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Basic characterization of TORPEX electrostatic modes in closed field line
configurations

F. Avino,a) A. Fasoli, I. Furno, S. Jolliet, and P. Ricci
Centre de Recherches en Physique des Plasmas (CRPP), Ecole Polytechnique F�ed�erale de Lausanne (EPFL),
Association Euratom-Conf�ed�eration Helv�etique, CH-1015 Lausanne, Switzerland

(Received 3 October 2014; accepted 5 December 2014; published online 23 December 2014)

Electrostatic coherent modes are studied in the TORPEX device [Fasoli et al., Plasma Phys.

Controlled Fusion 52, 124020 (2010)], in closed flux surfaces. The accessibility to this magnetic

geometry is provided by a current-carrying in-vessel toroidal conductor developed to generate a

poloidal magnetic field [Avino et al., Rev. Sci. Instrum. 85, 033506 (2014)]. The background plasma

parameters are measured, and the ion saturation current fluctuations are characterized in terms of

power spectral density to identify the dominant coherent modes and their spatial localization. A sta-

tistical approach is implemented to determine the mode spectral properties by computing the statisti-

cal dispersion relation. The poloidal wave number kh and the toroidal wave number k/ are obtained,

as well as the corresponding mode numbers. A three-dimensional linear code based on the drift-

reduced Braginskii equations is used to investigate the nature of the instabilities. The linear analysis

suggests a dominant ballooning character of the modes. VC 2014 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4904808]

I. INTRODUCTION

Energy and particle radial transport, at rates much higher

than those predicted by simple collisional diffusion, is an

issue affecting all fusion oriented magnetic devices.1,2 A

deep understanding of plasma instabilities responsible for this

anomalous process is needed, from their linear evolution to

the highly turbulent non-linearly saturated state. While turbu-

lent fluctuations occur on a wide range of spatio-temporal

scales, a key role is played by plasma fluctuations with a fre-

quency lower than the ion cyclotron frequency. The study of

these turbulent processes in tokamaks, as well as in stellara-

tors, is hampered by the high temperatures and densities,

allowing direct measurements with fast reciprocating

Langmuir probes only in a narrow portion at the edge of the

plasma volume. Basic plasma physics experiments3–7 offer

an alternative solution for turbulence studies, allowing a

much easier diagnostic access, due to lower temperature and

density plasmas.

In the past, a comprehensive study of plasma fluctuations

has been conducted on the TORoidal Plasma EXperiment

(TORPEX)8 in the Simple Magnetized Torus geometry

(SMT). This results from the superposition of a dominant to-

roidal field with a much smaller vertical field. The SMT ex-

hibit the main features of the Scrape-Off Layer (SOL),

namely, pressure gradients, curvature, and gradients of the

magnetic field. The covered topics range from the investiga-

tion of electrostatic instabilities,9 intermittent events birth

and dynamics,10 and supra-thermal ion interaction with turbu-

lence.11 A simulation work validated on experimental data12

has revealed that different instability regimes can be explored

on TORPEX varying the amplitude of the vertical magnetic

field. Ideal interchange modes develop for a high vertical

magnetic field component, corresponding to a short connec-

tion length. Once the number of toroidal turns performed by

the open helical field lines is increased, resistive interchange

modes start to dominate.13

To better mimic the tokamak SOL and being able to

investigate the plasma core and the transition region between

closed and open flux surfaces, a system consisting of an in-

vessel toroidal copper conductor (TC) was recently installed

on TORPEX.16 This technical solution was originally

explored in the framework of nuclear fusion research14,15

and then abandoned due to the poor performance as a con-

finement device. A current generating a poloidal magnetic

field is driven by applying a voltage at the two extremes of

the conductor. Together with the main toroidal component,

the poloidal field allows closing the flux surfaces, including

a rotational transform in the TORPEX magnetic configura-

tion. More complex magnetic geometries are accessible too,

such as X-points or magnetic snowflakes.

