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The aim of the report is to show the development of HIBP diagnostics on the TJ-11 stellarator and, as a result, the
expansion of the range of plasma parameters measurements. The first Heavy lon Beam Probe (HIBP-1) diagnostic is
being used on TJ-II stellarator since 2000. It has been shown significant progress in the measurements of plasma
profiles and oscillations. The second HIBP-2 system was installed on TJ-1l in 2012. Dual HIBP system, consisting
of two identical HIBP-1 and HIBP-2 located Y torus apart, provides the measurement of the long-range correlations
of plasma parameters in the full plasma column. Low noise high gain (10’ V/A) preamplifiers with 1 MHz
bandwidth sampling is used. They allow to study broadband turbulence and quasi-coherent modes like geodesic
acoustic modes, Alfven eigenmodes, suprathermal electron induced modes, etc. New capabilities of the dual HIBP
diagnostic in plasma potential and density investigations were demonstrated on TJ-11 stellarator in the measurements
of the correlation between fluctuations in different poloidal and toroidal locations: on the same field line, on the
same magnetic surface or on different magnetic surfaces at different points, separated toroidally and/or poloidally.
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INTRODUCTION analyzer 5 slit/20 collectors, preamplifier frequency
bandwidth 500 kHz [3].

The first plasma in TJ-11 stellarator was produced in
1997. The locations of main diagnostics and parameters
are shown in Fig. 1 and Table 1.
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Fig. 1. Schematic view of TJ-1I stellarator with
the locations of dual HIBP diagnostic

HIBP-1 diagnostic was installed in 2000 [1, 2] and
had the following parameters: injector primary cesium
ion current 30...60 pA, energy analyzer — 1 slit/4
collectors, amplifier frequency bandwidth 125 kHz.

The initial HIBP-2 parameters (2012 year) were:
injector primary ion current 50...100 pA, energy
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Both HIBP-1 and HIBP-2 of dual HIBP operate in
the similar cross-section of TJ-1I vacuum chamber,
located 90 degrees toroidally apart (see Fig. 1). Distance
between measurement points of the diagnostics in
toroidal direction is 2...3 m. The main HIBP parameters
are shown in Table 2 for injectors and Table 3 for
analyzers.

HIBP-2 diagnostic differs from HIBP-1. It has 2
energy analyzers contrasting to one analyzer in HIBP-1
[4].

Each analyzer of HIBP-2 has 5 entrance slits (20
channels of simultaneous measurements), HIBP-1 has 2
entrance slits (8 channels).

Table 1

Main parameters of the stellarator TJ-II
Parameter Value Unit
Major radius, Rq 1.5 m
Minor radius, a «0.22 m
Plasma volume, V 1 m®
Field periods 4 —
TF coils 32 -
Numbers of ports 104
Rotational transform, 1/2x 09...25 —
Magnetic field on axis, By ~1 T
ECRH heating power, Pecry <600 kw
NBI heating power, Pyg, 1 MW
Density, Ne 6 109 m>
Pulse length < 300 ms
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Fig. 2. Schematic of Dual HIBP and measurement
points position (radial scan) in plasma with the
standard TJ-11 magnetic configuration

Table 2
Parameters of injectors: primary ion current Iy,
Faraday cup diameter internal @ ¢, distance between
deflecting plates Ipp

Injector lpe, LA D rc, MM lop, mm
HIBP-1 30...200 26 25
HIBP-2 30...350 50 35
Table 3
Parameters of analyzers
Analyzer Ne Slits/ Amplifier | Upeam /Uan,
analyzers | channels | location kV
HIBP-1 1 2/8 external 127/23.55
HIBP-2 2 2-5/20 internal 132/22.65

1. HIBP DIAGNOSTICS OPTIMIZATION

The large-scale modernization of dual HIBP
diagnostic was recently completed. Modernization was
carried out in the following areas:

— injectors — upgrade of the emitter block design
and, emitter manufacturing technology;

—energy analyzers — installation of two entrance
slits (8 measurement channels) on HIBP-1, adjustment
of analyzer 2 on HIBP-2 (5 slits, 20 channels), upgrade
of amplifiers for HIBP-1 and HIBP-2 analyzers (1 MHz
bandwidth and 10" V/A gain);

— software — upgrade of the program for monitoring
and controlling parameters of dual HIBP.

This modernization allows to simplify the control
and monitoring of the system parameters, increase the
life-time of the solid-state cesium thermo-ionic emitter.
Increase in the primary ion current (up to 200 pA for
HIBP-1 and up to 350 pA for HIBP-2) allows to
improve the signal-to-noise ratio at the periphery and at
the center of the plasma (at a density up to 3-10" m*®).

