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ABSTRACT. During the last years, in addition to signals recognize€aklective Thomson Scat-
tering (CTS), other anomalous emissions have been fountkispectra analyzed with the CTS
diagnostics in tokamak devices like TEXTOR, ASDEX and FTWleTsignal frequency, down-
shifted with respect to the probing one, suggested a pessiplanation of their origin in terms
of Parametric Decay Instability (PDI) processes correlatéh the presence of magnetic islands
and taking place even for values of the pumping wave powdrhvesbw the threshold predicted by
conventional models. A threshold lower or comparable withgower levels routinely used could
pose limitations, under certain conditions, to the use efEICRH in fusion devices. An accurate
characterization of the conditions for the occurrence i fthenomenon and of its consequences
is thus of primary importance. Exploiting the front-stegriconfiguration available with the real-
time launcher, a new CTS setup allows studying in FTU thesenafous emissions in conditions
of density and wave injection that are a step towards the ITER system. The upgrades of the
diagnostics are presented as well as some preliminaryrapgetected with the new system dur-
ing the very first operations carried out in 2014. The presenrk has been carried out under an
EUROfusion Enabling Research project.

KEYwORDS. Nuclear instruments and methods for hot plasma diagrspsicrowave Antennas.
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1. Introduction

Since the first installation [1, 2] on the Frascati Tokamalgtdple (FTU) device, the main feature
of the Collective Thomson Scattering (CTS) experiment isted in studying the thermal scatter-
ing of electron cyclotron waves in the propagation windowwethe T harmonic, in a condition
similar to the one foreseen for the CTS diagnostic of fastdistribution function in ITER. An
additional and recent aim of this experiment is to resolv@n@ous signals sometimes measured
with the CTS diagnostics of different tokamaks, that may dmeedated to the presence of rotating
MHD magnetic islands. The first observation of such signals lbeen carried out in TEXTOR
[3, 4], where a strong dependence of the measured power frermmagnetic field and the plasma
density has been found, as described in [4]. Subsequenitiereees of similar radiation have been
found also in ASDEX and FTU. These anomalous emissions heee attributed [5, 6] to a para-
metric decay instability (PDI) process occurring at a pnglypower threshold well below the one
predicted by other conventional models [7], leading to padveesholds for PDI appearance several
orders of magnitude higher than the typical power levelgtechiby gyrotrons. If confirmed, this
phenomenon might, under certain conditions, affect theafiein of the thermal CTS spectra in
tokamaks, preventing an accurate measurements of ion anibfatemperature, and such (unex-
pected) low power threshold for PDI could even prevent, usdene other conditions, an efficient
use of ECRH in fusion devices. FTU offers the possibility &rg out these studies in a plasma
with electron density similar to the ITER one, where a sub¥tmic millimeter wave probe can be
injected, in both ordinary and extraordinary propagatiamdes. The main aim of the CTS experi-
ments in progress in FTU is to study the scattered signal treMHD tearing modes position and
to characterize this phenomenon as deeply as possibl@jtaxgla new CTS diagnostics system.



2. Thenew CTSdiagnosticsin FTU

2.1 Thenew layout

In the new CTS diagnostic layout, one of the two lines of tha-tene front-steering launcher of
FTU [8, 9, 10] is used to launch the probe beam. The launch&ndsn in Figure 1-left during
laboratory tests at low power [11]. The second line of thetder is designed either to inject ECH
power or to receive 140 GHz radiation, for both CTS experithamd studies of the reverse OXB
mode coupling scheme [12, 13]. In the new diagnostics this ik used to transmit the scattered
signal to the radiometric system.

Probe beam injection

Figure 1. Left: picture of the two front steering electron cyclotratennas used in the new CTS diagnostics
of FTU to inject the probe beam (the lower one) and to detexstattering signal (the upper one). Right:

3D view of the new CTS configuration of FTU from the vacuum etséde. The CTS beams, simulated

with beam tracing calculations, are shown while crossingwttoroidal angle £0°) off-axis (intersection

1) and at high toroidal angle{35°) on-axis (intersection 2).

