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The paper presents results of experimental research on the interaction of a pulsed plasma-ion stream with a tungsten
(W) target. The pulsed deuterium plasma was produced within the RPI-IBIS (Multi-Rod Plasma Injector) facility at IPJ
in Swierk. Measurements were carried out by means of optical spectroscopy and corpuscular diagnostic techniques.
Structural changes in the irradiated targets were investigated with a SEM. Before experiments with the W-target there
were determined operational conditions, when clean deuterium plasma streams can be generated. For that purpose a so-
called “slow or PID (Plasma Ion Deposition) mode” of the RPI-IBIS operation was chosen. Particular attention was
paid to the identification of spectral lines from WI and WII species. The obtained results, i.e. optical spectra and other
characteristics have demonstrated applicability of the RPI-IBIS facility for research on the interaction of plasma streams
with W-targets, e.g. those constituting some internal parts of fusion facilities.
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1. INTRODUCTION The most important time-resolved signals from the
RPI-IBIS are presented in Fig. 2.
The pulsed plasma streams, generated by coaxial

multi-rod injectors (so-called RPI or IONOTRON ®71  RPI-IBIS, Mo+D shot 080531/02
facilities), have been studied at IPJ-Swierk for many years 1 g
[1-3]. The studies performed during recent years shed 44
some new light on the operation of such devices [4-7]. Jdischarge current (I
Studies of ions emitted from plasma discharges provided
important information about dynamics of plasma
phenomena and mechanisms of the charged particle
emission. Spectroscopic and corpuscular measurements
appeared also to be of importance for various applications
of those plasma facilities. This paper reports on the recent
experimental results.
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The described studies have been performed mainly
within the RPI-IBIS facility [5], which was powered from
a current-pulse generator charged up to U, = 30 kV, W, =
33 kJ. The operational mode of the device was varied by
changes of a time delay (7) between the gas puffing and
the application of a high-voltage pulse. Coaxial multi-rod
electrodes of the RPI-IBIS device and an example of a
plasma jet are shown in Fig.1

Fig.2. Current and voltage waveforms together with a
marker of the optical-spectrometer synchronization

Spectroscopic measurements of tungsten plasma,
which was produced during the interaction of a deuterium
plasma stream with a tungsten target (placed 20 cm from
the electrodes outlet) were performed by means of a
Mechelle®900 optical spectrometer. It was able to record

optical spectra in the wavelength range from about 300
\l/ nm to 1100 nm, at exposition times varied from 100 ns up
to 50 ms. The spectrometer detector was a cooled CCD
camera coupled with a PC equipped with a spectroscopic

software (GRAMS/32 V6.0) [8].
In order to determine the spatial structure of the
/[\13 i {-target produced deuterium streams there was applied a miniature
ion-pinhole camera equipped with exchangeable nuclear
. L track detectors (NTD) of the PM-355-type. An analysis of
Fig.1. REI-IBIS electrodes ar_1d the VR emission from a the mass- and energy-spectrum was performed by means

plasma jet, as observed behind a red-filter (near D,) of a Thomson-type spectrometer using similar NTD.

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2008. Ne 6. 95
Series: Plasma Physics (14), p. 95-97.


mailto:eskladnik@ipj.gov.pl

3. SPECTROSCOPY OF PLASMA-ION
STREAMS

During the spectroscopic studies particular attention
was paid to observations of the Balmer spectral lines of
the working gas, i.e. D, — 656.10 nm, Dg — 486.029 nm
and D, — 433.298 nm. Before the insertion of a W-target
into the RPI-IBIS chamber, there were determined the
operational gas conditions (PID mode), when a clean
deuterium plasma stream was generated. To study an
influence of the initial gas conditions, the spectroscopic
measurements were performed at different time delays (1)
between the gas puffing and application of a voltage
(current) pulse. A dependence of the observed spectral
lines on t values is shown in Fig. 3.
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Fig.3. Optical spectra of the pulsed plasma streams
emitted from the I1BIS-RPI facility, which were recorded
at z = 20 cm and exposition of 100 ps, as a function of ¢

