INVESTIGATIONS OF PULSED PLASMA STREAM SGENERATED BY
“PROSVET” DEVICE OPERATED WITH DIFFERENT GASES

O.V. Byrka, ANN. Bandura, V.V. Chebotarev, | .E. Garkusha, M.S. Ladygina,
A K. Marchenko, SA. Trubchaninov, |/A.V. Tsarenkd , P.B. Shevchuk, V.I. Tereshin

I ndtitute of Plagma Physics, National Science Center “ Kharkov | ngtitute of Physicsand Technology”,
Akademicheskaya Str.1, 61108, Ukraine, Kharkov

The paper presents the investigations of plasma sreams generated by pulsed plasma gun “Prosvet” operated with
different gases: krypton (m = 84), nitrogen (m = 14) and hdlium (m = 4). Contour parameters of working gas spectral
lines (full intensities and half-widths) are used for determination of spatial distributions of the electron density and
temperature. Temporal distributions of the spectral lines intensities (both neutrals and ions of working gas), impurity
spectral lines and continuum intensities are analyzed. Plasma stream velocity was estimated by time-of-flight method
between two monochromators (MUM) connected with photo-multiplier. Longitudinal distributions of the plasma
pressure for different time moments and varied distances from the accelerator output have been used for investigation of
the plasma stream dynamics and study the plasma compression in the focus region for different operational regimes of
plasma accelerator. Experiments show that operation regime of the accelerator and plasma stream parameters strongly
depend on the gas atomic mass.
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the plasma characteristics measurements. It alows estimation of
the dectron dendty and temperature, plasma stream veocity,
emisson duration, temporal didributions of neutrals ions and  —
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characteristics of the plasma streams for comparativeanalysisof 2 3 L L]
operation regimes of pulsed plasma gun with gases of different
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2. EXPERIMENTAL SETUP "
The experiments were carried out with “Prosvet” facility Fig.1 Schemeof experiment: 1—insulator, 2—anode,
[1], which consists of the coaxid plasma gun (anode @=14 cm, 3—cathode, 4—vacuumcharmber, 5—lens, 6 —rotary prism,
cathode @ = 4 cm) and vacuum chamber (length — 120 cm and 7 —pectrograph DFS452, 8—vacuumvalve,

@ = 100cm). Scheme of experimenta device and the 9 —target/piezodetector, 10— nonochrometors MUM+PEM.
diagnogtics used in described experiments are presented in Linesof the measurements A—15cm B—35cm C—-75¢cm

fig.1. Power supply of plasma gun comes from the capacitor fromaccd erator output
battery with maximal voltage up to 25 kV. Discharge current is
~500 kA, typica discharge duration is 3...5 us. Accderator 3. EXPERIMENTAL RESULTS

generates plasma streams with following parameters. ions
energy — from 0.4 to 2.5 keV, average eectron density —
10" cm®, energy density — 25...30 Jem?. Initia experimental
conditions for operation with different gases (krypton,
nitrogen, helium) areindicated in Table 1.

Graing spectrograph DFS-452 was used for plasma
emisson regidraion in section B (35 cm from dectrodes
outlet) and near the target surface (target materid — copper, @
— 5 cm). Plasma dream veocity was estimated by time-of-
flight method between two MUM s connected with PEM and
located on the digance 60 cm from each other. Veocity
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didributions of krypton plasma dream vesus the discharge
voltage are presented in fig.2. These data have been compared
with the velocity obtained using piezodetectors (peaks and fronts
of dgnds for different spatid regions of 10...75 cm from
accderator output). The vdocity vaues esimated by two
independent methods are in good agreament. Plasma stream
vedocity incressed from 4 to 8 10° am/s with the discharge
vatage increase up to 20 kV. Helium plasma stream veocity is
determined smilarly and its value is higher in one order of
magnitude — (1.5...2)" 10" cmy/s for U = 20 kV. This difference
in the velocity magnitude is explained by the Sgnificant atomic
masses difference He (m = 4) and Kr (m = 84).
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Fig.2. Krypton plasma stream velocity versus the discharge
voltage

Tempord evaluations of the separate spectrd lines of a
neutrals ions and continuum intensty have been performed
usng monochromator (MDR-23) device Regidration
conditions for dl gases were the same — in section A (15 cm
from the eectrode outlets) at U=18 kV. Such infarmation alows
to reconstruct the whole tempora evolution of neutrals different
species of ions, impurities and continuum which quantitetively
characterized the plasmadensity behavior (I ~ N&).

