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Fundamental atomic parameters are required in many spheres of modern physics and engineering. Particularly, atomic
data for spectral lines are widely used in astrophysics, plasma physics and technology, laser engineering. But in many cases
there is appreciable lack of such data. Especially, it is refer to ions of heavy elements. Apparently experiment is the only
possible source of reliable data in this situation. During last years a number of experiments were carried out with quasi-steady-
state plasma accelerator QSPA Kh-50. This scientific activity was related to the physics of plasma accelerating, development
of diagnostic techniques of dense plasma, modeling experiments, and applied problem. This work represents the first attempt
to apply plasma-target interaction investigations for solving the problems of the atomic physics, particularly determination of
fundamental constants — Stark widths and shifts. Experimental data on Stark broadening parameters for some Cull and Culll

spectral lines in the range of 220nm-600nm are offered.
PACS: 52.40.Hf; 52.70.Kz

INTRODUCTION

Detailed descriptions of QSPA Kh-50 installation,
experimental conditions and diagnostic facility (including
spectroscopy) are adduced in series publications [1,2].
Our previous researches (including optical diagnostics)
shows that under the irradiation the solid target by plasma
flow the dense plasma shielding layer is formed close to
the surface. Shielding layer plasma includes elements of
the evaporated target material. Part of the erosion plasma
pass away behind target by the ambient stream. Thus,
spectra of the evaporated material are observed both in
front of the target and in the flowing around stream.

EXPERIMENT AND DIAGNOSTIC
PROCEDURE

The present experiments were carried out with such
basic characteristics of plasma stream — power density ~
10 MW/cm?, <N>~0.8*10"7cm”, T.~2.7¢V; plasma
stream duration ~ 150 pS and diameter of the stream ~ 10
cm (comparable with target diameter-12cm). Working gas
— H, with little dope of N, for diagnostic purposes.
Process of plasma-target interaction occurred at the
conjuncture of the external longitudinal magnetic field
H=0.54T (see Fig.1).

The spectral diagnostic technique elements and its
assignments:
ediffractive spectrograph DFS-452 (resolution — 0.3 A,
dispersion — 8 A/mm) - integral spectra registration of
plasma radiation; )
»monochromator MDR-23 (resolution — 0.5 A, dispersion
— 13 A/mm). Monochromator with the electron-optical
converter (EOC) serves for receiving optical spectra with
the temporary and spatial resolution. The monochromator
was coupled with the photo multiplier. Signals from the
photo multiplier were recorded on oscillograph C8-17.
ephoto diodes - monitoring of the integral plasma
radiation, plasma velocity measurements;
emicro photometer IFO-451 — spectral data processing.

Spectral measurements were performed in three
sections A, B, C as shown in Fig.l. Some intensive
spectral lines were registered by the help of photo
multiplier for the definition of intensities correlations for
Cull, NILIII and other impurity lines - CILIII; OIl. With
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the same aim the separate spectral range (450+470nm)
contained Cull, NILIII lines has been registered (cross-
section ‘C’ Fig.1) by the EOC with high time (~1pS) and
spatial (~1cm) resolution. Analysis of these correlations
shows, that we may use average values of N.,T. obtained
from lines contours and intensities of NILIII  as
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acceptable for the determination of Cu lines radiation
conditions. The main results on Stark widths were
obtained from the integral spectra — DFS-452. Such
measurement technique gives correct ratio between Stark
widths for different Cu lines and permits us to avoid
errors specified with repeatability of plasma conditions.

Some examples are presented at Fig. 2. We have the
following plasma parameters: N.=5-10""cm’, T.=3.6eV-
near target region — upper arrows in Fig. 2a, 2b;
N=1.4-10"cm>, T.=3.2eV in ambient plasma stream —
arrow in Fig. 2¢. All atomic data, constants, parameters of
ions (ionization and excitation potentials, stat. weights,
oscillator forces, Stark broadening parameters, etc.) are
available for these procedures in [3,4].
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Slit ‘A’ was used for the analysis Cull lines with
large Stark constants, which are hardly observable on a
wing of Hg — Fig. 2b. Slit ‘B’ was used for the data testing
— correspondent values of Ne~2-10"7cm™ (lower arrows in
Fig. 2 ab). Calculations of contour parameters for Cu
(and other lines) namely Doppler and Stark contributions,
were executed by well known Foigt function technique
using N. data from Stark broadening of NII as standard.
Contribution of Zeeman effect was taking into account
too. Table.l contains values of different broadening
mechanisms for some spectral lines and characterizes
“technical” uncertainties of this procedure. Ak, AAD,
AMA, ALNG, ANZ, AAS — measured, Doppler, apparatus,
Gauss, Zeeman, Stark widths (in A) correspondently.

