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Fokker-Planck studies of the superthermal electron population
in the edge of reversed field pinch plasmas
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A dynamo procesdakes place in plasmas confined in reversed field pin€RFP)
configuration [1]. The process driveshe edge poloidal current requirddr sustaining the
toroidal magnetic field reversal against resistive diffusion. A superthermal elegtrioasbeen
detected in the edgegion of RFP plasmasThe properties ofhis tail have been extensively
studied with electrostatic electron energy analysers (EEAs) and othepredigss. Inparticular,
in the edge of the RFX device the ratio of the energy fluxes measured in the electron and on the
ion drift sides has been found to be around 3 [2]. In the same m&iBhmeasurements have
revealed on the electron drtde a superthermahil with a temperature rangingr normal
plasma density3-5x10*° m® for 600 kA dischargeshetween 3 and 5 times the temperature
measured on the ion drift side usibgngmuirprobes [3].The issue ofthe origin of thetail is
tightly related to the nature of the dynapr@cess.The two main theories on th&FP dynamo
are the MHD dynamo and the kinetic dynamo theory (KDT). According téotheer, the edge
poloidal current is driven by a dynan®ectric field resulting fromthe quadratic effect of
magnetic field and plasma velocity fluctuatiqaig The lattersuggestghat it isdue to a field-
aligned electron momentumnansport caused bthe magnetic field stochasticity [4]. In the
MHD frameworkthe superthermatil is thus locally generated, whereas the KDT it is
transported from the core.

In this paper we have numerically computed electron distribution function in the MHD
dynamo framework. The distribution function results friv@ balance between the acceleration
due to the field-aligned electric field, including the dyndreldl, andthe slowing-down due to
Coulomb collisionsThe calculation igperformed with a 2D Fokker-Planck coff§ which
yields the electron distribution function f{v_), where y and v, are the velocity components
parallel and perpendicular to the magné&etd. The code treats the electron-electron collisions
using thelinear approximation of thEokker-Planck collisioierm. The inputs tothe code are
the ratio E/E_ of the parallel electric fieldapplied+dynamo) to theritical field for runaway
generation, the effective charge Z and the ratio of electron and ion temperaftireShis last
parametehasbeen assumed to legual to 1 in the presemtork. The critical electric field is
defined as

1 4meninA
°(dng) T,

e
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where n is the plasma density and\lis the Coulomb logarithm.
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The simulations have been performed omesh of 20100 points inthe (v0) space,
where v isthe velocitymodulus and is the azimuthal angle betwegnandB. The mesh
extension was from 0 up to 15 where y= (T/m)"?is theelectron thermaVelocity. The time
step was taken equalt®2, having defined the collision tinteas myeE,. The code was run for
2000 time steps, which was enough tibtain a steadystate. Simulations wereade for
Z=1,2,3, varying HE..

The curves in f|g 1d|splay theparallel distribution function (averaged over)vat several
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Fig.1: Parallel distribution function for Z=2 and differeptl. (v, < 0), the tail is depleted for
velocitieslower than acertain , whereas at higherelocities a superthermé#dil develops as
well. The depletion is due to the electric figldshingelectrons fronthe v, < 0 tothe v, > 0
region of thephase spacend thetail at high energies is formed because of electrons with

14;2_1!/' ;>0 undergoing  pitch-angle
L2 —omz=2 / scatterlng.The value of y increases
1R Spitzer (Z=1) with E,/E_, being around-5 times v

- ,/ © for 0.03<E/E,<0.07. As a
3\ i / ] consequence the effective temperature
h 4 "1 of the tail on theion drift side

1 decreases as ,E, rises, if it is

* measured for energies below j2.

R The current density computed from
0 001 002 005 QR 005 000 00T 9% e distribution function, normalised to
Fig.2: Normalised current density plotted as a function#E €Ny, is plotted in fig.2 as a function of
E,/E.. On the same graph the current density expected according to Spitzer refistixity 1
is also represented. Ftre case Z = 1 the code correatdyproduceghe Spitzer resistivity for
low E,/E,, whereas at higher values a deviatiooliserved. Such deviation can be attributed
to the fact that the Spitzer approach is valid only to first ordey/ie, Bnd also to the code itself
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becominglessaccurate as JE, is increased, since rieglects the collisions of the distribution
function tail with itself.
The energy flux collected by a floating probe is given by

