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Introduction 

Fastや electronsや canや stronglyや influenceや theや currentまvoltageや characteristicsやofや aやLangmuirや

probeや (seeや [1,や2]やandや referencesや there).やThus,や theやdevelopmentやofやcorrespondingやanalyticalや

modelsやandやnumericalやsimulationsやisやofやhighやinterestやforやplasmaやdiagnosticやtechniquesやusingや

electricalやprobes.やTheやaimやofやourやworkや isや toやdevelopやaやmodelやofや theやplasmaまwallや transitionや

(PWT)やregionやwithやdifferentやpopulationsやofやelectrons,やincludingやeffectsやofやcollisionsやbetweenや

chargedや andや neutralや particles,や andや secondaryまelectronや emissionや (SEE)や atや aや planeや probeや

surface.や Weや demonstrateや thatや thisや modelや allowsや usや toや estimateや theや secondaryまelectronや

emissionや coefficientや ofや theや planeまprobeや material.や Forや sufficientlyや highや SEE,や theや probeや

characteristicやshowsやanやinterestingやfeatureや inやthatや itやcontainsやthreeやfloatingまpotentialやvaluesや

[3].や Inや thisやworkやweやconsiderやaやplaneやprobeや immersedや inやaや lowまtemperatureやplasma,やwithや

threeやelectronやpopulations:や twoや thermalやonesや (typicalやofや theやDoubleまPlasmaや (DP)やmachineや

[4]),や andや oneや highまenergyや electronや beamや [5]や originatingや fromや anや electronや gun.やTheやprobeや

surfaceや isやperfectlyや absorbingやwithや respectや toや theや incomingやparticlesや andや emitsや secondaryや

electronsやdueやtoやtheやimpactやofやbeamやelectrons.や 

1. THEORY 

1.1 Negatively biased probe 

In front of a plane probe, located at the left-hand side of our model system and biased 

negatively with respect to the surrounding unperturbed plasma, a positive-space-charge 

region ("ionic sheath") is formed, connected with the bulk plasma by a quasi-neutral 

"presheath" region. In our model we assume plane geometry and a vanishing (or normal to 

the probe surface) magnetic field, so that we have a collisional presheath (CP) determined by 

ion-neutral collisions and electron-impact ionization.  
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We derive the expression of the total current at the sheath entrance (SE), assuming 

that this current is mainly given by those electrons which did not suffer inelastic collisions 

inside the CP. This assumption looks reasonable because only the fastest electrons can reach 

the wall (and contribute to the current) and during the inelastic collisions with neutrals the 

electron loses the part of its energy. For each electron component we take into account a cut-

off distribution function, which is due the absorption of superthermal electrons by the probe. 

Thus, the total electron current is given as 
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 where the first term represents the thermal-electron current and the second one represents the 

beam- and secondary-electron currents; is the absolute value of the total potential drop 

between the probe and the unperturbed plasma, S is the probe area,  and are  the  

two thermal-electron temperatures and densities far from the probe; 

totU

tT 2,1,¢
tn 2,1,¢

e

b

ft mkTv /¢?  is the 

thermal velocity of the beam electrons, with  the fast-electron temperature far from the 

probe, and 

bT¢

etotc meUv /20 ?  and are the cut-off velocity and the drift velocity of the 

beam-electron distribution function, respectively. Here and below we assume . 

shv

shft vv >> f  is 

the secondary-emission coefficient, which depends on the energy of the incoming fast 

electrons, , as in [6]:shE * + * +] _ totshpppm UEEEEEE /?/? ,/12exp/ 00ff , where the 

parameters mf  and  are characterised by the surface material. 0E

To determine the ion current at the SE we use the fluid model [7]. Assuming that the 

ion velocity, , there satisfies the Bohm condition [8] iu
SE

i

i
es

i mTTkcu /)( * i-?? , we 

obtain the ion current at the SE . Here  is the electron screening temperature 

[8] and 

s

i

SE

i cSenI
sat
? *

eT

i  is the “local” polytropic coefficient [9]. For our multi-electron-component plasma 
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where  and are the thermal- beam- and secondary-electron densities, 

respectively. Neglecting the fast-electron temperature and the thermal spread of the 

secondary electrons, we obtain after some transformations 
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where  is the beam-electron flux at the collisional-presheath entrance (CPE). This 

function for the ion-saturation-current regime with 

b

0I

1?i  (see [9]) is plotted in Fig. 1. The 

plasma parameters chosen are typical of DP-machine plasmas: , 

The ion 

density at the SE, , can be obtained from the ion particle and momentum conservation 

equations [7, 9] as 
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where ip  and mtp  are the electron impact ionization and the ion-neutral momentum transfer 

collision frequency, respectively;  is the ion average velocity at the CPE. As a result we 

obtain the total current . 

iu¢

0>/? p

i

sat

e VforIII n

1.2 Positively biased probe 

For the positively biased probe we assume the potential to be monotonically increasing 

towards the probe. Then the total electron at the CPE is given by 
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where we have neglected the contribution of electrons suffering collisions with neutrals and 

propagating back towards the bulk plasma. In the electron-saturation-current regime, the ion 
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current is negligibly small compared to the electron one. Thus, the total current at the SE 

(which is the same as the current to the wall) can be given as .  0@… p

e

p VforII

The total Volt-Ampère characteristics for different values of f  and the same plasma 

parameters as for Fig. 1 are plotted in Fig. 2; the non-constant f  corresponds to tungsten-

probe material. 
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Fig. 1 Normalized screening temperature versus 

normalized potential drop in the ion saturation regime. 

-600 -450 -300 -150 0 150
-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

0.025

ns=nb=  =0

 =0

 =1.2

 not constant

I(A)

-V
p
(V)

 
Fig. 2 Volt-Ampère Character istic  

including SEE effects  

2. CONCLUSIONS  

We have presented a theoretical model for the plane probe in multi-electron-component 

plasmas, including SEE effects and introducing collisional corrections to the ionic current. To 

check our model, corresponding kinetic (PIC) simulations are planned for the near future. 
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