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The time resolved studies of the current sheath formation in a plasma focus discharge of Filippov type with energy
stored in capacitors 60 kJ and maximum current 0.9 MA are presented. The current data received by two magnetic
probes placed at radii 15 cm and 20 cm were compared with the total current detected by Rogovsky loop. It was found
out in discharges with low neutron yield the formation of the extra current sheathes following one after another in 1-th,
2-th and even 3-th half-period of discharge. The single current sheath was observed in the discharges with the high
neutron yield. The absolute current measurements showed that the whole discharge current goes throw paraxial area
r < 15 cm during the phase of radial implosion, but at the instant of the peculiarity on the current derivative it is no more

then half of value of total current. The value of the pinch current remains under the question.
PACS: 52.58.Lq; 52.57.-m
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last century on facilities with stored energies of 1-100 kJ || I I
and raised hope that a PF would be used as a prototype

Fig. 1. The experimental setup
3. EXPERIMENTAL RESULTS

thermonuclear reactor, provided that the stored energy
could be increased by two to three orders of magnitude.
Later, it was found, however, that the neutron yield is

saturated when passing to the megajoule energy range:
instead of the expected 10" neutrons per shot, the neutron
yield was at least ten times lower [3], although current
scaling (2) usually remained valid. There are two main
reasons of the neutron yield saturation:
- slowing of current growth with the energy increase for
the Mather type plasma focus [4];
- pinch current shunting by the peripheral plasma (for
both Mather and Filippov types of PF).
This work deals with the study of the current shunting
on Filippov type plasma focus.

2. EXPERIMENTAL SETUP

Experiments were carried out on a PF device with flat
electrodes 47.4 cm and 69 cm in diameter. The isolator
height is 12 cm. Electrodes were powered by 120 pF
capacitor bank up to 33 kV which corresponds to the

stored energy about 60 kJ. The current rise time was
4.5 ps and the current amplitude was In.x = 0.9MA. The

working gas was deuterium at the pressure 0.2 Torr. The
location of magnetic probes is shown in Fig. 1. In the
every shot we recorded the total current by Rogovsky
loop, the current derivative and the two probes signal. The
signals were registered by the oscilloscopes
TDS 3054. Also we measured the total neutron yield by
the use of a neutron-activation technique (paraffin + In +
Geiger counter).

Fig. 2 shows typical oscilloscope traces taken off
when stable regime of the PF device was achieved (the
neutron yield about 10° n/pulse). The time delay between
the fronts of the probe signals permits to estimate the
radial current sheath velocity, which in the area
15< r<20cm amounts5010°cm/s. The time delay
between the signal of magnetic probe 2 and time of the
appearance of “peculiarity” on the oscilloscope trace of
current gives the value of radial velocity 107 cm/s at
r<15 cm.
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Fig. 2. a- oscillogram of the Rogovsky loop signal;
b, ¢ - the signals of probe 1 and 2;, d -the trace of current
derivative
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The numerical integration of the probe signals is shown in
Fig. 3. As a rule, the current inside the area » < 15 c¢m at
the moment 1 ps before the appearance of “peculiarity” is
coincide with the total discharge current in the shots with
the neutron yield about Y~10° n/pulse. However, the
above current at the “peculiarity” instant is 30-50% of
total one. The pinch current at moment of maximum
compression is under the question. Also it is interesting to
see that total current drop is no more than 15%.
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Fig.3. Comparison of current date from Rogovsky loop
and probe. 1 — the Rogovsky loop signal, 2 - the
numerical integration of the probe signals

Neutron measurements showed that absolute yield of
neutrons corresponds with the neutron scaling if in (2) for
the value of current to use the current measuring by probe
2 at the “peculiarity” instant. One can to note that the use
in (2) the value of total current at the “peculiarity” instant
gives neutron yield one order higher than actual yield.

In the “bad” shots (when the neutron yields is low or
during the initial training discharge series) we often
observed the formation of several current sheathes,
following one after another in 1-th, 2-th and even 3-th
half-period of discharge (Fig. 4). Obviously, in this case
the good current compression is not achieved. We have
shown early [3] that multi sheath structure is formed due
to the low snowplowing efficiency of the working gas.
The structure of the successive sheathes differs from the

first one - they have no two peaks on probe oscillogram.
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Fig. 4. The “bad” shot, when the neutron yield was low
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One can see on Fig. 3 that in the 2nd half-period of the
discharge the direction of total current and current I.<s
flowing inside the area r < 15 cm do not coincide. It may
be explained by the existence of toroidal plasma-current
vortexes in residual gas (Fig. 5) [5,6].
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Fig. 5. The toroidal plasma-current vortexes in the
2" half-period of the discharge

4. CONCLUSIONS
1. At the “peculiarity” instant the total current I in 2-3
times more then current I,<;s flowing inside the area
withr <15 cm.
2. The substitution current flows into r <15 cm at the

“peculiarity” instant I.<;s in neutron scaling coincides
with real yield.

