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ABSTRACT

The Alcator C-Mod mirror Langmuir probe diagnostic is used to characterize plasma fluctuations in the outboard mid-plane scrape-off layer (SOL). Ohmically heated
L-mode plasmas with Greenwald fractions from 0.1 to 0.45 are analyzed. In plasmas with a low line-averaged core density, the radial profiles of the average electron
density and temperature feature a two-scale structure with a strong gradient in the near-SOL and a weak gradient in the far-SOL. The relative fluctuation levels of the
electron density are below 25% throughout the entire SOL and the fluctuation driven heat flux is dominated by plasma density fluctuations. In the plasma with the
highest line-averaged core density, the radial profiles of the electron density and temperature feature only a single weak gradient length scale across the SOL. The
plasma density at the limiter radius is approximately 10 times larger than in low-density discharges. The average electron temperature at the separatrix falls to
approximately 30 eV while the magnitude of the relative temperature fluctuations increases with the line-averaged core plasma density. With increasing plasma
density, the fluctuation-driven heat fluxes increase by more than one order of magnitude while retaining a relative fluctuation level of approximately 3. Even though
the SOL is on average cooler than in low density discharges, large electron temperature fluctuations govern the turbulence driven heat flux towards the wall while
contributions from density fluctuations and triple correlations contribute approximately 35% and 15%, respectively.

1. Introduction

As the power exhaust channel for tokamak plasmas, the scrape-off
layer (SOL) distributes plasma fluxes coming from inside the last closed
flux surface onto material surfaces [1]. It is widely believed that com-
petition between parallel and cross-field transport determines the scale
lengths of radial profiles in the SOL [2-8]. As plasma and heat crosses
the separatrix and enters the SOL, parallel transport immediately dis-
perses it along the magnetic field lines into the divertor region. Acoustic
streaming governs the parallel transport of plasma density while heat
transport along the field lines is believed to be governed by thermal
conduction [9,10]. Cross-field transport in the SOL is dominated by the
radial motion of so-called plasma blobs [5,11-14]. In order to establish
predictive modeling capabilities for expected heat loads on plasma fa-
cing components in reactor relevant conditions, the scaling of both the
parallel and perpendicular transport mechanisms with the relevant
plasma parameters needs to be understood.

Blobs are field-aligned structures of elevated pressure which appear
strongly localized when viewed in the radial-poloidal plane. They
present order unity perturbations to the background particle density
and temperature, and the magnitude of the radial transport they med-
iate depends on their pressure amplitude as well as their cross-field size
[12,15-20]. Theoretical work on blob propagation suggests that their
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radial velocity depends sensitively on the plasma collisionality
[7,21,22]. In low collisionality plasmas, blobs may extend along mag-
netic field lines all the way to electric sheaths at the divertor plate. This
effectively dissipates electric drift vorticity generated by the blobs,
thereby impeding their radial propagation [12,17]. In high collision-
ality plasmas, this dissipation channel is rendered ineffective by parallel
resistivity such that blobs would propagate faster than for low colli-
sionality plasmas [8,23-25]. Experimentally, the collisionality of the
SOL plasma can be controlled by the line-averaged core plasma density.
Recent theoretical and experimental work suggests that particle density
time series sampled in SOL plasmas are well described as a super-po-
sition of uncorrelated pulses, where each pulse is due to the radial
propagation of a plasma blob [26-32].

In the situation where parallel transport dominates cross-field
transport, small gradient scale lengths of the average plasma density
and temperature profiles are expected in the SOL. In the opposite si-
tuation, it is expected that the scale lengths become larger, exposing the
main chamber wall to, on average, a hotter and denser plasma.
However, SOL plasmas are characterized by order unity fluctuations of
these plasma parameters. Recognizing that the SOL plasmas is well
described as a non-linear system which features turbulent flows driven
by these large-amplitude fluctuations [33-36], it is desirable to char-
acterize the fluctuations of the plasma and the radial fluxes in the same
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manner as has been done for average profiles.

