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ABSTRACT

Experimental evidence of flattening in plasma profiles has been observed in the edge region of
the JET tokamak. This observation has been interpreted in terms of the influence of rational
surfaces on plasma profiles. In the framework of this interpretation, significant ExB sheared
flowslinked to rational surfaces have been identified. These ExB sheared flows are close to the
critical vaueto trigger thetransition to improved confinement regimes. Theseresultscan explain
the link between the magnetic topology and the generation of transport barriers reported in
fusion devices

Recent progressin the control of plasma turbulence and transport has alowed the generation of
edge and core transport barriers in magnetically confinement plasmas [1, 2]. Both edge and
internal transport barriers are related with a large increase in the ExB flows with shear [3].
Transport barriers are linked to plasma regions with a unique plasma topology. In the plasma
edge, the magnetic topology changes from a configuration with open field lines (Scrape off
layer) to a region with nested magnetic surfaces. In the core plasma region, internal tranport
barriers are though to be related with the presence of rational surfaces and with magnetic shear
[4-9]. In particular, spontaneous generation of ITB near g=3 have been reported in the JT-60U
tokamak [4]. In the JET tokamak, robust transport barriers are formed when the g=2 surface is
located in the plasmacore [8].

In stellarator plasmas, confinement propertiesare strongly linked with the magnetic topol ogy
of the magnetic trap. The presence of rational surfaces can cause the formation of island or
magnetic ergodic regions, which, in some cases, can degrade the quality of confinement. On the
other hand, experimental evidence of ExB sheared flows linked to rational surfaces has been
observed inthe TH1I stellarator [9, 10] which have been interpreted in terms of Reynolds stress
sheared driven flows [11]. Recent experiments have shown the possible influence of magnetic
islands in the formation of edge transport barriersin stellarators [12]

In this paper we present experimental evidence of ExB sheared flows linked to rational
surfaces in the plasma edge region of the JET tokamak.

Plasmas studied in this paper were produced in X -point configuration with toroidal magnetic
fieldsBy=(1-2) T, plasmacurrent | ;= (1—2) MA, Pyg = 0—2 MW and densitiesin therange
n=(2—3) x 10™ m™. The position of the |ast closed flux surface (L CFS) was determined by the
equilibrium code EFIT [13] and pressure balance analysi s between target and reci procating probes
located inthetop region of thedevice[14]. Plasmaprofiles and turbulence have been investigated
inthe JET plasmaboundary region using afast reciprocating Langmuir probe system located on
the top of the device [15]. The experimental set-up is shown in fig.1. Nine Langmuir probes
have been arranged in three groups of three. Two of them are at the same poloidal position,
being separated 0.5 cm in the radia direction. This set-up alows investigation of the radial
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Fig.1: Schematic view of the probe head used for Fig.2: lon saturation current, floating potential and
fluctuation studies in JET tokamak, showing the inner  poloidal phase velocity of fluctuations for the # 50673
and outer probetipsin the vertical direction. (Br=2T,1,= 2MA).

structure of fluctuations, using the inner and outer probes as shown in fig.1. Plasmafluctuations
are investigated using standard signal processing techniques and 500 kHz digitizers. Plasma
profiles are plotted against the distance from the L CFS mapped to the outer mid-plane.

Typically, ion saturation current (ls) and floating potential (®;) show asmooth increase as
the probe movesradially inwardsin the plasmaedge. Thisbehavior isshowninfig.2 for the shot
50573 (B = 2T, I, = 2 MA). Electron temperature has been measured using the swept probe
method (0.1 kHz rate), showing valuesin the range 20 — 40 eV near the LCFS [16]. The mean
velocity of fluctuations perpendicular to B+ has been computed as Vppase = Z S(K,w) (k/ W)/Z S
(k, w) [17], with the two point correlation technique using floating probes separated 5 mmin the
poloidal direction. A velocity shear layer has been observed near the location of the LCFS (as
determined from magnetic measurements-EFIT). The poloidal phase velocity of fluctuations
(Vphase) 1S sSmall in the SOL region. In the plasma edge region, just inside the separatriX, Vpnase
increases in the electron drift direction up to 1000 m/s. This change can be explained in terms of
ExB drifts.

On the other hand, experiments carried out in plasma configurationswithBr=1T,1,=1
MA and qggs = 3.3 have shown clear evidence of flattening in density and floating potential
profileswith aradia extension of about 1 cm in the edge plasmaboundary region (Fig.3 and 4).
Inthisregion, the cross correlation of fluctuations shows aquasi-coherent mode (Fig.5). It should
be noted that in these shots there is agood agreement beween the location of the last closed flux
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Fig.3: lon saturation current, floating potential and
poloidal phase velocity of fluctuations for the # 50762
(Br=1T,1,= 1 MA).

Fig.4: lon saturation current, floating potential and
poloidal phase velocity of fluctuations for the #50761
(Br=1T1,= 1MA).
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Fig.5: Cross-correlation of floating potential fluctuations
near and out of the flattening region for the # 50762
(Br=1T,1,= 1MA).

Fig.6: Radial profileof fluctuationsusing inner and outer
probe arrays (# 50765).
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surface using magnetic measurements and pressure balance analysis. This result clearly shows
that reported flattening in plasma profilesis not a SOL phenomena, but isinside the LCFS.

