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h low-pressure gas diecharge b presented aa a ecurcb of intense 
pulmd electron beamtr. The m-called pednpark discbarge emltn a 

ahortduration pinched electron beam during the breakdown phaee. 
Al a voltage oi typically 40 kV. an appreciable part of the total 
dkharge current appears aa the electron beam current of typically 
10 nmc ln duration. 

Low-pr-e gas dischargr normally are characterized by the 
formation of run-away electrona durh the bre&%wn pharedh 
dhha~ge. The optimizalion of electron production end beam 
formation in low-pr-0 gas diechargsr led to the development of a 
diecharge geometry M &awn ln fig. I) /I/. A pair c4 plane parallel 
electrodea with circular Mea on a conmum aymntetry axIn le held in 
place by an tneulator rtng. 
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Ftg. 1) Crar-rsctronal view (Ichemattc. top) d a 2&o& 
paubeprk chamber (left) and a multt~lectr& paudeqak 

chamber (right), and correepom open-thutterpbotogxapbe. 

U the q&em is operated on the left-hand sic& cl the Con- 
‘Padmn cxrve’. the breakdown m (at a given pr-e) on the 
longea~lepa~rrhichislaatedonths~etryarisol~ 
cathode Me. Long-path breaLrloPrn at other locatIona b axMed 
because of the insulator ring and a suitable leolating rxtedlum 
surrounding it (I. e. wuxum or Ngh pr-e gas). Such a system is 
called a (2-electnAe) padmpark chambar. h stmple stack of 
electrode and insulator dtxa (fig. lb, so-called multtalectrcde Syetem) 
sbwa improved performance a9 en electron beam source. @ly 
due to the higher gas pressure applicable In such a -em. 

TlnPmllcb-gprt 

When a high voltage close to the brawn vultags of the ayetern 
cbcrll>ed above b applied. a e low-rent (-PA) prwge 
develops on the axis of the system, tNs pr edlschuge extenda into the 

space beNnd the cathcde. where it forms a region of podtios w 
charge. Due to this posltiw apace charge, a hollow cathode 
discharge (ha!) can bs lnitlated at a high enough prodlrdLarge 
current (eelfbreakdown) or by in@ction of additional charge carriers 
(triggered peeudo- spark). During this hcd. an energetic beam of 
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-way electrons is formed due to the Ngb electric field and the 
focusing characterlstica of the geometry. The acceleration of electrond 
b atopped when a highly conducti~ plasma channel on axin. created 
by the electron beam. shortcircuits anode and catha% The electron 
beam formatlon can be &en&d ln the and barn current by 
additional capedtors connected to the pudoqark chamber. which 
sustain the electric field at a lower Lmpedarux level of the 
didmrge. Therefore. the char~rlstica and the efficiency of 
converttq electrlcnl energy into electron beam energy depend on the 
propertiee of the dl&mrge &cult. A timaintegral phDtogr@ d the 
dkbarge ehowa clearly the typical hollow a&a313 dircharga end the 
diecharge&annelonaxisbetweenencdeendcatbc&(lowerpartof 
ng. 1). 

mU-Idlb-- 
At a break&wn voltage of abcut 30 kV and more. the electron 
beamappearstobenKignetlcallyfocueed(plnd=l)byitsown 
magnetic field. lta radial current &nsity dlsMbution being da0 to a 
bnnett-profile /2/. Working gas i(l meetly argons otir m. like 
He. Ne. KI. Xe. N, end I$ have also been umd my. 
Typical dlmenslo of cathde hole diameter and electrcde distarux 
~1-2mm,theoorresponlingpr~for~Vb~ata 
voltage of aewxal 10 kV doper& on the n&r of electr& and 
the type of gas. and rangea from mral Pa to mveral 100 Pa The 
electron pulse h comPceed d two parta: h low peak oxrent. 
Nglvenergy (E - eA!& part early in the dtscharge(flg. 2). *rfrich is 
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Fig. 2) Peak electron team current of the first (pre) pulee of Ihe 
Blr. an a function of the diecharge Atage. 15 mm behind 
the anode. The elsctron beam wan produced ln a l~*lectr& eyetern 
ln argon. with an acklitional capacitor of 1 nF. 

related to Uw hcd, and a Ngh Peak -rent pulee shortly after the 
first pub. the amplitude of whtch tn strongly dependent on the 
external capacitor (fig. 3). The mean kinetic energy of the electrona 
of the momd pulse la of the order of - O.&e& However. a large 
part of the ti electron beem current shortly behind the anode 
belongs to low energy (several 100 eV to eeveral keV) electrons. 
WNChCtU-tb deduced from the beam propagation behavlour (flg. 4a 
and 4b). The rapld decrease of charge traruported by the electron 
beam ia caused by the low of low energy electrona due to ecatbring 
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Fig. 3) Peak electron beam current d the main pulse as a function 
d the dkharge mltage,for different capacitor9 cllc. in argon. 

(fig. 4a). The incream d hanaport d!lclency with incresdng 

diecharge voltage (fig. 4b) indicate0 a relative increaee d the 
hi+mergy part of the electron energy dbtribution function In fig. 
5. the tnfluence of gas premure andthetypedgaeonthebeam 

transportation effictency h rhowm In hydrogen the amount d total 

~~tranrporledbytheel~ronbamird~orderdl0X.ard 
isalm&hApen&mtonthepreamxe.lnothergaws,howww.the 
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Fig. 4) Percentage d charge hansported by the electron beam, as a 
function d the popagation length, ib~lectrode system. 

