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Coherent structures are localized and long-lived structures which famuibulentmedium
dueto nonlinearinteractions[1]. Their existencein fluid turbulenceformed in the boundary
layer near solid walls is well known, as is their role in determining the frictionalectertedon
the wall. Several authors have pointed out the existence of coherent structuresdattbstatic
turbulencemeasuredn the ScrapeOff Layer of tokamakplasmaq2,3]. Suchfindings arein
agreementvith the predictionsof drift wave turbulencesimulations,which also show the
formation of coherent structure§ [

In this papemve reporta clearexperimentakvidenceof the existenceof coherentstructures
in the edgeplasmaof the Castortokamak(R =40 cm, a=85cm, B, =1T, I, = 8-
18 kA). The experimentshave beenperformedinsertingin the edgeplasmaa 2D array of
electric probeslocatedon the poloidal plane.The array consistsof 64 (8 by 8) graphitepins
housed in a stainless steel housing covered by an insulating coating of BC. The iaseged
from above, so that the 8 columns of probgtendin the radial direction,asshownin fig. 1.
For thepresentexperimentonly the innermost6 rows of probeswere sampledfor a total of
48 probes.The arraywas insertedat severalradial positions,andin somecasespart of it fell
TER . inside the last closed flux surface (LCFS). The
reoss  LCFS is defined by a downward shdt the plasma

""" ' column and a poloiddimiter, andin the discharges
underconsideratiorwas located,in the upper part
of the machine,atr = 65-70 mm. The effect of
the array, which actsitself as a local limiter when
protruded inside the LCFS, is discussed belbtie
horizontal distance between adjacent probesst
and the verticatlistanceis 4.5 mm, so thatthe area
covered by the activpinsis a rectangularegion of
42 by 22.5 mm. The pins have been used to
Fig. 1. Schematic of the 2D array of probes measurethe floating potential V, at a sampling
in the Castor poloidal section. . .

frequencyof 1 MHz. A moving averagewith a
window of 201 samplesis subtractedrom the signalsprior to the analysis.This treatment
correspondsto a high-passfiltering which isolates the fluctuations discarding the slow
equilibrium evolution.

The visual inspectionof the V; patternsrecordedby the probesand of their time evolution
shows the presenceof potential “blobs” (structures)which flow in the poloidal direction
accordingto the ExB rotationof the plasma.The cross-correlatiorfunction C(t,6) hasbeen
computedfor eachrow of probes(i.e. for eachvalue of the radial coordinate).The resultis
shownin fig. 2. The crosscorrelationfunction displaysan inclined patternwhich indicatesa
poloidal propagation.The propagationvelocity is consistentwith the ExB velocity evaluated
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Fig. 2: Cross-correlation function C(t,6) at several

radial positions.

from the avreageV, profile. Furthermore,
the velocity is different in the different
frames of fig. 2, which correspond to

different rows of thematrix and thereforeto

different radial positions. This is the

signature of the presence of a veloahear.
The slopesof the patternsin fig. 2 suggest
a poloidal propagationspeedranging from

2km/s at r=87.5mm to 8 km/s at

r=69.5 mm. The patterns shown in

fig. 2 give alsoinformation concerningthe

radial correlation length of the turbulence,
which turns out to béessthan5 mm in the

most externalpositionsand up to 2 cm in

the most internal ones.

The motivation for thesearchof coherent
structurescomesfrom the observationthat
the floating potential patternsseenby the
array seemto repeatthemselvesn a quasi-
periodic fashion. An example of this
behaviouris shown in fig. 3, where the
measurementsmade by one column of

probes(the mostupstreanone) are plotted as a function of time and radial position. The red
correspondgso negativevoltageandthe blue to positive one, with peakvaluesat+27 V. The
presence of a quasi-periodicity is apparent fronfithee. This hasmotivatedfurther analysis,
carriedout under the assumptiornthat the periodic behaviouris due to long-living structures
convectedoloidally by the plasma,with a lifetime much longer than the poloidal revolution

period.
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Fig. 3: Signals from upstream column of probes.
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A further proof of the presence périodicity is given by the autocorrelatiorfunction. Since
the structuredn fig. 3 appearo be ratherelongatedn the radial direction,the autocorrelation
function hasbeencomputedon the averageof the signalsof the threemostinsertedprobesof
the upstream column. This treatmenhanceshe effect of the elongatedstructures.The result
is shownin fig. 4. An oscillating behaviouris clearly seenon the function, well abovethe
significancelevel shown by two horizontal dottedlines. The oscillation is convolvedwith a
decay,which hasbeenfound to havethe shapeof a powerlaw. Indeed,the dashedcurve in
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. Shot 9524 t=8500-9500ms fig. 4 is the result of a fit with &unction of the
- Dm0z | kind f(t) = (t/t))“cos(). The curvefits well
the data with an oscillation frequency
o/2n = 7.7 kHz anda decayexponento. = -
0.32. It is worth noting that an exponentially
decayingcurve doesnot give a goodfit. The
power-law decay ifn agreementvith previous
findings of long range correlations in the