In Figure 1-right two simulations of launched and receivelitBMeams are presented, show-
ing, from the plasma side, the poloidal symmetric configarabf the two antennas of the FTU
front steering launcher with respect to the equatorial @lahthe torus. The simulation is made
using GRAY [14], a quasi-optical beam tracing code that campmute electron cyclotron wave
propagation, absorption and current drive in a generanta@kaequilibrium.

The receiving line of the launcher is provided with a box fartshing the received radiation
from the ECH transmission waveguide to the receiver front{d5, 16], connected to the 140 GHz
radiometer. The transmission line exploited to propadaedTS signals from the torus hall to the
radiometer has been recently installed on FTU and condistsrix of quasi-optical mirrors and a
section of low los$H E;; overmoded corrugated waveguide with 88.9 mm diameter.

To allow the selection of the ordinary or the extraordinarggagation mode in the received
radiation and to match correctly the polarization ellipyi¢o the receiving horn, a couple of univer-
sal polarizers withA /4 andA /8 corrugation depths has been installed in front of the fewd of the
CTS front-end. The control of polarization of both the inggt and the received beams opens the
possibility to perform CTS experiments in FTU exploring thié possible combinations of prop-
agation modes. A numerical code, capable to calculate thmlmhanges after all the reflections
(20) present along the CTS line has been developed in ordéefine the correct configuration



of the polarization section, checked also with low power soe@aments before starting the exper-
iments. The calculations in the code are carried out by nmapiie polarization parameters from
the plasma back to the polarizers.

2.2 Recent improvements on the signal analysis

For the investigation mentioned above and to allow the stfdgpidly modulated emissions cor-
related with rotating islands, the CTS diagnostics of FTH baen recently improved with a new
fast data acquisition, which was implemented for the firsetin ASDEX [17], allowing spectra
reconstruction by direct FFT of the intermediate frequesigyal and added in parallel to the pre-
existing multichannel spectrum analyzer, which was oaljyninstalled in FTU for thermal ion
distribution measurements. The spectrum analyzer cendist 32 channels filter bank, optimized
for a single-sideband detection #fL.2 GHz from the local oscillator frequency (tuned at the sam
frequency of the probe beam, provided by a 140 GHz 500 kW GYQ@idtron). The new digi-
tizer (8 bit, NI PXle-5186 express) is capable to resolvaalg/in an analog bandwidth of 5 GHz
and a maximum of two channels in parallel can be used to axgignals: a single channel can be
exploited at a maximum sampling rate of 12.5 GS/s while twanciels in parallel can be digitized
@6.25 GS/s each. The down-converted signal is directlyiesdjand sampled after the front-end
radiometer stage, which includes the local oscillator,nieer and two cascaded amplifiers. Once
sampled, the digital signal is stored and can be numerigalgessed by FFT analysis. A dedi-
cated software has been developed to Fourier transformatiheigital signals and to visualize the
final spectra. Calibration of spectra is made with a shot wigéittron cyclotron resonance in the
plasma, by normalizing the data on the ECE reference emissicguch a way to obtain constant
signal when receiving ECE. When needed, also offset (takéémes after the shot) is subtracted to
the ECE to obtain the calibration spectrum. The data adoprisin parallel with both the digitizer
(fast but with short time duration due to memory constraiatsd the spectrum analyzer (whose
signals are acquired for the whole shot duration) can bdidty the study of the different signals
detected. At the present status, the bandwidth of the gigits limited ¢~1.2 GHz) by the band-
width of the IF amplifiers installed after the mixer in theeagng chain and in common to both the
systems. For this reason the level of signals graduallyedees at frequencies beyord.2 GHz
from the local oscillator frequency, going to zero at a freey distance up to near 2.0 GHz. Since
the mixer output band in principle can cover several GHz,@grade with amplifiers with a wider
frequency range is scheduled. This will open the possittititoperate with the full capability of 5
GHz bandwidth allowed with the digitizer.