3. The difference between I« and I.s is consequence
of current sheath transparency.

4. 1t was detected toroidal vortexes and repeated current

sheathes, which complicated whole picture of current
flowing in plasma focus discharge.
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UCCJEIOBAHUE TOKOBOM OBOJIOUYKH IIJIASMEHHOI'O
D®OKYCA I19-400 MATHUTHBIMU 30HIAMU

A.E. I'ypeii, B.AI. Hukynun, C.H. Ilonyxun

[IpoBeneHk! Mccaen0BaHNs TOKOBOM 000JIOYKH TIa3MEHHOTO (DOKyca (pHHIITOBCKOTO THHa ¢ dHepretukoi 60 x/x n
MakcuMabHBIM TokoM 0.9 MA. B skcriepuMeHTe cpaBHUBAINCH OJTHOBPEMEHHBIC MTOKA3aHHs ITOJTHOTO TOKa paspsizia ¢
rosica POrOBCKOTO M TOKOB, PErHCTPUPYEMBIX JIBYMSI MarHUTHBIMH 30HAaMH BHYTpPH IpuoceBoil odmactu R <20 cm n
R <15 cm. OGHapyKeHO cyniecTBOBaHHE BTOPBIX M TPETHHX TOKOBBIX 000JIOYEK, CIEAYIOIIUX 3a IIEPBOI, B BEICTpENax
C HU3KUM HEHTPOHHBIM BbIXOJOM. [IpM HOpPMaJIbHOM BBIXOJIE CYLIECTBYET TOJIBKO OJIHA TOKOBas OO0OJIOYKa.
AOGCONIOTHBIE TOKOBBIE M3MEPEHHUS MOKAa3ajf, YTO BO BPeMs IMPOXOXKACHHUS 30HJOB TOKOBOH 00OIOUYKOM TONHBIA TOK
paspsiza coBMagaeT ¢ TOKOM, TEKYIIUM B HEil, HO B MOMEHT OCOOEHHOCTH €ro 3HaueHue BHyTpU R<15cm B 2-3paza
MEHBIIE IOJHOTO TOKa BO BceX BbICTpenax. OOHapyKeHbl BHXPEBBIC TOPOHWJAIbHBIE TOKM B OCTaTOYHOM Trase,
OKPYXKAIOIIEM NHHY.

JOCJIJKEHHS CTPYMOBOI OBOJIOHKH IIIA3BMOBOT'O
DOKYCA I1®P-400 MATHITHUMHU 30HIAMU

A.€. I'ypei, B.A. Hikynin, C.M. Ilonyxin

[IpoBeneHo DOCTIKEHHST CTPYyMOBOi 00OJIOHKH TIIa3MOBOTO (hOKyca (PiTiNmOBCHKOTO THMY 3 eHepreTukoro 60 xJ/[x Ta
MakcuMmaiabHuIM cTpymMoM 0.9 MA. B excriepmMeHTi HOPiBHIOBAJIUCH OIHOYACHI MOKA3H MOBHOTO CTPYMY PO3PSIy BiX
mosica PoroBcekoro # cTpyMmiB, SIKi PEeCTpPyIOTHCSl ABOMA MAarHITHUMM 30HJAaMH BCEpEIHMHI NPHOCHOBOI 00NacTi
R <20cm it R <15 cM. CriocrepexeHO HasBHICTh IPYTUX M TPETiX CTPyMOBHX OOOJIOHOK, HACTYIHHX 3a IEPIIOIO, Y
MOCTpiNax 3 HU3bKUM HEUTPOHHUM BHXOJOM. 32 YMOBH HOPMaJIBHOTO BUXOJIY ICHYE TIJIbKH OJIHa CTPyMOBa OOOJIOHKA.
AOCOIIOTHI CTPYMOBI BUMIpH MOKa3aiy, IO I 4ac IIPOXOPKEHHS 30H/1iB CTPYMOBOIO O0OJIOHKOO 3arajibHUi CTpyM
PO3psy CIIBIIAAAE 31 CTPYMOM, IO MPOTIKA€E y Hii, ajle B MOMEHT OCOOJIMBOCTI Horo BenuunHa ycepenuni R<15cm y
2-3 pa3u MeHIIe 3a MOBHHUI CcTpyM 3a mepiojJ ycix mnoctpiniB. CrocrepexeHi BHXpPOBI TOPOIA albHI CTpyMH B
OCTAaTOYHOMY Ta3i, SKUH OTOUYE ITiHY.
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