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The total bolometrically measured plasma radiation losses on the RF heating power were found. The results of
measurements demonstrate a nonmonotonic dependence of radiation losses on RF power. Namely, at low RF power
levels (80...170 kW) the total radiation losses raised with increasing the RF power. However, the total radiation losses
decreased sharply when RF power exceeded 200 kW (down to =20 kW at 240 kW of RF power). Simultaneously, the
intensity of impurity lines fell down significantly, whereas the average electron temperature (found from ECE
measurement) did increase. The authors consider that screening properties of periphery plasma give reasons for above

experimental facts.
PACS: 52.55.Hc

1. INTRODUCTION

One of the peculiarities of the U — 3M torsatron with
the magnetic system disposed inside of a large vacuum
volume, is the existence of a natural divertor, which is the
essential part of the magnetic configuration. This
circumstance creates specific conditions when measure
the energy radiative losses by bolometer.

When the bolometric sensor localized in the space
between helical windings at the too long distance from the
confining volume (excluding the shadowing of the
bolometer directional diagram), there is the possibility
that it receives the charged particles from the divertor
fluxes or from background plasma. In this case the sensor
signal is defined not only by the radiative flux and by
neutral particles, but by some part of the charged particle
flux also.

Ta

king into account mentioned above, we designed the
compact bolometer sensor, having the high resistance
against electromagnetic hashes and permitting to position
it at the inner surface of the magnetic winding casing. The
sensor measures the total radiative losses and has the
reception angle near to 2z (2 — bolometer) [1,2].

In this report we present the results of measurement
of the total radiative losses of the torsatron U — 3M
plasma as function of the RF heating power.

2. EXPERIMENTAL DEVICE. BOLOMETERS

The U — 3M device [3] is =3 torsatron with 9 periods
of the helical magnetic field. The major tore radius is 100
cm, the inner radius of the casings of the helical windings
is 19cm. Magnetic system together with the support frame
are disposed inside the vacuum chamber of ~70 m’
volume. The chamber is evacuated up to 107 Torr. Plasma
is created by RF method resonance excitation of the ion
cyclotron waves at the frequency 8.4 MHz. The confining
magnetic field on the axis of device is B =0.7 T. The
maximal power, supplied to the plasma in described
experiments was of 240 kW.

One of the cross sections of magnetic configuration,
defined as D-section, is presented in fig. 1, where 1 — is
the plasma volume, limited by an outermost magnetic
surface. The region 2 is the ergodic layer [4], where the
line of force perform 1...100 turns around the major axis,
before leaving the plasma volume. As follows from
results of calculations [4] and from experiment [5], the
thickness of ergodic layer changes from 2 to 6 cm, in
dependence of azimuthal angle.
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Fig. 1. Cross section of the U — 3M magnetic
configuration

U — 3M torsatron bolometric system consists of 4
sensors, disposed on the plasma facing surfaces of the
magnetic winding casings. Toroidal angles of the sensor
disposition with respect to RF — antenna were from 20° to
180°. The point of the sensor disposition in D — section is
shown in fig 1 (3). Magnetic field in the point of sensor
disposition is ~1.0 T.

The time resolution of the bolometers is ~1 ms. The
lower limit of the registered power density is 20 mW/cm®
on the surface of the sensor element. The transmission
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band of the bolometric channel electronics equals to
~2:10° Hz.

3. EXPERIMENTAL RESULTS

The experimental dependence of the radiative plasma
losses as a function of the RF power input is presented in
fig 2. Because the radiative losses do change during the
heating pulse (e.g., fig. 3), along the vertical axis of the
graph in fig. 2 we put the value of the energy of radiative
losses normalized to the RF power input (E).
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Fig 2. Normalize dependences radiative losses
per pulse on the applied RF power

Fig 3. shows the temporal dependences of the
radiative loss power (P) for three levels of RF power: 1 —
80 kW, 2 — 170 kW, and 3 — 240 kW.