On the basis of the obtained spectra it was possible to
estimate values of the electron density and temperature of
the investigated deuterium-plasma streams. At t = 145 ps,
the plasma parameters were estimated to be N, 3.5-10 "®cm™
and T, ~ 1.5 eV. The described measurements confirmed a
strong dependence of the basic plasma parameters on the
initial gas conditions, which were varied by changes of 1
values. It was observed that for t larger than 135 ps the
RPI-IBIS facility generated very clean deuterium-plasma
streams, and such conditions were chosen for experiments
with a W-target. The pure W-target (of 50 x 50 mm’
surface) was placed at a distance z = 20 cm from the
electrode outlet. Using the Mechelle®900 optical-
spectrometer it was possible to record and identify the W
spectral-lines. The recorded spectra showed distinct WI
and WII spectral lines, as presented in Figs.4 and 5.
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Fig.4. Intensities of the spectral lines near the Dg line, as
measured within the RPI-IBIS experiment with and
without any target
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Fig.5. Spectral lines recorded within the RPI-IBIS
experiment (with and without W-target) in the chosen
spectrum range (340-380 nm). For a comparison, there is
shown the spectrum of the laser-produced W-plasma [9]

The plasma electron density was estimated from the
observed linear Stark-broadening of Balmer series,
particularly from a Lorentz shape of the D, line [10-11].
In the described experiments, during the optical
measurements the exposition time was equal to 15 ps.
Therefore, the measured electron density value (N.) was
time-integrated, and it was about 5.7 x 10" cm™ for freely
propagating plasma streams, and 3.4 x 10" cm™ - in the
experiments with the W-target. That increase in N,
indicated the strong erosion of the investigated target.

4. MASS- AND ENERGY-ANALYSIS OF IONS

In order to collect information about mass- and
energy-spectrum of ions, time-integrated measurements of
the investigated plasma-ion streams were performed with
a Thomson-type spectrometer. The energy distributions of
ions, i.e. deuterons are shown in Fig. 6.
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Fig.6. Thomson parabolas recorded on PM-355 detectors
irradiated in the RPI-IBIS during deuterium discharges,
and the corresponding energy spectrum of deuterons



On the basis of the measured ion-energy spectra, which
were obtained from various shots performed with the pure
deuterium puffing and different t values, it was possible to
determine the average energy values and total numbers of the
emitted deuterons.

Structural changes in the target surfaces, after their
irradiation with the described plasma pulses, were also
investigated by means of SEM technique. Some examples of
the corresponding images are presented in Fig, 7.

T ™ = — T e

B3 - CoLmLT e RN T
w g TN B ?rr- N
., P i

Fig.7. SEM image of the W-target surface; virgin (on the
left) and after irradiated (on the right) which was
partially destroyed by the pulsed plasma-deuteron stream
(5 J/cm?) within the RPI-IBIS facility

5. SUMMARY AND CONCLUSIONS

The results of this work can be summarized as follows:

- The described experiments, which were performed within
the RPI-IBIS facility (equipped with the multi-rod electrodes),
showed that the produced pulsed plasma streams can interact
with W- targets very strongly.

- The determined operational regime (PID mode) of the
RPI-IBIS device ensured the generation of a very clean
deuterium-plasma stream. It was observed that with an

- Using a Mechelle®900 optical-spectrometer, it was
confirmed that distinct WI and WII lines emitted during the
interaction of the deuterium-plasma stream with the W-target,
can be recorded and identified.

- The main parameters of plasma, i.e. averaged values of the
electron density and electron temperature, were estimated both
for a freely propagating plasma stream as well as for its
interaction with the pure W-target.

It can be concluded that the RPI-IBIS facility (with the
hydrogen- or deuterium-filling) can be used for research on the
interaction of plasma streams with W-targets, and such studies
might be of interest for technology of future fusion reactors.
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increase in a 1T value the averaged energy of deuterons
decreased from about 70 keV to a few keV. The total yield of
deuterons was higher at larger T = 160-190 ps.