Plasma profiles measured with theinner and outer probe arrays show very good agreement
(i.e. there is no evidence of probe shadowing) except near the flattened region (Fig.6). This
result suggests amodification in the plasmatopol ogy in the region wherethereisaflatteningin
both density and potential profiles. Regionswith low pressure gradients, resembling a magnetic
island (i.e. g = 3), have been also reported in the JET edge plasmaregion, using Li-beam emission
spectroscopy [18]. Flattening in plasmaprofileslinked to rational surfaces have been aso reported
in stellarator plasmas [10].

The present observations have been interpreted in terms of theinfluence of rational surfaces
(i.e. g=4) on plasma profiles in JET. In the absence of ExB sheared flows, fluctuations are
expected to show maximum amplitude at the rational surface. As a consequence, turbulence
should increase near rationals and plasma confinement would tend to deteriorate. At rational
surfaces fieldlines any perturbation caused by the probe will be localised to a flux tube which
maps back onto the probe itself. Hence the part of the probe body which isfurthest in can cast a

shadow on the probes further out, as can be 04
. . Y aPulse No: 50762 (Ohmic)

seen in the JET data of fig.6. . OPulse No: 50761 (H-mode)
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profiles, estimated from electron Br=1T,1,= 1MA, Py = 2MW)
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temperature and floating potential profilesusing ®,= @+ 2.5T, show anincreasein theradial
electric field in H mode plasmas. The resulting ExB sheared flow turns out to be in the range
6 x 10° s* which is comparable to those measured in the ohmic plasma regime. In the plasma
region were the transport barrier is formed, the radial correlation of fluctuation is reduced, this
reduction is more effective for low frequency fluctuations.

The existence of substantial sheared flowswell below the L-H power threshold should be
considered as an important ingredient of any transition modeling for the H-mode [3]. Thisresult
implies that there is not a continuous increase of the ExB flow shear when approaching the
critical power threshold for the L-H transition. On the contrary, ExB sheared flows with
decorrelation rates close to the critical value to reduce turbulence (i.e. wgg = Y, Y being the
instability growth rate) are already developed well below the L-H power threshold.

JET results look very similar to previous experiments carried out in stellarator plasmas
(TJI1I), which have shown flattening in plasma profiles and evidence of ExB sheared flows
linked to rational surfaces (m=5/n=8, m=2/n=4) [9,10]. This similarity suggeststhat ExB flows
are linked to the magnetic topology (rationals) both in tokamaks and stellarators. This might
explain the interplay between transport barriers and magnetic topology previously reported in
stellarator and tokamak plasmas.

Figure 8 showstheradial profile of normalized ion saturation current fluctuations and the
root mean square (rms) value of floating potential fluctuations measured in the shots 50573

(Br=2T,1,=2MA) and 50762 (Br = 1T, b - Puse No. 50573
l,=1MA). Thelevel of fluctuationsincreases % 8 F':__ ‘é':-_: » Pulse No: 50762
as the toroidal magnetic field and plasma g 5 Daﬂ%i%-é__ .
current decrease. Root mean square value of g . Hmﬁfq',; . -'.. N
fluctuations in the floating potential of about = D%m;;[] et
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(10 - 20) % have been measured in the plasma e R S T
edge side of the separatrix. Thereisasignificant —Ticrs (M)
radial variation in the rms of fluctuations, 0.8 _
suggesting Reynolds stress driven flows as a e s =
candidate to explain the generation of ExB 06 "o
sheared flowsinthe proximity of rationals[11] < o4 ] -D'Z.““
and in the plasma boundary region [19]. = Eiﬁ;[];eﬂ'ﬂ

Reynolds stress measures the degree of o2 ok
anisotropy in the structure of turbulence. o 11 . 5 35

Radially varying Reynolds stress allows the r—r

turbulence to redistribute the poloidal rigg: Ragial profileof normalizedion saturation current
momentum, generating sheared flows. Thisis andrmsvalueof floating potential fluctuationsin ohmic
plasmas (# 50762, B = 1 T, I, = 1 MA and # 50673,

a consequence of the generation of low Br= 2T, I, = 2 MA).
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frequency fluctuationsin the plasmapotential vianonlinear energy transfer from high frequency
fluctuations [20]. In the frame work of ExB sheared flows driven by fluctuations the transport
barrier power threshold may be understood as follows. When the level of fluctuationsis large
enough to drive a critical sheared flow the transition to improved confinement regimes takes
place [21]. The level of fluctuations depends on the free energy source for fluctuations (i.e.
gradients) and gradients are directly related with the input power.

In conclusion, experimental evidence of flattening in plasma profiles has been observedin
the edgeregion of the JET tokamak. This observation hasbeen interpreted in terms of theinfluence
of rational surfaces on plasma profiles. Sheared flows in the range of we,g critical have been
observed linked to rationals, well below the L-H power threshold. When ExB sheared flows are
below the critical value to decorrelate turbulence, rational surfaces would cause a deterioration
in confinement. On the other hand, rational surfaces can be beneficial for confinement if the
ExB sheared flowsreach the critical value. These results can explain the strong interplay between
the magnetic topology and the generation of transport barriers in fusion plasmas.
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