This work is devoted to the spectral characterization of

electrostatic coherent fluctuations in TORPEX plasmas, in

the presence of closed field lines. We focus on a particular set

of operational parameters, performing a scan in the poloidal

field intensity. To assess the nature of the dominant instabil-

ities, the first step in the experiments-simulations comparison

is performed using a linear drift-reduced Braginskii solver.17

The paper outline is the following: Sec. II is dedicated

to the introduction of the experimental set-up and control

parameters. In Sec. III, the main background plasma param-

eters, namely, electron density ne, electron temperature Te,

and plasma potential Vpl, are presented. In Sec. IV, we dis-

cuss ion saturation current (Isat) fluctuations, focusing on the

spectral characterization of the coherent modes, computing

the poloidal and toroidal wave numbers, respectively, kh and

k/, and the corresponding poloidal (m) and toroidal (n)

mode numbers. In Sec. V, the results of the theoreticala)fabio.avino@epfl.ch
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investigation, aimed at determining the nature of the meas-

ured instabilities using a linear approach, are presented.

Finally, the conclusions and an outlook of future experi-

ments are given in Sec. VI.

II. EXPERIMENTAL SET-UP AND CONTROL
PARAMETERS

The experiments are performed on TORPEX,18 major ra-

dius R¼ 1 m and minor radius a¼ 0.2 m, with the TC sus-

pended in the middle of the vacuum chamber (Fig. 1). A

main toroidal field oriented in the counter-clockwise direction

from a top view is used. A value of B/;0 ’ 78:7 mT in the

center of the chamber corresponds to a radial position of the

Electron Cyclotron (EC) resonance layer of rEC ’ �10 cm.

Here, the plasma breakdown is obtained using 2.45 GHz

microwaves injected with a magnetron capable of reaching

powers up to 10 kW.19 The main plasma production is local-

ized around the upper hybrid resonance layer.

Hydrogen plasmas are investigated, with a constant neu-

tral gas pressure of 1:8� 10�4 mbar. A flat-top pulse of the

plasma current lasts for about 1 s (Fig. 2). During this phase,

the TC current is constant within 1%. The analysis of the

probe time traces is restricted to a time window of about

800 ms when the injected magnetron power is constant at

Pinj ’ 300 W, during the flat-top of the TC current ITC

(Fig. 2). A range of ITC between 400 A ad 800 A is explored,

adding to the resulting poloidal magnetic field a small vertical

components to obtain quasi-concentric flux surfaces on most

of the plasma volume, as indicated in Fig. 3(a). The corre-

sponding range of safety factor values is shown in Fig. 3(b),

where q(r) is the value averaged over a poloidal turn along

the magnetic field lines computed on the basis of the meas-

ured coil currents. An extensive set of Langmuir Probes (LPs)

with an acquisition frequency of 250 kHz is implemented for

the measurements, including different arrangements to cap-

ture two-dimensional information on the poloidal cross sec-

tion or to perform more refined radial scans. A set of movable

LPs includes: TWIN-1 (Fig. 4(a)), a single pin LP, 2DSSLP

(Fig. 4(b)), a 2D array of 8 single-sided LPs with a radial sep-

aration of 1.5 cm, SLP (Fig. 4(c)), a vertical array of eight

LPs 1.8 cm separated, and FRIPLE20 (Fig. 4(d)), a five tip tri-

ple probe, with 4 mm of separation between the probes. These

diagnostics, located at different toroidal positions, allow com-

puting the toroidal wave number k/ by applying the two-point

correlation technique,21,22 as explained in more detail in Sec.

IV. Time averaged radial profiles at z¼ 0 cm of ne, Te, and Vpl

are obtained by using the LPs in swept mode. The fixed LPs

include the HEXagonal Turbulence Imaging Probe

(HEXTIP),23 a 2D pattern of 85 LPs separated by 3.5 cm, cov-

ering the whole poloidal cross section of TORPEX, and the

Field-Aligned Probe Array (FAPA) shown in Fig. 4(e). This

allows measuring the poloidal wave number kh with 44 LPs

poloidally aligned along the concentric flux surfaces at four

different radial positions with 1 cm separation.

III. BACKGROUND PLASMA PROFILES

The background radial profiles of ne, Te, and Vpl are

measured on the low-field side (LFS) at z¼ 0 cm with a spa-

tial resolution of 0.5 cm, using the 2DSSLP. The probe is radi-

ally moved between discharges. The applied voltage is swept

at a frequency of 330 Hz between �40 V and 20 V, to cover

both the ion and electron saturation regimes. The plasma

potential profiles are evaluated from24 Vpl ¼ Vf þ lTe=e,

with l ¼ 3:15. The results are shown in Fig. 5 for the differ-

ent values of currents. The measured density is in the range of

ð2� 10Þ � 1015 m�3. The plasma potential reaches 8 V in the

center and the maximum electron temperature is about 5 eV.

