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Features of heavy ion beam probe application to stellarator-like devices have been connected with specific stellarator
characteristics: zero (negligible) plasma current, relatively high poloidal and stray magnetic fields, toroidal asymmetry of
magnetic surfaces and various operational regimes connected with different magnetic configurations. This paper shows
how to decrease the errors in HIBP measurements due to these disadvantages. Absence of the plasma current in stellarator-
like devices gives possibility to make secondary ion beam energy analyzer calibration in situ in each plasma shot. This
advantage improves accuracy of plasma potential measurements by HIBP diagnostic on TJ-II stellarator.
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INTRODUCTION

The absence of plasma current in the stellarator devices
leads to the uniformity of the probing beams trajectories
during plasma discharge and without it in the same
confinement magnetic fields. This feature may be used for
analyzer calibration in situ in each shot just after plasma
pulse during magnetic field flattop. The improved HIBP
experiment, applied in TJ-II, based on this calibration.

Relatively high poloidal and stray magnetic fields,
toroidal asymmetry and different magnetic configurations
result in 3D nature of the probing beam trajectories;
toroidal beam focusing and toroidal displacement of
sample volumes. These features were taken into account in
optimization of HIBP diagnostics geometry and HIBP
experiments on the TJ-II stellarator.

1. HIBP MEASUREMENTS DIFFICULTIES

Typical displacement of secondary ion beam toroidal
coordinate in TJ-II is about half of meter. This displacement
leads to difficulties of beam passing through stellarator-like
devices. Magnetic fields are focusing the probing beam
trajectories. There are as poloidal so toroidal beam focusing in
tokamaks and stellarators. Strong focusing of toroidal beam
projections — toroidal focusing exists only in devices with high
poloidal magnetic field. It limits the probing beam passing
conditions to analyzer through secondary beam-line.

By variations of toroidal injection angle beam with fixed
injection energy and poloidal injection angle go out stellarator
port (dark area) and must pass into detector aperture. Due to
toroidal focusing with strong threshold in Z coordinate not all
detector positions can be used. Detector with Zq position
bigger then Zu cannot measure probing particles. Zu
coordinate changes with energy/poloidal angle. So in real
experiments with strong toroidal focusing it must be used
movable in toroidal direction detector.

Fig.1 demonstrates the experimental detector lines in
TJ-1I with different toroidal positions of detector (Zd). In
radial profile mode of HIBP implementation location of
measurement point (so-called sample volume) is
movedthrough plasma bulk along detector line. Changing
of the poloidal injection angle controls position of sample
volume. Conditions of toroidal focusing link directly with
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poloidal injection angle. It leads to limitation of detector
line length when detector toroidal coordinate (Z,4) bigger
then threshold one (shots 9044, 9062, 9079). Limitation
was avoided when detector was shifted up to —2 cm (shot
9298) from secondary beam-line center.
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Fig. 1. Detector lines obtained in different toroidal
position of detector Z,=0,1,2,-2

2. IMPROVED EXPERIMENTAL MANUAL

OF THE PLASMA POTENTIAL PROCESSING

Traditionally plasma potential ¢ for HIBP diagnostics was
calculated by formula [1, 2]:

¢=2(G+ & FH)U,- U,
where G and F are gain and dynamic functions of electrostatic
energy analyzer, U, and U, are analyzer and injector voltages
respectively, & is normalized difference of currents calculated
(=) o
where 1; and i, are beam currents on the

(z’1 + iz)

upper and lower analyzer collector plates.

