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When providing experiments on RF plasma production and heating in U-3M torsatron there was observed
sudden decrease (up to two times) of mean confined plasma density during step-rise of an RF antenna voltage.
Trying to analyze the reason of this effect we estimated a screening effect of the out-separatix plasma,
characteristics of which were recently measured. It was found that at the plasma confinement border the
attenuation is: 6 % for H,, 1.4, 7, 6 % for C, Fe and Ti atoms correspondingly. This is much below the result of
attenuation (~70 %) estimated in [1] for the flux of laser ablated C atoms.

PACS: 52.50.Qt; 52.55.Hc 52.40.Hf
INTRODUCTION

In the I = 3 Uragan-3M (U-3M) torsatron, the
hydrogen plasma is produced and heated by supplying
RF power in the frequency range w<wg to two
unshielded antennas located close the boundary of
plasma confinement volume: a frame type (FT) antenna
and a three-half-turn (THT) antenna. A very specific
feature of U-3M, distinguishing it from many other
fusion devices, is that the whole magnetic system is
placed inside a large vacuum tank, thus the ratio of
plasma volume to a gas filled volume is ~1/200. Due to
such construction, an open natural helical divertor
configuration is realized with plasma confinement
volume major radius Ry = 1 m and average plasma
radius a = 0.12m. The inner radius of helical coil
casings is 19 cm, and just these casings play the main
role of the first wall for confined plasma. Working gas
pressure (hydrogen) ~5-10° Torr.
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Fig. 1. Time behavior of mean plasma density
(upper oscillogram) and anode voltage supplied to FT
antenna (lower oscillogram)

In the course of experiments it was found out that any
sudden fast rise of RF power during the discharge by
stepwise-like increase of an anode voltage, e.g., from
~6.5 by ~9 kV, results in a significant drop (factor 1.5-
2.0) of mean plasma density (measured by a microwave
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interferometer), instead of ex ante density increase.
Fig. 1 demonstrates the corresponding oscillograms.

One possible explanation of this phenomenon-the
decrease of hydrogen inflow due to increase of its
ionization in a near-separatix plasma. Such a viewpoint
was mentioned long time ago [1], when discussing the
results of pulsed impurity injection by laser ablation of a
graphite target placed at the helical coil casing. As the
reason of protection from injected C atoms the authors
considered the divertor plasma layer, i.e., the region
which includes ergodic and divertor field lines with total
radial dimension =5 c¢m, although at that time there were
no data about plasma characteristics in the space
between casing and plasma confinement volume.

Using the ratio of intensities of lines CV / CIl when
increasing the flux of injected atoms and suppose that at
high total flux of carbon atoms (>10') the periphery
plasma temperature decreases resulting in an increase of
a penetrability, the screening ability was estimated as
~0.7 from the level of injection.

1. ASSESSMENT OF SCREENING
EFFICIENCY

In the present paper we are trying to answer the
question about screening efficiency of the out-separatrix
plasma region for penetration of H, molecules coming
from the space outside plasma confinement volume
through wide slits between helical coils, and H,
molecules, C, Fe, and Ti atoms coming from helical coil
casings. When considering a one-dimensional model for
penetration of indicated atoms and molecules, the data
on n, and T, spatial distributions in the space between
helical coil casings (19 cm) and the last closed magnetic
surface (10 cm in the cross section where measurements
were done) obtained from electric probe measurements
were used for the estimations. The raw data of probe
measurements of n, outside plasma confinement volume
are shown in Fig. 2 (Note that the value of n=2-10 cm™
near the last closed magnetic surface, r=10 cm, was
very close to what was accepted in [1]).

As for Te(r) distribution, after some simplification of
results of probe measurements, within accuracy +5 eV it
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can be accepted as 30 eV in the interval 19...12 cm,
40 eV at r=11 cm and 55 eV at r=10 cm.

Toroidal magnetic field B, was 0.72 T as distinct
from experiments in [1] provided within magnetic field
strength 0.46 T.
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Fig. 2. Spatial distribution of plasma electron
density outside plasma confinement volume at anode
voltages 6.5 and 9 kV, and during L-H transition at 9 kV

2. ATTENUATION OF H, FLUX FROM THE
VESSEL VOLUME

The most important processes can be characterized
by the use of data from the paper by Harrison [2]. For
H, molecule disintegration at the T, range
T=2...100 eV the following processes have to be taken
into account:

e+H, > H+H+e - [dissociation]; 1)
e+H, —» H,*+2e - [ionisation]; (2)
e+H, — H"+H + 2e - [dissociative ionisation].  (3)

The formula for flux attenuation is:
ki+k, +k
. =T,exp {—J.ne (r)dr (M)} ,
Upa

where ki, ks, ks — are the rate coefficients for processes
1,2, 3 from [2].

The results of calculation of relative attenuation of
H, flux are shown in Fig. 3.
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Fig. 3. Relative attenuation of H, molecular flux due to
disintegration under the influence of processes 1, 2, 3
and their sum (1+2+3)
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One can see that the relative attenuation for indicated
processes amounts: 1 — 4.9%, 2 — 0.9%, and 3 — 0.25%,
i.e., ~6% in total.