2. EXPERIMENTAL RESULTS

HIBP-1 and HIBP-2 (Fig. 2) may operate separately
or jointly (simultaneously). Simultaneous operation of
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both HIBPs is aimed to study the long-range correlation
(LRC) of the oscillations of the core plasma electrostatic
potential, density and poloidal magnetic field, and so
directed to the study of Alfvén eigenmodes (AE) and
zonal flows in toroidal plasmas.

2.1. LONG-RANGE PLASMA POTENTIAL
CORRELATION

Long-range plasma potential correlations present a
fingerprint of the plasma behavior during the development
of edge shear flows and the key role of electric fields to
amplify them.
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Fig. 3. Spectrogram of the coherence between potential
signals, Phil detected by HIBP-1
and Phi2 detected by HIBP-2.

Bursts of coherency between potentials at the
coincidence of SV radial positions for both beams
evidence to LRCs of potential, localized
at the certain radius (a);

HIBP-1 scans over the Low-field-side of the plasma
Cross section,

HIBP-2 in the fixed position (b); variation of total
beam current (plasma density) during radial scan (c)

Results (Figs. 3-5)show the presence of the long-
range correlations in potential fluctuations, which are
amplified by the development of radial electric fields
during ECRH, whereas there is no correlation between
ion saturation current signals [5, 6].

2.2. ALFVEN EIGENMODES
(fac ~ 100...300 kHz)

Spatial distribution of AEs was studied by dual
HIBP in the plasma core [7, 8]. Spectrogram of the
coherence between potential signals is shown on Fig. 6.
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Fig. 5. LRCs averaged over 0<f< 20 kHz in the
secondary beam total current (which is proportional to
the plasma density) are in the order of the noise level in

all heating scenarios
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Fig. 6. Spectrogram of the coherence between potential
signals, Phil detected by HIBP-1 and Phi2 detected by
HIBP-2, both scan over the plasma cross section (a).
Plasma potentials during NBl and NBI+ECRH (b)
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2.2.  INFLUENCE OF PELLETS ON PLASMA
POTENTIAL AND FLUCTUATION LEVELS

The influence of pellets on core plasma turbulence
and plasma profiles has been recently investigated using
the dual HIBP. Experiments (Fig. 7) show the change in
plasma potential (transition from ion to electron root of
the ambipolarity equation) [9, 10]. Density fluctuations
is strongly reduced in a short time scale (1 ms),
followed by an increase along the evolution of plasma
density and the recovery of the electron temperature
[11].
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Fig. 7. Influence of pellets on plasma potential and
fluctuation levels

CONCLUSIONS

HIBP is a unique diagnostic to study directly plasma
electric potential and turbulence characteristics in
toroidal plasmas. The dual HIBP diagnostic is the next
level of development of this diagnostic, which allows to
measure long-range correlations in plasma potential and
density, toroidal and poloidal structure of plasma
turbulence and instability modes in the core and edge
plasmas. Development of this diagnostic on TJ-II
stellarator opens unique possibilities in this field, which
is the most interesting and fast growing branch of both
fundamental and applied physics of the magnetically
confined plasma [12]. At present, dual HIBP is involved
in all pilot physical programs of TJ-1I: Zonal Flow, L-H
transitions, ELMs characteristics, Alfven modes, MHD-
activity, pellets experiment, etc. Next steps of
optimization will be an upgrade of the HIBP-1 primary
beam-line to increase ion current to the level of the
HIBP-2, installation of focusing power supplies on dual
HIBP diagnostic to optimize the focusing process of the
primary ion beams, modify the HIBP-1 analyzer —
5 slits/20 channels.
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JIBOMHASL TUATHOCTHUKA 30HAUPOBAHMUSA ILJIASMBI IYYKOM TSIKEJIBIX HOHOB
HA CTEJIVIAPATOPE TJ-11

A.A. Umwiza, E. Ascasibar, J. Barcala, M.A. /Ipabunckuii, JI.I. Enucees, C. Hidalgo, I1.0. Xab6anos,
C.M. Xpeomos, A.JI. Komapos, A.C. Kozauex, JI.H. Kpynuux, C.E. JIeicenxo, A.B. Menvnukos, A. Molinero,
J.L. de Pablos, C.B. Ilepgpunos, B.H. 3enun u TJ-11 zpynna