q= ZHIVDdVD IdV// %mVZ +eVi E{/,,f(v,,,\(] ) 2)
0 —er

In this expression Ms the floating potentiakvhich isevaluatedmposing equal electron and
ion fluxes onthe probe, and therefore depends as well i@ electron distribution function

e +‘z=1 | / / | / 1 shape. Irthe presentontext, it has
“ 2N B l / / 1 been evaluated in the simplifying
12 et / /* 1 assumption ofnegligible secondary
o a: / / / ] electron emission.The ratio of the
o B / / / ] energy fluxes on ion anelectron
° : / / 1 energy sides, called q and g
4 : /£ RFX ’ respectively, is plotted ifig.3 as a
2t P — = 1 function of E/E. This ratiogrows
Oiﬂ&—;m ‘ ‘oi.o‘z‘ ‘ (;03 004 ‘ 0.‘0‘5‘ ‘ 0‘.0‘6‘ ‘70.07 very fast wherthe electricfield, and
/K easily attains the values between 3
Fig.3: Energy flux asymmetry plotted as a function gEEg and 10 which in alRFP experiments

have been interpreted as a signature of the superthermal efggnaation. In particular, the
values measured IRFX [2] suggesthat inthis machine EHE, = 0.03. This result allows to
S0Vim  100Vim  150Vim infer some information on the

: | ;200 Y™ actual value of thelynamo field in

E ] RFX. In fig.4 contour lines at
30; L EZSOV/m equal E in the n-T plane are
=25 1 230V shown, together withexperimental
P a %{ /+/ .0vm poOiNts  obtained with Langmuir
15 [ aNs “so0vm probes inthe RFX edge[2]. The
" 1s0vm POINtS  have beencollected at
/ - — different radialpositions inthe last

5o T T centimetre ofconfined plasma. The

1

9 -
. . n_[lol Y _ ~graphshowsthat inthis region the
Fig.4: Contour lines of Ein the density-temperature plangith

experimental data collected in the last centimetre of confiesina. Cfitical electric field varies by a
large extent, between 30 and 300 V/mtHa sameegion, g/q, is almostconstant, and so is,

according tdig.2, E/E.. It is therefore possible twonclude that Eis also rapidly changing
with r in the last centimetre of plasma, rising from 1 toVI® (comparable to the toroidal on-
axis electric field). In thigalculation a contribution of the inductively applieléctric field has
been included. This contribution is aroudd V/m (for © = 1.5 andF = -0.2). The current
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density associated to this electric field is in the range 158007, compatiblewith estimates

coming from EEA data [3].
Another important information is that concerning glepe ofthe tail on theelectron drift
; /Tl X side. Since this is usuallpompared to
' 08 N the temperature measured on the ion
I < drift side (considered free of

\N
0.6: . KO\\O\( superthermal electrons), weave first
estimatedhis quantity aghe slope T,

047 of f(v,) on the ion driftside computed
o.zi :;z e | for velocities smaller than v The
| 73 | results, normalised to the electron
0 bbbl temperature I are shown in fig.s.
° oo 0w OE?:’:/ ECO'O4 005 0% 9% k0r the RFXcase the Langmujprobe

Fig.5: Normalised temperatun@easured orthe ion drift side measurement is smaller than the true
plotted as a function of .. temperature by a factor between 10%
and 50%, depending on the effective Z.

The slope Tof the f(v) normalised to Tis shown in fig.6.This quantity best compares to

TZ/Tlsf””3”” / the experimental dataregarding
4.5 —*2=1 1 superthermal electrons in RFP's. The
4 f """ izz / : slope has been computed for
3.5 |  Vvelocities ranging between 3 and 15
3t / / / 1 times y, a range comparable that
2.5% / / used in EEA measurements. The
2 / / rato can reach high values,
1.5 7 - * expecially atlow Z_,. For the RFX
La i 1 case, the values are comparable to the

0 0.01 0.02 OE03/ E0.04 0.05 0.06 0.07experimentalones’ assuming ezto

I

Fig.6: Temperature of the electron dsftletail normalised to the € lower than 2.
temperature measured in the ion drift side, as a functio/igf. E In conclusion, the data about

superthermal electrons in the RFP edge can be explained, at leastRéittaevice, assuming
a local balance between dynamo electric field and collisions.
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