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Abstract

We present the �rst analysis of the multiple velocity Charge eXchange Recombination Spectrocopy
(CXRS) measurements across the plasma column to infer the pro�les of radial electric �eld and net
parallel C6+ velocity, including (1) a general treatment of the �ow geometry and (2) the velocity

corrections due to the energy dependence of the CX cross section. The inverted pro�les are
compared with neoclassical calculations.

Atomic physics corrections

At W7-X the CXRS system measures the line
emission from the reaction:

C6+ +H0
NBI → C5+∗ +H+
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The distribution function of the C5+∗ gets dis-
torted by the beam compared to the original C6+:
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To account for these corrections one needs to
model the neutral beam composition along the
beam. The main contributions at W7-X come
from the �rst (40-70%) and second (20-30%)
beam energy components and the excited n = 2
halo component (10-40%).

Flow and viewing geometries

The incompressible �ow �eld of the carbon ions
can be expressed as

us = Es(r)
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∇r ×B

B2
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)
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Perpendicular + P�rsch-Schlüter

+ Λs(r)
B

B0︸ ︷︷ ︸
Net parallel

,

The CXRS system samples of this �ow �eld at
∼50 points and in several directions, wo, along
the neutral beam.

Every velocity measurement contains information
of both Es(ro) and Λs(ro) (ro ≡ observ. radius).

Flows compared to theory

� The �ow pro�les (blue points/lines below)
are obtained by minimising the distance be-
tween the forward-modelled and actual ve-
locities.

� Neoclassical ambipolar Er and net carbon
parallel velocity are computed with DKES
(yellow dots/lines).
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Discussion and conclussions

� Inverted Er and net �ow V‖ agree in sign
order of magnitude and tendency (plasma
density and magnetic con�guration, not
shown here) with the NC expectations.

� However, quantitative di�erences persist
above errorbars (Note: discrepancy is
small!, a few km/s!).

� For the case of Er, the comparison with
other diagnostics does not support the exis-
tence of an experimental deviation from the
neoclassical ambipolar Er.

� Agreement is encouraging. Further analysis
required to understand the di�erences.