This contribution revisits the dependence of fluctuation driven
cross-field transport in the scrape-off layer plasma on the line-averaged
core-plasma density [4,6,8,25,33,37-39]. Utilizing Mirror Langmuir
Probes (MLP) installed in the low-field side, outboard mid-plane re-
ciprocating probe diagnostic, the electron density, electron tempera-
ture, and the plasma potential are sampled on a time scale smaller than
the timescale of the turbulent SOL flows. Here we use this capability to
compile radial profiles of the lowest order statistical moments for the
electron density, the electron temperature, the radial velocity, and for
the fluctuation driven particle and heat fluxes. This unique sampling
capability of the MLP allows the characterization of just the fluctuation
statistics of the fluctuation driven fluxes in the SOL and their depen-
dence on the line-averaged plasma density.

2. Experimental setup

The SOL plasma in Alcator C-Mod has been investigated for several
ohmically heated, lower single-null diverted plasma discharges. In each
discharge the line-averaged core plasma density was held at a constant
value 7#./ng = 0.13, 0.22,0.28 and 0.45, where ng denotes the
Greenwald density [40]. All figures presented in this paper encode the
line-averaged core plasma density using the color map given in Fig. 1.

All discharges were performed at a constant poloidal current of
approximately 0.55MA at the flat top which leads to a comparable
magnetic geometry for all the discharges. Fig. 2 shows the magnetic
equilibrium, as reconstructed using EFIT [41]. Fig. 3 shows the con-
nection length from the horizontal scanning probe, counter-clockwise
along the magnetic field lines, onto material targets. Here, p denotes the
distance to the separatrix as mapped to the outboard mid-plane loca-
tion. In the region p < 1.5 cm the field lines intersect the lower divertor
stack. In the region p > 1.5 cm the field lines intersect a poloidal limiter
structure, resulting in shorter connection lengths. Data for this region is
omitted from the figure.

The horizontal scanning probe [42] was equipped with a Mach
probe head [43], whose four electrodes were each connected to an MLP
[31,44,45]. The four electrodes are arranged in a pyramidal geometry
and labelled NE (north-east), SE (south-east), SW (south-west), and NW
(north-west), according to their location relative to the other electrodes.
Fig. 4 shows the layout of the electrodes on the probe head and relative
to the magnetic field. This probe is located approximately 10 cm above
the outboard mid-plane location. In the analysis presented here, data
from between one to three probe plunges during stationary plasma
parameters is used.

Traditional Langmuir probes sample radial profiles of the estimated
average electron density n. and the average electron temperature T, by
applying a sweeping bias voltage. To avoid hysteresis effects, the fre-
quency of the sweeping bias voltage is limited to frequencies below the
characteristic time scale of turbulent flows in the SOL plasma [46]. This
mode of operation assumes a constant background plasma during the
sweep. Another commonly employed method for operating Langmuir
probes is to bias them negatively such that they sample the ion sa-
turation current I;. Sampling on a frequency below the characteristic
time scale of the turbulent flows in the SOL allows to compute lower
order statistics of I; time series, such as the average <>, the root-mean-
square value I ., as well as coefficients of skewness and
excess kurtosis, defined respectively by S, = (s — (Is))/L;,ms)®) and
Fr, = ((Us = s/ L5 mms)*) — 3. Asymmetric distributions of fluctuations
where a significant number of samples exceed the average value gen-
erally feature positive values of both S and F.

0.1 0.2 0.3 0.4 0.5

Fig. 1. Color encoding of 7Z./ng used in Figs. 2-10.
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Fig. 2. Reconstructed magnetic flux surfaces. Open magnetic field lines, inter-
secting the poloidal limiter structure or the divertor structure are shown in
green. The magnetic separatrix is drawn in red and the trajectory of the scan-
ning probe is denoted by the black vertical line. (For interpretation of the re-
ferences to colour in this figure legend, the reader is referred to the web version
of this article.)
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Fig. 3. Radial profile of the distance from the probe position to the lower di-
vertor stack when following the magnetic field lines counter-clockwise.
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Fig. 4. Layout of the probe head installed on the scanning probe, viewing from
inside the plasma.

