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Dependences of the charge exchange (CX) fluxes of neutral are investigated via neutral particle analyzers (NPA)
in the U-3M torsatron. Fast (<0.5 ms) decay of the vertical and tangential CX fluxes has been observed after turning
off RF heating power. According to these measurements, the U-3M energy confinement time of the 0.5...4.5 keV
ions is less than 0.5 ms in the low density (n.=(1.. 4)'10" cm™) discharges. No difference between confinement of
the ion energy component parallel to the magnetic field and confinement of the perpendicular to the magnetic field
one was observed in U-3M. Evidently, an ion cooling through CX collisions with neutrals sustain the main channel
of'the 0.5...4.5 keV ion energy loss in the U-3M torsatron.

PACS: 52.55.Hc; 52.70.Nc

INTRODUCTION

Neutral atoms and molecules substantially affect
plasma confinement in small and medium size fusion
devices. Neutrals can introduce plasma cooling and
additional viscosity which dominates the neo-classical
ion viscosity in the gas fueling region [I,2].
Furthermore, according to those studies, the neutral flux
can modify or even determine the edge radial electric
field, plasma rotation and plasma confinement. An
influence of neutrals can determines ion energy
confinement in the small-size torsatron U-3M. The
U-3M plasma volume is about 0.3 m® and its chamber
volume is about 70 m®. The hydrogen pressure feeding
level used in U-3M discharges is about 10” Torr. In the
case when all hydrogen will be ionized and accumulate
in the confinement region the plasma density should
achieve a value about 10" cm™. This density is two
orders of magnitude higher than practically achieved
densities in U-3M discharges. Evidently, substantial
flux of the neutrals with mean free path longer than
U-3M plasma size from large U-3M vacuum vessel
should sustain main channel of the ion energy loss via
the charge exchange (CX) collisions in the low density
discharges of U-3M. According to set of previous
articles [3-6], confinement of fast ions in U-3M was
considered as collisionless. The electron-ion and ion-ion
collision times are longer than the neoclassical
confinement time of these ions, thus the confinement of
the 0.5...4.5 keV ions is collisionless, if we are not
taking into account CX collisions. Due to substantial
difference in confinement of trapped and passing ions
the confinement time of energetic ions with major part
of the energy perpendicular to the magnetic field lines is
significantly shorter than the confinement time of the
ions with major part of the energy parallel to the
magnetic field in the collisionless stellarator plasma. We
can estimate the role of the CX ions cooling by the
comparison of the parallel ion energy and perpendicular
ion energy confinement times. If these times are
comparable, then CX cooling is dominant channel of the
ion energy loss and U-3M confinement cannot be
considered as the collisionless.

In this paper, the evidence of extremely short
parallel ion energy and perpendicular ion energy
confinement times is shown in low density U-3M
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discharges. These times are shorter that temporal
resolution of the NPAs and less than 0.5 ms.

1. EXPERIMENTAL SET-UP

“Uragan-3M” is a small size torsatron with [/m=3/9,
Ry/~=1 m major radius, @=0.12 m average plasma radius
and toroidal magnetic field By<1 7. The whole magnetic
system is enclosed into 5 m diameter vacuum tank. The
low density discharges (n.~(1...4):10" cm™) under
consideration are induced by RF antennas [7, 8]. The
U-3M is equipped with two CX neutral particle
analyzers (NPA) [8]. Magnetic mass separators,
reflection dumpers have been added in present NPAs
set-up in contrast to the used in previous work [8]. A
tangential neutral flux from almost whole U-3M cross-
section is measured by one of the NPA for parallel ion
energy studies. The perpendicular ion energy
distribution is measured along the vertical lines by the
other NPA. A radial shift of the NPA line of sight was
varying from the inner conductor wall R=85...86 cm to
the geometrical centre of the U-3M winding of
R=100...101 cm, corresponding to the half-plasma
radius p=0.5 [8]. Due to strongly three-dimensional
geometry of the torsatron magnetic field lines, parallel
and perpendicular CX fluxes are coupled. However,
present set-up is reasonable for qualitative comparison
of these fluxes behaviors. The NPA signals integration
time is 0.1 ms, and its sampling rate is about 50 kS/s.

