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It is well known that particle and energy transport are sifpnnfluenced by fluctuation-
driven processes. To gain an accurate description of h@gthmportant, we need to understand
the interplay between (a) plasma and magnetic parametélegrdb) fluctuation profiles and
(c) resulting particle and energy transport. Here we foaushe first link (a-b), i.e. looking
at the relationship between parameter profiles and fluctugtiofiles. The purpose of such an
investigation is twofold, since fluctuation profiles havenitications for the transport and may
regulate the profiles, and also to provide evidence for @aer theoretical descriptions of the
turbulence behavior.
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ature gradient (ITG) turbulence is driven by the tem-

dient, so thep parameter is crucial in determining its .
N Figure 1: Spatial and resolved pro-
stability. On the other hand, trapped electron mode . ,
_ _ files of fluctuation amplitude. The
(TEM) turbulence can be driven in the absence of a . o o
. dashed lines indicate the characteristic
temperature gradient. In general, these modes couple _ o
o resolution. The sign gb indicates the
to each other and both can exist simultaneously. In .
o . o N o direction about the midplane.
simplified geometries, analytic instability criteria can

be derived. In complicated geometries, numerical simutatiare required to calculate linear
growth rates. Such calculations have been performed in LHD [

Phase contrast imaging fluctuation profile measurements

Fluctuation measurements presented here were made usivgle?rd CQ laser phase con-

trast imaging (PCI) system [2]. This diagnostic has the céipato simultaneously resolve line
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integrated fluctuations both along the line of sight, whiahlabel by flux coordinatge, and in
k, as shown in Fig. (1). With PCI, small angle scattering implihat no resolution along the
line of sight can obtained. However, since fluctuations gahehavek << k,, the position
along the line can be inferred from the propagation directwich is perpendicular to the local
magnetic field. The system uses a (6x8) 2d detector array teure¢he propagation direction
and obtain a spatial’/k map as shown in Fig. (1). The chaiatiteresolutiomAp ~ 0.1 depends
on the value ok of the fluctuations.

Analysis of phase velocity

The phase velocity of the fluctuations conveys infor-
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To accurately perform the comparison, it is necessagy — iy =
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to compute the ion/electron drift velocities in the plasnias oS
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frame of referenceuyyit 1ab = VExB = E(Ln +LT ). P

In this comparison, th& x B rotation is measured di-

rectly with a measurement of the Doppler shift of C \}Zlgure 2: Space and phase-velocity

CX radiation driven by perpendicularly injected pOS|t|vreeSO|Ved Fluctuation — amplitude

v mpared with m r
NBI, and was recently installed in the last experlment%\(ip’ ), compared easured

campaign [3]. The new system provides much more EXB and drift velocities. This

tailed information near the edge of the plasma. DensqISCharge corresponds to Fig. (3b).
profiles are taken from the FIR interferometer and elec-
tron temperature profiles from Thomson scattering. The delocities are projected perpen-
dicular to the PCI line of sight by the factor.6. The ion and electron diamagnetic velocities
can only be distinguished in regions where the pressuraegras large and thé 8 is signifi-
cant. This is true for the edge regions though not the coranandt the edge where the pressure
is close to zero. Classification is possible arour@l0p < 0.9, depending on plasma profiles.
The phase velocity of fluctuations is calculated basedandk. A two dimensional "image"
of the fluctuation amplitude as a function@fandv is calculated from
S(p,v) = [S(p, vk k)(dv/dw)dk, whereS(p, w, k) is the frequency resolved image shown in
Fig. (1).
A comparison of PCI phase velocity and diamagnetic velagigeshown in Fig. (2). The
measurements are consistent in that the shape of the ExBepriofsely corresponds with with

the fluctuation velocity. In the edge, there is a significaxB Ehear. This may play a role in
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regulating the transport in certain scenarios. The fluzinatelocities are approximately offset
from the E x B velocity by the electron drift velocity. This is evidence fBEM like modes,
which should only occur when the temperature gradient idlshl@wever, in this scenario, the
temperature gradient is appreciable, as shown in Fig. (3b).

Fluctuation driving forces

We present results for 2 discharges show-

ing different driving terms. We choose to an- (@)t=1.9s _
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cesses can have an influence. However, the

edge peaks are generally the strongest.

In the first example, we consider the
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change of the profile from peaked to hol-

low, after pellet injection, to elucidate the role
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of density gradient. The fluctuation profiles

are shown in Fig. (3a,b). In the peaked den- Ty — T 09 05 10 15.5

sity profile, fluctuations are strongest in the (c) time history at p=0.7
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branch is excited towards the core, in the hoTCE °
low part of the profile. The temporal dynam- . %
ics are shown explicitly in Fig. (3c). After pel- 1.'2 ‘2‘2 "L () :
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let ablation, the density profile is transiently 14 16 18 _20 22 24 26
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hollow. When the profile switches to peaked,
fluctuations are reduced. At aroute- 1.8s, Figure 3: Spatial profiles of fluctuation ampli-

the heating power is increased and the proffigle compared with density, temperature pro-

returns to hollow. Again, when and the sigl€s in (&) peaked density profile,t=1.9s and (b)

of n changes, fluctuations increase again. hollow density profile, t=2.2s. (c) Comparison
Because the temperature gradient is ndpf.time evolution of fluctuation amplitude and

zero, and density gradient is a regulating pd-8tP = 0.7.

rameter, this is evidence of an “ITG like”

mode. However, ITG dominated modes propagate in the iomalgetic direction, contrary

to the observed phase velocity described in the previousose¢However, since the the drift

velocity in theE x B frame is small in the hollow region @ = 0.7, one cannot deny that it
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could be in the ion diamagnetic direction.) This feature sahconsistent with the expecta-
tions of the calculations in [1], which show that fluctuasare stabilized under hollow density
profile and peaked temperature profile. The presence of aitich peak in the hollow region
of the density profile is universal in that it occurs in a varief discharges, though excep-
tions can be found with no peak in the hollow region. In the ownly used configurations of
LHD (Rax = 3.6m,3.75m), hollow density profiles are common in steady-state dihection
and magnitude of the fluctuation-induced flux may have raatifhos for the causality of the
hollow density profile.

In the second example, we present fluctuations in

(a) Profile comparison t=1.0s

the core region of a super dense core (SDC) dis- s

charge [4] in Fig. (4a). In this case, rapid pellet in< * m
jection forces a highly peaked dense core, with § o
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strong gradient. A peak in the fluctuation amplitude _ -
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is observed in this density gradient region. The tem-

perature profile in the core is flat. This is an exam-1s;
ple of density gradient driving instabilities (sinceg 107

OT ~ 0). To show this role clearly the quctuationiE 5

amplitude ajp = 0.4 is compared with the normal-

0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50
Time (s)

ized density gradient,* in Fig. (4b). It is clear

that as the gradient steepens, the fluctuation leg@yure 4: (a) Fluctuation and plasma pa-
increases. A comparison of the fluctuation velociggmeter profiles in a super-dense core dis-
with E x B and diamagnetic velocities shows thgharge, (b) Time evolution of fluctuation

this branch appears to propagate at around the elgéplitude and normalized density gradi-
tron drift velocity. This evidence suggests that thegyt atp = 0.4.

mode is TEM like, since it is driven by the strong
density gradient at zero temperature gradient, and siqrepagates in the electron drift direc-
tion.
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