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1. Introduction

The Reversed Field PincfRFP) is a self-organisinguasi-minimum energy
state whose dynamics is governed byagnetic field regeneratiamechanismgalled
dynamo {] in analogy to other physical systems. The most specific characteristic of the
RFP is the reversal of the toroidal component of the magnetic field at thevikge-
spect to the direction oaxis. This configuration igartially generated by the plasma
itself and the resulting safety factor profiknders it unstable tieelical modes of the

form B, (r,8,0) = b, (rexpli(mB+nd)], which can give rise to different quasi relaxed
states, characterised by different topologies of the magnetic fidgldsurpose of this
paper is to present sonexperimental investigations of tHeRFP plasmasinternal
structure obtained by means $bft X Ray(SXR) Emission tomography. Thidiag-
nostic is a non-invasive method that permits the reconstruction, with good apetial

racy and hightime resolution, ofthe plasma radiation emissivity (defined as the
poweremittedper unitvolume). If somebasic hypothesis othe plasma purity are
satisfied, the iso-emissivity curves are a good approximatidineomagnetisurfaces,
providing valuable information on the fieltbpology andthe magnetohydrodynamic
(MHD) activity.
In RFX [, a large reversed field pindiRFP) experiment withcircular cross
section (major radiuB,=2 m, minor radius=0.46 m,target plasm&urrent=2 MA),
an integrated SXR tomographic system besn installed]. The diagnosticonsists
of four linear translators, which allow the insertion of fewstrumented heads near to
the plasma edge, for a total of 78 lines of sight and impact parameter p exceeding 0.9.
The paper is organised as follows:the nextsection,after ashortdescription
of the various tomographic methods adopted in RFX, some reconstructions are
shown, with particularattention to thecomparison between varioesnfinement re-
gimes and the relationship between tigology ofthe SXR emission andhat of the
magneticfields. The thermaproperties of a particular plasma sté€@SH) andfuture
prospects are the subject of the last section.

2. SXR emissivity and magnetic fields topology in Multiple and Single
Helicity states.

To reconstrucBXR emissivity in RFX, three different algorithms have been
compared: the Cormack technique, a maximum entropy constrained finite element algo-
rithm and a hybrid method. The first one is based on the Corfjaekips expansion,
where the choice of the number of coefficients has been optimised by means of a gen-
eralisedcrossvalidation approach. Amaximum entropy constrainedinite element
method f] has alsobeenconsidered, whiclbetter exploits theon uniform spatial
resolution of the diagnostic and allows, in principle, to obtain raocerrate spatial in-
formation about emissivity localiséddatures. Finallythe preceding techniques have
been merged in a hybrid algorithm: the plasma is subdividedngentricpixels, over
which the emissivity is expanded Fourier harmonics. A comparison tife recon-
tructions, obtained withthe three aforementionechethods, hasjiven reasonable
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agreement, increasing the confidence in the quality ofekelts. Moreoverthis also
allows to use the first method, which is basedr@Bessel-Fourier series expansion
[°] and is the most favourable in termscoimputational requirement&r this reason,
all the results mentioned in this paper have been obtained with this reconsteeattion
nique.
In RFX, during standard operatiothe core of the plasma is believed to be
quite stochastic, due the simulta-
L neouspresence of several instabili-
> ties, as derived by the results of the
Ay external magneticmeasurements.
Density and temperaturprofiles,
measured with interferometry and
Thomson scattering respectively,
are indeed relatively flat in the cen-
tral region, whereas most of the
gradients are concentrated at the
edge. In thisplasmastate, called
Multiple Helicity (MH), no macro-
scopic features are normally de-
tected in theSXR data and the
emissivity reconstructions have
therefore the typical bell-shaped
Fig.1 Typical bell-shapedemissivity during RFX stan- form of the kind shown in fig.1.
dard operation (MH state). A different behaviour is ob-
served wherthe plasma reachesQuasiSingle Helicity state(QSH). In fact, as dis-
cussed in], RFX plasmas can exist in an alternative quasi relaxed state, in which one
single mode is largelgominant. When thisQSH state is attained, e@earm=1 struc-
ture is typically present in the brightness profile which, once inverted, corresponds to a
macroscopic m=1 island in the emissivity, as shown in figh presence of a domi-
nating m=1 mode is also confirmed by the Fourier transform of the signals obtained by
the pick-up coils, which for the QSH states gilie toroidal spectruralso reported in
fig.2. Fromthis kind of spectrum itan be deduced that the glolséducture, which
characterises th@SH statenormally appears as an=1 n=7 or 8mode in the mag-
netic measurements (the caskown in fig. 1 ischaracterised by a toroidal number
n=8).