2. NPA SIGNALS IN OLD NPA SET-UP

In previously used NPA set-up, long enough decay
of measured signal was observed after turning the RF
power off. This long decay was improperly qualified as
a long enough confinement time of the energetic ions
[4, 7]. An example of such CX flux decay in old set-up
in the sweeping NPA mode of operations [8] is shown
in Fig.1. The 0.1 ms integration time was used in this
experiments [8] in contrast to results of Ref. [4, 7]
where long integration time in addition to NPA
diagnostic error cause the long confinement time. Due
to extremely low cross-section of the hydrogen atoms
striping by the nitrogen in a energy range below 100 eV
[8], the NPA signal in minima of the analyzing energies
should be equal to zero.

13



3k o R=160cm, #|62 ;01‘0-(‘)6:1‘;7

I, a.u.

E keV

t [ms]
Fig. 1. NPA signal (top frame) and analising energy
(bottom frame) in old NPA set-up. Dashed line marks
the RF generator switching off time

Observed in these minima NPA signal is not related
to the CX flux and represent an NPA diagnostic error.
During U-3M discharge a level of the NPA signal in
energy minima is low and this level is order of
magnitude lower the NPA signal level in medium
energies. It allows us to analyze CX energy distributions
in the main U-3M discharge [8]. In contrast to the main
discharge the signal after RF power switching off is not
correlated with the analyzing energy and its level is high
in the zero energy stage. This is direct evidence that the
NPA signal after RF switching off was not related with
the CX flux in pervious NPA set-up.

3. CXFLUXES DECAY

Vertical CX flux decays in present NPA set-up and
NPA mode with fixed energy, are shown in Fig. 2.
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Fig. 2. Normalized CX fluxes from plasma periphery
and geometrical chamber centre (top frames); NPA line
of sight positions and the energy of CX flux are marked

in legends. RF power (bottom frames)

Such fast decay of the CX flux is always observed in
all low density discharge conditions and all CX energies
(0.4...4.5 keV) and in all NPA line of sight positions
(p=0.5...1.2 ). Same fast decay of the parallel to the
magnetic field CX flux was observed in all discharge
conditions and for all measurable CX energies. The
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675 eV CX flux decay in discharges with different
magnetic fields is demonstrate (Fig. 3) this fast decay.

1

2012-04-27, lex . E=675 eV

—e— B=0.68T,7,
- B=0.72T»

l(‘X au

50 51 52
t ms

48 49

Fig. 3. Tangential 675 eV CX fluxes in discharges with
different magnetic field; doted line is marked end of RF

A level of parallel CX flux is at least order of magnitude
lower than the level of the perpendicular one. It explains
a noisy character of the observed signal in 0.1 ms
integration time set-up, as well as non-systematic noise
due to the NPA photomultipliers noise. Absence of any
correlations of the parallel NPA signal bursts after the
decay stage in set of similar U-3M pulses demonstrates,
that these bursts can-not be associated with CX flux.
The X flux from a plasma

I'..(E,R)= J. E(E,R,z)dl depends on molecular and

atomic hydrogen concentrations n, and ny, respectively:
Exn (E)(noag[ (E)+n,, O'LI,X(E)), where &

cx o O-cl'x are
cross sections of the hydrogen ion charge exchange on
hydrogen atom and molecule respectively. In general,
CX flux decay can be determined by ions cooling and
by a modification of the concentration of the neutrals

(conversion to molecules in particular). Energy
0 _1
CX’O-CX

sections are shown in Fig. 4.

dependence of o [9] and ratio of this cross-
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Fig. 4. Atomic and molecular CX cross-sections and
their ratio (in a central inset)

According to these data, the ratio of atomic and
molecular cross-sections is order of magnitude lower at
225 eV than at 2.25 keV. If substantial modification of
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the molecular and atomic concentrations ratio takes
place during the decay stage of the discharge, then
decay times of CX flux of these two energies should be
significantly different. Experimental comparison of the
CX fluxes under consideration (Fig.5) does clearly
show that no difference in their decay times is
recognizable.
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Fig. 5. Normalized 225 eV and 2.25 keV CX fluxes (top
frames); RF power (bottom signal)

