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During the last years anomalous signals have been founctisglctra analyzed with the Col-
lective Thomson Scattering (CTS) diagnostics in tokamakods like TEXTOR, ASDEX and
FTU. The signal frequency, down-shifted with respect topgtabing one, suggested the explana-
tion of their origin in terms of Parametric Decay InstailfPDI) processes correlated with the
presence of magnetic islands and taking place even for valuthe pumping wave power below
the threshold predicted by conventional models. A threskmler or comparable with the power
levels routinely used could pose limitations to the use eEICRH in fusion devices. An accurate
characterization of the conditions for the occurrence isfpfienomenon and of its consequences
is thus of primary importance. The CTS diagnostics of FTU lean recently improved for this
aim with a new fast data acquisition, allowing spectra rstaction by direct FFT of the inter-
mediate frequency signal, added in parallel to the pretiegisnultichannel spectrum analyzer. A
section with polarizing mirrors has been introduced in thagiroptical transmission line to con-
trol the polarization of the received signals. Exploitihg front-steering configuration available
with the real-time launcher of FTU, the setup allows stugdytive anomalous emissions in condi-
tions of density and wave injection similar to ITER. Give ghossibility of the CTS in FTU to
operate in both O- and X-mode, a second radiometer is begtglied, to detect simultaneously
signals scattered in both polarizations. The upgradesiorat above are presented in this work
as well as the first data obtained in 2014, during the experiah@ctivity carried out under an
EUROfusion Enabling Research project.
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1. Introduction

In its earlier state, the main aim of the Collective Thomsaattering (CTS) diagnostics in
FTU [1] consisted in studying the collective Thomson scattgof millimeter waves in the prop-
agation window below the®ielectron cyclotron (EC) harmonic resonance, in the samdition
foreseen for the CTS diagnostic of fast ion distributiondion in ITER. A recent aim of this
experiment is to demonstrate the possibility of measutegradiation scattered by plasma fluctu-
ations coherent with rotating MHD magnetic islands. Thismaimenon is attributed to a nonlinear
process such as parametric decay instability (PDI) of EGasaecurring in case of non-monotonic
plasma density profiles. According to recent theoreticallel®[2] such process would occur with
a probing power threshold strongly lowered with respechtdne predicted by models [3], that
predict thresholds for PDI appearance several orders ohialg higher than typical gyrotron
powers. Such anomalous emission have been observed fordhtinfie with the CTS diagnostics
in TEXTOR [4] and later other evidences of signals with theaeanature have been found also in
other tokamaks, as ASDEX and FTU. The phenomenon mighttafiecdetection of the thermal
CTS spectra, thus preventing an accurate measurementsiohttemperature, or the use of ECRH
in fusion devices. FTU is the only device that offers the pmbty to carry out these studies in a
plasma with density similar to the ITER one in both O and X @ggttion modes.

1.1 Recent upgrades of the diagnostics

The new CTS system installed on FTU exploits a 500 kW/140 Gidhgpbeam provided by a
GYCOM gyrotron. The first experiments with the upgraded dasgics started in 2014. One of the
two lines of the real-time front-steering antenna of FTUJ&ls used to launch the probe wave and
the second line was used to transmit the scattered signal s&ébond line has been designed either
to inject ECH power or to receive radiation, for both CTS ekpents and studies of the reverse
OXB mode coupling scheme [6]. A beam switch installed in tihe kllows the received signal
to leave the EC transmission line and to reach a pre-exisfiragi-optical receiving line feeding
the 140 GHz radiometer. The connection between such gpésabline and the CTS antennas
was created installing a low-loss oversized corrugatecegade, with a diameter of 88.9 mm, and
a few quasi-optical (plane and curved) mirrors as matchiptic®. To control the polarization of
the received signals and to select the proper matching dbelaen polarization ellipticity to the
receiving horn, a universal polarization section, comgddsgea couple of corrugated mirrors with
Al4 andA /8 corrugation depth has been included into the radiatidi, p& the end of the transmis-
sion line before the front-end. Also a numerical code, cptbcalculate the beam changes along
the CTS line by mapping the polarization parameters frorampkaback to the polarizers, has been
developed in order to define the correct configuration of tilarzation section, later checked also
with low power measurements.