MLPs sample the electron density, temperature and the plasma
potential in real time. This allows the compilation of all the lowest
order statistical moments of these quantities. Practically, they combine
the sweeping voltage and negative bias mode of operation of Langmuir
probes. To do so, the MLP bias drive applies a fast-switching voltage to
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a Langmuir electrode on a sub-microsecond time scale. By dynamically
updating the voltage states as to cover a sufficiently large voltage range,
the MLP system infers the electron density n,, the electron temperature
T, and the plasma potential V}, by fitting a current-voltage character-
istic on this data. From this data, a more complete picture of the fluc-
tuation-driven transport in the SOL plasma can be obtained.

Estimators for the radial electric drift velocity as well as for the
fluctuation driven particle and heat fluxes are defined by

1(VE+ V) — (VYE+ Y)

U == :
2 A.B(R + a) (@)
A LA
L, =Un,, (2)
- T . -
TR COREL SLOAN R
7-‘e,I‘]"ﬂS ne,rms (3)

These are readily evaluated using the data reported by the MLP. Here
A, = 2.2mm denotes the vertical distance between the north and south
electrode groups, R = 0.68m and a = 0.22m denote the major and
minor radius respectively, and B(R + a) ~ 41T gives the toroidal
magnetic field at the probe location. Fluctuating quantities are denoted
by & = (® — (®))/®py. The fluctuation-driven electron heat flux is
comprised of a convective part, driven by electron density fluctuations,
a conductive part, driven by electron temperature fluctuations, and of a
part due to triple correlations.

3. Fluctuation profiles

Fig. 5 shows radial profiles of the lowest order statistical moments
for I, n. and T.. The gray area denotes the approximate location of the
limiter shadow. The radial profiles of the average ion saturation cur-
rent, shown in the top panel of the left column, decay approximately
exponentially. For 7i./ng < 0.3, a two-scale structure is observed, with a
strong gradient in the near-SOL and a weak gradient in the far-SOL.
Profiles sampled in the high-density discharges with 7i./ng =~ 0.45 show
no visible distinction between a near-SOL and a far-SOL region. In the
lowest density discharges, the relative fluctuation level increases from
0.25 at the separatrix to 0.5 at p = 2cm. For 7i/ng = 0.45, the relative
fluctuation level is approximately 0.5 throughout the entire SOL. Radial
profiles of skewness S and excess kurtosis F show similar trends as the
relative fluctuation level. Both, S and F increase only slightly with p,
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however both S and F are significantly larger in the discharge with
fie/ng = 0.45 than in lower density discharges.

Profiles of the average electron density, shown in the top row of the
middle column, appear qualitatively similar to the <I;> profiles. A two-
scale structure with a strong gradient in the near-SOL and a weak
gradient in the far-SOL are distinguishable in discharges with
fe/ng < 0.3. In the high density discharge, the profiles feature an ap-
proximately uniform gradient length scale which is larger than in the
lowest density discharge. At the limiter radius, <ny is larger by a factor
of 10 than in the lowest density discharge. Radial profiles of the relative
fluctuation level, skewness and excess kurtosis show little variation
with p and 7i./ng. The relative fluctuation level is approximately
0.15 — 0.25 throughout the SOL and increases slightly with p in dis-
charges with 7./ng < 0.3. Coefficients of skewness and excess kurtosis
are small, S, F<1, and are constant throughout the SOL.

The radial profiles of the average electron temperature are quali-
tatively different from those of the electron density. While both profiles
decrease monotonically with p, the average electron temperature de-
creases with increasing 7i./ng. At the separatrix we find <T.(0)> = 60 eV
in discharges with 7i./ng < 0.3. In the high density discharge we find
<T.(0)> = 30eV. The radial profiles of the relative fluctuation level
show a strong dependence on the line-averaged core plasma density and
little sensitivity on p. For fi./ng < 0.3, T, ms/<Te> is given by ap-
proximately 0.15 — 0.25, while for 77./ng ~ 0.45 the relative fluctuation
level is approximately 0.5; larger by a factor of two. Similarly, T, fea-
tures larger profile values for skewness and excess kurtosis in the high
density discharge, which suggests an abundance of temperature fluc-
tuations which significantly exceed the average temperature.