It is worth pointing outhat both the timeevolution and the spatial localisation
of the m=1 features de-
tected by theSXR to-
mography are in agree-
ment with thereconstruc-
tions of the magnetic
structures  determined
from the pick up coils.
Indeed, whenthe QSH
state is attained tran-
siently, as forexample
during operation with
PPCD f], the evolution
of the magneticand SXR
measurements  provide
coherent results, showingF
simultaneous growth and
decay of them=1 structuresWith regard to their spatidbcation, it should benen-
tioned that the dominant mode of the QSH state determines a non-axisymmetric distor-
tion of the plasmaolumn, whichcan be reconstructeddom the external magnetic
measurement$][ The poloidal position of the SXR features correlapeise well with

ig.2 Contour plot of theemissivity and the magnetictoroidal
spectrum for a QSH state.
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theresults of thesenagneticreconstructions. This ishown in fig.3,wherethe rela-
tionship between the poloidal angle of the SXR det&XR) andthat of the magnetic
measurement®{magnetic) is shown. In one detail,the 6-SXR is obtained from the
m=1 components dhe brightnessaveraged between 1/3 and 2/3 of the normalised
radius (which ighe radialposition wherehe structure is normallgetected). On the
otherhand, the 8-magnetic is the poloidgbosition ofthe plasma column maximum
displacement at thioemography toroidal location. This plot indicateat them=1 re-
gion of increased emissivityan be located at different poloidadsitions inthe cross
section of the tomographic diagnostic d@hdtits poloidal angle istrongly correlated
with that of the plasmaolumn’'smaximum displacement determined by the magnetic
measurements.
To summarise, itan be stated
y=1037+1.1xR=10.79 that the tomographiceconstruction of
.......................................... . the SXR emission inRFX has proved
| | . | to give results whichare in good
e | S ! agreementvith the field topology ex-
i ’ | pected on thebasis ofthe magnetic
-, | measurements. It seams therefoea-
i - j | sonable to assunthat the main emis-
® . (ke | sivity features detected in the QSH
5 gl 8 | states aréndicative of the existence of
' ' 1 magneticislands. Inthis respect, it is
| interesting to notice that the rad@bsi-
A LA tion of the SXR feature can be quite ac-
curately predicted on thbasis of the
B magnedic expected safety factor profile, assuming
that thestructuredetected by the to-
mography coincides with a agnetic
island. If the q profile is indeed de-
duced fromthe u&p model ['], which
allows the determination of the curredénsity profile orthe basis ofexternal meas-
urementsthe magnetigsland, whosedoroidal m and poloidal n numbease derived
from the pick-up coils, ispredicted to be localised at the ragakition at which the
SXR structure is effectivelyletectedseefig.4). Moreover,the higher the toroidal n
number of the mode dominating the QSH spectrum, the more external is the position of
the SXR island. On
the otherhand,since ... shet 11050
at the moment no di- .t
rect measurement of ¢
the safety factor is
available in RFX, this
last resultshould be °“F
treated with greatare °°

_ SMA
[]

Fig.3 Poloidal angle ofthe SXR m=1 structure
plotted againstthe poloidal phase of the
plasma column magnetic displacement.
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3. Thermal properties of the SXR features and conclusions.

The relevance of th@SH, both forthe dynamastudies and fothe control of
the RFP configuration, has stimulated further study of the characteristics of this plasma
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state, withparticular regard to itthermal properties. First of all, it should been-

tioned that these m=1 structures, present in the SXR data, seem to be thealkma
crease of the electron temperature, with respect to the remainder of the gdasma

fit of the SXR data and a comparison with the Te results obtained with a separate diag-
nostic, based on the double faillethod,indicate that the temperatureside thestruc-

ture is about 30 % higher than in the surrounding plasma. These values haweenlso
conflig]med by soméemperaturgrofiles measured with a 20 point ThomsBacatter-

ing[™].

Further investigationhas alsabeen dedicated to the behaviour of the SXR
fluctuations inside the region of en-
hanced emissivity. It turns out that the L4283
viewing chords, which croghe m=1 #
feature, show digher level of fluc-
tuations (rms), up toone order of 2.0
magnitude, whenthe brightness is

=]
filtered in the range betwee300 Hz !
and 3 kHz (this frequency interval has 1.0
been carefully chosen to include prac- 0.5
tically all the power in the fluctuations
and to excludelow global variations — -
of the plasma). This result halseen %&%M -
confrmed by a Singular-Spectrum S ST e ST

analysis '], seefig. 5, which pro-
vides an alternative discrimination Fig.5 Radial profile of SXR fluctuations for a QSH
method between global trends and  state.
actual fluctuations. The physical phenomena, determining these higher frequency com-
ponents of the SXR signals, are under study.

In conclusion, it can be statdioht the internatopology ofthe magnetic fields,
as derived from the SXR emissivity, is consistent with the results based on the external
magnetic measurementsr both QSH and MHstates. The SXR tomography can
therefore give useful information about the magnetic and thermal evolution of the RFP
configuration in all the experimentally accessible confinement regimes.

As far as future developments are concerned, to improviben®al characteri-
sation of these structures and to imprtéweunderstanding and control tfe bifurca-
tion leading to the QSH states, further investigations are planmadiiy three direc-
tions; (a) a space and time resolved analysith@felectron temperatuggofiles and
fluctuations inside théslands; (b)the measurement of the internal magnéétds in
order to obtain a better estimate of safety factor profile before and diirigrmation
of the QSH states and (c) a thorough investigation of the ion fluid behaviour during the
QSH state.
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