2. First operationswith the new diagnostics

The experiments in 2014 have been carried out using for thitifine two acquisition systems
operating in parallel. In fact, to study the rapidly modathPDI emissions correlated with rotating
islands, a fast digitizer has been added to the pre-exisii@gtrum analyzer (consisting in a 32
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channels filter bank) which allows a single-sideband detecif +1.2 GHz from the local oscilla-
tor frequency (tuned at the same frequency of the probe belEm)new digitizer is a NI PXle-5186
capable to analyze signals in an analog bandwidth of 5 GHEusiresolution of 8 bit. A max-
imum of two channels in parallel can be used, sharing a maxireampling rate of 12.5 GS/s.
The digitizer allows acquiring directly the down-convertsignal by sampling it after the front-
end radiometer stage and storing data for numerical FFlysisalNow the digitizer bandwidth is
limited to ~1.2 GHz due to the limitation of the IF amplifiers installedtire front-end. For this
reason a substitution with amplifiers capable to operateviiidar frequency range is scheduled.
The two plasma scenarios exploited in 2014 had never bewdtbsfore with the front-steering
launcher of FTU. Two different toroidal magnetic fields a2 7.and 4.7 T have been chosen, at the
same plasma current of 500 kA. From the point of view of thetder safety the main difference
between these two scenarios consists in the reciprocaigosi the EC harmonic layers f1and
2"d harmonic resonance) and the plasma-facing launching mised for the probe injection. The
comparison of resonant and non-resonant scenarios shetidIpful to better understand the im-
pact of the PDIs on the ECH efficiency. The interception offitmbe beam with the receiving line
of sight has been studied for the two toroidal angfearid 35. Angles lower than %are discarded,
to prevent direct reflections of the power back into the tngission line, while angles higher than
35 would be too close to the limit of the automatic protectiosteyn of the steerable mirror. The
interest in studying CTS at different toroidal angles lreg¢he fact that when the angle between the
magnetic field and the scattering vector (difference betvtbe two wave vectors of the incident
and scattered radiation) approaches ®@dulations appear in the thermal CTS spectra at the ion
cyclotron frequencyu (while PDIs emissions should instead be unaffected). lermta properly
prepare the operations with the antenna a careful analf/iie @onfigurations of the two mirrors
required to locate the scattering volume on the rationdhsas of the magnetic islands has been
carried out with the quasi-optical beam tracing code GRAMd¢7&imulate the propagation of the
probe and the received beam. Typical islands in FTU areddcat the rational surfaces where the
safety factor q equals the ratios m:n=2:1 and m:n=3:2, aag thay be spontaneous or induced
by Neon or Argon injection. Despite the great dynamical béxy of the FTU launcher and its
capability to intersect the beams in most of the plasma velummeal-time with continuous move-
ments in all directions, in the first experiments of 2014 tedtering volume was moved, whenever
possible, only on the equatorial plane of the torus. Theoreagas to preserve the symmetry of
the CTS configuration allowed by the launcher, which, forgerinjection and CTS detection, is
provided with two plasma-facing mirrors with an up-down sgetiry in the poloidal plane, with
respect to the equatorial plane. One of the two plasma dosrexploited for CTS measurements
has been with a toroidal field{&7.2 T. This configuration is such that th& harmonic EC reso-
nance (@5 T) is out of the plasma on the low field side, allovanlg-harmonic operations with a
non-resonant probe frequency, as foreseen in the CTS diighof ITER. The first operations at
toroidal field of 7.2 T, which was expected to be the mostaaitfor the safety of the launcher, has
been successful. Théharmonic resonance is, in fact, critically positioned elés the launching
mirror when operating with high magnetic fields and a risk afron damage can arise. The same
concerns may exist also in ITER, which for CTS will operatbe-sarmonic. The success of the
high field operations has been confirmed both during the erpets, by monitoring the plasma
spectra with UV spectroscopy, to check possible releas®mbaer from the mirror surface, and
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at the end of the operations, performing a visual inspestafrthe launcher which confirmed the
good condition of the mirror after the experiments. The @wipn has been carried out from the
vacuum side of the vessel, using the inspection systemildeddn [8]. The second scenario has
been with a lower field of 4.7 T, with the fundamental harmamésonance in the plasma on the
high field side. This scenario has the advantage of lowehagtray radiation, strongly dumped at
the cyclotron harmonic layer. It is worth noting that anooal emissions due to PDIs are expected
to be considerably stronger than ECE. The scenario withdB7 T was exploited for scattering
measurements either crossing the probe and receiving hiadheslow field side on the equatorial
plane of the torus, thus forming the scattering volume irgéorefar from the resonant layer @5 T,
or intersecting them at the¥!lharmonic resonance, in this case with an asymmetric CTSgeonfi
ration and scattering volume out of the equatorial planes THst configuration is thought to study
the effects of the PDI phenomenon on ECH, at the position evtiee beam should be absorbed.
In both cases the scattering volume has been placed in porrégsnce of the expected m:n=2:1
tearing mode location, in order to stimulate the occurresf@omalous signals.

