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Abstract

An overview ofrecentresultsobtained by ChargeXchange (CX)iagnostics at Globusl
spherical tokamak and TUMARM tokamak with circular plasma cross sectiothis subject

of this paperThe operationprinciple andparameters of CXliagnostics apparatus ageven

The CX energy spectra andn temperature obtaileduring theohmic andauxiliary plasma
heatingat GlobusM and TUMAN-3M tokamaks are presented. The bulk ion heating and fast

ion confinement are discussed.

1. CX diagnostics
The CX diagnostics at both plasma machines ersgloy Neutral Particle Analyze(NPAS)
of ACORD-12 type[l1,2]. NPA operating principle is based on the &ation of neutral
particles emitted by plasma ihe gas stripping cell with thesubsequentnalysis ofthe
resulting secondary ions in electric and magnetic fields.
The analyzes provide the massesolved CX energy spectra measuremestgplying
information about plasma Hydrogen/Deuterium (H/D) compaosition, ion temperature, and non
maxwellian ion distribution tails that appear during auxiliary plasma healihg. main
ACORD-12 mrameters are as follows:
Energy range 0-20 keV Energy dynamic range {&/(Emnin) ~7
Channel energy width -80 % N, stripping pressurél1-4)x10* Torr
Number of detectors 6x2 (H and D)  Detector type- Channeltrons
Mass suppression (H/D) 0
The NPAs are installegerpendicularlyto the plasma columrJnfortunatelythe absence of
appropriate NPA scanning systenand thearrangementof tokamak ports prevent the
measurements in tangential direction both plasma machinesSuch measurementare
important in the case of anisotropic ion distributtgpical for the auxiliary plasma heating
To solve this problena special technique based m@flection of particles fronthe metallic
mirror was appliedn the TUMAN-3M tokamak. Thignetallic reflecor wasinstalled at the

NPA entrancewhich permits the plasmabservatioralong the tangential direction.
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2. Globus-M experiments

ICR heating.On spherical tokamaks then Cyclotron Range (ICR) plasma heathmgssome
specific features such as:dijnultaneous existence of several IC harmonic$p®)efficiency
of Radio FrequencyRF) power absorption due to large wave length in compamgtnIC

zone widths; 3) low efficiency of cudff barriers.

At GlobusM a doubling of ion

500 fRF: 7.5 MHz

i temperature was observedring the
Pee= 0.15 MW %: %:‘ %i ICR heating experiments in mixed

»@@iﬂ% H-D plasma (Pge=0.150.3MW,

400 -

3 wof ¢ ] fre= 7.5MHz, Bor~0.4T). It was
" ' . shown thaton heating can be carried
200 + Ohmic T, range b
out in a wide range of plasma ion
o T
100 o 7] composition Ch = ny/(ny+np) =
0 .y 10-70%[3]. An increase of ion
0 20 40 60 80 . . .
c. o) heating ¢ficiency with H-cortent
Fig.1 rising was detected (Fig.1).

Globus-M. ICR plasma heating. lon temperature | Due toaweak signal at high energies
dependence on hydrogen content

the measurements @X flux above

5 keV was complicateddoweverusing themeasurements @f keV CX flux decayafter ICR
termination the maximumenergyof accelerad H-ionscould beestimatedrom the formula
1= to/3 N[ (1+(Eo/Ecr)*?) /(1+Enn/Eer)*)], (1)

where T is the time of particle deceleration from enefgyto energyEsi,= 4 keV, tsc is the

slowing down time on 500
electrons andE, is the critical Eue = 25 keV NBI
600 |P . ~0.8 MW /+++++++HH++++H+++++ Pz i
energy[4]. It was found that +/+ ‘+\+‘+
S ¥ 3
the maximal energpf H-ions | & “°r */ OH \g
|_D $/ OO¢¢¢¢¢¢¢¢¢¢OOOO/ ¢+ 1
wasEq~15 keV. 200 ge¥*tenmesdigentiit 200900007 1
NB heating.One of the features ol . .
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of Neutral Beam Injection t (ms)
(NBI) on spherical tokamaks Fig.2
o I Globus-M. NBI plasma heating. Experiments with
lies in the low magnetic field record value of ion temperature T; ~ 650 V.
Biwor and the tight aspect rati (T; ~ 750 eV with opacity correction)

R/a(for GlobusM By~ 0.4T,

R/a = 1.5) The NBlonthis plasma devicds chaacterized byarge gyreradius ofbeam ions
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r. in comparison with plasmdimensiongfor GlobusM r_. ~ 35 cm,a = 0.24 m) This can

lead to enhanced particle losses aadreduce the efficiency dfiB heating.

In spite of suclcomplicationabout3

20 —————————r :
I timesincreaseof ion temperaturevas
15L ; A obtained duringCo-NBI experiment
—~ '. »- | ] [5] (PNBI =0.40.8 MW,
(72} 1] ]
E 10t . Ebeam= 22-29keV) (Fig.2). The
U ] record ion temperature value of =
L)'_:o L =HAo—
St i 650eV was achieved in low density
; plasma  ((1-2x10°m?®.  The
o . 1 . | I PR S S S
0 5 10 15 20 measurements in the moderate
Tneory (MS) dersity plasma((3-5)x10"° m®) give
Fig.3 _ the value ofT; = 430 eV.Howeverit
Globus-M. NBI plasma heating. CX flux decay _
time of fast particles versus theoretical was shown thadue toplasma opacity
deceleration time obtained by formula (1) the central T; value could beas high

as750 eV for low density and 700 eV fonoderatedensity

The beam iordeceleratiortime given by formula (lwas compared witthe one obtained

from the measurements of fast ntiale flux decay after NBI termination (F§). A good

agreement with
theoreticalpredictionwas
found.

The beam slowing dowr
spectra measurement
were performed in a
suprathermal
range E =3-30keV[6].
The comparison ofH-
and D-NBI

popuation

energ)

displays a
higher of
beam slowing down ian
in the case ofH-NBI

(Fig4). The performed

particle trajectory simulations partly explain this difference due to first orbit losses

losses.
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Fig.4
Globus-M. NBI plasma heating. Spectrum of bulk ions and
slowing down ion spectra in the case of H- and D-injection.

OV (E¥%+E¥?) - theoretical prediction for E< E

and CX
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3. TUMAN-3M experiments
The NBI atthe TUMAN-3M tokamakhas the similar specific features as &lobusM

40of4

because of low toroidal field (8~ 0.7 T),which can lead to fast particle losses.
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TUMAN-3M. Co-NBI experiment. Spectrum of bulk ions and

slowing down ion spectra measured by NPA in the perpendi-
cular and tangential direction using metallic reflector.
OV (E¥%+E4¥%) - theoretical prediction for E< E

In spite of this about a
doubling of ion
temperature wa®btaned
during CoNBI
experiment

(Pngi = 0.20.5MW,
Epeam= 1825keV) [7]. A

rise of high energy ion tail

heating

was noted from the CX
flux measurementsoth in
tangential and
perpendicular  directions
(Fig.5). The

measurements

tangential
were
the

performed  usig

metallic reflector at the angle coinciding with the angle of NBh the contraryneither

significant increase of ion temperature nor appearance of suprathermal passtdsened

during CounteiNBI, which is consistent witlthe tendency of orital loss enhancemerfior

counterinjected particles.
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