Intensive luminescence of the Sngly ionized hdium atomsis
observed on 10 ps after discharge ignition and continues during
5 us (fig.3). Helium neutras luminescence has minimum at the
same time and then during 10 psitsintensity increesing. So the
most compressed and dense heium plasma formation is
obtained on 10 usafter discharge beginning with total duration ~
10 us After that plasmais extended in the vacuum camera space
and the second pesk of continuum intengty (on 40...45 ps)
correspondsto theimpurity appearance (CI).

Krll and continuum luminescence for krypton plasma are
practicaly corresponded in time (fig.4). Maxima intengty is
observed on 8...9 ps after discharge beginning, but its totd
duration is less than Hell and continuum intensity for helium
plasma, and equd to 7...8 us However in this case impurities
are gppeared consderably earlier — Cul-12 psand ClI-19 ps. It
can be explained that working gas mass Kr (84) and impurity
elements C (12), espedadly Cu (64), are more closad to each
other that for He plasma.

Eledtron density measurements were carried out using Stark
broedening of working ges spectrd lines Krll (4739 , 4355 ,
4292 , 4355 ). Stark widths for these lines are avalablem [3]
USJd|y the linear Sark effect is obtained for neutra atoms and

quadratic one — for different gpedes of ions. Hdium Stark
theory isan exception asthe neutrd He atoms are exposad to
the quadratic effect and ions — to the lineer one [4]. Eledtron
densty and temperature cdculations for heium plaama
interacted with copper target are performed in detail in [5].
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Fig.3. Temporal evolutions of Hel, Hell, CIl spectral
lines and continuum intensity
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Fig.4. Temporal distributions of Krl, Krll, CII, Cul
spectral lines and continuum intensity

Meesurements of the plesma pressure oatid didributions
have been usad for andysis of the plasma stream dynamics and
study the plasma compression in the focus region for different
opeadiond regmes and working gess (figh). Plaama
paamgas messured for differet working geses ae
summarizedin Table2.

Table 2
Plasma He N Kr
parameters (m=4) (m=14) (m=84)
V, cm/s 210’ 1 10’ 0.7 10
T, US 6-8 5 35
Ne, cm” 7 10% 0.8"10% | 0.07 10"
Te, €V 5..5.3 35...4
P, am
10 cm/35 cm 29/13 27/11 7/6.5
Eion, keV 0.48 0.75 15..25
J, Jen?
10 cm/35 cm 42/30 40/24 16/10
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Spectrd lines of working gas ions and impurities were

0= : : - andyzed for dl gasss At fird, pure plasma of working gasions
a Hdium isformed and theimpuritiesare coming later on.
_ 25 (m= 4) . Spatid didributions of the pressureand  energy density in
= plasma sream were messured. Obtained resuits show the
820 N4 posshility of effective variaion of plasma dream parameters
g / which is necessry for technologicd epplications of dense
@ 15+ Nitr ogen ] 1 plasmagreams
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Plasma pressure and energy density are decreased with

atomic mass increasing. At the same time the average
energy of ions has higher vaue.

Fig.5. Spatial distributions of the plasma pressure

NCCIIEAOBAHUE UMITY JIbCHBIX IIVIASMEHHBIX ITOTOKOB,
T'EHEPUPYEMBIX UITY dIPOCBET>» IIPU PABOTE HA PASJIMUHBIX T'A3AX

O.B. Bvipra, A.H. bandypa, B.B. Yebomapes, U.E. I'apkywa, M.C. /ladvieuna,
AK. Mapuenxo, CA. Tpyouanunos, , ILb. Illeguyk, B.U. Tepeuiun