Ha cremnmapaTtope TJ-II cozmana mBoiitHas cucteMa 30HIMPOBAHUS IDIa3Mbl IIyYKOM TspKenbix noHoB (3IIIITH).
CuctemMa COCTOMT W3 JBYX HIEHTHYHBIX KOMIIJICKCOB, PACIOJIOKEHHBIX HAa pAcCTOSHUM Y Topa. IlepBbrii
JIUArHOCTHUYECKUN KOMIUIEKC Havan nerictBoBaTh B 2000 rogy. Bropoii komiiekc Obin yctanoBieH B 2012 romy.
VICronp30BaHme yCHINTENEH TeTeKTOPHBIX CHIHANOB ¢ HU3KMM ypoBHeM uryma (10° B/A) u monocoit mpormyckanus
1 MI'm mno3BonseT u3y4yaTh IIHPOKONOJIOCHYIO TYpOYJIEHTHOCTh M KBa3MKOTEPEHTHBIE MOJBI, TaKHe Kak
reo/Ie3NUecKie aKyCTHUeCKHe MOJbl; ajb()BEHOBCKHE COOCTBEHHBbIE MOJBI, MOJbl, HHIYLHPOBAHHBIE
HAQ/TCIUIOBBIMHU JIEKTPOHAMH U T. 1. HOBBIE BO3MOXXHOCTH JTBOMHOM CHCTEMBI OBIIM MPOAEMOHCTPHUPOBAHBI MPH
NU3MEPEHUSAX MAANBHUX KOPPEISIIMH MeXIy (UIyKTyalusMH, W3MEPEHHBIMH B pa3JIMUHBIX MOJIOMIANbHUX U
TOPOMJIAIBHBIX TOJOKCHUAX: Ha OJHOW WM Ha pasHbIX MArHUTHBIX ITIOBEPXHOCTAX, B DPAa3IMYHBIX TOYKaX,
CMEIICHHBIX TOPOUAATIBHO W/WIIH TOJIOUJATIBHO.

MOJABIMHA JIIATHOCTHUKA 30HJIYBAHHS IIJTA3MHU ITYYKOM BAXKKHAX IOHIB
HA CTEJIAPATOPI TJ-11

0.0. Unuza, E. Ascasibar, J. Barcala, M.A. /Ipabuncokui, JI.I. Enicees, C. Hidalgo, I1.0. Xa6anos,
C.M. Xpeomos, O./1. Komapos, O.C. Kozauox, JI.1. Kpynuik, C.€E. Jlucenxo, A.B. Menvnixos, A. Molinero,
J.L. de Pablos, C.B. Ilepginos, B.H. 3enin ma TJ-11 zpyna

Ha cremaparopi TJ-II ctBopeHa moxBiiiHa cucTemMa 30HIYBaHHS IUIa3MH IydkoM Baxkux iowiB (3IIIIBI).
Cucrema CKJIQEAETBCS 3 JIBOX IJEHTUYHHMX KOMIUIEKCIB, pO3TAIIOBaHUX Ha BiactaHi Y4 Ttopa. [lepmmii
JIarHOCTUYHUHA KoMiulekc mouaB nisith B 2000 pomi. [lpyrumii xomruiekc OyB BctaHoBieHuit B 2012 poumi.
BHKOPHCTAHHSI MiICHITIOBAYIB JETeKTOPHIX CHIHANIB 3 HU3HKHM piBHeM mrymy (107 B/A) 3 HPOIYCKHOIO 31aTHICTIO
1 MI'n no3Bojisie BUBYATH HIMPOKOCMYTOBY TYpOYJIEHTHICTh Ta KBa3iKOT€pPEHTHI PEXHUMHM, Taki SK Te0Je3HdHi
aKyCTH4HI MOJM; aJIb()BEHIBCbKI MOJH, CyNepTepMallbHI MOJH, SIKi 30YpIOIOThCS MIBUAKHMHU €JIEKTPOHAMH, TOLIO.
HoBi MoxmuBOCTI TOABIHHOI cucTeMu Oy NMPOAEMOHCTPOBaHI MPH BUMIPIOBAHHSAX MAEKUX KOPEJLIA Mix
(bayKTyarissMy B pi3HHX MOJOITATBFHUX Ta TOPOIJATLHUX MICISX: HA OJHIN JIiHIT MArHITHOTO IOJISA, HA O/HIN ab0 Ha

PI3HMX MarHiTHUX IIOBEPXHSX Yy Pi3HUX TOYKaX, PO3TAIOBAHUX TOPOIAAIBHO Ta/a00 MOJI0IAaIbHO.
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