3. Discussion

In the scattering signals different kinds of activity (exanstrong as the ECE emission) have
been measured in the frequency range 1.2 GHz from the prehadncy, sometimes also in con-
ditions when the MHD island activity was not observed. Alsots without magnetic islands were
planned for checking the level of signals with no disturlendue to PDIs and to compare the
scenarios with and without MHD. In most cases the emissiessnsnot to be clearly correlated
or synchronous with any magnetic probes signal. Thermal @niSsion should be excluded, also
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Figure 1: Left: example of spectrogram measured with the fast digitacquisition. Rapid emissions are
detected as bursts or as spikes at frequencies in the rarge 88z. Right: signals detected in the time
window indicated with the dashed line in the spectrogramhanléft, showing the great flexibility of the
digitizer in the time resolution capability. Time on abseistarts from the end an interval at the beginning
of the pulse when the gyrotron frequency is unstable, dutinigh a pin diode blinds the receiver to protect
the mixer, while frequencies are in GHz.

with toroidal field of 7.2 T in absence of EC harmonic resomeincthe plasma, since attenuations
in this phase of experiments were too high for the detectfosuch a faint signal. In presence of
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more relevant MHD activity several emissions appear in geesa in different forms: as spectral
lines close to the probe frequency with a slow dynamics (ifpared with the rotation time scales
of the islands); as lines at higher frequencies, rapidiynghy in time, in the form of rapid bursts

emissions (see Figure 1); as broad-band, confined in wehetbfirequency ranges away from
the probe frequency; as continuum. A clear correlation betwsignals changing rapidly in time
and thermal or magnetic signals is under investigation. foheation of an undesired breakdown
plasmoid in the port in front of the antenna (at the harmorgonance layer) during the probe
beam injection is also under investigation as possiblerof slow emissions of particular kind

that seem to be uncorrelated with any MHD activity. Mode jsirip fact, have been found some-
times during the operations with the gyrotron, like thosevamin Figure 2-left. In some cases this
led to strong signals appearing at the end of the pulse atde&ted frequency distance from the
probe frequency. The formation of a plasma in the antenniarpay be a possible explanation of
these mode jumps, due to back-reflections occurring in @ngsinission line. In support of this

hypothesis a light was detected in several shots, as shawidure 2-right, using a visible-light

camera looking in correspondence of the ECRH port duringptiiges. The investigation and the
characterization of this occurrence is important, in patér in the sub-harmonic scenario with
B1=7.2 T, to prevent the same phenomenon also in the CTS prob@liTER.
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Figure 2: Left: broadband signals appearing in the CTS channels a$gketrum analyzer (shot #38995)
during the ECRH gyrotron pulse. A mode jump occurs«870 ms. The [@ diagnostics signal gradually
grows, starting from about the middle of the gyrotron pulgetai the end of it, leading to consider the
formation of a breakdown plasmoid in the port the possibigiorof the signals. Right: light detected
during the pulse (yellow circle) with a visible-light canadooking the ECRH port from 90ine of sight.

4. Future prospects

Apart from the mode jumps possibly due to wave reflectionshin ggort, during the CTS
experiments of 2014 the gyrotron turned out not to be stabtrigh in frequency to carry out
accurate CTS measurements. Frequency shifts arose batly doe pulse, in a range up to some
tens of MHz, and at the end of the pulse, with fast changes afita®.5 GHz in around 5s,
making the stray gyrotron radiation fall outside the notttierfi To protect the mixer from the stray
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power, the experiments were carried out setting attemgtiouch higher than the optimal one (that
should bex~ 0 db) for CTS measurements. In addition, the same gyrotranliwéted to 150 ms in
pulse length when used for CTS, due to overheating of thecolt. Therefore, in the beginning of
2015 the CTS gyrotron has been replaced with a new one whakissh longer pulse (up to 500 ms
also for CTS) and which is stable enough in frequency. A sg@@@nS radiometric system is also
being installed in 2015, to be used in parallel to the preseat The front-end and the back-end of
this system, already operating in the past in the W7-AS @gwre very similar to the ones of the
FTU system and now they have been reassembled. As the FTWaedhis system is provided
with 32 channels (multiplexers) and a set of bandpass filtéhe new front-end and radiometer
will be connected to a second branch of the polarization@eadf the CTS line and to the second
channel of the digitizer. These upgrades will allow to perfeneasurements in FTU with both the
channels of the digitizers (@6.25 GS/s of resolution eanl)tavo filter banks (with 32 channels
each, acquired @2 kHz) simultaneously. The two synchrdniadiometric systems will be used
to detect radiation in both O- and X-mode at the same time amdetasure scattered signals from
two different lines of sight. For this aim a further receyiantenna is planned in the transmission
line to introduce a second line of sight for CTS, for croskbeations or for the gyrotron spectrum
reference.
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