3. Starting the operations with the new diagnostics

In 2014 the first experiments started with the upgraded Ca@tistics, using both the fast digitizer

and the spectrum analyzer in parallel during the plasmasshotareful analysis of the antennas

configuration was required to locate the scattering volumehe rational surfaces of magnetic

islands and has been carried out by simulating the progagefithe probe and the received beams
with the FTU plasma parameters. Typical islands in FTU acatied at the rational surfaces where
the safety factor g equals the ratios m:n=2:1 and m:n=3.@,taey may be spontaneous (under
certain plasma conditions) or they can be induced by Neorrgoiinjection.
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Figure 2. Left: poloidal view of the FTU launcher where the two pathdteé probe beam (red) and the
received beam (blue) are shown, intersecting on the eqabpdane at the plasma flux surface where the
m:n=2:1 island forms. TheSland 2 harmonic resonance layers are sketched fgrB2 T. This CTS
configuration with intersection on the equatorial planelheasn exploited with both magnetic fields of 7.2 T
and 4.7 T. Right: configuration studied only at:84.7 T, where both the m:n=2:1 island and tieharmonic
resonance layer are intersected by the scattering voluntbisicase the locations of the two harmonic layers
are sketched for B=4.7 T. Note that, in this case, th8%harmonic layer is closer to the backside of the
launching and receiving mirrors with respect to the 7.2 Tecas

Two plasma scenarios have been tested with the front s¢ekeimcher (see Figure 2). The
first one was with a toroidal field of B=7.2 T, such that theSielectron cyclotron harmonic res-
onance (which for 140 GHz is @5 T) was out of the plasma on thefield side of the torus.
In principle a toroidal field up to 8 T may be exploited in FTWitY.2 T has been chosen as the
proper one to operate sub-harmonic since lower fields woufdyi the resonance layer to shift too
close to the plasma edge while at higher fields it would be togsecto (or even in correspondence
of) the antenna mirror. The configuration withr 87.2 T allows sub-harmonic CTS operations
using a non-resonant probe whose frequency is below theafnadtal harmonic in all the plasma
volume and is the most similar to the one foreseen in the ITHR €ystem. As in ITER, in the
FTU sub-harmonic scenario the fundamental harmonic lay@stout to be located in a region
of the transmission line which is under vacuum. Nevertlsléss worth noting that in FTU the
1t harmonic layer is always close to the vacuum vessel walkantfof the plasma-facing mirror
surfaces, even using a high toroidal field such as 7.2 T. Onttexr side, according to the present
design of the CTS system [18, 19], the sub-harmonic opersiinI TER are foreseen with the res-
onance layer far from the plasma edge. From the point of viggossible effects due to the beam
passage at the resonance layer this may be different wipeceso the FTU layout, since the risk
of arcing depends on the local electric field and on the neg@sdensity at the resonance location
that are more controllable in the ITER case than in FTU.

The second scenario with a lower field of 4.7 T led to a positiprof the fundamental har-
monic resonance in the plasma, on the high field side. Thisskznario is more suitable for
lowering the stray radiation, which turns out to be strondlynped at the cyclotron harmonic
layer. Itis worth noting that the expected anomalous emissdue to PDIs should be considerably
stronger than ECE. Therefore, in spite of the strong ECE lwhéduces the possibility to study
the faint thermal CTS emissions, such a resonant scenaribecaxploited to study possible PDls
phenomena at the magnetic islands surface. The scenai®Bwit4.7 T has been used for scat-
tering measurements either crossing the probe and theviregdieams in the low field side on the



equatorial plane of the torus (thus forming the scatteriolgme in a region far from the resonant
layer @5 T) or intersecting them at th& harmonic resonance, in this case with an asymmetric
CTS configuration and the scattering volume out of the eqiztolane, to reach at the same time
also the m:n=2:1 island position. This last kind of intetgmtis carried out to study the effects of
possible PDIs on ECH, at the position where the beam is abdadriithe plasma.

