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ABSTRACT 

In this project, we parameterize the shape and magnitude of the temperature and 
density profiles on JET and the temperature profiles on TFTR. The key control variables 
for the profiles were tabulated and the response functions were estimated. A 
sophisticated statistical analysis code was developed to fit the plasma profiles. Our 
analysis indicate that the JET density shape depends primarily on n/B( for Ohmic 
heating, n for L-mode and I for H-mode. The temperature profiles for JET are mainly 
determined by q95 for the case of Ohmic heating, and by B{ and P/n for the L-mode. For 
the H-mode the shape depends on the type of auxiliary heating, Z~, n, q95, and P. 



I. INTRODUCTION 

The proposal's goal is to parameterize the temperature and density shape in terms of 
the engineering variables. In fitting the data, we choose from a candidate list of control 
variables which includes engineering control variables such as the logarithms of the 
edge safety factor, q9y the plasma current, I (in MA), the toroidal magnetic field, B{(in 
Tesla), the average density, ng(in 10 1 9/m 3), the injected power, P (in MW), the effective 
ion charge, Z ™, and the plasma elongation, K. All control variables are normalized to 
their database averages, thus they are dimensionless. 

The temperature is treated as an unknown multidimensional function. An important 
class of models are the log-additive models of [1,2]: 

T(p, Ip, ne, P, B() = ftp) i P n ^ Pf&\ (1) 

where p is the normalized flux radius. These models are the analog of confinement 
expressions: C£= CQ ri ne

2P •*. The profile parameterization model replaces empirical 
constants with smooth functions. These unknown functions, nipXffp),..., axe estimated 
with smoothing splines [1,2]. One of the most important results of this work is that we 
determine which control variables need to be included in the model and eliminate those 
which are insignificant. 

There are six main advantages of profile shape scalings: 

1—The scaling summarizes the characteristic profile shapes over an operating period. 
We thereby quantify tokamak performance in a concise and easy to understand 
form. 

2—Our profile parameterization serves as a benchmark to to compare performance in 
new classes of discharges with our standard profile shapes. 

3—By fitting many discharges simultaneously, the signal to noise ratio is enhanced and 
we average over effects which are not reproducible from discharge to discharge. 

4^-These expressions can be used in transport, stability and heating codes as realistic 
temperature and density shapes. 
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5—In many cases, physics insight can be gained from examining the profile 
parameterization. In particular, we are sometimes able to isolate similarity variables 
in the profile shape dependencies. 

6—In the near future, we hope to use profile parameterization to extrapolate tokamak 
performance to ITER, including peaking factor dependencies. 

In the next section, the theoretical advances are described. In Section III code 
development is described. Section IV is the most important section as it presents our 
physics findings. A list of publications is also given. 

II. THEORETICAL DEVELOPMENTS 

The basic model [1] was described previously [3]. However, our use of smoothing 
splines is a significant improvement on [3]. For each choice of control variables we 
evaluate the predictive average residual (PAR). The PAR value is more effective at 
model selection than the corrected chi square test because PAR is robust against 
outliners and correctly counts the degrees of freedom. At each stage of the variable 
selection, we add the variable which decreases the PAR value the most. 

Our smoothing spline package automatically selects the correct level of smoothing 
which is appropriate for the data. Originally, we based the smoothing on generalized 
cross-validation. This yielded artificial wiggles, so we developed a new smoothing 
procedure which suppressed unnecessary wiggles. 

In [2], we describe how our methodology may be modified to fit diffusivities and heat 
fluxes. 

III. NUMERICAL IMPLEMENTATION 

During this grant, we have developed a code for data analysis. The code uses standard 
Fortran 77 and can be used by interested members of the fusion community. Because 
constant additions and modifications are being done, only rudimentary documentation 
was prepared prior to the end of grant funding. The program can be run in interactive 
or in batch mode. 
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Given profile data and a particular model, the code estimates the unknown functions, 
M'CP)* //(P)> /p(P)> a s w e n < a s *he corresponding error bars. The predicted values and the 
residual fit errors are output for future plotting. Various performance measures are 
calculated. The code routinely runs on a 486 personal computer. We use the Watcom 
¥77 compiler for DOS, Windows and OS/2 applications. Because of the large size of the 
program, the DOS version requires a protected-mode compiler. The Windows version 
also runs fine, but because of the large number of input and output, multi-tasking is 
quite poor. The OS/2 version allows excellent multi-tasking with very efficient 
execution of the code. A number of preprocessing and post-processing codes have been 
written. The preparation of a full report including of the code listing and explanation of 
its usage is planned. 

IV. EXPERIMENTAL RESULTS 

We summarize our comparison of temperature and density profiles in JET [4]. This 
work was done in collaboration with Beatrix Schunke of JET and Kurt Riedel (NYU). 
For three types of discharge profiles (Ohmic, L-mode, and H-mode), we determine the 
significant control variables and describe their effects. 

The Ohmic density profile shape, analyzed using the JET data obtained during 
1990-1991 period, appears to depend predominately on the ratio « e /B f , corresponding 
to the Murakami parameter. As ng/B increases, the profile broadens. 

The Ohmic temperature profile shape depends primarily on q95 (profile consistency), 
but other dependencies are discernible [2]. 

The L-mode density profile depends primarily on ng or ne/B(. A larger data set is 
required to distinguish between these two parameters. A dependence on K is seen in the 
analysis, but we believe that this is artificial, since K is varied very little, its variation 
probably correlates with other hidden variables. 

The L-mode temperature shape depends primarily on B, while the magnitude depends 
on the power per particle, P/n, as well as B. The temperature peakedness increases 
with Bf 

The H-mode density shape depends primarily on I. As the current increases, the profile 
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broadens and edge gradient increases. 

The H-mode temperature shape depends on the heating type, with ICRH generating 
more peakedness. The effective charge is the second most important variable with weak 
dependencies on n, q95, and power. 

A much more detailed description of these results can be found in the paper [4]. An 
analysis of the TFTR Ohrnic profiles is given in [2]. 
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