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ABSTRACT

SOLPS-ITER is a code package consisting of the fluid plasma code, B2.5, and a kinetic
Monte-Carlo neutral solver, Eirene, for the plasma edge of tokamaks including the outer core
edge, scrape-off layer (SOL) and divertor regions. The B2.5- Eirene code package has a non
linear model of neutral particle transports including neutral-neutral and molecule-ion collisions.
It has been used to model edge plasmas and to show the physical mechanisms determining the
behaviour of the particles in the tokamak edge. The paper describes the SOLPS-ITER kinetic
modelling of a hydrogen plasma with low plasma density at the ITER divertor. The choice of
the plasma density was done to reduce the frequency of the ELMs. We consider the plasma
state in the quiescent period between ELMs, for a typical scenario of the Pre-Fusion Power
Operation (PFPO) phase of ITER, with a power flux into the SOL of 40 MW. We present some
initial results in the form of temperature and density profiles across the main SOL and at the
divertor targets.

INTRODUCTION

The B2-EIRENE [1] code package was developed to give better insight into the physics in
the scrape-off layer (SOL), which is defined as the region of open field-lines intersecting mate-
rial surfaces. The scrape-off layer region gets very important in any fusion reactor, because it is
directly related to the requirements for power and particle exhaust compatible with the core con-
finement. Two main configurations of the SOL plasma are used presently in tokamaks: a limiter
configuration and a divertor configuration [2]. The limiter is a part of the wall which is touched
by one of the magnetic surfaces, Fig. 1. This surface is called the last closed magnetic surface
(LCMS). Magnetic surfaces of larger radius intersect the limiter. The charged particles on those
surfaces have a high probability to make it on the solid surface where they are neutralised. Most
of them return to the plasma and some part might be pumped out as a neutral gas. This process
of the neutralisation of charged particles with subsequent re-ionization is called recycling. The
disadvantage of the limiter configuration is that the limiter is very close to the main plasma. The
plasma near the limiter surface is still hot (with approximate temperature 1, 2·105 K). As a result,
the sputtering is very efficient and the sputtered material might be easily contaminate the main
plasma. The pumping efficiency is low because of low achievable density of the neutral gas [3].
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Figure 1: Limiter configuration of
SOL plasma.

These problems are solved in the divertor configu-
ration which is shown in Fig . 2. This magnetic configu-
ration has a separatrix. The sepatartix is a surface which
divides regions of the magnetic field with different topol-
ogy: closed magnetic surfaces in the core and open mag-
netic surfaces at the edge. In the divertor configuration the
area where the charged particles impinge on the wall (the
area of intense plasma-wall interaction) is located farther
from the main plasma. It might be shown, that in this case
the heat flux from the main plasma is transported mainly
by thermal conduction unlike to limiter SOL where the
convection dominates. As a result, a significant tempera-
ture gradient develops and the plasma temperature in front
of the solid surface drops to a few K. This significantly reduces the target erosion (physical sput-
tering). In addition, the increased distance hinders the penetration of the sputtered particles into
the main plasma. In the divertor configuration a relatively high neutral pressure at the entrance
to the pumping slot might be achieved, thus increasing the efficiency of the pumping and re-
moval of impurities. Because this kind of divertor has a lot of advantages, for that reason it is
used for designing the ITER divertor.

Figure 2: Divertor configuration of
SOL plasma.

The ITER divertor has been designed on the basis
of extensive edge plasma simulations using the SOLPS 4
code suite [4]. Recently, a new version of the code, named
SOLPS-ITER [5], has been adopted at the ITER Organi-
zation. The SOLPS-ITER code is a coupling between the
B2.5 code version from SOLPS 5.2 [5], containing the
most advanced numerical treatment of fluid drifts, and an
up-to-date version of the kinetic neutral transport solver
EIRENE [1]. This work is focused exactly on the ex-
perimental results of the ITER SOL plasma, presenting
the plasma profiles across the main SOL and the divertor
targets and how some of input values in B2-EIRENE [1]
change the results.

PLASMA MODELING

We use the SOLPS-ITER code suite to model the
SOL and divertor plasmas. The code has the coupled
B2.5 [6] and EIRENE [1] codes as main transport solvers.
B2.5 [6] solves a set of continuity and parallel momentum
equations for the density na and parallel velocity u‖,a, of
each ion species a, and internal energy equations for the
electron and (common) ion temperatures Te and Ti [7].
The plasma potential is solved from the current continuity
equation [8]. A second large step forward in our modeling
is the use of a kinetic description of atoms and molecules
through EIRENE, instead of the fluid neutral model available in B2.5 [6] . EIRENE [1] is
a linear transport solver which accurately simulates the interaction between test particles and
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the background plasma, treating a wide range of collisional processes. EIRENE then provides
particle, momentum and energy sources for the equations solved in B2.5 [9], [6] .