In both cases the scattering volume has been placed in porrésnce of the expected m:n=2:1
tearing mode location, in order to stimulate the occurresicanomalous signals from plasma
regions associated with non-monotonic electron densitfilpr according to what is expected by
some theoretical models [5, 6]. The comparison of resonagitren-resonant scenarios should
be helpful to better comprehend possible interactions dsRID the ECH efficiency. From the
point of view of the launcher safety the main difference hesw these two scenarios consists in
the position of the electron cyclotron harmonic layers (yathe Tt harmonic layer in the 7.2 T
scenario and™® harmonic layer in the 4.7 T case) with respect to the laurnchiirror used for
the probe injection. In Figures 2-a and 2-b a poloidal viewhef FTU launcher is shown, where
the two paths of the probe beam (red) and the received beam) (bfe indicated, intersecting at
the plasma flux surface where the m:n=2:1 island forms, oreduatorial plane in Figure 2-a and
out of it in Figure 2-b. The ¥ and 29 harmonic resonance layers are sketched in Figure 2-a for
the case B=7.2 T, the first one in front of the antenna mirrors (but aléshe plasma), the second
deeper in the port. This CTS configuration, with beams ietgran on the equatorial plane, has
been exploited also in experiments where the magnetic fiakl4v7 T. The CTS configuration in
Figure 2-b, used instead only withyB4.7 T, shows the two CTS beam intersecting at the plasma
flux surface where the m:n=2:1 island forms but this time sirasalso the ¥ harmonic resonance
layer. This configuration, which for geometrical reasorunes that the beams cross out of the
equatorial plane, is used to investigate if the phenomesarebd with the CTS diagnostics affect
the wave absorption. In Figure 2-b th& and 29 harmonic resonance layers are sketched for the
case B=4.7 T. It can be seen how only th8%harmonic layer turns out to be in the proximity
of the launcher mirrors in this case. The interception oftf@e beam with the receiving line of
sight has been studied for the two toroidal anglesdd 35. Angles lower than Sare discarded
to prevent possible direct back-reflections of power inettiansmission line while angles higher
than 35 would be too close to the angular limits of the automaticgrtdn system of the antenna
steerable mirrors [20, 21]. The interest in studying CTSifmrnt toroidal angles lies in the fact
that when the angle between the magnetic field and the dsogttezctor (which is the difference
between the two wave vectors of the incident and scattegidtian) approaches 90nodulations
appear in the thermal CTS spectra at the ion cyclotron freguey; [22], while other emissions
could be unaffected for any launching (and receiving) angle

4. First experimental observationson the plasma

With the FTU launcher a great dynamical flexibility and a dafity to intersect the beams in most
of the plasma volume in real-time with continuous movemanésavailable. In the CTS experi-
ments carried out up to now the scattering volume has beateldon the equatorial plane of the
torus, whenever possible. The reason is to preserve the symnof the scattering configuration
allowed by the two antennas, which for probe injection an&@etection are provided with two



plasma-facing mirrors that are located at positions witb@adown symmetry in the poloidal plane
with respect to the equatorial plane. As already said an amtnic CTS configuration, with the
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Figure 3. Left: uncalibrated spectra measured with the fast digitimeshot #38476 (B=7.2 T, without
magnetic islands), displayed in dB. A transition from qu@intense activity occurs at9.45. Time on
abscissa starts from the end of an interval at the beginnfirigeopulse when the gyrotron frequency is
unstable (leading the radiation frequency falling paltialut of the notch filter cutting frequency range)
during which a pin diode blinds the receiver, in order to pobtthe mixer from the high level of stray
radiation. A 10 kHz chopping (period of 0.1 ms) is also vieibhade to exploit modulation-demodulation
stages on the spectrum analyzer for increasing the sigrabise ratio. Frequencies in the spectra are
measured in GHz. Right: a few spectra are shown at diffeneist of the shot.

scattering volume out of the equatorial plane, was usediampiasma scenarios with84.7 T, to
intersect the scattering volume with th& harmonic layer and the m:n=2:1 island.

The first operations at high toroidal field of 7.2 T were catrait without any major techni-
cal problems. Such high field was expected to be the mostalrfior the safety of the launcher,
due to the position of the injecting mirror close to the fum@éatal resonance layer, with a risk of
mirror damage in case the injected power intersects witlidbenance forming a plasma close to
the mirror surface. The safe operations of the probe beasatiop at high field have been con-
firmed both during the experiments, by monitoring the plagntla UV spectroscopy for checking
possible release of copper from the mirror surface, andeagitiol of the experiments, performing a
visual inspection of the launcher front which confirmed tlhedjcondition of the mirror after the
operations with B=7.2 T. The visual inspection has been carried out from tlcewa side of the
vessel with the launcher installed in the FTU port, usingitispection system described in [20].

