ANALYSISOF TUNGSTEN SPECTRAL-LINES
RECORDED FROM LASER-TARGET EXPERIMENT

IA.V. Tsarenko'| A.K. Marchenko , M.J. Sadowski 23, E. Skladnik-Sadowska %,
K. Malinowski %, J. Wolowski 3, A. Czarnecka *, P. Ggsior 3, P. Parys*, M. Rosiziski °

! Ingtitute of Plasma Physics, NSC KIPT, Akademicheskaya Str.1, 61108 Kharkov, Ukraine;
>The Andrzg Soltan I nstitute for Nuclear Studies (1PJ), 05-400 Otwock-Swierk, Poland:;
3 Institute of Plasma Physics and Laser Microfusion (IPPLM), 00-908 Warsaw, Poland

The paoer is devated to an andyss of sdected experimentd results obtained from goace and timeresolved spectroscopic
measuremants, which were paformed during the interaction of an intense lasa-beam (0.7 J 2 ng) with a tungsten (W) target placed
under high-vacuum conditions. The spectroscopic measurements were carried out by means of a Mechell€°900 optical-spectrometer,
and for the firg time some tungsten spectrd lines (W1 and WII) were recorded. The most important parameters of a tungsten plasma
plume were estimated using the fitting procedure. The gppearance of the tungsten ions was dso confirmed by a series of corpuscular

messurements.
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1. INTRODUCTION

Information about spectrd lines emitted from tunggten (W)
exited aomsand ionsare of gret importance for plasmaresearch
and fudon technology. Unfortunately such information is very
scarce [1]. Therefore, it was decided to perform dedicated las-
target expaiments under contrdled expaimentd conditions. In
gengd, dudies of laser-produced plasmas are of impartance for
different branches of sdenceand technology.

Theman am of the described experimentswas to record and
andyze some opticd W-gpectra, which might be used eg. for a
comparison with resuts of gpectrosoopic messurements  of
plasmatarget interactions indde various tokamak fadlities This
sudy is important because tunggten is often used in different
plasmafadlitiesandit isthe congructiond mateid for ITER.

2. EXPERIMENTAL SET-UP AND
SPECTROSCOPIC DIAGNOSTICS

The experimeantd system used in our studies consgted of the
man vacuum chamber, equipped with a movable target holder
and ion diagnodic eguipment, an extana lasar sydem and an
optical spectrometer adgpted for time-resolved measurements 2],
asshomninHg.L
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Fig. 1. Experimental arrangement

The ion measuring eguipment congsted of ion cdllectors and
an dedrodatic ion energy andyzer. The gpplied repetitive Nd-
glass laser system could ddliver a beam of A = 1.06 um and

E=08Jin 35 nspulses The laser beam was introduced a an
angle of 30° in relation to the target axis and focused upon the
target canter.

During the expaiments to be described the laser was operated
with the repetition of v = 10 Hz, and the power densty upon the
target amounted to about 10" W/en?. It wes satifactory to
produce a W-plasma plume in front of the irradiated W-target.
Each lasr pulse had energy 540 mJ, and the focd spat had
diameter equa to Dy = 0.4 mm. The leser power density was
L= 14x 10" W/en?.

The spectrosoopic meesuraments were carried out by means
of a Mechdle®900 opticd-spectrometer, which might be
operaed within the spectrd range from 300 to 1100 nm. The
sydem oontained a specid cdlimator, which wes Stuated
between a quartz olservation window and a quartz opticd cable
coupled with the gpectrometer. Thet cdllimator assured the spetid
resdlution of aout 1 cm. The spedrometer had the spectrd
resolution equa to about 900 and the indrumenta contour width
of 0.5 nm within centrd region of the investigated pectrum. The
applied expoaure time was equd to 2 us The recorded oectra
were read with a cooled CCD camera coupled with a computer
equipped with the GRAMS32-v.60 software, which made
possble the fat and dfective procesing of the cdlected
experimentd data

3. SPECTRAL ANALYSIS

In order to obtain rdiable information about W-plasma
parameters a detailed andysis was performed using the well-
known NIST daabese. Prdiminary evaluations, which were
performed on the basi s of separate and randomly taken pars of
the recorded soectrd lines, gave eectron temperature (To)
vaues ranging from 0.5 to about 2 eV. Edimates of the
eectron concentration (Ne) gave vaues within the range from
10" to 10”om?® [3]. Although these estimates are close to
those made in other laser-target experiments [4], one can
easly notice condderable differences in the reported
experiments.