As it is seen from the pictures, for the relative low
levels of the applied power (80..170 kW) the total
radiative losses increase significantly with the RF power.
In this power interval the total radiative losses were about
40...50% of the RF power input.
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Fig 3. Temporal behaviour of radiative losses at
three
levels of RF power

The radiative losses decreased sharply when applied
RF power exceeds = 200kW. In this case the part of
radiative losses dropped to ~10% of the RF power.
Simultaneously the following effects are observed:

1. Decreasing (more than factor ten) the intensity of
the light impurity (C*, O*?) spectral lines.

2. Decreasing the average electron density from
3.6:10" ¢cm™ by 1.6:10" cm™.

3. Increasing up to 80 eV of the electron temperature
in the ergodic layer region. At that T.in the central part of
confining volume increased up to 600 eV (measured by
ECR radiometer).

4. DISCUSSIONS

The abovementioned experimental results may be
explained by decreasing n. in the confining volume, when
the RF power is increased [6]. Fig. 4 shows the
dependences of the average electron density (<n.>) and
radiative losses (at 30 ms after discharge start) as a
function of the RF power. It is seen from fig. 4 that there
is no simple proportionality between the time behavior of
radiative losses and electron density. Electron density
remains almost constant, when RF power changed from
80 to 170 kW. In this case the maximal level of the
radiative losses increased from 40 to 76 kW.
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Fig 4. Dependences of the average electron density and
radiative losses level from RF power:

1 — radiative losses level, 2- electron density

More adequately the majority of the experimental
data may be explained by the divertor properties of the
ergodic layer of the magnetic configuration U — 3M
device (fig. 1). When the levels of RF power are lower,
the periphery of plasma column remains cold, and the
degree of ionization is low enough. In this case the
impurities desorbed from the inner surfaces of the
magnetic winding casings, can practically freely penetrate



through the ergodic layer, undergoing ionization in the
plasma confinement volume.

When the level of the RF power is increased, T. of
the plasma periphery begins to increase too, reaching
80 eV in ergodic layer, when the RF power level
increases up to 240 kW.

Taking into account that the density of hydrogen
molecules is (3...4)-10"cm™, we estimate the n. in the
ergodic layer is n. = 8:10'" cm?. The velocities of the
desorbed radicals CH or OH type can be taken as
~ 8-10* cm-s'. Then the mean free path of such molecules
for ionization in the ergodic layer is of the order of 1 cm.
It was admitted in [5], that ergodic layer thickness (in
dependence on the azimuthal angle) varies from 2 to
6 cm. Such length is enough for effective screening of the
confining volume from mentioned impurities. Obviously,
the screening effect of the ergodic layer has to depend on
the level of RF power input and on the value of impurity
influx. Namely, the too large flux of impurities can lead
to the decrease of the electron temperature at the plasma
periphery.

The experimental data of fig. 3 qualitatively support
such explanation.

5. CONCLUSIONS

1. The assumption about screening properties of the
ergodic layer do most completely explain the
experimental data, mentioned above.

2. The screening effect of the magnetic configuration
increases with increasing the RF power.

3. The growth of the screening properties occurs
faster in the 180...240kW interval of the heating power.

It is worthy to note, that the screening properties of
the periphery plasma in magnetic configuration of U-3M
torsatron were firstly experimentally demonstrated in [7].
In that wor, it has been showen, that up to 70% of the
carbon atoms injected into the plasma by the laser
ablation, were diverted.

REFERENCES
1. V.I. Kovalenko, V.D. Kotsubanov, I.K. Nikolsky et
al.// Bulletin of Kharkov Univesity. Ser. “Physical.
Nuclei, particles, fields”. 2005, 1(26), p. 96 — 98 (in
Russian).
2. S. Besshou, S. Morimoto et al. // Nuclear Fusion. 1986,
v.26,Ne 1,p. 114 -117.
3. V.V. Bakaev, S.P. Bondarenko, V.V. Bronnikov et al.//
Plasma Physic and Contr. Nucl. Fusion. 1984, v. 2,
p. 397- 407.
4. V.E. Bykov, YuK. Kuznetsov, O.S. Pavlitchenko et
al.// A Collection of Papers Presented at the IAEA
Technical Committee Meeting. Garching, Germany. 1993.
p- 391- 396.
5. V.E. Bykov, V.S. Voitsenya, V.E. Volkov et al.//
Problems of Atomic Science and Technology, Series
”Thermonuclear fusion” (3). 1990, p. 12 —31.
6. V.V. Chechkin, L.I. Grigor’eva, E.L. Sorokovoi et al.//
Nuclear Fusion. 2003, v. 43, p. 1175 - 1182.
7. V.D. Berezhnyi E.D. Volkov, V.D. Kotsubanov,
LK. Nikolsky et al.: Preprint. Kharkov: NSC KIPT,
KhFTI 1 —23,1989.

