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Abstract

We model the plasma edge of Alcator C-Mod with the B2-Eirene SOLPS5.0 code. The drifts, currents and neutral

effects contribute to strong plasma rotation in the edge, as measured experimentally [B. LaBombard, S. Gangadhara, B.

Lipschultz, C.S. Pitcher, J. Nucl. Mater. 313–316 (2003) 995; B. LaBombard, N. Smick, B. Lipschultz, J.L. Terry, J.

Rice, these Proceedings; N. Smick, B. LaBombard, C.S. Pitcher, these Proceedings]. The plasma flow patterns are a

complex superposition of several competing effects, including Pfirsch–Schlüter flows and currents, toroidal momentum

generation and transport (with main chamber neutral recycling and drag playing an important role), as well as the E · B

and diamagnetic drift flows. In the standard field direction the E · B flow in the core region adds to the toroidal plasma

rotation, while in the reverse direction their respective contributions are roughly of the same order of magnitude but

with opposite signs in the plasma core. However, in the edge, all terms can be of the same sign over most if not all

of the radial extent of the SOL, leading to complex patterns and very strong flows.
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1. Motivation

Langmuir probes at the edge of diverted tokamak

plasmas routinely measure very large plasma flows, with
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Mach numbers reaching 0.5 to unity far away from any

solid surface [1–6]. Additional experiments carried out in

reversed field (with the B · $B direction pointing away

from the divertor X-point) distinguish between flow

components varying with the magnetic field direction,

as expected from neoclassical drifts, and field-indepen-

dent background flows. In addition to the drifts, namely

E · B, diamagnetic, B · $B and curvature drifts, other

contributing effects have been invoked to explain mea-

sured flows, for example ion-orbit losses [7], anomalous

convective transport [8] or pinches [9], ballooning-like
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transport [2,4,5,8,9], toroidal rotation [1], or possibly

plasma acceleration towards the probe body during the

measurement [4,5].

In this paper, we build on previous work done to sim-

ulate the edge plasmas of Alcator C-Mod [10] with the

B2-Eirene SOLPS5.0 (Scrape-Off Layer Plasma Simula-

tion) code [11–13]. The Alcator C-Mod case is particu-

larly interesting because its compact size and strong

field tend to produce strong drift effects. We show that

the complex flow pattern observed can only be under-

stood through a synergy of all drift effects included.
Fig. 1. Mach number profiles along the equatorial inner

midplane of Alcator C-Mod, for both field directions and

ncoree ¼ 4 or 6 · 1019m�3, as a function of distance to the

separatrix along the midplane. The core plasma is to the left of

the figure. Negative Mach numbers indicate flows directed

towards the inner divertor.

Fig. 2. Mach number profiles along the equatorial outer

midplane of Alcator C-Mod, for both field directions and

ncoree ¼ 4 or 6 · 1019m�3. Same conventions as Fig. 1.
2. Simulation parameters

The B2-Eirene SOLPS5.0 code [11–13] solves the plas-

ma continuity equations (particle, parallel momentum

and ion and electron energy conservation) in the fluid

approximation, following Braginskii [14], coupled with

a Monte-Carlo model for the neutrals. Additionally, the

current continuity equation ($ • J = 0) is solved, yielding

the electric potential. In the version used here, neither the

centrifugal force termnor the perpendicular current terms

due to the heat flux components of the viscosity tensor,

perpendicular viscosity or ion-neutral friction (the lnhz
terms and Eqs. (18), (19) and (21) of Ref. [13], respec-

tively), are implemented. We consider a deuterium-only

plasma because of uncertainties on the location and

strengths of any carbon sources (or other low-Z impuri-

ties) in a molybdenum machine such as Alcator C-Mod.

We will consider both field directions, varying the

core electron density ncoree via a fixed core boundary con-

dition. Any neutrals penetrating this far are ionized in the

core plasma and re-injected at the core boundary as ions,

with a poloidally uniform distribution. By setting recy-

cling coefficients of 99.9% at the targets surface, we allow

a small amount of pumping to take place to balance the

particle influx at the core. The heating power is set to

1.1MW, evenly split between the ion and electron chan-

nels. For numerical stability reasons, a feedback scheme

is used that finds the ion and electron temperatures (Te

and Ti), constant on the core boundary, yielding the im-

posed heat input. In accordance with experiment, there is

no momentum input into the plasma core.
3. Results and analysis

We present in Figs. 1 and 2 the parallel flow Mach

numbers obtained for the middle and high density cases

in both field directions along the inner (Fig. 1) and outer

(Fig. 2) midplane of Alcator C-Mod. In all cases, there is

a strong SOL flow across the inner midplane, always di-

rected towards the inner divertor, which depends little

on either plasma density or field direction. The situation

along the outer midplane is more complex. With re-
versed field, the SOL plasma flow is directed towards