All measurements from the plasma have been carried out sojéating and receiving ordi-
nary polarized radiation. In the scattering spectra deteduring the first experiments different
types of signals have been measured in the frequency rarig2 &fHz from the probe frequency.
The real origin of several signals (that sometimes have tmerd with intensity level comparable
to the ECE emission) is still under investigation and, atghesent status, seems to be mostly as-
cribed to the gyrotron frequency instability found durimg fiirst phase of experiments, leading to
exclude a real CTS nature.
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Figure 4. Left: another example of spectrogram measured (@4.7 T) th#ghfast digitizer acquisition.
Rapid emissions are detected in this case as bursts andsspgiight: expanded view of dashed region
on the left picture, showing the great time resolution akdé with the new fast digitizer. Also in these
cases the overlapping modulation-demodulation stageg mét 10 kHz chopping (period of 0.1 ms) is
superimposed.

In the spectrum shown in Figure 3, acquired in shot #3846 T), the power detected
by CTS varies slowly from quiet to more intense in a few tenggfwhere corresponding changes
in the plasma conditions are not evident. Another spedimgs shown in Figure 4, measured this
time at Br=4.7 T in shot #39005. In this case the detected signal shdss@ms at high frequency,
rapidly changing in time, in the form of rapid bursts. Theh@a&S signal may be excluded in both
the spectra shown in Figure 3 and 4, since attenuationsdrptiase of experiments were too high
to allow detection of such faint emissions. Anyway, in bdtbge examples, the high resolution in
time allowed by the new fast digitizer and the potentialityh@ new diagnostics can be appreciated.

4.1 Investigation of breakdown plasmain thelaunching port

The formation during the probe beam injection of an undddmeakdown plasma in the port, at
the harmonic resonance layer in the proximity of the injggtmirror, is under investigation. It
is the most likely origin of emissions showing slow variatio time and being uncorrelated with
the MHD activity, that have been measured with both the migguenfigurations at 4.7 T and 7.2
T. An indication of breakdown in the antenna port is given g &ppearance of gyrotron mode
jumps during the plasma discharges. Sometimes more thamgle $imp have been observed in
the same shot, as in the case shown in Figure 5-left, wheeglbamd emissions are detected (shot
#38995, B=4.7 T) for most of the pulse length and two subsequent madeguoccur before the
gyrotron pulse is interrupted, probably due to back-refdest into the transmission line. When
breakdown occurs in the antenna port and ionized gas is atered along the beam path, in fact,
the correct polarization control of the wave can be lost,levtiie beam propagates through the
breakdown plasma, and the extraordinary polarized compaferadiation can be back-reflected
to the gyrotron, leading to disturbances and mode jumpsdarcévity. In the spectrogram shown
in Figure 5-left, during the different time lapses delinditey mode jumps, signals are emitted with
different power levels and at different frequencies, atlwlefined frequency distance from the
probe. The spectrogram has been acquired with the multiehapectrum analyzer.
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Figure 5. Left: broadband signals appearing in a spectrogram measuite the spectrum analyzer (shot
#38995, units are V). The origin of this kind of emissionsssribed to the formation of breakdown in the
port. A first gyrotron mode jump occurs at®.675 s (yellow marker), followed by a second mode jump (red
marker), in correspondence of which strong signals arectetavith CTS. Right: light detected during the
pulse from the inner low field side of the vacuum vessel (oeaticele) with a visible light camera looking

the ECRH port from 90line of sight.

In support of this hypothesis also a strong light could beected from the inner low field
side of the FTU vacuum vessel during several shots usingilalevikght fast camera looking to-
wards the launcher port during the ECRH pulses. In Figurigl®-a frame is shown, taken from
a movie recorded with the camera during the ECRH injectioshiot #38995, 70 ms after the be-
ginning of the gyrotron pulse. The study and the chara@goaz of this phenomenon may become
important also in view of ITER, in particular in the proximiof the fundamental resonance in the
sub-harmonic CTS scenario. The aim is to investigate thdittons under which this phenomenon

can be prevented.