In order to quantify the dependence of the average profile gradient
scale length on 7i./ng, the function

~exp(—£) for p < py,
(@)(p) = "
~exp(—£) for p > p,
Lt @
is fitted on the data shown in the row second from the top of Fig. Sfor
0 < p < 1.5cm using a least-squares method. These fits are shown in
Fig. 6. The near- and far-SOL profile scale lengths are denoted by L, and
L¢respectively, and p;, denotes the break point between the two regions.
The ion saturation current, electron density, and temperature profiles
feature profile length scales given by L, between 0.5 and 1 cm. The far-
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Fig. 5. Radial profiles of the lowest order statistical moments for the ion saturation current (left column), electron density (middle column), and the electron
temperature (right column). The gray area denotes the approximate location of the limiter shadow. The top row shows the average value, the second to top row
shows the profile of the average value relative to the value at the separatrix, p = 0. The middle row shows the relative fluctuation level and the two lowermost rows

show radial profiles of the sample skewness and excess kurtosis.
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Fig. 6. Length scales of the near-SOL (upper panel), far-SOL (middle panel) and
the position of the break point between near- and far-SOL (lower panel). The
colored area denotes detached divertor conditions.

SOL profile scale lengths for I; and T, are approximately 2 cm. For n,,
we find Ly ~3 —4cm and for the high density discharge with
fie/ng =~ 0.45 we find L¢ = 5.5 cm. For all three profiles, the break point
moves towards the separatrix, from p = lcm in low density discharges
to p = 0.5cm in high density discharges. Given the radial resolution of
the sampled profiles, the distinction between a near- and a far-SOL
appears artificial in the high-density discharges.

Fig. 7 shows radial profiles of the root-mean square value, skewness
and excess kurtosis calculated for estimators of the radial velocity given
by Eq. 1 using both the floating potential Uy; and the plasma potential
UVp' For m./ng 5 0.3, va,ms decreases with p, from approximately
700 — 1000 ms~! at p = 3 mm to approximately 400ms~! at p = 2cm. For
i/ng 2 0.3, Uy, is given by approximately 600 ms™! at the separatrix and
decreases weakly radially outward. Independent of 7./ng and p, esti-
mators for skewness and excess kurtosis are negligibly small, suggesting
normally distributed fluctuations.

For 7m./ng < 0.3, radial profiles of UVp,rms are comparable to the
profiles calculated from Uy ;5. Root-mean square values sampled in the
high density discharge on the other hand are significantly larger than in
the low density discharges, approximately 1000 ms~!. Furthermore,
coefficients of sample skewness and excess kurtosis are also sig-
nificantly larger than found when using the floating potential to esti-
mate the radial velocity. While estimators for S and F obtained for the
discharges with 7./ng < 0.3 cluster, these estimators are significantly
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Fig. 8. Profiles of the average particle flux (upper panel) and its relative fluc-
tuation level (lower panel).

larger in the highest density discharge. An explanation for these large
sample coefficients is an abundance of velocity samples exceeding the
root-mean-square value. Velocity samples of this magnitude are not
measured by the estimator using the floating potential.

Fig. 8 shows the profiles of the radial particle flux. Profiles of <I',>
are flat throughout the SOL for p > 0.5mm. However, the data sampled
in the low density discharge with 7./ng = 0.12 shows large un-
certainties, especially in between p = 0.5cm and 1 cm. The magnitude
of the particle flux increases monotonously with 7e/ng from approxi-
mately 5 X 102°m~2s~! for 7o/ng = 0.22 to more than 3 x 10>’ m~2s~! for
fie/ng = 0.45. On the other hand, the length scale of the average plasma
density profile in the near-SOL remains constant and L; varies by less
than a factor of two. This further corroborates the idea that the radial
particle transport in the SOL is not well described by flux-gradient ex-
pressions [38,47]. Similar to the average value, the relative fluctuation
level of the radial particle flux is approximately constant for p > 0.5 cm.
It varies in the range 2 — 5, independent of the line-averaged core
plasma density.