Table 1
MA | AL AAD [ AAA | ANG ANZ AAS
2400 [ 0.48 | 0.04 0.3 | 0.303 [ 0.031 | 0.25
2791 [ 0.56 | 0.047 | 0.3 | 0.304 | 0.042 | 0.345
3686 | 0.56 | 0.067 | 0.3 [ 0.307 | 0.073 | 0.31
4556 [ 0.68 | 0.076 | 0.1 | 0.126 | 0.111 | 0.544
5065 | 5.3 |1 0084 0.1 | 0.131 | 0.137 | 4.34
4953 | 2.8 | 0.083 | 0.1 0.13 | 0.131 | 2.66

Testing contours on self-absorption was executed in the
following way. Line intensities ratio with same energy
exciting of upper level are compared for different region —
with certainly small optical thickness (lower arrow at Fig.
2a) and with “dangerous” from the point of view self-
absorption (upper arrow at Fig. 2a). It is clear corrections
for Stark data are developed with corresponding
impairment of accuracy.
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All summarized information is collected in Tab.2,3".
Along with our results Col.6; previous results are
included in Col.7. Stark widths are normalized to
N=10"cm”. It is necessary to point, that data concerning
UV-range (<400nm) are estimated under N.=5-10""cm?,
T.=3.6eV and for A>400nm - N.=1.4-10"cm?, T.=3.2eV.
There are two previously published experimental works
(known for us) on the problem of Stark broadening of Cu
lines — [5,6]. In [5] capillary-spark source was used for
the spectral measurements with follows plasma
conditions: N:=1.9%10"%cm® (on the base of Stark
broadening of H,), Te= 24000K (ratio intensities of Cull
lines). Stark widths of 11 Cull lines in the UV range were
obtained from the integral spectra. The report [6] contains
results of the analogous researches with arc like plasma
source with Ar as a buffer gas. Their experimental
conditions are as follows. The range of the electron
densities 2*10' +10"cm™ (profiles of some Ar and H
lines are used), Te= 13000K (intensities of Arll and Cul
lines are used). Data on 7 Cull lines are obtained. As a
favorable distinct from our case and [6] all measurements
are performed with time resolution.

Under data tabulation we used following, denotation:
* A - grade of accuracy; uncertainty less than 15%.

*B - grade of accuracy 15%+25%.

*g=ANM\" — “energy equivalent” of line broadening, that
one can used for extrapolations and reliability testing.

*E — extrapolated values, using parameter €.

! — the most reliable and advisable data (our opinion).

*? — questionable data, owing to different reasons.

It is necessary to point, that A,B — signify relative data
errors one respective to another. But there is systematic
uncertainty, agreed upon uncertainties under N,
determination from Stark data of NII. As for agreement
with [5,6], we hope that essential discrepancies for some
long-wave lines [6] are due to significant differences with
the electron temperature.
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SUPPLEMENT

