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1. Introduction
Pulsed poloidal current drive (PPCD) experiments have beaducted in the resistive shell
EXTRAP T2R reversed-field pinch experiment [1]. The expemtal results [2] showed that
the PPCD phase of discharges is characterised by an impems¥dy and particle confine-
ment. The central electron temperature increases up to \388nel the estimated energy
confinement time doubles, reachi®gp us.

In this paper we analyze the modification of density profileduced by the PPCD. The
evolution of the plasma density profiles has been modelled bge-dimensional transport
code that allows the estimation of the time evolution of theiple diffusion coefficienD.
The results indicate a clear improvement of particle confieiet in the central part of the
plasma.

2. Experimental results

The electron density in EXTRAP T2R is Lo
measured by a four-chord Gnterferom- ;
eter. The central chord has an impact §a oi Ceterenee
rameter equal to 0, two symmetrical chor;ds :
with normalized impact parameter equ%llom
to -0.41 (inboard side) and 0.41 (outboard,
side), give information on the middle re- , ;- | |
gion of plasma. The edge chord has a rior: o #co snot | | £

malized impact parameter equal to -0.82s } PPCD } -
(inboard side). However, only a single de-*~ 115 - 2‘5 o
tector is available and therefore simulta- t(ms)

neous measurement Of the ||ne_|ntegraté:dgure 1: Central denSity in the reference and

density at different radial positions is noP PCD discharge. The vertical lines indicate the

possible for the same discharge. Nevepta't and the end of PPCD

theless a radial line integrated density profile can be nbthon a set of similar discharges,
due to the high reproducibility of pulses.
The density profile:.(r) has been modelled according to the following formula:

)T a

wheren,(0) andn.(a) are respectively the central and edge electron densityAairglthe
Shafranov shift. Equation 1 is used to calculate the linegrdated electron density along

ne(r) = [1e(0) = ne(a)]
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the four chords and by? minimisation the best-fit parameters to the measured orees ar
obtained. The effect of PPCD is most evident on the centratcchthe electron density,
which usually decreases throughout the discharge, rernaimsgtant during the PPCD phase,
as it is shown in the figure 1. However the electron densitysuesl by the other chords
decreases with time, indicating that the density profilehianging. As a result the profile
peaks instead of decreasing as it does in the referenceadigchFigure 2 shows the density
profiles as calculated by the interferometer measuremetiie  PCD beginning (t=1.5 ms)
and after 0.5 ms, still before PPCD termination, when thdreéelectron temperature has
reached its highest value.

4. Description of the transport code Reference shot PPCD shot

A one-dimensional particle transport code has oo oo me
been used to study the time evolution of elec:|
tron density profiles. This code has been already
used in two RFP experiments, RFX [4] and TPE |
[3], to study the plasma confinement properties|
in standard conditions and in discharges where
the PPCD has been applied. The code assume
different particle transport mechanism at the edg AN e

and in the core of the plasma. At the edge the® ° °* 05 °¢ 1000 o2 02 B8 08 10
transport is driven by electrostatic fluctuationd;igure 2:Density profile in the reference and
while in the core by magnetic fluctuations rePPCD discharge

lated to the RFP intrinsic stochastic nature of the intemagnetic field. The effect of
electrostatic fluctuations on transport is parametrisstdiragng a particle diffusion coeffi-
cient Dg(r,t) that has its maximum at the plasma surface and vanishes nedien of the
toroidal magnetic field reversét/a =~ 0.8).

Particle transport in a stochastic magnetic field [5] is desd in terms of a particle dif-
fusion coefficientDsr(r,t) and a convective velocitysy(r,t) proportional to magnetic
fluctuation amplitude. In standard conditions the profilelgfr has its maximum in the
plasma core and decreases along the plasma radius vanatimgedge. Th®sr profile
used to simulate the density profile evolution of the refeeetischarge is shown in figure 3.
The total particle diffusion coefficienD(r, ¢) is the sum ofDgr(r,t) and Dg(r,t). The
pinch termV (r, t) is the sum of a classic drift terfig. g(r, t) and of the stochastic one
Vsr(r,t) = —0.5Dgs7(r, t)VT(r,t)/T(r,t). T(r,t) is the electron temperature The patrticle
diffusion coefficient and convective velocity are obtainga the continuity equation. The
contribution of neutral particles to the electron flux isimstted using a Monte Carlo code
to evaluate the neutral particle radial profile. The Montel@aode is based on the code
described in [6] with the addition of the modeling of hydragecycling based on the TRIM
databases [7]. The neutral particle density profile is thmmaalised to yield the experimen-
tally measured edge particle confinement time, which is@pprately200 ps [8].