Fig. 9 shows the profiles of the average heat fluxes due to conduc-
tion (left column), convection (middle column) and triple correlations
(right column) and their respective relative fluctuation level (bottom
row). We note here that the electron heat flux at the separatrix,
p = Ocm, is approximately 0.1 MWm~2. Assuming the same amount is
carried by the ions, approximately 0.2 MWm~2 enter the SOL. Further
assuming that this heat flux is constant over a 0.2m strip, centered
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Fig. 7. Profiles of the lower order statistical moments for the radial velocity, estimated using V; (left panels) and V|, (right panels).
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Fig. 9. Profiles of conductive heat flux (left column), the convective heat flux (middle column) and the heat flux driven by triple correlations (right column). The
upper row shows the average value and the lower row shows the relative fluctuation level.

around the outboard mid-plant location, the total heat flowing into the
SOL amounts to approximately 0.2 MW. For L-mode discharges with
similar magnetic equilibrium and core-plasma densities as those in-
vestigated here, Ponmic — Bad is approximately 0.3 MW, where Popp;c is
the ohmic heating power and P,q4 is the power radiated from the central
plasma column [48]. That is, the magnitude of the heat fluxes shown in
Fig. 9 agrees with the global power balance estimate within one order
of magnitude.

Similar to the profiles of the particle flux, all average heat fluxes are
nearly flat throughout the SOL and their magnitude increases with the
plasma line-averaged core density. We find significant dips of the
average profiles in the near-SOL, p <1lcm in the lowest density dis-
charge with 77./ng = 0.12, as well as a dip in the triple correlation heat
flux for a discharge with 71./ng = 0.22. The relative fluctuation level of
the heat fluxes shows a more complicated behavior. For the conductive
and convective heat flux, we find that it is between 2 and 7 times the
average value and that it increases slightly with 7./ng. For the triple
correlations, we find significantly larger relative fluctuation levels.

Fig. 10 shows the relative magnitude of the profile-averaged fluc-
tuation driven heat fluxes. In discharges with 7Z./ng < 0.3, the radial
heat flux is governed by convection, driven by density fluctuations,

A I‘T,cond v 1—‘T,conv O 1—‘T,tcor
77T

60%
40%
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Relative contribution

0.3

0%|||||||
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Fig. 10. Relative contribution of the conductive, convective and triple corre-
lation heat flux to the total fluctuation driven heat flux.
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which contribute nearly 60% to the total heat flux. In the high-density
discharge more than 50% of the total heat flux is due to conduction,
driven by temperature fluctuations. In this dense plasma, convection
contributes approximately 35% and triple correlations contribute ap-
proximately 15% to the total heat flux.

In order to investigate the origin of the heat flux switching from
convection to conduction dominated, we continue by discussing the
correlations of 7, Ty, and U. For this, data from 3 ohmically heated L-
mode plasmas with stationary line-average core density of fie/ng = 0.12,
0.28, and 0.42, where the MLPs sample that plasma at the limiter radius
p = 1.5cm is analyzed. The length of the acquired data time series is
between 0.7 and 1.5s. Table 1 lists the mean and root-mean square
value of the electron density, temperature and velocity and Fig. 11
shows equi-probability contours for joint PDFs of the density, tem-
perature, and velocity fluctuations respectively. The line-averaged core
plasma density is color coded as before and the equi-probability con-
tours are labelled with their respective probability.

Electron density and temperature fluctuations appear strongly cor-
related in all three discharges, as suggested by the small minor axis of
the ellipsoid equi-probability contours shown in Fig. 1la. Linear
Pearson sample correlation coefficients are given by R = 0.79, R = 0.89
and R = 0.90 for the three discharges. Notably, the discharge with
f./ng = 0.46 shows a lack of temperature fluctuations with T, < —1.5
due to the low average temperature and an abundance of large-ampli-
tude temperature fluctuations. The range of the electron density fluc-
tuations changes only little with 77./ng.