It can be seen that ne, Te, and Vpl peak toward the vacuum ves-

sel central region of higher poloidal magnetic field. The posi-

tion of the maximum density gradient moves radially

outwards by increasing the TC current. The 2D time-averaged

poloidal Isat measurements are shown in Figs. 6(a) and 6(b)

for the discharges with ITC ’ 460 A and ITC ’ 610 A, respec-

tively. The plasma shape matches qualitatively the simulated

magnetic flux surfaces, especially for the case at ITC ’ 610 A,

as can be seen from the radial cuts at four poloidal angles in

Fig. 6(d). For the lower value of current, a slight asymmetry

can be observed in Figs. 6(a)–6(c) along the poloidal direc-

tion. Although the origin of this asymmetry is not clear, we

should note that our experiment includes potential sources of

poloidal asymmetries, such as the lateral and vertical TC sup-

ports, as well as the TC feed-through.

FIG. 1. Internal view of the TORPEX

vacuum chamber with the TC sus-

pended in the center of the poloidal

cross section via lateral and horizontal

stainless steel wires.

FIG. 2. ITC (a) and Pinj (b) time traces. In red the analysed time window is

highlighted.
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FIG. 3. (a) Example of concentric

quasi-circular field lines obtained with

ITC¼ 800 A and a vertical field coils

current of 9 A. (b) In light blue the

region of values of the explored safety

factor radial profiles q(r) is indicated.

FIG. 4. (a) TWIN-1; (b) 2DSSLP; (c)

SLP; (d) FRIPLE; and (e) FAPA.

FIG. 5. LFS radial profiles at z¼ 0 cm of: (a) ne, (b) Vpl, and (c) Te calculated from the measured I–V curves using the probe #08 of the 2DSSLP for the five

values of toroidal conductor current.
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IV. FLUCTUATION MEASUREMENTS

In this section, we focus on plasma fluctuation measure-

ments, starting with the identification of the dominant quasi-

coherent modes, and moving subsequently to the estimate of

the toroidal and poloidal wave numbers.

A. Dominant quasi-coherent modes identification

The spatial region where the plasma fluctuations are

localized on the poloidal cross section is obtained by calcu-

lating the standard deviation of HEXTIP Isat signals. The

resulting profiles for the discharge at 460 A are shown in Fig.

7(a). The power spectral density (PSD) of each probe signal

is computed to discriminate quasi-coherent structures from

broad-band fluctuations. This is illustrated in Fig. 7(b) for

the four probes highlighted with coloured crosses in Fig.

7(a), indicating a dominant quasi-coherent mode at a fre-

quency of about 30 kHz. This mode is the main focus of our

investigations, since the two LPs close to the TC in Fig. 7(a)

at (r ¼ �3:5; z ¼ 0) cm and (r ¼ �1:75; z ¼ 3) cm, even if

with a higher level of fluctuations, present a much broader

spectra without any coherent peak at 30 kHz. A qualitative

identification of the mode poloidal position is obtained from

the intensity of the mode from the PSDs of all HEXTIP

signals. The mode intensity has been calculated by averaging

the PSD on a window of 63 kHz around the dominant mode

frequency. The result for the case of 460 A is shown in Fig.

7(c), indicating a mode poloidally asymmetric, mainly local-

ized on the bottom of the LFS, on the flux surface indicated

in red in Fig. 7(a). The same features are observed for the

other current values. The Gaussian fit of the PSD with

the highest mode intensity provides a first indication of the

mode frequency f and spectral width rf, as illustrated in

Table I for the different TC currents. A more precise esti-

mate of the mode radial position at z¼ 0 cm is obtained using

the movable probes and evaluating at each spatial step the

maximum of the PSD fitted with a Gaussian. The radial

width rr is given by the FWHM of a Gaussian fit performed

FIG. 6. Time-averaged 2D density profiles calculated from the HEXTIP Isat signals, for the discharge (a) with ITC¼ 460 A and (b) with ITC¼ 610 A; the simu-

lated magnetic field lines are shown in white, the black crosses represent the HEXTIP probes positions, and the toroidal conductor is represented with a black

circle in the middle of the cross section. (c) and (d) Isat radial cuts for different poloidal angles for the discharges with, respectively, ITC¼ 460 A and

ITC¼ 610 A. h ¼ 0� corresponds to the profile at z¼ 0 cm on the LFS, moving then counter-clockwise.

