspayepluigsie) stanctuteh dhicoghpwdsdu tiee gaeselesatedgbeam of
deuterium then th hod cts as a target and the
SBptiedas ban el S ToWeaTe of nedtrons (cf

figure gk ior9lLk i$ BRIrs&feh e pakerb tARSudhSsudhecathode.
cathode and the | ow pressure gas IS e.g.” H2 or Ar,

t he ano@milatly tie soumbegean aalso the usedr a2 arnelantrans bgam or
as a sour.ce of X-ray photons (cf..fiqgur D). ..

s Thedelis 6% shurds cobie WLae rhtind, Hdsiorlsipg dne cathode
ea8d el Bnble wdThd tarfehRlie ekl #dfid airbtighhehigRoghe ascklerated
t he cat hode being arranged as a WO
2 besroelaarRuEEERagRUgBTHEes cendeviel .t r ansparent grid
structure through which the accel erated beam of
positive ions can travel (cf. figure 3c). The ion
flux is extracted after passing through such cathode.
Simlarly, the source can al so be used as an el ectron
beam or 5 negative ion source - e.g. wth the
emtting el ectrode being the cathode and the anode
bei ng arranged as a grid through which the
accel erated beam of negatively charged particles can
travel . 17



CLAIMS 1. A nethod for generating a pul sed flux of

energetic particles, 5conprising the foll ow ng steps:
initiating a plasma at a first electrode in a vacuum
chanmber and all owi ng said plasna to devel op towards a
second el ectrode in said vacuum chanber, at a tinme

at which said plasma is in a transitional state-with

a space zo distribution of ions and electrons at a

di stance from said second el ectrode, applying between

said el ectrodes a short higqF%%yﬁgge pul se so as to

accel erate said distributed r said distributed

el ectrons within said plasma towards said second

el ectrode, whereby a high-energy flux of charged )
particl &8 rr@tlg@qhe%mt ganesating ey drudsad iy 1 eparastic particles,
charge current |} M .a conventional vacuum

>di 0 ,p%ﬂﬁgﬁg%ﬁ@?gWﬂ%geggid energetic particles at

sai d secoptiingCa 'psema at a JirstAckRtrbod incEeadun® &tamber and
claim1, wherein said energetic particles are )
gerlloxdieg spig plagmaripdavglap iowardaa ssicoed elestmdsgnaaid vacuum
regﬁﬁﬁﬁgibetmeen zosai d accel erated ions or electrons

and S& second el ectrode. 3. A method according to

cl ai m 1,- gihetigenatoghigh satbphsaizeistin edeansitiGnal state with a space

- sem_-transparent grid structure, and said energetic '

1opardistEbgbon oé ikinand elrdwnsyat d disiaresfiompsaidgiecond electrode,
el el ve LN ' e

SLSFIANG AV Ya8 LRYBUELTS LEP I SHHgEepRRe so a0 o

cl aoreleraty saledistribsted dipnedet eaid riéstributed electrons within said

determ ned fromat |east the volcfegge | eyel oE,g&}he i
pulRlasmantowardaesaigd seCqnek eledrqdeduberghy anajgh-energy flux of
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2. A method according to claim 1, wherein said energetic particles are
generated by a beamf/target nuclear or electromagnetic reaction between

20  said accelerated ions or electrons and said second electrode.

3. A method according to claim 1, wherein said second electrode is a
semi-transparent grid structure, and said energetic particles are constituted
by the plasma ions or electrons themselves travelling through said second

25 electrode.

4. A method according to any one of claims 1-3, wherein said
predetermined time is determined from at least the voltage level of the
pulse, the geometry of the electrodes and their mutual distance and

30 chamber pressure.



56. A source of energetic particles, conprising:

- a vacuum chanber containing a first electrode and a
second el ectrode, said first electrode formng a

pl asma source capabl e of causing a plasma to be

generated and to develop in sab? chanber towards said
second el ectrode, 10- a ion source driver connected

to said first electrode for energi zing said plasm
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7. A source accordi ng to claim6, wherei
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and electrons at a distance from said second electrode, so as to accelerate
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said dlstrlbuted ions or said distributed electrons within said plasma towards

20  said second electrode and generate a high-energy flux of charged particles
while overcoming the space charge current limit of a conventional vacuum
diode.

7. A source according to claim 6, wherein said energetic particles are
25 generated by a beam/target nuclear or electromagnetic reaction between

said accelerated ions or electrons and said second electrode.

8. A source according to claim 8, wherein said second electrode is a
serhi—transparent grid structure, and said energetic particles are constituted
30 by the plasma ions or electrons themselves traveliing through said second

elecirode.



510. A source according to claim9, wherein said tine
delay is determned fromat |east the voltage | evel
of the pulse, the geonetry of the el ectrodes and
their mutual distance and chanber pressure. 11. A
source according to any one ofgélalns 6- 10 wherein

said first lo electrode conpri

s a pair

el ectrodes nenbers formng a plasnma di scharge sour ce.
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9. A source according to any one of claims 6-8, wherein said control
and monitor unit is capable of firing said high voltage pulse after a

predetermined time delay from the start of the plasma generation.

10. A source according fo claim 9, wherein said time delay is determined
from at least the voltage level of the pulse, the geometry of the electrodes

and their mutual distance and chamber pressure.

11. A source according to any one of claims 6-10, wherein said first
electrode comprises a pair of electrodes members forming a plasma

discharge source.