The joint PDF of U and 7i. suggests a smaller level of correlation
between density and velocity fluctuations. For 7i > 0, the measured
velocity fluctuations are on average positive, however with a larger
scatter than observed for the temperature fluctuations. Likewise, fluc-
tuations with U > 0 are on average recorded simultaneously with
fluctuations for which 7. > 0. The shape of the joint PDF is similar for
all three discharges. In the high-density discharge, 71./ng = 0.46, density
fluctuations with i, ~ 2 appear in phase with slightly larger velocity
fluctuations as is the case for the two discharges with lower density.

Joint PDFs of fluctuations of the electron temperature and the ve-
locity, presented in Fig. 11c, feature a similar shape as the joint PDF of
U and 7i.. On average, fluctuations with T, > 0 are recorded simulta-
neously with U > 0 and fluctuations with T, < 0 are recorded simulta-
neously with U < 0. Compared to the low density discharges, the
qualitative picture of the correlations observed in the high-density
discharge changes only little. Fewer samples with negative T, are re-
corded due to the lower average electron temperature in this discharge.
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Table 1

Sample averaged and root-mean-square values for the fluctuations presented in

Fig. 11. The upper, middle, and lower value refer to the densities
fie/ng = 0.12, 0.28, and 0.46 shown in Fig. 11.
mean rms
ne/10¥m—3 8.46 / 18.7 / 48.0 1.68 / 4.49 / 10.3
Te/eV 16.7 / 15.0 / 13.4 2.22 /317 /5.21
U/ms™! 0/0/0 367 / 476 / 453

4. Discussion and conclusion

Revisiting profile flattening using real-time data of the electron
density and temperature allows to distinguish which one of these
quantities determines effects observed in the fluctuation statistics of the
ion saturation current, assuming I ~ n.T2/2. Firstly, with increasing
line-averaged core plasma density, the break point of the <n.> profile
moves closer to the separatrix while the scale lengths L, and L¢ increase.
The break point of the <T.> profile also moves radially inwards, but
remains farther away from the separatrix. This suggests that the
broadening of the <I> profile is governed by the development of a
shoulder in the <n.> profile. Secondly, the relative fluctuation level of
the particle density remains constant with 7./ng while the relative
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fluctuation level of the temperature increases. This implies that the
increase of the I relative fluctuation level is governed the electron
temperature fluctuations. Thirdly, in discharges with 7./ng < 0.3, the
magnitude of the sample skewness and excess kurtosis shows no sig-
nificant variation for either I, n., and T, with 7i./ng and p. In the dis-
charge with 7./ng = 0.45, S and F calculated from the I; and T, samples
are significantly larger than values found in the low density discharges.
For the electron density, S and F appear independent of the line-aver-
aged core-plasma density.

Estimating the radial electric drift velocity using either Vi and V;,
yields comparable values in discharges with 7./ng < 0.3. In higher
density discharges the estimator using V|, yields significantly larger
radial velocities. An increase in radial blob velocities in high-density
plasma discharges is well documented for Alcator C-Mod and ASDEX
Upgrade [8,23-25]. In the high-density discharges, both S and F are
well above sample estimates found in low-density discharges. This
implies that the U data feature a large number of samples which are
significantly larger than the sample average. The line-averaged core
density separates S(UVP) and F(UVP) similarly to S(T.) and F(T.). Since
the plasma potential is estimated as V, = V; + AT, with A = 3, see [1],
the increase in S(Uy,) and F(Uy,) with 7i/ng may be due to more fre-
quent T, fluctuations with small perpendicular wave numbers.

It is interesting to analyze the observed average density profiles
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Fig. 12. Radial profiles of the absolute root-mean-square values of the electron
temperature (upper panel) and the electron density (lower panel).