Table 2 Cull

A A E, eV E., eV Transition T-7 AMA AMA e,cm’
22943 2,83 8,23 453D —4p °P° 2-2 0.046E 0.87
2489,6 3,26 8,23 4s'D —4p °P° 2-2 0.09B? 1.45?
2400,1 3,26 8,42 45 'D — 4p 3p° 21 0.05B 0.041% 0.87
2369,8 3,26 8,49 4s'D —4p°F° 2-3 0.07B 1.27
4555,9 8,23 10,95 4p 3P0 — 442 °P 2-2 0.39A! 0.49 1.87
4505,9 8,23 10,99 4p P’ — 4s* P 2-1 0.39A! 1.87
4758,4 8,42 11,02 4p 3P0 — 457 3P 1-0 0.39A 1.87
3686,5 8.49 11.85 4p*F' - 45*'G 3-4 0.062B 0.54% 0.456
2403,3 8,23 13,39 4p 3P’ — 55 °D 2-3 0.18A 0.124% 3.17
2526,5 8,49 13,39 4pF°—55°D 3-3 0.06 B 0.94
25448 8,52 13,39 4p°F'-5s°D 4-3 0.141®
2689,2 8,78 13,39 4p°D° - 5s°D 3-3 02A 0.129 2.75
2737.,3 8,86 13,39 4p D’ — 55 °D 2-3 0.21E 2.75E
2769,6 8,92 13,39 4p'F*—5s°D 3-3 0.18A 0.134% 2.36
2884,1 9,09 13,39 4p 'D°—55°D 2-3 0.21E 2.55E
24733 8,42 13,43 4p P’ —5s°D 1-2 0.14A 2.26
2506,2 8,49 13,43 4pF°-5s°D 3-2 0.17A! 0.127% 2.7
2598,8 8,66 13,43 4p°F’ - 5s°D 2-2 0.2A! 2.95
2666,2 8,78 13,43 4p DY — 55 °D 3-2 0.14A! 0.135% 1.93
2713,5 8,86 13,43 4p D" —5s°D 2-2 0.14E 0.125% 1.93E
2745,2 8,92 13,43 4p 'F'—5s°D 3-2 0.14E 1.93E
2837,3 9,06 13,43 4p°D° - 5s°D 1-2 0.16E 1.93E
2877,6 9,12 13,43 4p'P’—5s°D 1-2 0.125%
24244 8,54 13,65 4p°P°—55°D 0-1 0.038B? 0.65?
2485,7 8,66 13,65 4pF°—55°D 2-1 0.25A7? 0.113% 49
2590,5 8,86 13,65 4p°D° - 55 °D 2-1 0.19A! 0.091% 2.8
2703,1 9,06 13,65 4p°D°—5s°D 1-1 0.2 A! 2.7
2721,6 9,09 13,65 4p 'D°*—5s°D 21 0.17A 2.3
2700,9 9,09 13,68 4p D’ — 55 'D 2-2 0.25A 34
2600,2 8,92 13,68 4p 'F° 55 'D 3-2 0.18A! 2.7
2718,7 9,12 13,68 4p'P’-5s'D 1-2 0.19A! 2.6
2529,3 8,78 13,68 4p°D°-5s'D 3-2 0.15A! 2.3
2355.,0 8,42 13,68 4p P’ — 55 'D 1-2 0.14E 2.5E
23487 9,06 14,34 4p D" — 4d°P 1-1 0.16E 2.9E
2286,6 8,92 14,34 4p 'F0—44d°P 3-2 0.15E 2.9E
2376,2 9,12 14,34 4p PO _44d°p 1-1 0.17A 2.9
51244 14,42 16,84 4d°F —4p ’G° 3-4 1.26A 0.509 4.8
4909,7 14,33 16,85 4d 3G - 4f3H° 5-6 1.4A! 5.8
4931,6 14, 34 16,85 4d 3D — 4f3H° 4-5 2.0A! 0.589 8.2
5041,3 14,39 16,85 4d°F— 4f3G° 3-2 3 E 12E
5051,7 14,43 16,88 4d’F— 4f3G° 4-5 3.1A 12
5012,6 14,42 16,89 4d 3F — 4f3G° 3-4 3.0E 12E
49537 14,61 17,12 4d'G — 4f 'H° 4-5 1.9A! 7.7
5067,0 14,70 17,14 4d °F — 4 °G° 2-3 3.2E 12E
5065,4 14,69 17,14 4d 'F - 4f'G° 3-4 3.7A! 14

Table 3 Culll

A, A E, eV E., eV Transition JT-7 AMA AMA e,cm’
2643.9 11.04 15.72 a’G —7°F° 9/2-7/2 0.05B! 0.7
25224 11.04 15.95 a’G —z*F° 7/2-5/2 0.05E 0.7E
2609.3 9.99 14.74 a‘P —z ‘D’ 5/2-7/2 0.03B! 0.375
2482.3 9.99 14.95 a‘P —z ‘D’ 3/2-5/2 0.03B! 0.375
2438.5 9.67 14.74 b’D —z “D° 5/2-7/2 0.03E 0.375E
2346.2 9.67 14.95 b’D —z ‘D° 5/2-5/2 0.03E 0.375E
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IMAPAMETPH IITAPKIBCHbKOI'O PO3IIUPEHHSA 1S IOHHUX JITHIA MIII
A.K. Jlooxo, C.A. Tpyouaninos, O.B. Ilapenxo