In order to monitor the phenomenon as accurately as pogsilieg the probe injection three
new diagnostics have been installed in 2015 in the FTU pausing the front-steering electron
cyclotron launcher. They are implemented for detectiongiftland radiation due to breakdown
in the port where the probe beam is launched. The goal is wikimate the signals due to
plasma creation in the port from signals coming from the FTasma. The three systems have
been installed on the vacuum flange of the two antennas us&il®® and they monitor the inner
(vacuum) side of the launcher from outside, through twoeddht optical windows. The three
diagnostics, which can be remotely controlled during theeeixnents, are shown in Figure 6-left,
as installed on the back flange of the launcher.

The first diagnostics is a visible-light CCD sensor cameoskiibaR), model csu9001p, 12 mm
diameter/12 mm focal length) which has been installed onodtiee two optical vacuum windows.
The camera allows recording images from a line of sight logko the inner side of the ECRH
line used to inject the CTS probe. The evidences of breakdowre antenna have been confirmed
with the use of this camera. A light emission during sevef@RH pulses has been detected, when



a similar light could be detected also with the visible caarleoking at the launcher front from the

vessel side (as in Figure 5-right). A couple of images takéh this system are shown in Figure
6-right. A frame taken in a time interval of the discharge win® power is injected is shown on

top of the figure (where only the light emitted by the plasmdetected from the vessel, on the far
side), while a strong light emission due to breakdown in the guring the ECRH pulse is visible

in the picture on the bottom.
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Figure 6. Left: picture of the vacuum flange on the backside of the FTluh¢der. The visible camera, the
optical fiber and the sniffer probe that have been recenstalled to monitor breakdown in the port during
the ECRH pulses are shown. The visible camera and the ofibealshares the same sustain on the lower
optical vacuum window while the sniffer probe is mountednaldn front of the second (upper) window.
Right: two frames taken from a movie recorded with the visitdmera in shot #39690 (@4.7 T). The first
one is out of the ECRH shot, showing light coming only from gha&sma seen through the launcher while
the second one is taken during EC injection, when breakdaeurs in the launcher line.

The second diagnostics consists of an optical fiber (indtcatith the green arrow in Figure
6-left) formerly used in FTU for an electro-optical probe&]JZnd connected to a photon counter,
acquiring signals from the same line of sight of the visildenera described above. The fiber shares
the same support on the backside of the flange with the carmiaiia.system has a time response
much higher than the camera and acquires light data with@é@solution of 1Qus. The signals
acquired with the fiber during the power injection confirmed presence of strong emissions, in
accordance with what has been observed with the other ditigao Both the visible camera and
the optical fiber systems turn out to be reliable diagnostieaonitor emissions from the port.

The third system, installed in front of the second opticaluean window, is a sniffer probe
exploited to measure the level of stray radiation in the.pdithe sniffer is a Millitech DXP 08



detector whose signal can be directly acquired and storéokirTU database and which now is

automatically acquired during the plasma shots. Presehtydiagnostics (which has been already
installed on the vessel port) is still under commissionmeguiring a proper signal conditioning and

attenuations to operate during CTS experiments.

5. Future prospects

Apart from mode jumps, ascribed to wave reflections from t, pluring the first experiments of
2014 sometimes the gyrotron turned out to be not stable éniougequency to carry out accurate
CTS measurements. Several frequency shifts arose durnguiges, in a range up to some tens
of MHz, with fast changes of about 0.5 GHz in aroundi&) making the stray gyrotron radiation
fall outside the notch filter central frequency. To protéet mixer from the stray power, the exper-
iments were carried out setting attenuations higher thamptbper one for CTS measurements. In
the beginning of 2015, an intervention on the gyrotron systeas made, with success, to better
stabilize the frequency of the gyrotron, from the end of the fhase (of some tens of ms) when the
frequency is normally unstable, to the end of the CTS pulsgtle The final performances of the
gyrotron after the improvement has been confirmed by measits frequency with both the fast
digitizer and the multi-channel radiometer. A frequencyasae performed using the fast digitizer
is shown in Figure 7, where the local oscillator frequenayigsponding to 0 on the ordinates) has
been set about 500 MHz away from the gyrotron frequency,léavad central visualization of the
gyrotron line in the spectrogram.
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Figure 7. Measure of the gyrotron frequency acquired with the fasitidey after the improvement of the
gyrotron stability in frequency. The measure of the sigr@a been carried out acquiring the signal from the
plasma, with a regulation of the gyrotron parameters suatthie frequency of the probe was slightly shifted
from the central frequency of the notch filter and settingograattenuations on the front-end to protect the
mixer. Frequencies on ordinates are i Hx.