Therefore, the ratio of the molecular and atomic
concentrations is constant during the 0.5 ms decay time

fluxes after switching off RF power is shorter that
0.5ms. The U-3M energy confinement time of the
0.5...4.5 keV ions is less than 0.5 ms in the low density
(ne=(1...4)-10”cm™) discharges. This time is
substantially shorter than the energy confinement time
according to U-3M stellarator scaling [7]. Evidently, an
ion cooling through CX collisions with neutrals sustain
the main channel of the 0.5...4.5 keV ion energy loss in
the U-3M torsatron.
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YAEPKAHUE NOHOB IIJIA3MBI 0.5...4.5 k3B B MAJIOIVIOTHBIX PA3PAJJAX
TOPCATPOHA Y-3M

M. /Ipesans, A.C. Cnagnbiit

3aBHCHMOCTH NOTOKOB HEHUTPAIOB Mepe3apsaIKyd U3MEPEHbI ¢ MOMOIIBIO aHAJIM3aTOPOB HEHTPAIbHBIX YacTHIl B
topcarpone Y-3M. Beictpoe (<0.5 Mc) BpeMs cmaga BEPTUKAJIbHOTO W TaHTCHI[MAIBHOIO MOTOKOB HEHTpAIOB
nepe3apsiiIku  HaOJIIoAaIoCch MMOCie BBIKIIOYeHHs MolnHocTH BY-marpeBa. CornmacHo 3THM HM3MEpEHHSM BpeMs
yaepxanust sHepruu 0.5...4.5 k3B uoHoB B Y-3M menbiue, yeM 0.5 MC B HU3KOIUIOTHBIX (ne:(l...4)-1012 cm’™)
paspsnax. B V-3M He Obuio 0oOHapyKeHO pa3HHLBI MEXKIY YAEpKaHHEM KOMIIOHEHTOB WOHHOH JHEprHH
MapajuielbHOW M TEePIEHIUKYIIPHONM MarHUTHOMY TOIO. [10-BHOMMOMY, OCTHIBAaHHE HMOHOB TIOCPEICTBOM aKTOB
nepe3apsiki ¢ HeWTpajaMH SBJSETCS OCHOBHBIM KaHaioM moTepu sHeprum 0.5...4.5 k3B noHOB B TOpcaTpoHe
V-3M.

YTPUMAHHA IOHIB IIVIA3BMHU 0.5...4.5 keB Y PO3PAJAX TOPCATPOHA Y-3M
3 MAJIOIO I'YCTHHOIO

M. /Ipesans, A.C. Cnasnuii

3ajeXHOCTI TIOTOKIB HEHTpAJIB Iepe3apsKy BUMIPSHI 32 JOIIOMOTOI0 aHaJli3aTopiB HEHTpaJbHUX YaCTHHOK y
topcarponi Y-3M. IllBumkuit (<0.5 Mc) yac cmamy BEpTHKaIbHOTO 1 TAHTCHIIAJIEHOTO IOTOKIB HEUTpatiB
nepe3apsiiki CIIOCTEepiraBcsl IMiclsl BUKIIOYEHHS NOTyXHOcTi BU-HarpiBy. 3rigHo myMM BHMipaMm 4ac yTpHMaHHS
eneprii 0.5...4.5 keB iouiB B Y-3M meHumii, Hixk 0.5 Mc y po3psiaax 3 Manowo rycruHoio (n, = (1...4):10%cm™). B
V-3M He Oyi0o BHSBICHO Pi3HHII MK YTPUMAHHSAM KOMIIOHEHT 10HHOI €Heprii mapaieiapHol Ta MepIeHIuKYIIpHOT
MAarHiTHOMY MOJIF0. MaOyTh OXOJIO/KCHHS 10HIB 3a JOIIOMOTOIO aKTiB Iepe3apsAKd 3 HEeUTpaldaMHh € OCHOBHUM
kaHanoMm Brparu eHeprii 0.5...4.5 keB ioHiB y Topcarponi Y-3M.
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