6. Simulation results

Figure 3 shows th® profiles before and during PPCD, used to simulate the deaityition

of the reference and PPCD discharge. In discharges witheQDPthe measurements of

— t=15ms T~~~ _— t=15ms ]
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interferometer chords are well reproduced by keepingke profile constant in time, with
a value equal ta0 m—2s~! in the core, whileDx(a) must be increased from its initial value
of about100 m 25! to 150 m 25 1.

This is mainly due to the decrease of the
electron density at the edge. The resultsoo:
of the simulation are presented in figure4. +
The profile of Dg obtained in the referfg 10t
ence discharge is used as the initial profile ¢
for PPCD discharges. !
The influx is assumed to decrease as a cTonw-OO g
sequence of PPCD from its initial value of -
5 x 10%' m™2s7! to about3 x 10% °
m~2s~! during the first 0.5 ms of simu- 1!

lation, as described in [2]. In this case the e . /o e
measurements of the edge chord requireRigure 3:Total D (Dsr + Dg) time evolution for
lower value ofDy(a), as it can be easily reference and PPCD discharge

seen by the shape of the inverted density profile which igihjitless depleted at the edge
than in the case of the reference discharge.

An interpretative analysis carried out on the density peafilolution indicates that the PPCD
causes a reduction @¥s; value, and its largest effect is in the plasma core.

The results of the predictive simula-

PPCD shot

0.2 0.8

tion are shownin figure 5. The mea- “°/ | Dot ‘z oo
surements of the interferometer cerz °| + + % version ot + J0.05
tral chord are well reproduced usingE 0.4t % % it % ﬁ% 1 + % % % % % % % %
aDgr(r,t) profile whichis lowerby “ o3:  Core chor % % 3 Fdge chord 1000
a factor four than before the PPCD g & T —59:05
applicationupto/a < 0.5, as shown -t Ol oy 44 OF
in figure 3. The effect of PPCD is%, *° + Jf i TR i R
progressively reduced in the more eg-o.z, ; ? % % % T ? i EP.
ternal region of the plasma, for5 < Intermediate chord ' £ Intermediate chord

0.1 0.1

r/a < 0.7. However the value of
Dg(a) must be increased with time

1.4 16 1.8 20 2.2 24

t(ms)

1.6 1.8 2.0 2.2 2.4
t(ms)

up to values comparable to those usﬁ%ure 4: Comparison between interferometer measure-

to simulate the reference shot.

AS$nents and simulation result for the reference discharge.

a Consequence_tfié(r, t) profile in - The graphs (a) and (b) show the resuits for the interme-
the external region of plasma, whergjate chords respectively on the inboard and outboard side

r/a > 0.7 is higher than the pre-

PPCD phase and reaches the same values of the referencargeschihis seems to indicate
that the PPCD does not improve the edge confinement, evegtilibe low reliability of the
edge measurements does not completely rule out the paystibdt a positive effect could
be hidden within experimental errors. The simulation hasnbgerformed again assuming
that the neutral influx does not decrease. In this caséthereduction of a factor two up
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tor/a < 0.5 is still required to obtain results similar to those presdnh figure 5 for the
central chord.

4. Conclusions

A 1D transport code has been used to study the evolution @itygorofile in reference and
PPCD discharges.

The simulation results indicate that

a reduction of stochasti®g, dur- gi U
ing PPCD is required in the centra% osl % 4 + 'y ;”f?? %07 % % 010
region of plasmar(/a < 0.5), tore- — . Pl 0.05
produce the behaviour of the elec= ,,  core chord b fdge C%o?d$ + % % j0.00
tron densiy as measured along four gz i e 5 405
different chords, and in particular the o5t <O>” <b>7o.5
central one. This reduction is of a, ¥ b, i % % % 1o
factor four if the neutral influx is sup-, o $ fakE gt % % % % i '
posed to halve during the PPCD. Oth-23F Intermediate chord i  Intermediate chord | 193
erwise, if the flux is kept constant, "o e
the improvement is about of a fac- t(ms) t(ms)

tor two. The ratio between the preFigure 5: Comparison between interferometer measure-
PPCD and the PPCDsy reduces \nents and simulation result for the PPCD discharge. The
going towards the edge, and the tWgraphs (a) and (b) show the results for the intermediate
coincide whenr/a ~ 0.7. chords respectively on the inboard and outboard side
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