4a) comparimn argon - hpdrqpn. 30 kV. utthout C& 
4b) comparteon IO kV - 30 kV clteoharge voltage. tn hydrogen. 

gas pressure show a strong influence at pressures higher than 50 - 

100 Pa where the beam traruportation efficiency drops considerably, 
although the efficiency of electron beam e particularly the 
peak current, increaew with increasing atomic number of the gas. 
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Fig. 5) Peroentsge d charge transported over a distance d 780 mm 
as a function d the pr-e In the drift tube, for different gaeee. 
KAectrode sgstsm operated at 30 kV and I nF Clxt. 

ThealectnmerwgydiatribMonfunciiondtheelectron~haa 
baencalallatadforsmleapcldfic~/2/fromtham6ullsd 

bremestrahlwq q&rum meaeuremenb d the beam-target (thin 
(gas-) target) interaction. A typical reeult d time-reeolved 
branmtrahlung measuremenb b eknm in fig. 6 for a breakdown 
voltage d 40 kV in argon, due to tlw Poor energy resolution d the 

detactor. no reeeonable energy distrhtkm function d the ekctron 

beam can be gained from them reaulb. Howemr. the temporal 
r~lutronfi~]rgoodand~~agoodimpradard~~al 
etmcture d the electron hwn. In fig. 7. a time-integral electron 
energy distribution function d adiedwp at 38 kV In argon L 
ehonnapeakappwmatthehlghmmgypartofthe8pecbm.the 
main energy of the peak correqmnding to tlw breakdown poltags. 
The rnaxhum of the dbtrtbution function, however. appeam at 
approximately 20 d the eruxgy corrapmding lo the diedwuge 
roltcrgr.indicatlng~~grMbr~dthee~onsare 
accelerated during the later pert d the diechargs (i. 0. during the 
breakdown pham d the electric field). (The lower energy limit d the 
spedrum b given by the low-energy cutoff d the aluminum window.) 
The total beam power. aa calculated from the expertmental mults 
above. la of the order of IO*- l&W. The radial derudty distribution of 
the beam can either be detemdmd directly by mearwdaFamday 
cup and a ecannkq aperture /2/. or by mewring thesImdthe 
interaction zone when the beam Mb a alid target /3/. In fig. 8. the 
SEM photograph of an aluminum target Is ehown that waa hit by a 
eingle electron beam pulm emitted by a pmdoqark dbcharqet the 
3oalectrode paw&+pwk chamber wee operated with argon d 10 
Pa at a wltagr, d 80 kV. The diet- anod,+target is typically 
18 mm. The superpcnition d a eeriee d elwtron beam pulma leads 
to a crater formation (hole drilling’). vrhich ie &own wlwmatically 
In fig. 9. From thew meamremenb. a beam diameter d _ 0.4 mm 
FWHM can be cmchded. Thb gives an e&hated average beam 
current deneity of the order of 104/cm2. The table below 
summarizee the electron beam parametera which are reprw&cibly 
achleti in laboratory experLmenb. 



pub duration. FWHM (nrac) 
beam diameter. FWHM (mm) 
peak current ON 
max electron erwrgy (kaV) 
mean electron energy (keV) 
beam energy W 
current &n&y Wcm2) 
po*rrr *dty (W/cd) 
rate of current rise (A/-=) 

IO 
0.3 - I 
0.1 _ 1 

- Ubd I 
’ 0.8 - 0.7KU, 
10 - loo 
- 100 
-109 
- 10” 

Table 1) Typical electron ham parameten d ahctmn teama 
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Fig. b) X-ray liw tram brawtrahhmg moammwnbdthe 

dectroPl beam-thin target (gas tar@) IntmaaUon. for dU!erent 
1oww CUM energies d ths &tector - analptr qaiem. 20-o- 

eyeh~. ~QXI. 40 kV. no h. 
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Fig. 7) Nom time-integral electron energy di&ibutIon fun&en 
d an elm beam a~ d flg. 8. for a bre&dawn voltage d 38 kV. 

The pedmpark producu intona hctron boanm d short duration 

in a rlmple. inexpmuim devIa with high efkimoy. h a edtable 
geometry. II can be umd (II a rollabla pulaod aowm d elactroru for 
highnergy partida aamleratom. TIM peak currantnemstob 
extmhble hto the multi-M regime. and 4.8 kA pMk current 
electron beama ham already be611 achieved ln an experiment /4/. 
The reaultlng electron beam9 propagate in a rlf-focund manner 
In a low-premure environment. which maka tiw appllcatton d (ex- 
pensbe) guldbg magnetic fleldr urmamaq. From hu anwfcier- 
ationa. the pmbapark ~IIU to k a pre ap~rosah to a 
high brtghtnsas electron source for l sttng and future aaxleratom. 

Fla.e)SQApho~~danalrrmfnum~tnulaahltbla 
hgbaehctronpuhthadM~targot-anodo~l6mm. 
304eatmcb eyniam -10 Pa ugm M) kV. Cart . 800 pF. 

Fig. 9) Hiatagram d dactron 
benmhdod3ullngwuhan 
&clrankeamasdfig.8~ 
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