HccnenoBanbl mapaMeTphl IIa3MEHHBIX ITOTOKOB, TEHEPUPYEMBIX MMITYJIBCHBIM YCKOpHUTeneM ma3msl «IIpocBer»
TpH paboTe ¢ pasInYHBIMA rasamu: Kpurror (M = 84), azor (M = 14) u remmit (M = 4). KOoHTYpBI CIEKTPaIbHBIX JIHHHUH
pabouero rasa (moNHash MHTCHCUBHOCTh M MOJYIIMPHHA) HCIIONB30BAIKCH IS OMIPEACICHHS IIPOCTPAHCTBEHHOTO
pacripenieneHuss JIEKTPOHHOW IUIOTHOCTH W Temreparypbl. [IpoBeneH aHammM3 BPEMEHHBIX —paclpeieineHuH
WHTEHCHBHOCTH CHEKTPAIBHBIX JHHHUN (HEHTPaJIOB W HMOHOB pabodero rasa), CHEKTPaIbHBIX JIMHAM TpUMeced u
WHTEHCUBHOCTH KOHTHHyyMa. CKOpOCTH IITa3MEHHOTO ITOTOKAa OLCHHWBANACh BPEMS-TIPOJIETHBIM METOJOM MEXKIY
oBymsi  MoHOxpomartopamu (MYM), coemuHeHHBIMH ¢ QoTOyMHOXHTETEeM. IIpoCTpaHCTBEHHO-BPEMEHHBIC
pacripeneneHus JaBiICHUS IUIa3Mbl HCIONB30BATHCH AL MCCIEAOBAHUS NUHAMHKH IUIA3MEHHOI'O MOTOKA M 30HBI

CKaTHS AJSI Pa3iUYHBIX PEKUMOB PAabOTBI YCKOPHUTENS. DKCIEPHUMEHTHI [TOKA3aJIH, YTO PEXKUM pabOThl YCKOPUTENS U
IapaMeTphl TEHEPUPYEMOTO TIa3MEHHOT' O TTOTOKA CYIIECTBEHHO 3aBHUCST OT aTOMHOM Macchl rasa.

JOCJIZKEHHS IMITYJIbCHUX IIJTIASMOBUX TIOTOKIB,
I'EHEPOBAHMX IIII «ITPOCBET>» IIPU POGOTI HA PI3BHUX I'A3AX

O.B. bBupka, AM. banoypa, B.B. Yetomapuos, LE. I'apxywa, M.C./Iaouzina,
AK. Mapuenko, CA. T] pyﬁuauinog, , ILB. Illeguyk, B.I. Tepewiun
JocmimkeHi mapaMeTpy IDIa3MOBUX TIOTOKIB, IO TEHEPYIOTHCS IMIYIBCHIUM TpUCKOpioBadeM Imia3mu «lIpocser»
npu poboTi 3 pisHUMHK Tazamu: kpuntoH (M = 84), asor (M = 14) rta remiit (M = 4). KouTypr CHeKTpaabHUX JHHiH
po6ovoro rasy (IMOBHA IHTEHCHBHICTD Ta HAITBIINPHHA) BUKOPHCTOBYBAJIKCH IS BU3HAUEHHS IPOCTOPOBOTO PO3IIOIITY
€JIeKTPOHHOI TYCTHHHU Ta TemIiepatypu. [IpoBenernii aHami3 9acoBUX PO3MOALIB IHTEHCHBHOCTEH CHIEKTPAIIBHUX JIiHIH
(ueiiTpaiiB, ioHIB pobOYOro Ta3y Ta JOMIIIOK) Ta IHTEHCHBHOCTI KOHTHHYyMY. IIIBHAKICTH IIa3MOBOTO MOTOKY
OITIHIOBAJIACh TI0 TIPOJILOTY MiK JJBOMa MOHOXpoMaropamu (MYM), 3'eqHannmu 3 GpoTomoMHOXKYBadeM. [IpocToposo-
YacoBi PO3MOAUIA THUCKY IUIA3MH BUKOPHCTOBYBAJHCH JUIS JOCHIDKEHHS IMHAMIK{ IUIa3MOBOTO IOTOKY Ta 30HH

KOMITIpeCii B pi3HUX pexmMax poOOoTH. EKCieprMeHTH IMoKa3aid, IO PEeXHM POOOTH MPUCKOPIOBaYa Ta IapaMeTph
TUIa3MOBOTO ITOTOKY CYTTEBO 3aJI€KATh BiJl ATOMHOI MacH rasy.
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