Our recent computational andysis of the recorded W
spectra concened normalized W-lines, which might be
observed at different temperatures (T, = 0.1, 0.5, and 10 eV),
asshowninFg. 2.
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Fig.2. Normalized W-spectra computed for different
electron temperatures T, = 0.1 eV, 0.5eV and 10 eV

The performed andysis hasindicated:

» The drongest lines of WI and WII far the wide range of Te
vaues

» The gopearance of pure (sparae) lines with the minimd
ovelapping;

» The spectrd lines (or groups of them), which aemareor less
sengtivetothe dectron tempearature

» The lines undergoing the re-dbsorption (we sdected the
grongest lineswith doseenergies of the excitation only).

Asfor the olserved spectra lines (end/or pesks) intenstieshave
been verified with the object to sdf-absorption. Some pegks of the
srongest lines, as expected, demondrated a rdaivdy high sdif-
absorption. We took into congderation the lines having Smilar
exdtation enargiesonly, becausein such casestheintengty ratiois
nat a function of T, but it depends on the Ay (or gf-vaues). Far
example, the WI 4294.6 and 4302.1 lines, for which the observed
and cdculated rddive intengties were consderably different, are
showninFgs 3aand3b.

The effects described above were taken into conddeation
during subsequent fitting procedures. It should, however, benoted
thet for the ion spectrd linesit isin generd very difficult to take
into account the congdered effects quantitativey.

Some of the gpectrd lines with the strong sdif-absorption (eg.
WI 4008 A pesk) are shown above as those exceeding the limits
of graphs It should be noted that for a group of the W spectrd
lines within a wavelength range of 3572...3660 A ane can
observe some discrepancy in the computed and recorded Spectra
(seHg. 3).

For the shortest waves it might be explained by the fact thet the
tranamisson of the gpplied optical parts deoreases in this range
vay shaply. In othe wavdength regons the mentioned
discrepancy might be due to differences in aomic (spectra) data

from NIST and the spectroscopic data teken from other
publications[5]. It ssemsthat the oloserved spectrd linesaredos
totheold data
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Fig.3. Recorded optical spectra and their fitting to those
computed on the basis of the Saha-Boltzman equations.
The rapid drop in the middle of the spectrumisan
artificial effect induced by the spectrometer construction

Inthe next phase of theana yssthe most important parameters
of a W-plasma plume were edimated using the fitting
procedure as fdlows in the first sep we etimated dectron
temperature vaues to obtain a relatively good agreement for
the recorded intensties of WI and WII spectrd lines
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separately; and in the second step the eectron concentration
vaue was determined to achieve the good agreement between
thewhole WI and WII spectra. Asareault it was found that the
most probable parameters of the investigated laser-produced
W-plasma were as folows: T, = 0.8...1 €V, Ne=(2...8) X
x 10®cm?. Using spectroscopic methads and it was dso
possible to estimate the concentretion of the excited neutral W-

value N (W) = (1...3) x 10™ cm™. The large uncertainty
in the determination of Ne-vaues has been induced by a
lack of additional experimental data. It is evident that
more information about temporal evolutions of WI and
WII spectra lines intensties or the total radiation is
needed.

4. CONCLUSIONS

atoms. Such an andysisis presented in Fig. 4.
a) Ne=2x 10" cm® The most important results of this study can be
summarized as follows:

1. The tungsten spectral lines have been recorded and

’ identified in the described laser-beam W-target

/ experiments.

2. The dectron temperature of W-plasma was estimated
using the ratio of WII and WI spectral lines, and it was
found that the most probable value was T, = 0.8...1 V.
It means that the recorded spectra were obtained from a
late phase of that plasma expansion.

3.An estimate of the electron concentration vaue
Ne~ (2...8)x 10" cm?® was peformed using

| O S spectroscopic methods in order to achieve the good

S o agreement between the whole recorded WI and WII
spectra.