A second radiometric system is also being prepared, to lelled in the CTS diagnostics
of FTU. The system is now in the laboratories at IFP-CNR (Rhtlg for off-line tests and for
refurbishment of front-end and back-end, and its insialtatn the CTS diagnostics of FTU is
scheduled between the end of 2015 and the beginning of 20b@, ised in parallel to the present
one. The front-end and the back-end of this system, alrepdyating in the past in the W7-AS
device [24], are very similar to the system operating on Fitd @ow they have been reassembled.
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As the present multi-channel spectrum analyzer, this sy&erovided with 32 channels and a set
of bandpass filters. These new front-end and radiometebwitionnected to a second branch of the
polarization section of the CTS line and to the second cHafribe fast digitizer. These upgrades
will allow to perform measurements in FTU simultaneouslyhvioth the two channels available on
the fast digitizers (@6.25 GS/s of resolution each) and twhwo filter banks (with 32 channels
each, acquired @2 kHz). The two synchronized radiometstesys will be used to detect radiation
in both O- and X-mode at the same time, to identify emissidmifferent origin, or alternatively to
measure scattered signals from two different lines of sightalready implemented in the ASDEX
CTS system [25], for this aim a further receiving antennathedelative optics matching this new
antenna to the present receiving line are being designedralsSTU. This new receiving antenna
will operate simultaneously to the current receiver andiit me integrated in the same port and
launcher exploited for CTS, between the two injecting arwireng lines. The new system will
allow to have a second line of sight for CTS experiments, aitlangular capability of aboudt15°

in toroidal or poloidal direction, which will be used alsa fiross-calibrations and reference of the
background signal out of the magnetic island position.

6. Conclusions

The recent advances of the new CTS diagnostics installeldeoRTU device consist in the addition
of a new fast digitizer put in parallel to the pre-existingltimhannel spectrum analyzer and in the
use of the new diagnostic layout, which exploits the fromesng electron cyclotron launcher
recently installed on FTU.

After a first characterization of the scattering configunattarried out with beam tracing cal-
culations the first operations on the plasma started in 20his first phase of experiments has
been carried out using two different toroidal magnetic 8eddl 7.2 T and 4.7 T. The scenario at
7.2 T has been explored for the first time with the front steelauncher of FTU. The two toroidal
fields allowed to test two different regimes for CTS, the finsé (Br= 7.2 T) with a sub-harmonic
probe beam, similar to the CTS configuration in ITER, and #ead one (B=4.7 T) with the
fundamental electron cyclotron harmonic in the plasma. flisé measurements carried out on
the plasma in 2014 have been affected by a frequency inigyadiiithe gyrotron found during the
operations, which forced to use high attenuations to prabecmixer on the front-end from stray
radiation falling outside the notch filter. In any case thectra show several features that are
presently under investigation.

The formation of a breakdown plasma in the antenna port guhia probe beam injection is
the most likely origin of emissions with slow variation immg and several line emissions due to
gyrotron mode jumps found during the operations. Three negnbstics have been installed on
the CTS launching system, consisting of a couple of visijptesns (a camera and an optical fiber),
to detect visible light emissions in the antenna port, anditfes probe detector, to measure the
level of 140 GHz stray radiation at the probe injection poirite three diagnostics will help in the
discrimination of signals originating in the port from tleosoming from the plasma.

In 2015 the gyrotron used to inject the probe beam has beéiliztd in frequency, after
the first experiments carried out with high attenuationswNioe CTS gyrotron, more stable in
frequency, is ready to be used for the upcoming experiments.
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A second radiometric system is also being prepared to catrgneasurements using simulta-
neously the two channels available on the fast digitizedstamw filter banks radiometers. This will
open the possibility to measure scattered radiation in @arand X-mode simultaneously and to
receive signals from two different lines of sight in the phgswith a new receiving antenna.
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