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Relaxation events in reversed field pinch (RFP) plasmas gmeosiself-organization
processes, well known to occur in almost all current-carryingriuglasmas (they
play a key role in sawteeth activity in tokamak dischargesyvels as in many
astrophysical phenomena such as the evolution of solar flares aratrttagién and
accretion of stars and galaxies. In RFP devices, a spontaneowst ayclic,
rearrangement of the magnetic topology occurs, which is coedide be due to
reconnection of magnetic field linesThe effect of relaxation events on plasma
magnetic and electrostatic dynamics is the object of thidys The measurements
described herein have been performed on the RFX-mod desipgépped with a large
set of electrostatic and magnetic probes located inside thesmawgessel, which
constitute the ISIS (Integrated System of Internal Sensgst¢ma, mainly aimed at
the investigation of the edge plasina

In particular, we report here the results concerning magthetitiations, obtained by
means of pick-up coils measuring the time derivative of the toroataponent of the
magnetic field. The probes, placed behind the graphite tiles, which tbavérst wall
of the machine, are evenly distributed in the toroidal direction, oratvays located
in two opposite poloidal positions (top-bottom). Each array consists o638 The
sampling frequency is 2 MHz, while the estimated bandwidth of tfeesunement is
up to 300-400 kHz. In a set of experiments performed at low toroidal @leasment
(< 400 kA), a probe consisting of two Boron Nitride cases, 5 cm tolpidpaced,
could be radially inserted from the vacuum chamber up te 08, where a is the
plasma minor radius, without significant perturbation to the plasnagh Ease
contains 40 electrostatic pins, combined in eight 5-pins balancedgragies, 6 mm
radially spaced. Together with electrostatic pins a radieyaof 7 three-axial
magnetic coils is located in each case in order to me#isereme derivative of the
three components of the magnetic field. All magnetic signals bege numerically

integrated.
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In Fig. 1 an example is shown of the toroidal spectrum of magnetitudtions
during a single relaxation event, which is recognized as a rapidtion of the
magnetic flux (and of the reversal
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narrower. The presence of a localisegtig. 1: Time behavior of: a) Average of toroidal
field and reversal parametér b) m=1 dynamo
modes and totain=0 energy; c¢) contour plot of

is due to the non-linear coupling ofm=0 components of magnetic signals (dashed

] line indicates the toroidal position of the LM).
the dynamo modes, which have a

perturbation in the RFX-mod device

natural tendency to lock in phase, and to form the so dubbed locked modea{LM),
one toroidal positiom.e’, where manyn=1 modes have their maxima.

o, The growth of them=1 modes is

z rapidly followed by an abrupt
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Fig. 2: Toroidal velocity ofn=0 perturbation as a ) y
function of its maximum amplitude. counter toroidal plasma current
direction (towards decreasing toroidal anglg, During this propagation, the
amplitude of them=0 perturbation decreases, and it is never observed to last for more

than a single toroidal turn. The initial velocity is in the samection of, but larger
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than, plasma flow velocity at the edge, which is known in RFX-mod tabbet 20
km/s. In particular, the starting velocity of the=0 perturbation is observed to
depend on its maximum amplitude (Fig. 2) and is comparable to plasozty at
the edge (20 km/s) for almost vanishing magnetic perturbation.

By means of the insertable probe, and applying Ampere’s laws ibéan possible to
associate to thex=0 rotating perturbation a current density in the poloidal direction
Jg, as can be seen in Fig. 3. This current perturbation can be igersithe current
sheet associated with the spontaneous magnetic reconnection, wigicbgsized to
occur at the LM position, where the radial fields necessarpioect field lines at

different radius are actually present. The almost linear depemdenthe starting

velocity on the amplitude of the
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- ) g -0.01
density) could thus be interpreted as ~ 0,02 \%/
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the effect of aJyxB, (Lorentz) force
acting at the LM position. In its motion

along the torus, the current sheet is

observed to induce a strong local

perturbation to the edge plasma.

In Fig. 3 the transit of the current
structure at the position of the

insertable probe is identified by the

rapid variation of the toroidal magnetic
field measured by the ISIS probe

located in the same toroidal position (a ‘
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is performed). An increase of the
Fig. 3: Time behavior of (from the top):

electron temperature is observed, alon@roidal magnetic field at the edge; poloidal

with a flattening of the radial profile of CUTent density; electron temperature; plasma
resistivity evaluated with Spitzer's formula and

the radial electric field. In particular, aOhm’s law; ExB velocity at different radii.

robust decrease of thexB shear flow

is induced at the edge. In Fig. 3 the time behavior of the locahplassistivityn

evaluated by means of the measured electron temperature in ther’'Sgormula is

compared to that deduced by the balancing of the poloidal Ohm’sriawe form
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E, +(Vx §> =n(J, + 39). Good correlation between the two independenimedés

is found, both showing a decreased plasma resistiVihe edge plasma.
By moving in the rest frame of the current sheeteaponential time decay of the
amplitude of the m=0 perturbation is observed,hesvs in Fig. 4, with a decay time

constant 7z of about 400ps. The

| - induction equation,
0.03 T
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_ T ,\+ ot
E ]
m@o.oz ™l which describes the time evolution of
N T, [ms]=0.38 | ? magnetic fields, by considering the
velocity of the current sheet as
001 e representative of the local plasma
0.00 0.05 0.10 0.15 0.20 )
time  [ms] velocity (and so theuxB term as

Fig. 4. Time Amplitude of the m=0 perturbationnegligible), becomes a diffusion
vs. time.

equation: %—?D(I]//JO)DZB. With

an order of magnitude consideration for the toroidamponent, and using
Tr=(Uo/n)L?, it is thus possible to estimate a minimum chiarstic length L of the
current sheet, corresponding, in our case, tadgl extent, of about 6 cm.

To summarize, the relaxation events in RFX-mod ererpreted as magnetic
reconnection processes, due to an increased staft magnetic surfaces localised
at the position of the locked mode. The poloidatrent sheet associated to the
reconnection event is observed to be generatdukisame toroidal position and then
to move in counter plasma current direction, sthppegrturbing plasma properties at
the edge. An analysis of the (resistive) decay tohéhe current structure gives an

estimation of its radial width of few centimeters.
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