4. Information about the tungsten spectral lines and some
procedures, which were used for the analysis, might be
helpful in future studies, e.g., of the erosion of W-based

’ constructional partsin fusion facilities.
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Fig.4. Digributions of ionization states of W-species
computed on the basis of LTE relations

Since, the estimated electron temperature was 0.8...1 €V,
in the both considered cases one gets an approximated

AHAJIA3 CIEKTPAJILHBIX JINMHUI BOJIb®PAMA, 3APETUCTPUPOBAHHBIX
B OKCIIEPUMEHTAX 110 B3AUMO/IECTBHIO JIABEP-MUIIIEHb
A.K. Mapuenko, M. Cadoeéckuii, 3. Cknaonuk-Caooeécka,
K. Manunoeckuit, 1. Bonoeckuii, A. Yapneuka, I1. I'acuop, I1. Ilapsic, M. Pocunckuii

Cratbs TOCBSIIIEHA AHAIM3Y OTIENBHBIX SKCIICPIMEHTATBHBIX PE3Y/IBTATOB, TIOMYIEHHBIX ITPX IOMOIIH CIIEKTPATHHBIX N3MEPEHHH ¢
TPOCTPAHCTBCHHBIM M BPEMEHHBIM Pa3pEILicHHEM B IKCIIEPUMEHTAX [0 B3aMMOIICHCTBIIO HHTEHCHBHOIO JasepHoro styga (0.7 [k,
2HC) ¢ BONB(PAMOBOIT MHILICHBIO, HAXOSIIIEHCS B YCIIOBUSX BHICOKOTO Bakyyma. CIIEKTPOCKOIMYECKHE M3MEPEHFS! [IPOBOIIUIHCH
ormmraecknM criektporpaom Mechel€°900 i Briepsbie GbU MICHTH(HIIPOBAHDI CIIEKTPabHBIE HHAK Bobghpama (W1 n WII).
Hanbornee BakHbIe MmapaMeTpbl BOIB(PAMOBOTO IUIA3MEHHOrO OOpa3OBAHMS OICHHBATMCH IMOCPEACTBOM MPOIEAYPHI MOmOopa.
TosiBrIeHrIe HOHOB BONB(paMa TAIOKE TIOATBEPKIACTCS CEprel KOPITYCKYIIPHBIX 3MEPEHHI.

AHAJII3 CIIEKTPAJIbHUX JIIHIN BOJIb®PAMY, 3APEECTPOBAHUX Y EKCIIEPUMEHTAX
O B3AEMO/III JIABEP-MIIIIEHB
A.K. Mapuenxo, M. Cadogcvkuit, E. Cknaonik-Cadoecoka,
K. Manunoecokuii, 1. Bonoecokuit, A. Yapueuka, I1. Iaciop, I1. ITapuc, M. Pocincokuit

CrarTs pHCBSTUYCHA aHAJT3Y OKPEMIX SKCTIPHMEHTATILHIIX PEe3YIbTATIB, SIKi OYII OTpFMaHi 3a JOMOMOT'OFO CIIEKTPATIbHIX BAMIPIB 3
TIPOCTOPOBHM TA YAaCOBUM PO3IUICHHSIM Y €KCIIEPUMEHTaxX 1Mo B3aemoii iHTeHcnBHOro nasepy (0.7 Ik, 2 HC) 3 BOIB(HPaMOBOIO
TIEPEIIKOIO0, SIKA 3HAXOMIIACH B YMOBaX BHCOKOTO Bakyymy. CIeKTpaibHI BAMIPH TIPOBOMIUIMCH ONTHYHMM CIEKTporpagom
Mechdl€°900 Ta Briepmie Gynm inenndyixoBami criektpambhi i Bombghpamy (WI n WII). HaiiGinein BakmBi mapamerpu
BOJB()PaMOBOrO  THIA3MOBOTO TOTOKY OIUHIOBAIIMCH 32 JOTMIOMOTOKO TporeAypw mminoopy. [losBa ioHIB BONMB(paMy TaKOX
TATBEPIKYETHCS CEPIEF0 KOPITYCKYISIPHIAX BUMIDIB.
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