using a stochastic model that describes the SOL plasma as the super-
position of radially outwards propagating pulses [26,49]. Adapting this
point of view, the radial profile scale is given by L, = v, 7). Here, v, is
the radial velocity of the individual pulses and || describes parallel
losses along the magnetic field due to acoustic streaming. This
streaming can be assumed to occur at the ion acoustic velocity,
Cs = JT./m;. Then the radial velocity can be estimated as CiL,/Lj,
where L = 10m. Using L, = 3cm and T, = 30eV for the low density
discharges, 7i./ng < 0.3, this yields v ~ 100ms~!. Using L, = 6cm and
T. = 20eV for the high density discharge, 7i./ng ~ 0.4, this yields
v =~ 200ms~!. These increasing estimates of v, are compatible with the
order of magnitude estimated U,,s in the respective discharges. The
values estimated for v, as well as the trend that v, increases with in-
creasing line-averaged core plasma density are furthermore compatible
with estimates of the radial blob velocity in similar Alcator C-Mod
plasmas obtained by Langmuir probe measurements [50], obtained by
tracking of blob structures using gas-puff imaging measurements [24],
and obtained by correlation methods of the convective velocity field
[23,51].

In discharges with 7i./ng < 0.3, the convective heat flux, driven by
electron density fluctuations, dominates the total fluctuation driven
heat flux. In the discharge with 7./ng = 0.45, this contribution is re-
duced to approximately 35%, while the contribution from the con-
ductive heat flux is approximately 50%. Given the definition of the heat
fluxes in Eq. 3, this switching may be due to either a change in the
fluctuation amplitudes or a change in the average profiles. As discussed
at end of the last section, the joint PDFs suggest that there is little
change in the phase of the density, temperature, and velocity fluctua-
tions.

As shown in Fig. 12, the absolute root-mean-square value of the
electron density is more sensitive to variations in 7Z./ng than the root-
mean-square value of the electron temperature. For example at
p=07cm we find that n. .ns increases by a factor of 5, from
2.5 x 10*®*m® for 7i./ng = 0.12 to approximately 1.2 x 10'°m? for
fle/ng = 045. On the other hand, T. .ms increases from 3.3eV
to 7eV. Furthermore, the correlations between U, 7i. and T, change little
with 7./ng. Putting these pieces together, the following picture
emerges: In low density discharges, a large average electron tempera-
ture, together with large-amplitude electron density fluctuations govern
the radial heat flux. Contributions from triple correlations are almost
negligible. In the high density discharge, a large average electron
density, together with large-amplitude electron temperature fluctua-
tions govern the radial heat flux. The convective heat flux, and con-
tributions from triple correlations are secondary but not negligible.
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Finally, the near-SOL lengths scales L, of the n. and T, profiles change
little in the observed range of line-averaged core plasma compared to
the average radial particle and heat fluxes, which increase by several
orders of magnitude. This corroborates the idea that the profile gra-
dients do not drive particle and energy fluxes [37,38,49].

The analysis of the presented discharges suggests a clear correlation
between the fluctuation statistics of the thermodynamic variables, the
radial electric drift velocity, as well as the particle and heat fluxes and
the line-averaged core plasma density. The absolute magnitude of the
electron density, velocity, and particle and heat-flux fluctuations are
significantly smaller in low density discharges, 7i./ng < 0.3 than in the
high-density discharge 7./ng = 0.45. However, the absolute magnitude
of the electron temperature fluctuations changes only little with 7i./ng.
This critical line-averaged core plasma density separates the regimes
where the conductive and the convective heat fluxes respectively
govern the radial heat transport in the outboard mid-plane SOL. While
this transition coincides with the threshold for divertor detachment, at
approximately 7i./ng = 0.4, the data presented here do not allow to
draw conclusions about any causal links to the downstream conditions.
Rather, the data highlights the role of the boundary conditions imposed
on the SOL plasma at the separatrix. Within the studied range of line-
averaged core plasma densities, (n.(o = 0)) increases by a factor of two,
while (T.(p = 0)) decreases by a factor of three. The observed flux
switching from conduction to convection dominated is found to corre-
late with a significant increase/decrease in the separatrix values of the
average profiles. This suggests that it is the fluctuation-driven transport
in combination with the parallel transport which sets the gradient scale
lengths in the SOL.

In future work, MLP measurements of scrape-off-layer fluctuations
will be interpreted in terms of a stochastic model which describes the
fluctuations by the super-position of uncorrelated pulses. It is also
planned to address the interplay between ionization and the observed
change in profiles.
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