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1. Introduction

A series of studies of the power flux in the divertor target regions for attached plasmas have
been made using Infrared (IR) camera measurements in high confinement mode (H-mode)
plasmas [1] [2] [3] [4] [5] [6] and in low confinement mode (L-mode) plasmas [7] [8].

Classical electron heat conduction relates power decay width 4, and the temperature decay
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width, Az, , through the well know results 4, = ;/‘{Te,u' A Previous study of H-mode plasma

under attached condition showed that this relation is consistent with the upstream Te and
target IR data [9]. This has also been validated by comparing measurements from the
Thomson Scattering (TS) system and IR camera for the same discharges in L-mode plasma
[10]. Due to the instrumental constraints, the measurements based on IR thermography used
to establish the scalings come from attached divertor discharges over a limited range of
operating parameters compared to conditions expected on ITER at high performance. Direct
measurements of the upstream decay lengths can provide important complementary
information for understanding the SOL physics.

2. Experimental results

2.1 Simple model relates 4, and Ar,,, in both confinement regimes
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Previous empirical study [2] [8], based on downstream IR measurements, found that 4, in

ASDEX Upgrade discharges could be well described by the following scalings:

A, = (0.78 £ 0.69) By 0:63%105,1143081 p-0.05+031

eyl sol for H-mode attached plasma

and 2, = (145 £ 0.13)B;%78q17*%07 p_014+095 for L-mode attached plasma

sol

Here, 4, is measured in mm; B in Tesla; dey is the cylindrical safety factor; and Pg,; is

dlle
measured in MW. To test the consistency between the IR and the TS measurements, the
above empirical scalings can be compared with measured results. In figure 1, it can be seen

that, given the uncertainties between different diagnostics, the results are consistent with

classical electron conduction: A7, ,, = %Aq”e, relating the upstream gradient length to the decay
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width of the power flux entering the diverted region in the conduction-limited regime.
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Figure 1. A, from TS measurements against (a) 3.5* 1 scaling from downstream IR measurement for H-
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mode attached plasma; (b)3.5*4 scaling from IR measurements for L-mode attached plasma.
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2.2 A single scaling or separate scalings for H-mode and L-mode regimes?
The previous study based on IR measurement and the first experimental observation from TS

system shows that the dependences of A7, on primary parameters are similar in H and L-
mode regimes. In the following analysis, it will be assumed that A7, have the same
parametric dependencies in both H and L-mode regimes. Following previous analyses, log-

linear regressions were made using the form Ay, = C - BTCB . qgg -Psf)’;. To study the degree

to which H- and L-mode regimes differ, two different approaches will be taken: firstly,
assuming a single scaling for both regimes, i.e. Cy = C;; secondly, assuming different
scalings between these two regimes, i.e. Cy # C;.

Assuming a single scaling for both regimes, a fit to the combined H-mode and L-mode

attached plasma dataset gives the scaling:

_ . 70.6410.13 p—0.3240.05 p0.23+0.35
Ar,, = 3.32" qgs sol Br : 1)

The regression has a fit quality of R* = 0.87 (RMSE: 13%). As shown in figure 2 (a), the
dataset is well represented by the scaling with no obvious systematic deviations. The dataset
combining both H-mode and L-mode regimes, considerably extends the range of P,
resulting in a dependence with much smaller uncertainty. However, it should be emphasized
that the Bt dependence still has a large uncertainty due to the small variation in Br, as for the
previous IR and TS based ASDEX Upgrade datasets.

Assuming different coefficient but identical parametric dependences for H- and L-mode
plasmas, a log-linear regression over the combined dataset gives the following best fit scaling:

ATe,u = CH,ng'575i0'12 523.1510.06379.1110.24 (Cy = 2.4 C, = 3.53) @)

This regression has a fit quality of R? = 0.95 (RMSE: 9%). As shown in figure 2(b), the
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dataset is as expected somewhat better represented by this scaling.
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Figure 2. Measured A7, against (a) a single scaling for both H and L-mode regimes, (b) the scaling with

different coefficients both regimes.

Based on the classical Spitzer-Harm conduction, the equation below can be used to estimate

the separatrix temperature, T, ,, [2]:
7 (Psot/AqL\ /7
T,y = (_—q”) _ 3)

2 Koe

Here, the simplified relation L = mRqqs is used to calculate the connection length and

A, = 4mRA4Bg /By is the surface area for the parallel power flux. 4, = %ATe’u Is used to
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calculate A, . Applying equation 3 to the scaling in equation 1 gives Ar,, q9> T 085,

which is close to the simple form A, « qosTe. (black dotted line) and equation 2 gives

Aryu & Cy1qs To0*®, which is close to Ar,, o Cy1qosTey>( blue dashed line), as

illustrated in figure 3(a). However, there is no obvious correlation with n,,,, as shown in

figure 3(b). A simple relation based on power balance and Spitzer-Harm conduction is used to

_y 5/2
derive the perpendicular heat transport coefficient, y “”Eiﬁe,ﬂ%T . Combining this

eu

relation with ATe'uocq%Te‘,,}, gives LocTel/z/ne, while with the expression Ar, , «

) cX r3/?
Cr1qosTol®, gives y, ”:1—: (C¥ for H-mode plasma, C;* for L-mode plasma).

3. Summary

By comparing upstream temperature decay width, Az, , with the scaling of the SOL power
decay width, 4, , based on the downstream IR measurements, it is found that a simple
relation based on classical electron conduction can relate Az, and 4,4, well. The combined
dataset can be described by both a single scaling and a separate scaling for H- and L-mode.

For the single scaling, a strong inverse dependence of, A7, on the separatrix temperature,
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Tey, is found, suggesting the classical parallel Spitzer-Harm conductivity as dominant
mechanism controlling the SOL width in both L-mode and H-mode over a large set of plasma
parameters. This dependence on T,,, explains why, for the same global plasma parameters,

Ag,. In L-mode is approximately twice that in H-mode. The single scaling for both H- and L-

dle

mode, implies a common form of perpendicular heat transport coefficient, y, « CgLT;/Z/

n, (C%,for both H- and L-mode plasma). However, the possibility of the separate scalings for
different regimes also exits, which gives results similar to those previously reported for the H-
mode, but here the wider SOL width for L-mode plasmas is explained simply by the larger

premultiplying coefficient. Using different coefficients for H- and L-mode plasmas, gives
X, « CZI‘,LTf/Z/ne (C¥ for H-mode plasma and C¥ for L-mode plasma). Based on the dataset

of this paper, there is no significant evidence for any of the two models. Further experiments

are required to give a definitive answer.
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Figure 3. Ar, , normalized by qg5 against (a) separatrix T, and (b) density n .
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