For simulating a plasma model in the code SOLPS-ITER, firstly it is needed to set up a
boundary conditions. The boundary condition plays an important role in the simulation firstly
for defining the correct path of particle movement and secondly for defining the particle trans-
port flux in SOL. In SOLPS-ITER the boundary conditions can be obtained by a combination
of the continuity equation 1 and diffusion equation 2. As a results, after solving these equa-
tions, are setting up two boundary conditions on the radial boundaries and only one boundary
condition on the poloidal boundary.
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where x and y are the poloidal and radial coordinate respectively, nα is a density of
each speacies (ions, electron, ect.), u and ν are the components of the particles velocities at
the poloidal and radial coordinate respectively, hx, hy and g are transformed metric coeffi-
cients from radial to poloidal coordinate system and hx = | ∂r
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′} are the Carthesian coordinates, Sαn is the sources of particles α, pα is parti-
cle pressure (pα = nα · Tα), Dα

n and Dα
p are diffusion coefficients at the particles densities and

pressures.
Here and below the term “poloidal boundary” means the boundary across the magnetic surfaces
(x = const) and “radial boundary” means the boundary along magnetic surfaces (y = const).
On the boundary with the Core plasma (Core-Edge Interface, CEI) either density or the particle
flux might be specified [9], [3]. To specify the boundary conditions on the poloidal surfaces
which are intersected by the magnetic field lines (targets) one has to consider the properties of
the plasma sheath. This is a thin layer of uncompensated charge forming between the plasma
and the solid surface. Its thickness is estimated by the Debye length: that is ∼ 10−5...10−4 cm
for a tokamak SOL. The sheath layer might be stable only if the parallel velocity of the incident
plasma is larger than the sound speed u‖ ≥ cs. This inequality is usually reduced to an equality
(strict Bohm criteria). The boundary condition which is used in B2 has the form:

u‖ =

√
neTe + Ti ·

∑
α nα∑

αmαnα
. (3)

This is the most primitive form of this boundary condition: in particular, it assumes equal
velocity for all species. B2 has also an option to specify the condition u‖ ≥ cs. In this case a
zero second derivative of u‖ in poloidal direction is enforced. This option was not used in the
present work. The boundary conditions for the energy equations at the targets read [10]:

qe‖ = γeTeneu
e
‖, qi‖ = γiTineu

e
‖ (4)

Where γe and γi are sheath transmission factors. They might be found from the kinetic
description of sheath and pre-sheath, see. This consideration includes the interaction of the
particles with the floating potential, which is formed at any contact between a solid wall and
plasma. The values which were used in this work: γi = 1.6 for ions, γe = 0.5 for electrons. The
sheath boundary conditions, which are described here are only valid if the angle between the
surface and the magnetic field line is not too small.
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SOLPS-ITER SIMULATION RESULTS

Investigation of the experimentally results, was done by varying plenum geometries. The
grids of the geometries used for the simulations are shown in Fig. 3 where are presented the
boundary particle sources (heat electron, heat ion, particle H0 and particle H+1 sources). It is
obviously that the heat sources for any particles have constant energy at whole chamber, but
only the boundary electron heat source spend more energy than the other particles. Note that
all these cases are 2D in the simulations, and thus neglect any effect of detailed 3D plenum
geometry such as gusset plates separating individual ports [11], [12].

(a)
(b)

(c) (d)

Figure 3: Boundary sources of: (a) - heat electrons, (b) - heat ions, (c) - particles H0 and (d) -
particles H+1

The profiles of the: separatrix electron density (nesepm) at outer midplane, separatrix
electron temperature (tesepm) and ion temperature (tisepm) at outer midplane, are shown at the
Fig. 4.
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(a)

(b)

Figure 4: (a) - Separatrix electron density, (b) - electron temperature (tesepm-red line) and ion
temperature (tisepm-green line) at outer midplane

From the results the maximum electron density at outer midplane is 1 · 1019 m−3. The
electron and ion max temperature is equal to 1, 2 · 106 K, but the difference is that the ion
temperature during the time step is bigger than the electron for nearby 1, 2 · 105 K.

The results of the: separatrix electron density (nesepi) and temperature (tesepi) at the in-
board divertor, the maximum electron density (nemxip) and the maximum temperature (temxip)
at the inboard divertor, separatrix electron density (nesepa) and temperature (tesepa) at the out-
board divertor, the maximum electron density (nemxap) and maximum temprature (temxap) at
the outboard divertor, are shown at the Fig. 5
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(a)

(b)

Figure 5: (a) - red line is the separatrix electron density at the inboard divertor (nesepi), green
line is the maximum electron density at the inboard divertor (nemxip), blue line is the separatrix
electron density at the outboard divertor (nesepa), purple line is the maximum electron density
at the outboard divertor (nemxap). (b) - red line is the separatrix electron temperature at the
inboard divertor (tesepi), green line is the maximum electron temperature at the inboard divertor
(temxip), blue line is the separatrix electron temperature at the outboard divertor (tesepa), purple
line is the maximum electron temperature at the outboard divertor (temxap)

Compare the results of Fig. 5 and Fig. 4, the density of the electrons at the outer midplane
are higher than at the outboard and inboard divertors. The same is for the electron temperatures.

To understand how the sheath transmission factors effects on the plasma profiles, we vary
the values of the γe. The compare results of the profiles are shown at Fig. 6. In the Fig. 6 are
presented the maxim electron density at the inboard divertor with different values of γe (0, 0.5
and 0.9), and electron temperature at outer midplane with same values for γe.
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(a)

(b)

Figure 6: (a) - Maxim electron density at the inboard divertor at different values of γe (nemxip),
(b) - electron temperature at the outer midplane with different values of γe (tesepm)

CONCLUSION

The importance of the SOLPS-ITER code is that the user gets a complete filly kinetic
plasma model. We also show how how the code is build up. It does not consist only the
fluid plasma code, but also the B2.5, kinetic Monte-Carlo neutral solver. This new code might
simulate the plasma at the outer core edge, the SOL and divertor region. After that as a results,
the code gives a 2D profiles and graphics of the plasma parameters. There were shown a profiles
of the low power Hydrogen plasma generated in ITER tokamak, but it might be done also
for different kind of plasma. The low power generated plasma in this case is above 40 MW
Also was shown how the electron sheath transmission factor might change some of the plasma
profiles. Understanding how the input parameters change the plasma profiles, will be easier for
simulation a different kind of plasma and also will be easier to get a fully picture of the physics
theory.
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