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Introduction

As more edge diagnostics of FZJ are employed on W7-X (such as divertor spectroscopy
endoscopes, reflectometry, multi-purpose manipulator), comparison of their measurements to
simulations with the code EMC3-EIRENE becomes more important and useful. The comparison
of EMC3-Eirene simulation results and some local diagnostics has been already quantitatively
analysed on W7-X [1-3]. For example, M. Krychowiak compared 2D emissions CII (712 nm) and
CIII (674 nm) at the divertor with EMC3-EIRENE [2]. This work focuses on the comparison of
divertor spectrometer measurements with EMC3-EIRENE simulations. The purpose is mutual
validation of diagnostics and simulations. Impurity line emissions can be used to analyse impurity
transport, as they contain the information of electron temperature, electron density and impurity
concentration. To better match the experimental data, radially dependent cross-field transport
coefficients are used in EMC3-EIRENE simulations. In addition, previous studies show that finite
plasma beta can affect edge stochastization [3,4], and toroidal currents can shift the magnetic
islands in the W7-X SOL [5]. In order to obtain more reliable output parameters or prediction
results, the equilibrium effects (including plasma beta and current effects) on edge magnetic
topologies have been considered in EMC3-EIRENE by integrating with HINT code [6].

Tools and methods

Divertor spectroscopy observation at W7-X utilizes several spectrometers viewing one upper and
one lower divertor with horizontal and vertical lines of sight (LOS) [2]. Measurements used in this

work were taken along the horizontal LOS at the upper divertor in standard configuration. Two
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density and temperature information, and CII also provides

In general, line emission is composed of three parts:
excitation, recombination, and charge exchange.
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Where PEC represents photon emissivity coefficient, 0 metastable, n, electron density, nZ*
density of the z-times ionized ion. Three types of PEC coefficients used in this work are from the
generalized collisional-radiative model [7].

Comparison of edge measurements with simulations

In this WOl‘k, a standard COHﬁguratiOH program Table 1. The input separatrix density and cross-
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(#20180919.025) with ECRH heating is chosen for
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analysis. The main plasma parameters of selected shot

are ECRH heating power Pecru = 4.0 MW, radiation Casel 2.0 05 3D
power Praa=0.75 MW, toroidal plasma current I, =3 kA. ©3%¢2 2:2 0.5 3D
In simulation, heating power is set to 3.6 MW. For this Case3 2.5 0.5 3*D
discharge, Hy (433.99 nm) and CII were measured by Case4 2.2 8:2 E:lel)) 3*D
divertor spectroscopy. As shown in Table 1, for cases 1- (e 5 29 g:i E:::ill)) 34D
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cross-field transport coefficients. For case 4-6, transport

coefficients are varied at a fixed separatrix density. Figure 2 shows experimental data (Thomson
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Figure 2. Experimental data and simulation results in case 1-
3: (a) electron density, (b) electron temperature, (c) CII line

cross-field transport coefficients inside — emission, (d) Hy line emission

3, when we reduce separatrix density and

LCFS in case 3, Thomson scattering data matches better with simulations, but H, is larger than
simulation. This could be due to the simulation electron density in the volume of LOS being lower
than the experimental electron density. To approach the experiment, the equilibrium magnetic field
considering toroidal plasma current and finite beta are given respectively by Hint code. Figure 4
shows experimental data and simulation results at three different magnetic fields (Vacuum, Ip =3
kA, axis beta = 2%) using the same input parameters as in case 4. For Case axis beta =2%, the
edge density increases and H, matches better with experimental data, whereas for case Ip = 3 kA,
ne, Te and H, change less. It indicates that the toroidal plasma current has a weak effect on the
edge electron temperature and density distribution, while finite beta significantly changes Te and
ne. Figure 5 shows that finite beta changes the magnetic island size and redistributes the C**
concentration. Although plasma toroidal current also shifts the magnetic island away from the

target plates, C** distribution nearly keeps unchanged compared to the vacuum field case.
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Figure 3. Experimental data and simulation results in Figure 4. Experimental data and simulation results
case 2, 4-6. at three different magnetic configurations (Vacuum,

1,=3 kA, axis beta=2%).
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Figure 5. C** distributions and connection lengths in different magnetic configurations

Summary

The intensity distributions of CII (426.83 nm) and hydrogen Balmer series measured by divertor

spectrometers are used to validate the EMC3-EIRENE simulations. By adjusting the transport

coefficients and considering the equilibrium effects on the simulations, it shows that measured H,

is in good agreement with the simulation results, but CII is not. Perhaps the carbon sources and
carbon transport coefficients are not set correctly, more works are needed to match measured CII
line emission and simulation results. Obviously, equilibrium effects change magnetic topologies
and have effects on edge density, temperature and carbon concentration distribution. Especially,
finite beta increases SOL electron density.
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