In general, there is a set of errors in plasma potential
processing. Firstly, gain analyzer function strongly depends on
entrance angles and toroidal beam position. In real plasma
experiments some uncertainties exist in values of these
parameters. Secondly, plasma loading and partial beam cutting
in vacuum vessel and beam- lines also lead to errors in
potential measurement. In time evolution mode of HIBP
potential measurements this erroneous result in absolute value
of plasma potential. But in potential profile mode they lead to
shape distortion of relative potential profiles.
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Fig.2. Current signals from four splitting detector plates of energy analyzer during one TJ-1I pulse
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Fig.3. Radial profiles of plasma potential
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Fig.4 Total beam current versus poloidal sweeping
voltage in gas target and calculated length of sample
volume

In stellarators without plasma current mentioned above
errors in plasma and in gas target are the same in potential
processing. It is possible to take into account these errors by
gas target calibration in situ. Errors from beam entrance angels
and beam position are present in traditional formula as
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additive values. In the case of small beam cutting (i, i >>ji,
J2, Where ji, j» loosed on the walls part of beam currents) errors
in measured normalized difference of currents may be
presented as additive value:

(il_jl)_(iz_jz)
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where i —current difference without beam cutting.
In this case it is possible to use corrected expression:

¢ cor =¢ plasma -¢ gas =2 FUa ( O plasma —0i gas )
where Oiyasma and Oigs - values obtained on plasma and gas
target accordingly.

Fig.2 demonstrates the secondary beam currents on four
splitting detector plates during one TJ-II pulse. HIBP
diagnostic was worked in space mode of measurements.
Sample volume location moved along radius through plasma
bulk. Sweeping voltage controlled the entrance angle. Sample
volume crossed plasma balk many times during one shot. To
apply this proposed in situ calibration addition helium gas puff
was used after plasma shot during magnetic field flattop. In the
time interval from 1050 to 1220 ms HIBP measured signals
from plasma. In part 1 and 2 (Fig.2) beam currents obtained in
one scan time in plasma and gas target accordingly are
presented. Part 3 demonstrate plasma loading signals. These
data are taking into account in plasma potential processing.

Described above manual in the plasma potential
processing was used in TJ-II stellarator. Fig.3 shows two
radial plasma potential profiles obtained by traditional
experimental processing (dotted) and developed for TJ-II (fat).



It is seen strong difference of profiles due to same errors
described above.
3. IMPROVED EXPERIMENTAL MANUAL
OF DENSITY PROFILE PROCESSING

Intensity of total beam current with neglect beam
attenuation (rather small . ) given in [2]: 1, ~ n.04A where

n. — plasma electron density, g7 — effective ionization cross
section of the primary ions (constant in plasma bulk), A -
sample volume length. In space profile mode of HIBP
measurements sample volume length is a function of the
measurement position due to radial dependence on poloidal
beam focusing. For measurement of the electron density radial
profile it is necessary to normalize the total current profile to A
(p) one. It is possible to calculate this function A(p) and also
it is possible to measure it directly. In stellarators (zero plasma
current) trajectories of probing beams in plasma and gas
targets are uniform, so dependence of A(p) is also uniform.
Radial profile of total beam current in gas target depends only
on A(p)because gas density and O are constants. It is
possible to normalize the electron density profile by function
A(p). Fig.4 shows comparison of measured total beam current
in gas target and calculated A(p)profile. Area of poloidal
swiping voltages from -3 kV to 2.5 kV corresponds to
normalized radius from —1 to 1. Beam current and sample
volume length are proportional. In stellarators devices
magnetic surfaces are not symmetric, and it is necessary to
take into account density of magnetic surfaces along detector
line. Proposed above manual of density profile processing
takes into account only geometric problems of sample volume.
Real measurements must be link with calculations.

CONCLUSIONS

There are some disadvantages of the HIBP diagnostics
implementation in stellarator-like devices. Some of them have
been analyzed in this article. To decrease the errors in HIBP
measurements due to these disadvantages it is necessary to
elaborate the HIBP geometry optimization. Development and
installation of beam control systems in HIBP equipments are
useful in plasma parameters processing.

