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The work [1] contains discussion about the changes in plasma energy content and energy lifetime during the
transition into the mode of improved confinement at RF-heating in torsatron U-3M in range of rare collision frequencies
of plasma particles. It was proved, that both energy content of plasma volume and energy lifetime increase as a result of
transition into the mode of improved confinement. This increase is almost in 2 times. Temporal behavior of such plasma
parameters as ion and electron temperature, plasma density and average charge state of plasma ions in the modes with
improved confinement are discussed and reviewed in this work.

PACS: 52.55.Dy, 52.55.Hc

1. MAIN RESULTS

Experimental conditions and temporal behavior of
plasma parameters are presented in [1]. Fig. 1 shows
temporal behavior: average plasma density n., plasma
pressure p, calculated using diamagnetic measurements
[2], intensity of soft X-Ray radiation Ixg, that has gone
through thin aluminum foil with thickness of 1 um, and
average over the cross-section ion temperature measured
by charge exchange neutral energy analyzer. Besides,
Fig. 1 shows temporal behavior of calculated average
electron temperature T. and average charge number of
ions Z.
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Fig. 1. The time behavior of the measured main plasma
parameters n,, T, Iyg and calculated p, T,, Z. Symbol
cross denotes the value of T, and Z, obtained from the
conductivity of plasma at the time of transition in the
regime of improved confinement. The hatching denotes

the range of reliable results

Temporal behavior T, and Z is calculated according to
data of diamagnetic measurements p =n,T, + Z n,T,,

1

and ion temperature T;, and radiation intensity of soft X-
Ray Ixg. As it was shown in [2], temperature of impurity
ions is essentially lower than temperature of protons, and
their concentration is small, therefore, it can be written as:

p=ne(TetauT)). (1)
Here, ay=n, / n, <1 —fraction of ions in discharge. For

simplicity, consider the case with only one category of
impurities with concentration ap.=n, / n,, ie. plasma

contains only ions of hydrogen with Zp=1 and
iron=Zp.>>1. Assuming that
Z:niZi2
Z= -1 —, 2
ne

it is easy to obtain

o= 1- Z-1 (3)

Fe — 1

Temporal behavior of intensity of soft X-Ray radiation
shows that essential decrease (more than in 3 times) of
radiation is observed in the mode of improved
confinement. And besides, insignificant increase of
radiation intensity is observed after transition, however,
further decline of X-Ray remains. According to [3],
expression for radiation intensity of soft X-Ray has the
form:

I, cnT " exp &' Z‘niZl.2 , “)
or considering (2)
I ocn’ZT,"? exp &% (5)

Here, E; — minimal energy of X-Ray radiation passing
through the foil. In our experiments E,<<T,
andexp(—E /T,)=1. Then, expression (5) can be

rewritten as follows
I ocn’ZT,"” . (6)

Joint solution of expressions (1), (3) and (6) allows to
obtain temporal behavior T.(t) and Z(t). It was assumed
that our main impurity is iron with Zg, — linearly changing
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during discharge from Zg=8 to Zg.~=11. The results of
calculations are given in the Fig. 2 and show that in

discharges with 7, ~ 10> cm’ at T=100...300 eV the

time of achieving of the charge of iron ion state
Zr:=8...11 is less than 2 ms.
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Fig. 2. Dynamics of the appearance of maximum ion
charge F, when plasma density n, = 10" em™

Since absolute calibration of intensity Ixg was not done,
we used the possibility to determine the value Tj 12 / Z

according to plasma conductivity at the time of transition
into the mode of improved confinement. The work [1]
shows that longitudinal plasma current increases
drastically at the time of transition. Typical change of
current occurs with time t=L/Q. Therefore, value

T, 32 / 7 =1100+300 (¢V)** was determined at the time of

transition. Due to this, the following values were normalized:
Te(t) and Z(t). The results are given in the Fig. 1.

Fig. 1 shows that temporal behavior T. and T; do not
differ very much from each other. With such low plasma
density, the energy exchange between electrons and ions
is insignificant during the time of discharge. Thus, we can
conclude that heating of electrons and ions is occurred
simultaneously. The main power at the same time is
absorbed by electrons as energy confinement in them is
significantly worse [2], and temperature is comparable

with ion temperature. Z(t) behavior shows that process of
self cleaning plasma from impurities take place just after
gas ionization. Z value increases slightly after transition
into the mode of improved confinement, but further on Z
value continues to decrease. The parameters of the plasma
seem to enable us to see the glow through CVI. However,
during experiments such radiation didn’t detect. A
possible explanation is the rapid withdrawal of impurities
from the confinement volume.

Mechanism of plasma self cleaning requires further
investigation. This issue is also discussed in the work [2].

2. CONCLUSIONS

. Temporal behavior and electron temperature value were
obtained. Transition into the mode of improved
confinement leads to increase of both ion and electron
temperatures. T, changes from 190 before the transition
to 470 eV at the end of RF-pulse, Ti, correspondingly,
change from 190 to 270 eV. RF-heating of both
electron and ion plasma component takes place in the
studied mode.

2.Improvement of plasma energy confinement occurs,

mainly, due to decrease of losses of energy in electron
channel.

3.Temporal behavior of average charge plasma
composition was calculated. It is clear that process of

plasma self cleaning is observed. Mechanism of this

phenomenon requires further investigations.
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IHNOBEJEHUE OCHOBHBIX TAPAMETPOB IIVIA3MBbI ITP CIIOHTAHHOM HNEPEXOJIE
B PEXKUM YJIYUIIEHHOI'O YAEPKAHUA B TOPCATPOHE Y-3M

B.K. Ilawnes, 3.J1. Copokosoii, A.A. Ilempywens, FO.K. Muponos, B.I'. Konosanos, A.H. Illanosan,
A.C. Cnasnwtii, M.b. /Ipesans, A.IL Ilyzoexun

B topcarpone Y-3M B pexuMe pelKUX 4acTOT COYAAapeHHH NMPOBEAECHBI MU3MEPEHHUS SHEPrOCOACPMKAHMS IIIA3Mbl U
9HEPreTU4ecKoro BpeMeHM Ku3HU. [lokazaHo, 4TO NpH mepexoze B PEXHUM YIYUIICHHOTO yAepXKaHHs HaOIromaeTcs
MIOYTH BYXKPAaTHOE YBEINYEHHE 3HEPTOCOAEPKAHUS U SHEPI€THUECKOTO BPEMEHH JKU3HHU TIIa3MBbl.

MNOBEJAIHKA OCHOBHUX TAPAMETPIB IIVIA3MHU ITPU CHIOHTAHHOMY IEPEXO/II HA PEXKUM
MNOJINIIEHOT'O YTPUMAHHS B TOPCATPOHI Y-3M

B.K. Hawnes, E.JI. Copoxosuit, A.A. Illempywiensa, I0.K. Miponos, B.I'. Konosanoe, A.M. Illlanoean,
0O.C. Cnagnuii, M.b. /lpesanv, A.1l. Ilyzo6xin

VY topcatponi Y-3M B pexumi pPiAKICHUX YacTOT 3ITKHEHb MPOBEICHI BHUMIPIOBAHHS CHEPrOBMICTy IUIa3MH Ta
€HEepPreTU4HOro 4Yacy KUTTs. [lokazaHo, 10 MPH Mepexo/ii B PEKUM IOJIIIIEHOr0 YTPUMaHHS CIIOCTEPIraeThCs Maixe
JIBOKpaTHE 301JIbILICHHS] eHEPTOBMICTY Ta EHEPIeTUYHOIO Yacy MKHTTSL.
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