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Understanding transport is important for creating rekgiredictions of plasma performance in
fusion reactors. Plasma turbulence causes much of theptveirgeen in present experiments.
Gyrokinetic codes can simulate turbulence and turbulened transport. Further verifying
and validating these simulations are needed. One classtsf ieprovided by electron den-
sity fluctuationng measurements using techniques such as reflectometry anddmesion-
spectroscopy.

The GYRO gyrokinetic code [1] is being used to simulate tiebae and turbulent-driven
energy, angular momentum, and species flows in experim&MBRO can generate the time-
evolving fluctuations ofg'in three spatial dimensions. From this, profiles, along iagmbstic
lines-of-sight, of the root-mean-squang fadial correlation lengtha,, and power spectra can
be produced. This paper focuses on GYRO simulations of tefteetry measurements in TFTR
and JET. These are the first published nonlinear gyrokirilettuation simulations for either
tokamak.

Fluctuation measurements -On TFTR and JET, fluctuations measurements were performed
using tunable microwave reflectometers operating in theoglenE L Brr) in the ranges of
frequencies 132-140 GHz (TFTR) and 92-96 and 100-106 GHE)(Jadial correlation mea-
surements were performed at several plasma radial locatipstepping the relative frequency
in pairs of reflectometers every 20 msec over a rangeGHz.

In the presence of large levels of plasma turbulence, agidleddn Ref. [2], the radial cor-
relation of measured signals becomes smaller than thatefya fluctuations. The TFTR mea-
surements were corrected using the random phase screeh|@]oslleere the primary effect of
density fluctuations is to modulate the phase of the probiagewear the cutoff by an amount
given by the geometric optics approximation, and by assgrfon the latter a Gaussian dis-
tribution. In the case of JET no attempt has been made yebfoeating the measured signal
correlations.

Simulations - The GYRO simulations are based on measured plasma profilethamag-
netic flux geometry. The densities of three kinetic specigleetron and two ion species (bulk
and one effective impurity maintaining charge neutralityyere derived using the TRANSP
plasma analysis code [3] The radial simulation domain eldesver about half the minor ra-
dius. Up-down symmetrized Miller equilibria, trapping deglectron-ion collisions are included.
The ranges of wavenumbers include the ITG and TEM moklgss (up to~ 1.0 with kg the
perpendicular wavenumber aipd the ion sound speed gyro-radius). The saturated nonlinear
turbulence is calculated using the electrostatic appration, which is expected to be accurate
for the plasmas considered. The mean-value flow-shearteg pay important roles in sup-
pressing the turbulence in saturation. We calculate threse E which is calculated from force
balance using the measured carbe®,\pressure, and neoclassica,Vv Also the simulated
zonal flows play an important role in saturating the turbaken

Data analysis - The electron density is calculated from the first moment efbrturbed
electron distribution function. Coefficients that are ftiogs of r, n (the toroidal mode number),
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Figure 1: GYRO simulation and reflectometry measurememi; dfuctuations a JET L-mode
plasma. The magnetic axes and our-board separatricieg ar@7aand 3.85 m. a) profiles of
file/Ne at several times, b) profile of root-mean-square of the GYRWktion. Both the sim-
ulation and the measurement are below about 0.02% at theadnesrwhere the measurement
could be made. measurement. Error bars are not yet available

t, and from which the rapid variation with poloidal angleand toroidal angle have been ex-
tracted are written to a GYRO output file at chosen valugd. dthese are read by a utility code
which linearly interpolates them onto a fiflegrid and multiplies by exp—in[v(r,8) — we,t]}

to restore the rapi@ variation. (We takep = 0.) Herev(r, 8) is the rigorous representation of
q(r)8 andwey, is the equilibriunE x B frequency at the center of the simulation domain (on the
outer midplane) to account for an overall Doppler shift.afiy) the code sums over n and takes
the real part to obtaing(r, 8,t). From this we can construct the sight lines of the reflectenset

Results -We compare results with measurements in TFTR and JET. TheplHSmas are
from a Brg scan in L-mode for studying fundamental D ICRH. They hgel2.0 MA, Brg=3.4
or 3.8 T, 6 MW of D neutral beam injection, 1.8 MW ICRH, and Ifw(=0.45) and Greenwald
fraction (=0.3). The simulations of energy and angular matwm transport are in approximate
agreement with TRANSP. Figure 1 shows profilemgf/ "< ne > and the root-mean-square
variance ofng/ < ne > (where <--> denotes local time averaging). These typically increases
from very low values £ 10~% within r /a of 0.3 to a up to a few percent afa around 0.7.
Figure 2 shows profiles of the.madial correlation function at several radii and the catieh
lengthA,. The two radii with measurements are in approximate agraewiéh the simulations.
The power spectra of the density is also simulated. Exangseshown in Figure 3. These do
not agree well with the measurements. The reasons for @ésagmt are not understood.

The TFTR measurements [4] were in a well-matched pair of rsinoés, one with D plasma
and the other with DT. They has 16 MW of neutral beam injec{i@ronly in one, and T-only
in the other)),=1.6 MA, Brg=4.7 T, andB,=1.7. Both the measured and simulated root-mean-
squareng fluctuations and\, at two radii were nearly the same in both plasmas, and agitbe wi
each other to within roughly a factor of two. Results are showFig.4.

Discussion - It is paradoxical that the TFTR pair have similar levelsig&ince they exhibit
the strong effect of isotopic mass in the ion energy confimgmgenerally observed in supershots
(for instance T in the core of the DT plasma is about 30% higher than in D, gﬁ‘?ﬂfrom
TRANSP analysis is about one-third that in D). The effect isch stronger than the gyro-
Bohm dependence (M-°) implied by naive gyrokinetic simulations of ITG/TEM turdemce if
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Figure 2: Simulation and measurements of radiaddrrelations in a pair of JET L-mode shots;
a) Examples of the correlation function which is computedaath radius, and from which the
average of the distances to larger and smaller radii wheredlrelation first drops below 1/e
is used to define the correlation length b) A, for the shot withBrg=3.4 T; c) gives the result
for the other withBrg=3.8 T (at the magnetic axis).
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Figure 3: Simulation ofg power spectra in a JET L-mode plasma. a) an example of the simu
latedrig(t) at the location (in 3D) of one of the measurements; b) Fasirier transform versus
frequency; c) time-smoothed re-plotting of b).
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Figure 4: GYRO simulations afi"and measurements in a matched pair of TFTR supershots;
profiles. The magnetic axes and our-board last-closed niagnefaces are at 2.77 and 3.40 m.
a) reconstructedre>, b) root-mean-squam/ < ne >, and c)A,

the temperature and density profiles were the same.

The GYRO simulations of energy and angular momentum tramgpthe D and DT super-
shots using measured profiles and nominaiie higher than the values inferred from TRANSP
analysis. The simulatexP is about twice the TRANSRPT andx27 is about twicex?. These
results depend sensitively on assumed input profiles suttteagadients of temperatures, den-
sities, and flow-shearing rate. For instance, a 20% reduofigd](T;)| would bring the simula-
tions considerably closer to the TRANSP-analysis valuggeSE was not measured directly,
we also performed simulations with the flow-shearing rateaased by 20% for comparison.
One noteworthy difference in the pair is that the compued higher in the DT plasma by a
factor of two. This difference appears to be significant ouang the transport.

Also the energy and angular momentum transport in the JETotlenpair are not simulated
as accurately ase.” Thus it appears harder for GYRO to accurately simulatesprart thamg
in general, perhaps due to increased sensitivity to prodite® the need to simulate several
variables and their relative phases accurately.
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