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Introduction

In this paper we consider the effect of electron emissionhaeisms on the floating potential
of a dust grain, which is particularly relevant for dust ikkamaks. Imagine a spherical dust
particle which is at its floating potential in a plasma, whensuddenly turn on a flux of emitted
electrons[ em IN order to understand what happens, we have to considegldiere magnitudes
of the plasma electron fluX,e, andl ¢y We assume singly charged ions.
Limiting Cases

If Fem< e, the floating potential remains negative. The emitted sd@stdo not significantly
affect the electric field structure around the grain, andchacelerated into the plasma. The flux
balance at the surface becongés- 6)I'e =T, whered =g/ Te.

The planar case has already been discussed [1].
We can modify the OML theory to include this ef-
fect, resulting in the following expression

1
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whereVy = eqy/(ksTe), @ is the dust surface po-

tential, and@ = T;/Te and up = m;/me. Figure 1

showsVj as a function o for different values of 00 02 04 o6 08 10
6. Electron emission decreases the magnitudg of
with increasing emission current. The model breaks
down asd approaches unity, predicting negatige  Figure 1: Floating potential fop < 1.
(positive @), which is inconsistent with the normal OML assumption tthet electron density
obeys the Boltzmann law.

If Fem>> le, the dust grain charges positive. Each emitted electrastesea positive charge
on the grain, and a potential barrier forms. Once the baigiequal in magnitude the energy
of the emitted electrons, they are trapped, and a steadycatbe reached. Thus we can esti-
mate the normalised potential My = VomL — €Uem/ (ks Te), WhereVowm, is the OML potential

excluding electron emission atlis the energy of emitted electrons in eV.
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Intermediate Case

Whilst it is not strictly accurate, it is convenient to assuthat the emitted electrons have
a well defined temperature. As we have two populations oftreles, we have two Debye
lengths, a plasma electron Debye lengf) and an emitted electron Debye lendiben. We
decide which of the two populations of electrons is resgaador the shielding by comparing
the magnitudes. IApem < Ap, the emitted electrons perform almost all the shieldingl, are
trapped near the dust grain. This means a potential wellrmedd, which has been observed
in simulations for thermionic emission [2]. The converswation would imply the emitted
electrons all escape from the field structure.

For our simple model we assumgen < Ap, implying that a potential well exists (fig-
ure 2). The floating condition ik(a) + 1i(a) + 11(a) — 19%(a) = 0, wherell(a) and12%(a)
correspond to the inward (returning) and outward currefhtsnaitted electrons respectively,
and a is the grain radius. We assume there is a minimum in the pateuriofile atr = b,
whereb > a. Emitted electrons moving away from the grain which reldchscape. Thus
194 (@) — 1IN (a) = 124(b). The emitted electrons are assumed to obey the Boltzmanbéaw
tweena andb as they are in a repulsive potential, and theref@b) = yexp(AV o)I4(a),
wherey = b?/a%, 0 = Te/TemandAV = (@(b) — @(a))/(ksTe) (henceAg is positive, whereas
AV is negative). Using the relatid§=(a) = dle(a) and combining with the previous equations,
we findlj(a) = dyexp(AVo)le(a) — 1.

As the emitted electrons usually have a lower
temperature than the primary electrons, the ov$r15
all potential is still negative (figure 2). Thus we can r

\

safely assume that all ions that gettbave enough
energy to get t@a. We assume that all are collected,

henceli(a) = li(b). Ad
b

The plasma electrons are in an attractive potential ¢
fora<r < b. We use modified OML consideration%igure 2: A positive grain with a negative
for this region as electrons come not from infinity, ¢ o potential, having a potential min-

but a finite distance [3]. For a Maxwellian d'smburmum at a distance = b.

le(a) = le(b) [1— <1— %/) exp(%)} : (2)

