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1. Introduction
Filaments have been observed in the H-mode during onset of edge localized modes (ELMs)
[1-2]. There is experimental evidence that rather strong bipolar [3-4] or monopolar [5-6]
currents of the order of 200-400A flow in the filaments. In [7-8] an idea was put forward that
such large currents could create a stochastic layer in the pedestal region leading to the
pedestal density and temperature reduction [1-2]. We propose a model for pump out during
onset of ELMs type I. The key element of the model is increase of the radial outward particle
and heat convective fluxes due to the deviation of radial electric field from the neoclassical
value in the stochastic layer during life time of current carrying filaments.

2. Currents in the filaments
In the SOL the filament is getting polarized by vertical VB and curvature current. The radial
acceleration of filament measured in the experiments is not big enough to provide the closure
of major part of those currents by the polarization current inside the filament. Therefore the
external currents perpendicular to the magnetic field should arise. The bipolar parallel
currents in the filament connecting these external currents and filament can be estimated as:
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where n T ,T are the filament density and temperatures and |

along and across magnetic field. For the typical parameters of filaments during ELMs in

MAST (n, =2-10*m=, T, =T, =80eV, | . =8m, |, =4cm, B=0.3T, R=15m[2,4])

jj ~400kA/m?. Partially the parallel currents can be short-circuited through the divertor

plates, still in many discharges these currents are bigger than ion saturation current at the
plates and therefore are closed through the ambient plasma. In [4] the distortion of the
magnetic flux tube near the X-point leading to the big polarization currents in this region is
discussed as a mechanism of filament current closure. The polarization current in the divertor
plasma can also contribute to the closing of bipolar parallel currents.

Current density at the plasma edge inside the separatrix could be estimated as

1000kA/m*[9]. This current can be inherited by the filament when it detaches. Such
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monopolar current density is too large to be short-circuited through the divertor. The life

times of monopolar current can be estimated for typical MAST parameters as

7™ =107 +10°s if it is closed by the current associated with perpendicular viscosity and

7! ~10° +107"s if it is closed by the current associated with ion-neutral collisions in the

divertor region. They are much smaller than the life-time of the filament, therefore the
evolution of the filament current can be described by MHD equations assuming only
perpendicular polarization currents. The solution is an Alfven standing wave localized inside
the filament. The magnetic signal at the Alfven frequency was indeed detected in [2]. The
steady-state currents exceeding the ion saturation current to the divertor plates observed in
experiments most probably are the part of the system of dipole currents. At the same time the
monopolar current in the filament contributes to the plasma edge ergodisation while it is still
attached to the core plasma for the time of about 5045 [2].
3. Penetration of magnetic perturbations

Magnetic perturbations produced by the filaments currents start penetrating into the ETB.
The estimate for the characteristic time of the linear growth of the separate island in the

theory of forced reconnection [10] is 4, =72'°z3'° for the magnetic perturbation with

poloidal wave vector k, 7, =(umn,/B;)"?q/q’", 7 = uy0y/k*. Further penetration is
determined by the characteristic time for nonlinear island growth 7, =z 3kd, where & is the
saturated island width. For the typical parameters of MAST plasma boundary
(n,=2-10"m™, T, =200eV , q/q ~0.1m [11], K ~40m™ for ELM filaments, & ~0.5cm)
7y #10+1004s and 75, ~100468 +1ms. From the experiments with RMPs it is known that

stochastisation starts at the level of the RMPs about bj‘;‘:“ = Bj&‘”“/B ~107*[11]. The magnetic

field perturbation which is produced by the current 1 kA flowing inside the filament at the

distance of few centimeters from resonant layer is of the order of b ~107°. Therefore a

stochastic layer should arise in the ETB region before the islands reach full saturation, the

corresponding time could be estimated as 7, = 75,0} " /bjg' ~10+1004s .

After the stochastisation the characteristic time for the further resonant magnetic field

penetration can be estimated as 7, =(q/nq’)(«,/K,)o,., With the effective conductivity

O pen =1 5\/;Rnee2/ 2m.T, . This estimate is based on the approach on integration of electron
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kinetic equation [12] and the evaluation of toroidal currents [13]. For MAST 7z, ~10-+100.5
and the perturbation can fully penetrate during the life time of a filament 7, ~ 2005 [2].
4. Dynamics of radial electric field and pump-out
Radial electric field in a steady state E™ = (0,E> + oo Bl ) (0 + Oyeo) IS determined
by the condition of ambipolarity j¢ =—j' where the ion radial current j' = o, (E, — EN™)
is a neoclassical current caused by the deviation of the radial electric field from the
neoclassical value and the radial current of electrons j& = o, (E, — E) is a radial projection
of a parallel current in the stochastic magnetic field [13-14]. Here
EX=—(T,/e)dInn /dr—a(T,/e)dInT, /dr. 2)
In the collisionless limit (4./L, >>1, where A, is the electron mean free path, L, is a
correlation length, of the order of Kolmogorov length; for the tokamak L, ~qR),
og =16°n,Dy/2//am.T, , with i, being a numerical factor of the order of unity, @ =0.5.
E'° =T, /e(dInn,/dr+k.dInT,/dr)+BU,, (3)

where U, is a toroidal velocity, o,., =344, /((2R?B?). The viscosity coefficient [15] in the

low collisionality regime is u, = ¢*%/?n.T,/v,, where v, = qRv,e™>'?/ /2T, Im, .

For time-dependent radial electric field the additional radial current of ions exists
associated with the toroidal inertia, see e.g. [16]:
il = Oyeo (E, —EN)+nm (1+29%) / B?CE, / ét . 4)
The equation describing the relaxation of the radial electric field to the stationary value is
OE, Iot=—E,-E™) /., (5)
where 7. =nm (1+29°)B? /(0 +0O\eo) - When o, =0, 7o =70 [16]. In the low
collisionality regime 7)™ ~v:*. The stochastic conductivity reduces the relaxation time.

Let us consider two limits of slow 7, >>7. and fast 7, <<z time of the magnetic

field penetration. In the first case the radial electric field is always close to the equilibrium

one for the given level of perturbed magnetic field. The outward radial flux arises:
[=040 (B —E°) e =0y (E —EM)/e. (6)
In the opposite case 7, <<z the period of the order of 7. exists when the electric field is not

an equilibrium one and the dynamic pump-out effect can be important. The loss of particles
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with steady-state electric field is IN**"~z T". The loss of particles during z. while the

electric field is changing and stays of the order of EN° is IN®""™ ~ r_o (E> —EN°) /e, if
this time is smaller than 7, . For low collisionality this mechanism can be the main one.

Let us make estimates for parameters of the MAST pedestal. The neoclassical

relaxation time 7)™ ~v,* ~3004s . It is of the order of the filament life-time and therefore

the dynamic and static losses of particles are of the same order. The neoclassical conductivity

estimate is oy = (5+7)-10°S-m™, EX—EN° ~40kV/m. The particle loss per ELMs
event is N =~ Sz, (ES —E*°)/e ~5-10" particles, where S — the flux surface area.

According to experiments [11] the particle loss in the ELM event is 2-3% of the particles in
the discharge while full amount of the particles is (L+2)-10?°. The estimate shows that the

pump-out particle loss is of the same order as experimental one.

5. Conclusions
The ETB region is getting stochastized during ELMs events by the magnetic field
perturbations produced by currents flowing in the filaments. The radial electric field in the
edge is getting positive or less negative and the convective particle flux arises for the period
of filaments life time. This leads to the reduction of the pedestal density and temperature.
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