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OonucaHbl usmepeHuns KospdpuumneHToB
CTOJIKHOBUTE/NIbHOI O YWNPEeHUs ANS TINMHUIA Nnepexoaa
(n+1)s[3/2],»(n+1)p[5/2];kpunToHa n aproHa

B HU3KOTeMnepaTypHou nnasme BY paspsaga. Otu
AaHHble He06X0AUMbBI A9 ANArHOCTUKU aKTUBHOWM
cpepabl NepcnekTUBHbIX J1a3epoB Ha MHEPTHbIX rasax
C ONTMYECKOM HaKa4vyKomr. [N KpuntToHa popm-
$pakTop NMHUM nornoweHns 6bi1 NOCTPOEH € y4eTOM
M30TOMNNYECKOro cocTaBa, YTo MNO3BOJIN/IO onpeaennTb
K03 PULMEHTbI CTONKHOBUTE/IbHOIO YILNPEHUS

B NPpUPOAHOI CMeCu U30TOMNOB.

BBEAEHUE
OnHOM M3 aKTya/IbHBIX IPobieM na3epHON GU3UKHU
SBJISIeTCS CO3JaHHe HeIPepPbIBHOIO MOIIHOIO

Ja3epa C BBICOKMM Ka4yeCTBOM BBIXOAHOTO H3JY-
yeHusa. TakoBBIM, HaIpUMep, SBALETCS Jias3ep
Ha Mapax LieJ0YHBIX MeTaJIJIOB C JUOLHOM HaKad-
KoM, HO paboTa C HHUM COIpSIKeHAa C XHUMHUYe-
CKMMM PHUCKAMH, BBI3BAHHBIMH BBICOKOI peak-
IIMOHHOM CIIOCOOHOCTBIO IIEJOYHBIX MeTasaoB [1].
Jlazep Ha MHePTHBIX Ia3ax C ONTHYECKOM HaKa4uKOH
(JIOHUT) [2] ucrionp3yeT A/ TeHepalluu 1a3epPHOTo
M3/1y4YeHUsT MeTacTabuIbHble AaTOMB HHEPTHBIX
ra3oB, HapaboTaHHBIe B Ta30BOM paspsife, U ero
Co3JaHMe SBJISIeTCS Ba>XHOU CTYNEHBIO B Pa3BH-
THUH HOBBIX BHJIOB MOILIHBIX Ja3epoB [3]. KnHeTHKa
JIOHHUTI aHanoru4yHa KHHETHKE jla3epa Ha Ilesoy-
HBIX METa/lJIaX, HO ra3oBas cpela sB/ISeTCsS XUMU-
YeCKU HUHepPTHOH [4]. IOCTOMHCTBOM 3TOrO j1asepa
SABJISIeTCS BO3MOXXHOCTH TeHepalHuM COTeH BaTT
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Pressure broadening coefficients of
(n+1)s[3/2],»(n+1)p[5/2]; transition for argon
and krypton lines with rare gases as pressure
partners were measured in a low temperature

RF glow discharge plasma. This data is necessary
for diagnostics of the active medium of the
promising optically pumped all-rare-gas laser. For
krypton, isotope abundance was accounted for and
appropriate fit function for absorption line shape
was designed to determine pressure broadening
coefficients in the natural mixture of isotopes.

INTRODUCTION

One of the topical problems of laser physics is the
development of a continuous high-power laser with
a high quality of output radiation. Diode-pumped
alkali laser is an example, but its operation is
associated with chemical risks caused by the high
reactivity of alkali metals [1]. Optically pumped
rare-gas laser (OPRCL) [2] uses meta-stable rare
gas atoms produced in a gas discharge to generate
laser radiation, and its experimental realization
is an important step in the development of new
types of high-power lasers [3]. OPRGL kinetics is
similar to the alkali laser kinetics, but the gas
medium is chemically inert [4]. The advantage of
this laser is the ability to generate hundreds of
watts of laser power in a continuous mode from
the cubic centimeter of the active medium. This
requires number density of meta-stable atoms of
1012-1083 cm™3 at atmospheric pressure.

To measure the concentration of meta-stable
atoms and gas temperature in gas discharge
plasma, the methods of diode-laser spectroscopy
require a set of coefficients for pressure broadening
of rare gas lines for different gas mixtures.
However, a reference analysis has shown that these
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7Ta3epHOM MOILIHOCTH B HeIPePbIBHOM peXHMe
¢ KybHuecKOro CaHTHMeTpa aKTHUBHOM Cpebl.
Jlnst 3Toro Heo6XO0AMMO, YTOOBI IIPHU ATMOCHEPHOM
NaBIeHUM KOHLEHTPALMS MeTacTabHIBHBIX aTo-
MOB CcOCTaBJIsIa 1012-101 cm3.