FIG. 7. HEXTIP data for the discharge #59809 at 460 A. (a) Standard deviation of the measured Isat time traces; the coloured crosses correspond to the probes

for which the PSD is shown in (b). (c) Mode intensity averaged on a frequency window of 3 kHz around the dominant mode frequency. The red line in (a) cor-

responds to the flux surface where the maximum of the PSD is measured.

TABLE I. Frequency f, spectral width rf, radial position rm, and radial width

rrm of the dominant mode for different TC currents ITC.

ITC ðAÞ f ðkHzÞ rf ðkHzÞ rm ðcmÞ rrm
ðcmÞ

460 29.8 2.4 9.0 1.2

530 29.1 2.9 9.8 1.1

610 26.8 2.4 10.5 1.0

680 23.2 2.2 10.9 1.3

750 22.8 1.0 11.2 0.9
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on the radial profile of the PSD maxima (Fig. 8). The results

are summarized in Table I. The data indicate that the mode

moves slightly outward when the TC current is increased.

This is consistent with the shift of the position of the maxi-

mum gradient of the pressure.

B. Wave number and mode number measurements

To measure the toroidal wave number k/, the four LPs

previously introduced in Sec. II have been placed at different

toroidal locations / but at the same radial position r.

Based on the results of Table I, the chosen values are

r ¼ ½9:5; 10; 10:5; 11; 11:5� cm for the values of current,

respectively, ITC ¼ ½460; 530; 610; 680; 750� A. The arrange-

ment is schematically shown in Fig. 9(a). k/ has been

estimated by applying the two-point correlation technique

between FRIPLE and the other probes, obtaining the phase

shift U from the statistical dispersion relation (SDR). The to-

roidal wave number k/ ¼ dðDUÞ=dx is computed as the angu-

lar coefficient of the linear fit on UðxÞ, where x ¼ R/ is the

probe distance from the reference one along the toroidal direc-

tion (Fig. 9). The calculated wave numbers k/ are shown in

Table II, together with the corresponding mode numbers n.

These are computed from the radial position of the probes R
as n ¼ 2pR=k/ ¼ Rk/, indicating n¼ 1 modes for the investi-

gated plasmas as illustrated in Fig. 10. The rk/ is the uncer-

tainty on the fit result with 95% confidence, while the

uncertainty on n is obtained with the statistical propagation of

errors.

To measure the poloidal mode number m, the FAPA

diagnostic presented in Sec. II was used. We note that the

explored values of TC current, namely, ITC ¼ ½450; 500;
550; 600; 650� A, cover a smaller range with respect to the

ones in Table II. This is due to the fact that for currents higher

than 650 A, the mode moves outside the spatial region cov-

ered by FAPA, which is composed of fixed LPs. For each

value of ITC, the poloidal row (PR) with the largest mode in-

tensity is selected, as can be seen in Fig. 11 for the case ITC ’
450 A, in which the mode is localized on the third PR starting

from the bottom. For the cases where two adjacent PRs have

comparable mode intensity, the one where the mode appears

first on the poloidal cross section is considered, namely, the

PR with the first probe detecting it having the smaller radial

position. The phase-shift is computed with respect to the first

LP on the high-field-side. Since the LP locations range

from �4 cm to 6 cm, the transformed poloidal angle

h� ¼ h� � sin h value is computed25 to take into account the

toroidal magnetic field variation along the PR to the first order

of the inverse aspect ratio �. The poloidal mode number is

FIG. 8. Radial scan of the PSD maximum on Isat signals (red), fitted with a

Gaussian function (blue), for ITC¼ 460 A.

FIG. 9. (a) Schematic view of the probe locations. (b) Linear fit on the phase

shift of consecutive probe couples for the k/ estimate.

TABLE II. Toroidal wave number k/ and mode number for the explored

values of TC current.

ITC ðAÞ k/ ð1=mÞ rk/ ð1=mÞ n

460 1.05 0.22 1:1560:22

530 1.17 0.86 1:2960:86

610 1.14 0.20 1:2660:20

680 1.14 0.38 1:2760:38

750 1.27 0.87 1:4260:87

FIG. 10. Toroidal mode number n as a function of the current ITC.
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then given by a linear fit on the phase shift DUðh�Þ. We

remark that the PR where the mode intensity is the largest

moves outward as the TC current is increased, confirming the

mode radial position measured at z¼ 0 (Table I). Table III

and Fig. 12 summarise the results of this analysis.