Absence of the plasma current in stellarator-like devices
gives a possibility to make analyzer calibration in situ in
each plasma shot. This advantage improves accuracy of
plasma potential measurements by HIBP diagnostics.
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BO3MOXKHOCTHU INTPUMEHEHUS HIBP IUATHOCTHUKU JJIs1 YCTAHOBOK
CTEJUIAPATOPHOI'O THIIA

H.b. /Ipesans, J1.H. Kpynnuk, A.A. UYmeica, C.M. Xpeomos, A./l. Komapos, A.C. Kozauex,
K. Hoanveo, A.B. Menvnuxos, J/I1.I. Enuceee

Bo3MoXHOCTH NPUMEHEHUs] JUArHOCTUKY IUIa3Mbl C TIOMOIIBIO ITy4Ka TSDKENIBIX MOHOB B YCTaHOBKAX CTEILIAPATOPHOIO
THIIAa CBSI3aHBI CO CIEHM(DIYECKUMH XapaKTEPUCTHKAMH CTEJUIApaTOPOB: MPAKTHYECKH HyJIEBOW TOK IUIa3Mbl, OTHOCHUTEIIEHO
BBICOKUE 3HAYCHUA MOJIONIAIBHBIX U PACCEAHHBIX MarHUTHBIX noneﬁ, TOopouJaibHasA aCCUMETPHA MarHUTHBIX HOBerHOCTeﬁ;
U Pa3IMYHBIMU PEeKMMaMK pabOThl C pa3HbIMM MarHUTHBIMH KoH(urypaumsmu. IToka3aHo, kKak MOXHO CHH3UTH YPOBEHb
onmbok HIBP m3Mmepenwii, BE3BaHHBIX 3TUMH HEONAronmpHUATHRIME YCIOBMSIMU. OTCYTCTBHE TOKa IUIA3MBI B YCTaHOBKAX
CTEJUIATOPHOIO THIA JaeT BO3MOXKHOCTh IIPOBOJUTH KAITHOPOBKY aHAIM3aTOpa SHEPIHil BTOPUYHOTO ITydKa HOHOB
HEMOCPEACTBEHHO B KAKAOM IUIA3MEHHOM paspsifie. OTO MO3BOJAET YBEINYUTh TOUHOCTh U3MEPEHMS MOTEHIMANA IUIA3Mbl C
TIOMOUIBIO ITyYKa TSHKENBIX HOHOB Ha creutaparope TJ-11.

MOKJIUBOCTI 3ACTOCYBAHHS HIBP IIATHOCTHUKH JIJIS TPUCTPOIB
CTEJUVIAPATOPHOI'O THUITY

M.b. /Ipesans, JI.1. Kpynuik, 0.0. Umuza, C.M. Xpeomos, O./]. Komapos, O.C. Kozauox,
K. Ioanveo, O.B. Menvnixos, JI.I'. Enicees

MOXKITHBOCTI 3aCTOCYBaHHS JIarHOCTHKH TUIA3MH 32 JOIIOMOTORO ITy4Ka BaKKUX I0HIB Y MPHCTPOSIX CTEILIAPATOPHOTO THITY
3B’s13aHi 31 CHEIU(IIHIMI XapaKTepPUCTUKAMI CTEeIUIapaTOpPIiB: MPAKTUIHO HYIILOBUH CTPYM IDIa3MH, BITHOCHO BUCOKI 3HAUCHHS
TIOJIOIJIBHUX 1 PO3CISIHUX MarHiTHUX IOJIB, TOPOiaibHa aCUMETPIisl MarHiTHUX MOBEPXOHB; 1 PI3HUMH peXXUMaMH poOOTH 3
PI3HMMHU MarHiTHUMH KoH}irypauismu. [TokasaHo, sik Mo)kHa 3HM3UTH piBeHb moxubok HIBP BuMiproBaHb, 3B’13aHHX 3 LIUMU
HECTIPUSTIIMBUME YMOBaMH. BifCyTHICTh CTpyMy IUIa3MH Yy MPHUCTPOSIX CTEIUIAPATOPHOTO THITY Ja€ MOMUIMBICTH MPOBOJUTH
KaTIOPOBKY aHaTi3aTopa SHEpriii BTOPUHHOTO My4Ka i0HIB Y KOXKHOMY TL1a3MOBOMY po3psiji. Lle 103B0JIsie 30UTBIINTH TOUHICTh
BUMIpIOBAHb ITOTEHIIIATY TJIa3MH 32 JOTIOMOTOFO ITyYKa BaXKKUX 10HIB Ha cresmiaparopi TJ-1L
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