OCOBEHHOCTU NNOBEJIEHUSA PAIUALIMOHHBIX ITIOTEPH
IIVIABMBI TOPCATPOHA “Y-3M”

B./I. Koyybanos, A.E. Kynaca, H.K. Hukonsckuil,
B.K. IIawnes, C.A. I[vibenko

Ha Topcarpone “Y-3M” mnpoBelneHbl HM3MEpEHHsS 3aBHCUMOCTH OOIIMX paJHallMOHHBIX MOTEPh OT YPOBHS
BBOZMMOH B 1urazMy BU-momnoctu. M3Mepenns mokasain HEMOHOTOHHYIO 3aBHCHMOCTD BEJIMYHMHBI paJdalliOHHBIX
norepb oT ypoBHsA BBoxumon BY-momuoctu. IIpu BBogumoit BU-momrHocTH Ha ypoBHe 80...170 kBT BenmumHa
paauanoHHBIX MOTEPh MPOMOPLHUOHANBHO Bo3pacTaeT. onsi pagualMoHHBIX MOTEph pe3ko maaaer (mo ~10% or
BBomuMoii BY momHOCTH) Korma BU-momuocthe mocturaer >200 kBt. OmHOBpemeHHO (Oonee deM Ha TOPSIOK)
YMEHBIIAI0TCS MHTEHCUBHOCTH NMPHMECHBIX JIMHUH, B TO BpeMsI KakK 3JIEKTPOHHAs TeMIepaTypa B 00JacTu yAep KaHUsSI
nponomkaer pactu  (OLP  paamomerp). ABTOpBI MOJararoT, YTO OOBSCHEHHEM IPHBEICHHBIX  BBIIIC
9KCIIEPUMEHTAIBHBIX (JAKTOB MOTYT OBITH 3KpaHMPYIOIIIE CBOMCTBA MAaTHUTHON KOH(HUTYPAIHH TOPCATPOHA.

OCOBJIMBOCTI MOBEJIIHKU PAJTIALIIMHUX BTPAT
IJIASMHU TOPCATPOHY “Yy-3 M”

B./I. Kouy6anos, A.€. Kynaza, 1.K. Hikonscokuil,
B.K. Hawnes, C.A. l{uoenxo

Ha Topcarponi “Y-3M” npoBe/ieHi BUMIPIOBaHHS 3aJIe)KHOCTI 3araJIbHUX paAiallifHUX BTPAT Bill PiBHS BBEACHOI y
wazmy BU-motyskHOCTi. BuMipy moka3anyu HEMOHOTOHHY 3aJI€XKHICTh pajialifiHuX BTpaT Bia piBHA BYU-motyskHOCTI.
[Ipu BBemeniii BY-noryxHocti Ha piBHi 80..170 kBt monms pamiamiifHuX BTpaT mpomopuiifHO 3poctae. [loms
pamiaiiifHux BTpaT pi3ko 3MeHInyeThest (10 ~10% Bin pisus BU-moTyxHOCTI) KoM BBeAcHa BU-MOTYXHICTh q0OCsATae
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piBas >200 xkBt. OnHovacHO (Oinblie HiXK Ha MOPSZIOK) 3MEHIIYEThCS IHTEHCUBHICTD JIIHIH JIOMIIIOK, B TOH ke dac
eJIeKTpOHHA Temreparypa mnpoaoskye 3poctatu (ELIP pamiomerp). ABTOpH BBa)KarOTh, IO IOSCHCHHSM HaBEICHHUX
BHIIE eKCIIEPUMEHTAIBHNX (DAaKTIB MOXKYTh OyTH €KpaHyIOdi BIIACTUBOCTI MAarHITHOI KOH(QITypaIlii TOpcaTpoHy.
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