To verify the field aligned character of the analysed

coherent modes, the safety factor values at the position of the

analysed PR (qðzCÞ), averaged on the corresponding flux sur-

face, are calculated for each value of ITC. However, the esti-

mate of the q values to be compared to the measured m is

affected by several factors: the mode width, the uncertainty

on the LP positions and on the TC position. To account for

this, the q error-bars have been estimated as the range of value

the safety-factor takes moving 61 cm radially from the PR ra-

dial position. The results are shown in Fig. 12, indicating the

field-aligned character of the investigated instability.

C. Poloidal rotation

A qualitative insight on the mode dynamics is obtained

by applying the Conditional Average Sampling technique

(CAS)26,27 to the HEXTIP data. The poloidal rotation of the

mode within the selected time window of 100 ls for the CAS

analysis is evident in Fig. 13, where a few snapshots are

shown for the discharge with ITC ’ 610 A, using as trigger

the HEXTIP probe at r¼ 10.5 cm and z¼ 0 cm.

The experimental poloidal velocity in the laboratory

frame v exp is counter-clockwise, resulting from the sum of

electron diamagnetic velocity vde (clockwise) and the E� B

velocity vE�B (counter-clockwise), defined as

vE�B ¼
E� B

B2
vde ¼

Te

eB2
/

rne

ne
� B/ : (1)

The measured mode frequency f ¼ ð26:862:4Þ kHz is

used for the estimate. The poloidal wave number is obtained

from the poloidal mode number m ¼ ð9:8660:32Þ, calcu-

lated for the current at 600 A

kh ¼
m

r
¼ 93:969:4ð Þm�1 : (2)

An electron temperature Te ’ 3 eV and magnetic field

B/ ’ 78:7 mT are considered. From the density and plasma

potential radial profiles, we can obtain, respectively, a den-

sity scale length Ln ¼ jrne=nej�1 ’ 4 cm and electric field

E ¼ �rVpl ’ 240 V/m at the radial position of the mode. It

follows that:

jvexpj ¼
2pf

kh
¼ 1:7860:24ð Þ km=s ;

jvE�Bj ¼
E

B/
’ 3 km=s ; jvdej ¼

Te

B/Lne

’ 1 km=s ; (3)

which is consistent with the Doppler shift

jvexpj ¼ jvE�Bj � jvdej :

Moreover, the consistency with the results of the CAS of

Fig. 13 could be verified. We note that the mode peak covers

in Dt ¼ 20 ls a spatial distance Dx ’ 3:5 cm (rotating in the

poloidal counter clock-wise direction), which corresponds to

the two HEXTIP probes indicated by the white crosses in

Figs. 13(c) and 13(d). This results in an estimate of the poloi-

dal mode speed of about

jvj ¼ Dx

Dt
¼ 3:5 cm

20 ls
’ 1:75 km=s; (4)

which is in agreement with the measured speed jvexpj ’ 1:78

km/s of Eq. (1) within the experimental uncertainties.

The change in the mode poloidal rotation for a reversed

toroidal field (clock-wise direction from a top view), imply-

ing a reversed ~E � ~B velocity, has been qualitatively investi-

gated. The mode poloidally rotates clock-wise in the

laboratory frame, confirming the dominant role of the vE�B,

and it is mainly localized in the upper part of the LFS.

FIG. 11. Normalized mode intensity on the FAPA for a discharge with

ITC ’ 450 A. The black crosses correspond to the FAPA probes, while the

black lines and arrows are the simulated magnetic field lines.

TABLE III. Poloidal mode number m and flux-surface averaged safety fac-

tor q for the explored values of TC current.

ITC ðAÞ zC (cm) m rm q rq

450 10.5 10.54 0.22 9.5 1.8

500 10.5 10.37 0.27 8.6 1.7

550 11.5 10.87 0.52 9.3 1.6

600 11.5 9.86 0.32 8.6 1.5

650 12.5 11.46 0.59 9.5 1.5

FIG. 12. Poloidal mode number m (blue circles) and corresponding flux-

surface averaged safety factor (red squares) for the investigated toroidal con-

ductor currents ITC.
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V. DRIVING MECHANISM OF THE DOMINANT
QUASI-COHERENT MODES