3. ATTENUATION OF PARTICLE
FLUXES FROM HELICAL COIL CASINGS

The plasma-wall interaction will result in generation
of a reverse flow of hydrogen and impurities (C, Fe, Ti)
to the plasma confinement volume. For making any
estimation of penetration of these particles, important is
the knowledge of their velocity when leaving the wall
surface. Let’s compare the data from different sources.
The authors of paper [3] have found, when modeling
behavior of hydrogen neutrals in TFTR aiming to clear
up its behavior in ITER, that the peak of energy
distribution of particles sputtered under bombardment of
walls by fluxes of H, D, T, C with energies 100, 500,
1000, and 3000 eV, correspondingly, falls on 7.2 eV.

In the paper [4] the velocities were found from
measured Doppler contours.

Data from both these papers are presented in the
Table.

The velocities of the incident particles

(incm/s)
Reference | vy, Ve Vre VT
[3] 2.6:10° | 1:10° 1-10° | 7.9-10°
[4] - 7.410° | 510° |510°

As follows, there are no big differences of these data.
For impurities we gave preference to data from [4], and
the estimated attenuation of them is: C — 1.4%, Fe — 7%,
Ti— 6% (Fig. 4).
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Fig. 4. Relative attenuation of C, Fe, and Ti atom
fluxes on the way from casing to plasma boundary

If one supposes that C atoms have the velocity
corresponding to room temperature, (e.g., from CHy),
the attenuation factor at the edge of plasma confinement
volume will be ~14 %.
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CONCLUSIONS

From the above presented data the following
conclusive remarks can be drawn out:

1.In investigated U-3M RF discharges the
characteristics of out-separatrix plasma cannot provide
any significant attenuation of hydrogen or impurity
atom fluxes on the way to plasma confinement volume.

2. Therefore, the drop of plasma density during
stepwise RF power increase cannot be explained by
existence of dense plasma in the out-separatrix volume.

3. Significant attenuation could take place only with
plasma density near the last magnetic surface at the
level >1-10%cm?®, if distributions of out-separatix

plasma characteristics will be similar to described above.

4. The possible reason for observed drop of a mean
plasma density can be the recently disclosed effect of
strong decrease of hydrogen pressure in the U-3M tank
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K BOITPOCY Ob SKPAHUPYIOIIIUX CBOMCTBAX 3ACENAPATPUCHOM OBJIACTH ILJIA3MbI
B YCTAHOBKE Y-3M

B.I'. Konosanoe, B.B. Yeuxkun, J1.U. I pucopvesa, A.H. Illanosan

[Ipn mnpoBemeHMn HSKcrepuMeHTOB Ha TopcaTpoHe Y-3M mpu BU-cmocoOe co3maHus M HarpeBa IIJIa3MBbl
HaOJII0AI0Ch HEOXKNAAHHOE YMEHbIICHHE (IIPUMEPHO ABYKPATHOE) CpeIHEH MIIOTHOCTH YASpKHBAEMOH IUIa3Mbl TPH
CTYIEHYATOM HapacTaHWU HanpspkeHns Ha BU-antenne. [IpITasch yCTaHOBUTH NPUYMHY 3TOTO SIBICHMUS, MBI OLICHUIN
9KPaHUPYIOIIYIO PONIb 3aceNapaTpUCHON 00IacTH ILUIa3Mbl IO Pe3ysIbTaTaM HEIABHO NPOBEICHHBIX W3MEpeHHH. bplio
YCTaHOBIICHO, YTO Ha FPaHMILIE YAEPKHUBAEMOIl I1a3Mbl OcinadiieHne notoka cocrasiser: 6 % mis Hy, 1.4, 7, 6 % nus C,
Fe, Ti cooTBeTCTBEHHO. DTO 3HAYUTENBHO HIDKE cTeneHu ocnabnenus (~70 %), nonydenHoii B pabote [1] s motoka
atomoB C mpu a3epHO# abmanuu rpaduToBOI MUIIEHH.

JIO MATAHHSA PO EKPAHYIOUI BJACTUBOCTI 3ACEINAPATPUCHOI OBJACTI IJTIA3SMHA
B YCTAHOBILI V-3M

B.I'. Konoeanos, B.B. Yeukin, J1.1. I'puzop'cea, A.M. Illanoean

[Ipu mpoBeneHHi ekcrepuMeHTiB Ha TopcarpoHi Y-3M mpum BU-crocobi cTBOpeHHs Ta HArpiBy IDIa3MH
CIoCTepirajgocss HECMo/iBaHe 3MEHINCHHS (MPHOIN3HO IBOPA30BE) CEPeAHbOI TYCTHHH YTPHUMYBAHOI IUIA3MH TMPH
CTYMIHYaCTOMY HapocTaHHi Hanpyru Ha BY-anteHi. Hamaraiounch BCTaHOBUTH IMPUYMHY I[BOTO SIBUIA, MH OLIIHUIIN
eKpaHyIuy poOJb 3acernapaTpucHOi OONacTi Mia3sMHM 3a pe3ylbTaTaMH HEJaBHO MPOBEIEHHX BHMIipIOBaHb. bymo
BCTaHOBJIEHO, 1[0 HA MEXI YTPUMYBAHOI IJIa3MH OCIa0JICHHS TIOTOKY CTaHOBUTH: 6 % st Hy, 1,4, 7, 6 % nnst C, Fe, Ti
BianosinHo. Lle 3HauHO HIKUe crymens ocnabnenus (~ 70 %), orpumanoro B po6oti [1] mmst motoky atomi C mpu
na3epHii abnAnii rpadiToBoi MimIeHi.
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