-0.53076‘ S S ‘;6 turbulencemeasurementis the edgeof fusion
' ' S wim ' ~ devices [5]. The rotation frequency
Fig. 4: Autocorrelation function computed on . .
the average of the three most inserted probes in corresponds to a poloidaelocity of 3.4 km/s,
the upstream column. compatible with the ExB velocity. This
confirms the hypothesisthat someturbulent structuresare convectedpoloidally, living long
enough to execute several poloidal revolutions.

The longlife of the structuressuggestgshat, to a first approximation the turbulencecanbe
consideredas frozen during one poloidal revolution. Basedon this idea, the datashown in
fig. 3, takenwithin two subsequentevolution periods, have beenmappedonto the poloidal
plane, assuming a constant rotation veloditye result,shownin fig. 5, further confirmsour
working hypothesisin fact, the two resultingpatternssharemany similarities, supportingthe
idea of frozen turbulence convected by the plasma rotation.

Turning now to the issueof whetherthe turbulentstructuresunderstudy deservethe name
of “coherent structures”, it is worth noting that sodsagreemengxistsin the literatureabout
the definition ofcoherentstructure.One populardefinition in the field of fluid turbulenceis to
call coherent those eddies which have a lifetime longer than the eddy turnoveletimegas t
~ I/v, wherel is the characteristisize of the eddyand v is the characteristiovelocity. In our
case, since the structures under study can be characterised as potbgjdhey will give rise
to an eddy-like plasmamotion aroundthem, due to the fluctuating ExB velocity. It is thus
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Fig.5: Measurements of the upstream column of probes mapped onto the poloidal plane for two
subsequent poloidal revolutions of the plasma, under the assumption of frozen turbulence.



possible to defin@ characteristispeedasv ~ E/B ~ ¢/IB, where¢ is the height(or depth)of
the potential structure. We thus have a turnover timé&B/¢. Beingl ~ 5 cm and¢ ~ 30 V,
the resulting time is ~ 80us. This is much shorter than the structure lifetimieich is several
times the revolution periodl ~ 150 us. It is thereforepossibleto concludethatin the edgeof
the Castor tokamak there are coherent structures in the electrostatic turbulence.

As mentioned in the introduction, the 2D array is rather large andsat®cal limiter when
protrudedinside the LCFS. This might leadto the impressionthat the coherentstructuresare
confined to the Scrape Off Layer (SOL), since thithe only regionwhich canbe seenby the
probes. Although this is partially true, it is very interestingldservethat a different behaviour
is observedoy thoseprobeswhich, in the unperturbeccase,would fall insidethe LCFS, and
those which would fall in the unperturb&®DL. An exampleof this is shownin fig. 6, which
is the sameasfig. 3, butfor a differentdischargan which the arraywas protrudedmore. A
very cleardistinction can be seenbetweenthe regionsinside and outsider = 67 mm. This
position canbe consideredgiven the spatialresolutionof the probearray, as coincidentwith
the unperturbed_CFS. Generallyspeaking,a positive structureat r > 67 mm is associated
with a negative one at r < 67 mm, and viceversa. Thi@islwaystrue, though,sincesome
structuresare found to elongateover mostof the radial spancoveredby the array. It is worth
noting that abehaviourof the autocorrelatiorfunction similar to thatshownin fig. 4 is found
also by considering an average of all the probes of the most insentddr the caseof fig. 6.

This indicates that also the structures at r < 67 mm can be ragarded as coherent.
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Fig. 6: Signals from the upstream column of probes, at deeper insertion than in fig.3.

In conclusion,it hasbeenshownthatthe electrostatidurbulencein the edgeof the Castor
tokamak features long-living coherent structures. These structursiacein the SOL created
by the machine limiter, and also in the confined plasma. Irsfuendcaseit is not possibleto
rule out a perturbing effect due tite probearray. However, the clearly distinct featuresof the
structureswithin and outsidethe unperturbed_CFS indicate that this perturbingeffect is not
enough to completely disrupt the distinction between SOL and confined plasma,smtbat
the features of this second region are certainly retained even in the presence of the array.
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