the outer divertor. In normal field, only the outermost

radii show a flow towards the outer divertor, while the

region closer to the separatrix shows flow towards the

inner divertor. Thus, the position of the poloidal stagna-

tion point varies with radius and field. In normal field, it

is actually located near the X-point on the separatrix and

moves away from the (outer) divertor as radius in-

creases, eventually crossing the outer midplane. In re-

versed field, the stagnation point is near the top of the

machine across the entire SOL width. These trends show

little density dependence.

As reported in [2], in normal field, a Mach number

profile rising linearly from Mk � 0 to almost Mk = 1
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across the � 1cm SOL width and much smaller values,

only reaching Mk � 0.2 along the outer midplane, in

both cases directed towards the inner divertor, are mea-

sured. In a geometry somewhat similar to our reversed

field configuration, measurements indicate near stagnant

flow at the outer midplane, but strong flows (M � 0.5–

1.0) at the inner midplane throughout the SOL width.

Because the details of the discharges and magnetic con-

figurations between the cases studied here and those of

Ref. [2] are different, only qualitative comparisons can

be made, but dedicated simulations for cases such as

in [2] are under way.

The simulated flow pattern can be understood in

terms of a combination of neutral recycling patterns

and, to a lesser extent, E · B effects. First, the simula-

tions show that a fraction of the recycled neutrals escape

the divertor and cross the separatrix back into the main

plasma on the inner side of the X-point, because of its

closeness to the wall and tendency to achieve more de-

tached conditions, while almost no ionization occurs

on the LFS of the confined region. Second, the presence
Fig. 3. Individual components of the poloidal velocity along the inner

with normal field direction. Same convention as in Fig. 1.

Fig. 4. Individual components of the poloidal velocity along the inner

with reversed field direction. Same convention as in Fig. 1.
of a potential hill located at the X-point induces a plas-

ma circulation around it, contrary to the no-drifts pat-

tern of plasma flowing mostly along field lines. In

normal field, this flow goes around the X-point in the

clockwise direction, that is promotes plasma flow from

outer to inner divertor below the X-point and hence en-

hances the recycling efficiency on the inner side of the

X-point. In reversed field, this flow is counter-clockwise

and goes against the plasma tendency to establish a flow

from outer to inner divertor in the SOL. Such E · B

flows, in normal field, also have a stabilizing influence

against density instabilities like X-point MARFEs, by

forcing plasma flow that would otherwise be flowing to-

wards the X-point to flow around it, while they likely

contribute to higher H-mode thresholds in reversed field.

In Figs. 3 and 4, we show the various contributions

to the poloidal flow velocity, defined as the particle flow

between two poloidally neighbouring computational

cells divided by their average density and area of

contact. The contribution noted �Dia� contains the diver-
gent part of the usual diamagnetic terms only, that is,
(left) and outer (right) midplane for the ncoree ¼ 4� 1019 m�3 case

(left) and outer (right) midplane for the ncoree ¼ 4� 1019 m�3 case
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proportional to Ti$B
�2 [11–13], the �E · B� term is the

poloidal component of the E · B velocity and �U||� is
the poloidal projection of the parallel velocity, as ob-

tained from the solution of the parallel momentum

equation (including the consequences of drift terms).

In all cases, the �Dia� contribution is negligible by itself,

but the inclusion of diamagnetic effects establishes a

large radial electric field inside the core plasma, which

in turn will drive significant core E · B flows in the dia-

magnetic direction. In normal field, the major contribu-

tion remains the poloidal projection of the parallel

velocity, once again pointing to toroidal rotation as

the main flow mechanism, except near the separatrix,

where strong E · B flows can be present in the shear

layer between the confined plasma and the SOL, as ex-

pected from Pfirsch–Schlüter physics.
4. Conclusions

We have presented a series of B2-Eirene SOLPS5.0

simulations of the Alcator C-Mod edge plasma, includ-

ing drift and current effects. The SOL flow patterns and

trends under field reversal are roughly consistent with

experimental measurements, although more focused

comparisons are needed and ongoing. Under normal

conditions, a strong SOL flow exists directed towards

the inner divertor. This flow is more balanced with re-

versed field. The complex pattern of flows can only be

explained when one considers the synergies of recycling,

Pfirsch–Schlüter physics, diamagnetic and E · B flows.
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