3HaHHg (yHIAMEHTaIbHUX aTOMHHUX MapaMeTpiB NOTpiOHO B Oararbox cdepax cyuacHoi (i3MkM Ta iHXKeHepil.
Oco011BO MIMPOKO IIi MapaMeTpH CHEKTPAIBHUX JIiHIH BUKOPUCTOBYIOThCS B acTpodisuiii, (i3uIl mia3mu, Jla3epHii
imKeHepii 1 TexHoJorii. Aje B 6araThbOX BHIIAAKaX BiAYYBA€THCS 3HAYHUMA AEQIIMT IUX AaHUX. | OTOBHUM YHHOM II€
CTOCYETBhCSI 10HIB Ba)KKHMX €JIEMEHTIB. Be3CyMHIBHO, €KCIEPHMEHT € €IMHHUM MOXJIMBUM JDKEPENIOM OJlepiKaHHs
NOCTOBIpHUX [aHUX y TakuxX Bumankax. OcraHHIM dacoMm Oyna TpoBeleHa BeNHKA KITBKICTh CKCIEPHUMEHTIB 3
KBa3icTamioHapHuM TuTa3MoBUM mpuckoproBadeM KCIIIT X-50. Lls HaykoBa [isUTBHICT TOPKA€ThCS (i3UKH
TIPUCKOPEHHS IUIa3MH, PO3BUTKY MiarHOCTHMYHOI TEXHIKM JUIS LIUJIbHOI IUIa3MHM, MOJIENIIOBAHHS EKCIICPUMEHTIB Ta
mpoOieM TpuKIagHOrO Xapakrepy. Ll crarrs mpencraBisie mepiry cnpoOy 3acTOCyBaTH JIOCHIDKCHHS B3a€MOIT
ia3Ma-MillleHb JUIs pilleHHs npoOyieM aToMHOI (i3WMKH, 30KpeMa, BH3HAUYCHHs (YHIAMEHTAJIbHUX KOHCTAHT —
IITapKIBCBKUX TMOJYMIMPUH 1 3pylieHb. lIpencTaBieHo eKClepUMEHTaIbHI JlaHi IapaMeTpiB  IITapKiBCHKOTO
posmmpeHHs i Aeskux crekTpainbaux JiHii Cull i Culll y giamazoni qosxxus xBuiib 220HM — 600HM.

IMAPAMETPBI IITAPKOBCKOI'O YIIUPEHUS )11 HOHHBIX JIWUHAW MEJA
A.K. Jlooxo, C.A. Tpyouanunos, A.B. Llapenko

3HaHKe (QyHIAMEHTAJIbHBIX aTOMHBIX I1IapaMEeTpPOB TpeOyeTcsi BO MHOTHX cdepax COBpeMEeHHOW (u3uMKH U
nwkeHepurd. OCoOEHHO IIMPOKO 3TH IMapaMeTphl CIEKTPalIbHBIX JIMHUH HCIONB3YIOTCST B acTpodusuke, (usnke
IUIa3MBbl, JIa3epHON MHXXEHEPHU U TEXHOJNOrMH. Ho BO MHOTHX Cily4asxX OIIYINAETCs CYIIECTBEHHBIH NeQUUIUT 3THX
JaHHBIX. [JaBHBIM 00pa3oM 3TO KacaeTcsi MOHOB TSDKENBIX JJIEMEHTOB. [l0-BUANMOMY, SKCHEPHUMEHT SIBIISETCS
SIMHCTBEHHBIM BO3MOXKHBIM HCTOYHHKOM IOJYYCHHUs JOCTOBEPHBIX NAHHBIX B TaKHX Clydasx. B mociennee Bpems
OBLITO TIPOBEICHO OOJBIIOE KONMMIECTBO IKCIIEPIMEHTOB C KBa3HCTAIlMOHAPHBIM IIa3MeHHBIM yckoputenem KCITY X-
50. Dra Hay4Has AEATEIbHOCTh 3aTparmBacT (PM3UKY YCKOPEHHS IUIa3Mbl, pa3BUTHE JWArHOCTUYECKOW TEXHHWKH JUIs
IUTOTHOW IUIa3MBl, MOJEIMPOBAHWE OSKCIEPHMEHTOB M APYIMX NpOOJIeM NPHUKIAJHOTO XapakTepa. JTa CTaTbs
NPE/ICTABISIET NEPBYIO MOMBITKY MPUMEHHUTh UCCICIOBAHHS B3aMMOJICHCTBHS IIa3Ma-MHUIICHb ISl peLIeHUs poliemM
aTOMHOW (DU3MKH, B YACTHOCTH, OINpejeicHne (pyHIaMEHTAIbHBIX KOHCTAHT — IITAPKOBCKHUX ITOJYIIUPUH M C/ABUTOB.
[IpencraBieHsl SKCIIEPUMEHTAIbHBIC JaHHBIC IAPaMETPOB IITAPKOBCKOTO YIIUPEHUS JUIS HEKOTOPBIX CHEKTPaJIbHBIX
maui Cull u Culll B ntuana3one myuH BoaH 220HM — 600HM.
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