As a first step to understand the experimental measure-

ments, we investigate the nature of the modes that are unsta-

ble in the considered configurations using a set of linearised

drift-reduced Braginskii equations.28 These are solved using

the numerical code presented in Ref. 25. In the limit of cold

ions (Ti¼ 0), neglecting the stress tensor and the electromag-

netic effects, the equations for the perturbed electron density,

ne, electron parallel velocity Vke, potential, U, electron tem-

perature Te, and ion parallel velocity Vki can be written as30

@ne

@t
¼ R

Ln

P̂
L

Uð Þ
B
þ 2

Ĉ
L

B
Te þ ne � Uð Þ

� rk þ r � b
� �

Vke;

1

B2

@r2
?U
@t

¼ 2
Ĉ

L

B
ne þ Teð Þ þ rk þ r � b

� �
Vki � Vke
� �

;

me

mi

@Vke
@t
¼ � Vki � Vke

� �
þrk U� ne � 1:71Teð Þ;

@Te

@t
¼ g

B

R

Ln
P̂

L
Uð Þ þ 4Ĉ

L

3B

7

2
Te þ ne � U

� �

þ 2

3
rk þr � b
� �

0:71Vki � 1:71Vke
� �

;

@Vki
@t
¼ �rk ne þ Teð Þ: (5)

Here, R is the major radius, Ln and LT are the radial

scale lengths of, respectively, the background density and

temperature, B is the modulus of the magnetic field, � is the

normalized parallel resistivity, and g ¼ Ln=LT . P̂
L

and Ĉ
L

are,

respectively, the linearised Poisson bracket and curvature oper-

ator (see Ref. 26 for the complete expressions). For our calcu-

lations, we consider the radial position of the mode, a¼ 0.1 m,

the density and temperature scale lengths, respectively,

Ln¼ 4 cm and LTe
¼ 10:5 cm, plasma resistivity � ¼ 6� 10�3

in cs=R0 units, toroidal mode number n¼ 1, magnetic shear

ŝ ¼ 2, and safety factor q¼ 9, as obtained from the experimen-

tal measurements.

The dominant linear growth rate c is evaluated using

several physical models. First, the complete set of Eq. (5)

(full model) is implemented. Then, the same analysis is per-

formed using four reduced models,29 where n, /; Vke, and Te

are evolved, neglecting the parallel ion velocity Vki, and

therefore the coupling with the ion sound waves. These mod-

els include the resistive and inertial branches of the balloon-

ing modes (BM) and of the drift waves (DW). In the BM

models, Ĉ
L

is only kept in the vorticity equation, rkn and

rkTe are neglected in the electron velocity equation, and Vke
is neglected in both the density and temperature equations.

In the DW models, Ĉ
L

is set to zero for all the fields. For

both BM and DW, the resistive (RBM and RDW) and iner-

tial (InBM and InDW) branches are obtained by neglecting,

respectively, the inertial term (me=mi@Vke=@t) and the resis-

tive one (��Vke).

The results are shown in Table IV and suggest the domi-

nant character of the curvature term in determining the mode

linear growth-rate. We can therefore infer the ballooning

character of the instabilities for the investigated plasma

FIG. 13. Snapshots of the resulting

CAS technique applied on HEXTIP

data for the discharge #59819 with

ITC ’ 610 A, taking as reference the

probe at ðr ¼ 10:5; z ¼ 0Þ cm. s ¼ 0 ls

corresponds to the detection time of the

events above the chosen threshold.
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parameters, which is consistent with the poloidal localization

of the mode mainly on the LFS, where the curvature plays a

destabilizing effect. However, we cannot discriminate

between the resistive and the inertial branch.

Non-linear simulations will be developed to further

address the study of the instability nature.

VI. CONCLUSIONS

The investigation of plasma fluctuations and coherent

modes in the quasi-circular, closed flux surface configuration

of the TORPEX device is presented. The poloidal field inten-

sity is changed by varying the toroidal conductor current in

the range of 450–750 A. The background 1D radial profiles

of ne, Te, and Vpl are reconstructed, together with the 2D data

of ne. The dominant frequencies of coherent plasma fluctua-

tions are identified and localized on the poloidal cross sec-

tion. A spectral analysis of the coherent modes is performed,

measuring the poloidal and toroidal wave number and mode

number. The field-aligned feature of the mode is verified.

The asymmetric poloidal localization of the plasma coherent

structures suggests a ballooning character, which is con-

firmed by the theoretical analysis.

Further investigations will be performed to explore the

dependence of plasma fluctuations on experimental parame-

ters, such as different neutral pressures or gases. The use of

the non-linear simulations is foreseen.
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