Using equation 2, the fact thiata) = Ij(b), with the previous equations we find

O R

tion of electrons
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To solve forAV we need to make an assumption about the potentlaglatd the relative mag-
nitude ofa, Ap andApem We takeApem << Ap for simplicity.
Assuminga > Ap, we have planar geometry, and canaet b (y = 1). We use the Bohm

condition to findle(b) and a Maxwellian one way flux to find(b) which yields

AV =21 F (1— 2ml1+6) 9>>
(0}

5 I (4)

To find the potential relative to the plasma, we require themptal atb.
Since we have assum@@em < Ap, the emitted
electrons dominate the shielding process close to .

the dust grain forming a sheath of negative charge 2103

around the grain of widtks Aperm Most of the emit- sl T
ted electrons are trapped. Thus the plasma seesa 10] - Z:;

neutral object of radiua + Apem, and proceeds to 0.5 I 12

shield it in the normal way. An estimate fot(b) 0.0 , , Gz?O , ,
: : . _ ' 20 40 60 80 100
is therefore the OML potential, which fdt = 1 is 5

2.5.

Figure 3 shows the overall potenti) =V (a) Figure 3: Floating potential fod > 1 for

plotted for various values af = Te/Temandd. The
> Ag.

potential difference increases asdecreases, due
to there being more kinetic energy available to the emitiedteons relative to the plasma
population. Similarly, it increases for increasifigas a result of there being more secondary
electrons produced. However, one of the most striking thingnotice is that ag increasesi\vV
very quickly becomes small. In a typical tokamak plasias 100 eV, Tem= 5 eV, therefore
o = 20. This part of the model deals with valuesdo@bove 1, but notnuchgreater, so we take
avalued = 10, and this results ifAV | ~ 0.12, a small potential difference relative\{gb).

Note that if Apem~ Ap, the pointb will be at a potential less in magnitude than the OML
floating potential. It is difficult to estimate this potentia

If a < Ap we have to consider the spherical geometry of the problera.iflward electron
flux atb can be written in terms of the potentialatising the Boltzmann relation. For simplicity,
we use OML to estimate the ion flux from infinity bp and we find™j(b) = no(1—V (b)/0)vi.
Inserting the electron and ion fluxes into equation 3 resnlts

(1+V(b)a1) exp(V(b))\/g = {1— (1— %/) exp(%)] (1—ydexp(AVa)).  (5)
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V (b) andy (= b?/a®) both need to be specified before we can solveMiéry is probably re-
lated to the radius of the dust grain, as it is determinefidy, Hence if we assum&pem < Ap,
we can assume that the plasma sees a neutral particle o$ eadidipen, For this analysis, we
will simply choose a value of, and proceed. Once we have chosen this parameter, we can test
various values 0¥ (b) and solve foAV to see if the results are consistent with the assumptions.
For example, we have assumed a negative potential, so wesatisfly the criterior//(a) > 0
(V has the opposite sign t).

We again takeo = 20, andd = 10. Figure 4
showsV (a) againstV(b) for various values ofy.

The equation yields positive values\dfa) for only

14
selected values of (b), and that ag increases in N
magnitudey (a) becomes more negative. The curve £ 0= \\\
is singular whenV/ (b) is equal to the OML poten- PR 1:3 \\
tial, in this case 2.5. Due to computational difficul- =13 '

ties, results for values gfgreater than 13 cannot be
computed, however, it seems clear from the graph
that if the particle is very small, the assumption _ _ )
o _ . __ Figure 4: Floating potentia¥ (a) against

that the grain is at a negative potential (positte _ )

. . . V(b) with & > 1 anda < Aq for fusion
will be incorrect. If we approximatb asa-+ Apem

parameters.

theny = (1+a/)\Dem)2. Thusy = 13 corresponds to
a/Apem= 0.38, and we wish to find out about far smaller grain sizes thamn kh experiments,
the dust found is< 0.1Ap, hence it is likely to be< 0.01Apemgiven our assumptiofpem < Ap.

If we changed by a large amount, we find that the difference between theesussactually
quite small, suggesting that the geometry is far more ingmbthan the magnitude of the current
of secondaries.

Which point on the curves in figure 4 we select is the subjetther work.
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