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Introduction

Measured electron temperature profiles of tokamak plagnas ae often smocth. This may be
due to alow diagnastic resolution. Some high resolution diagnastics do measire structureson
the profiles Steg gradient regions assciated with transport barriers have been dosaved in
e.g. RTP [1], JET [2] and TUMAN-3M [3]. Flat regions assciated with large magnetic
islands have been dbseved in e.g. RTP [4], JET [5], TEXT-U [6]. In the Rijnhuzen Tokamak
Project (RTP, R=0.72m, a=0.164m, |, < 150 KA, B;< 2.4T) even smaler structures ae
obsaved. A doulde pulse Thomson scatering (TS) diagnastic enablesthe measirement of the
electron temperature (Te) and density (ne) with a gatial reolution d 3 mm full width at half
maximum (FWHM), i.e. 2% of the minor radius [7, 8]. Pe&ked structures named fil aments
have been olserved in RTP [9, 10] during electron cyclotron heating (ECH), seeFigure 1.
Quas-periodic dructuresof typicdly 10 mm are obseved in Ohmic plagnas(OH), seeFigure
2. This paper preseits me obsavations made on filaments. This is a snall part of the
comprehensive gudy on filaments preseited in [9]. The sgnificance and parameter

dependence of structuresin OH discharges ae dso presated.
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Figure 1 Figure 2
Filaments appear on the T, profile of an ECH Quasi-periodic structures appear on the T, profil e of
discharge. OH discharge.
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Filaments during ECH

Filaments ae not obsaved duing the OH phase bu appea 4 - 5ms dter the ECH onsd,
abou 3 ms dter the central T rise is established. This indicatesthat a filament is not a pre-
existing structure that is heated alongwith the bulk by ECH. Some time is needed to establish
the required condtions for filament creation. After ECH is switched off the filaments persist

for afew hunded microse®nds.
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Figure 3 Figue4
Central ECE time trace showing the sawtooth crash Te profile before (black) and after (red) a sawtooth
and precursor, and moments of TS measurements. crash o the discharge of Figure 3.

Figure 3 shows atime traceof the central ECE channel measiring T, of an ECH discharge
(I, = 120kA, n, =1.910®° m*®, g, = 3.1). A sawtooth crash and preaursor are obseved. The

doule pulse TS is triggered just before and just after (vertical lines) the sawtooth crash.
Figure 4 shows the two T, profiles The paost-crash profile is much flatter than the pre-crash
profile. The filaments ae destroyed at the sawtooth crash. Similar doulde pulse TS
measirements fow that the filaments regopear within 0.2ms dter the savtooth crash. This
periodis an order of magnitude lower than the time scéde of initial filament creation after the

ECH onsd. Hencethe conditions for filament credion are not destroyed at sawvtooth crashes
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Figure5 Figure 6
Central ECE time traces without large MHD activity Te profil e with filaments of the ECH discharge of
at the time of TS measurement (vertical li ne). Figure5.
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Figure 5 shows the time traces of three cetral ECE channels of an ECH discharge
(I,=80KkA, n, =1.510"° m*®, g, = 4.6). Sawtooth activity is present, bu not at the time of
the TS measrement (vertical line). The profile gill contains filaments, see Figure 6.

Extensive measirements $ow that the filament amplitude is independent of the anplitude of

them=1 preaursor [9].

Quasi-periodic structures during OH
The dimensions of the quas-periodic structures on T profilesof OH discharges ae doseto

the relution and therefore the significance is tested. An extensive aror anaysis has been
performed to determine the eror (6Te) onthe TS measirement [11]. The gructure profile ('I:;)
is defined asthe difference between Te and a snocth profile through Te, seeFigure 7. The
average power spectrum of the relative structure profile (i/Te) of a seies of 24 OH
discharges (I, = 80kA, n, =3.510m?®, g,=5.0+0.1) is sown in Figure 8 (black line).

The deca near 1/A = 0.2 mm™ is due to the instrument function d the TS diagnostic [11].
The Fourier spedrum of the instrument functionis also in Figure 8 (red line). The gectrum of
the dructuresis afador 2 —2.5 above this sedrum for 1/A < 0.10mm™*. Structures wider
than A/2=5mm are therefore sgnificant. This is dmost twice the resolution d the TS
system. The pedrum of artificial noiseis aso shown (dashed red line) to illustrate the size of

the gectral fluctuations that can arise from statisticsonly.
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Temperature profile (Te), smooth profile (red) and Power spectrum of the relative structure profil e of 24
structure profile (T, ) of an OH discharge. OH discharges.
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Parameter studies have been performed onthe relative height (i /Te) and the width o the
structures defined asthe distance between two local minima in the profile, for a data se of
>150 OH discharges The width o the dructuresdoesnat depend onthe radial position, bu
thereis awedk inverse dependence on g.. The structures gpear at randam positions dongthe
z-axis. Therelative height shows apaositive arrelationwith g.. Increasing Te and n. deaeases

the relative height, but theseparameters have no effed on the width.

Discussion

The fad that the filament credion time dter ECH onsd is longer than the wre energy
confinement time suggeds that current diffusion, i.e. modificaion d the q profile might play
arolein filament creation. The filaments ae foundinside the sawvtooth inversion radius where
g is dose to 1. There is alimited se of obsevations of filaments in T, profiles with a
pronourced off -axes maximum, oltained by application d off-axis ECH. In those caseghe
value of qiswell above unity. Theseobseavations suggest that ECH in aregion o low shear
at asimplerational value of g isthe cndtionthat isfavourable for filament creation.

The quas- periodic structures during OH are genuine temperature fluctuations and rot dueto a

diagnastic atefact. The nature of the gructuresis dill unclear.

Acknowledgement
This work was performed under the Euratom — FOM as®ciation agreanent, with financial

suppat from NWO and Euratom.

References

1. M.R. deBaa et al., Phys. Rev. Lett. 78, (1997) 4573-4576

2. A.C.C. Sipset al., Plagna Phys. Control Fusion 40, (199B) 647-652

3. S\V. Lebedev et al., Control. Fusion Plagma Phys. (Proc. 258" Eur. Conf. Praha, 1998,

Vol 22C, EPS Geneva (1998 313

N.J. LopesCardozo et al., Plagna Phys. Control. Fusion 39, (1997) B303-B316

M.F.F. Naveet al., Nucl. Fusion 32, (1992 825-835

G. Cimaet al., Plagna Phys Control. Fusion 40, (1998) 11491158

C.J. Barth et al., Rev. Sci. Instrum. 68 (9), (1997 3380-3392

M.N.A. Beurskens et al., ‘Doulde pulse multiposition Thomson scdtering and dynamics

of small scde Te and ne structuresin RTP', submitted to Plagna Phys. Control. Fusion

9. M.N.A. Beurskenset al., ‘ Filamentationin the RTP tokamak’, to be submitted. to Phys. of
Plagnas

10.N.J. LopesCardozo et al., Phys. Rev. Letters 73, (1994) 256-259

11.M.N.A. Beurskens et al., Rev. Sci. Instrum. 70, (1999 19992011

© N O A

632