U3YUEHUE B3AUMOJIENCTBUS JEMTEPUEBOM IJIA3MBI C BOJIb®PAMOBOI MULLIEHBIO
HA YCTAHOBKE CIIH-UBUC
3. Cknaonuk-Caooscka, K. Manunoeckuii, M. Caooeckuii, K. Qayc, M. Kyokoecka, M. J/laovicuna, b. Capmoecka

IIpencraBneHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCICHOBAHUN IO B3aUMOJICHCTBHIO HMMITYJIBCHOTO ILIa3MEHHO-HOHHOTO
NOTOKa C BOJB(PaMOBOH MHUILIEHBIO. VIMITyIbCHBIE JeliTepreBble MOTOKU IUIa3Mbl reHepupoBamich BHyTpu CIIN-MBUC
(cTep>kHEBOM TUIA3MEHHBIN HMHXEKTOp), KoTopblii pacrionoxeH B VISII B IlIBepke. M3mepeHus MpoBOAMINCH C HOMOIIBIO
ONTAYCCKON  CIICKTPOCKOMM W KOPIYCKYJSIPHOM JUarHOCTHKH. CTPYKTYpHbIC HW3MCHCHHS OOJy4acMOM MHIIICHH
uccnenoBamchk ¢ nomomisto SEM. Tlepen skcriepuMeHTaMu ¢ BOJIB(PaMOBOM MHIIIECHBIO ONpEEISUINCE pabodune YCIOBHS,
KOTJIa TeHEPUPOBAIIMCH YUCTHIC JIeWTepHeBbIe TUIa3MEHHbIe MOTOKH. J[iist 910l menm ObuT BHIOpaH Tak Ha3bIBAaGMBIN PEXKUM
“memneHHoi wii PID-monbr” (Ima3MEHHOTO HOHHOTO OCaXeHWs)). YacTWuHOe BHUMaHWE YASISUIOCH HACHTU(DHMKAIN
cnektpanbHblx JuHUM WI u WIL [lomyueHHble pe3ynbTaThl, ONTHYECKUE CHEKTPbl M JIPYyrHe XapaKTEPUCTHKH,
HPOAEMOHCTPUPOBAIN prMeHNMOCTh ycTaHoBKU CITM-MBUC nnd uccnenoBaHuii B3aMMOACHCTBUSA IIIa3MEHHBIX TOTOKOB C
W-MHILIEHBIO, KOTOPBIE COCTABIIIOT HEKOTOPBIE BHYTPEHHHE YaCTH TEPMOSIEPHOIO PEAKTOpa.

BUBUYEHHS B3AEMO/IIi IEMTEPIEBOI IIJIA3MH 3 BOJIb®PAMOBOIO MIIIEHHIO
HA YCTAHOBUI CHI-IBIC

E. Cknaonik-Caooecvka, K. Manunoscoxuit, M. Cadoecovkuii, K. Yayc, M. Ky6xoecvka, M. Jlaouzina, b. Capmoécovka
[pencraBneHo pe3ynbraTd EKCIIEPUMEHTAIBHUX IOCIIDKEHb 110 B3a€MOJIl IMITYJIBCHOTO IIJIa3MOBO-IOHHOIO TIOTOKY 3
BOJIB(PAMOBOIO MilIeHHIO. IMImynbeHi neiitepieBi motokn mnasmu renepyBamick B CIII-IBIC (crepkHeBnii 1uiazMoBuMiA
imKeKTop), skwii 3HaxomuTbes B LAl y IlBepky. Bumipn mpoBogmimich 3a JOMOMOIOK ONTHYHOI CIIEKTPOCKOIII Ta
KOPITyCKYISIpHOi miarHOCTUKH. CTPYKTYpHI 3MiHH 00Nydaemoi MimieHi nocmimKyBammch 3a goromororo SEM. Ilepen
eKCTICPUMEHTAMH 3 BOJIH(PPaMOBOIO MIIICHHIO BU3HAYAINCH POOOYi YMOBH, KOJNM TCHEPYBATUCH YHCTI JIEUTEPIEBI IIIA3MOBI
notokd. byB BHOpaHWMii Tak 3BaHMI pexrM “TOBUIbHMI abo PID-momm™ (TurasmoBoro ioHHOTO ocamkeHHs). YacTiyna yBara
npuaisIack igerTrdikarii cnekrpansaux JiHid WI ta WIL Otprmani pe3ysibTaTi, ONTHYHI CIIEKTPH Ta 1HIII XapaKTePHUCTHKH,
TIPOZEMOHCTPYBAJIM MOXKIMBICTH 3acTocoByBaT ycTaHOBKY CIII-IBIC mis mocmimkeHs B3aeMOZil IIa3MOBHX TMOTOKIB 3 W-
MIIIICHHIO, SIKi CKJIAAl0Th JICSAKI BHYTPIIIHI YACTHHH TEPMOSIIEPHOTO PEAKTOPY.
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