[lns u3MepeHHUs KOHLIEHTPALlMU MeTacTabuib-
HBIX aTOMOB M TeMIIepaTyphl rasa B IIJla3Me raso-
BOTO pa3psija MeTOAaMH AHUOLHO-Ia3epPHOMH CIIeK-
TPOCKOIIMHM HeobxoguM Habop Ko03QUIHEHTOB
CTOJIKHOBUTE/IBHOTO YIIHMPEeHHUS TUHUN HHePTHBIX
ras’oB [JISI pPa3HBIX ra30BbIX cMeced. OZHAKO aHa-
U3 HCTOYHHUKOB, IOCBSIIEHHBIX AAaHHOH TeMe,
IoKas3aj, 4YTO 3TU KO3PPUIMEHTH B CMeCIX, KOTO-
pble IpencTaBAsIIOT HHTepec Aag JIOHHUT (cmecu
aproHa, KpPUITOHAa, KCeHOHA B HeOHe, TreJIHhH
1 MeXay coborr), TpebyloT yTouHeHHUs. Hanpumep,
3Ha4YeHU S 3TUX KOIPPHUIIMEHTOB [Jid YIIHPEHUS
JTUHUH KPUIITOHA 811,3 HM B KPUIITOHE U B FejIHU
OBLIM H3MepeHBl TOABKO ONUH pa3 [5], a uHOp-
Malnusg o0 Ko3pPHUIIMeHTaX CTOJKHOBUTEIBHOTO
YIIMPeHUs OPYTMMH HHEPTHBIMH ra3aMH OTCYT-
CTBYyeT. B HamuXx mpefpAymux paborax ysxe 611U
ornpeneneHsl KO3QPUIHMEHTE CTOJIKHOBUTEIBHOIO
yIIMpeHHUs [IJId CMecell aproHa C TrejdeM, KpPHII-
TOHA C rejueM U Ko3Q UIIMEHTHl B COOCTBEHHBIX
rasax Ajs aproHa 4 KpumnToHa [6]. Llesbo JaHHOU
paboTHl SBISAIOCH M3MepeHHe 3THUX K03QPHUIIHeH-
TOB /ISl IMHUU aproHa 811,5 HM B HeoHe U JTUHUU
KpunToHa 811,3 HM B CMeCH C HEOHOM U aproHOM.
B oTnnMume 0T 3KCIlepuMeHTa (5], IAe HCIOAb30-
Basicsl oborameHHbIN 80K, B Hamel paboTe HUCIIONb-
30BajIMCh eCTeCTBeHHAsl CMeCh M30TOIIOB M CIIeLIH-
aJIbHO IIOCTPOEHHBIN A1 Hee opM-PaKTOp TMHUU
MOIVIOMeHM S, YYUTBIBAOIUIN BKJIaJ BCeX H30TO-
[I0B KPUIITOHA. MeTon ompeneleHUsT KO3dPUIHeH-
TOB OyJeT OoIHCcaH HUXe.

SKCMNEPUMEHTAJIbHASA YCTAHOBKA

Ha puc.1l nsobpaskeHa cxeMa 3KCII€PHMEHTATbHOMN
YCTAaHOBKH /151 CIIeKTPOCKOIMIHUYECKUX H3MePeHHUH.
B paspsapmHON suelike HapabaThIBaJIHUCh MeTacTa-
OUIbHBIE ATOMBI APrOHA M KPUIITOHA B JHAIla30HE
IlaBJIeHUM, IPU KOTOPOM CTOJIKHOBUTEIbHOE U JOII-
I1JIePOBCKOE YIIHPeHHUs OBIIN OZHOIO IOPSIAKa. ITO
II03BOJIMJIO YYHUTHIBATE MEHSIOMYIOCS B X0 3KCIIe-
PHUMeHTa TeMIIepaTypy B pa3psaAHOLM KaMepe 3a CUeT
ompefe/leHUs] FayCCOBOM KOMIIOHEHTBl HpPOodHIA
nornomenus doirra. PaspsaaHas kamepa [6, 7] nng
HeIlpepblBHOro BY pa3psiga yactorou 40 MI'L mpen-
cTaB/siaa coboil KBapLeBylo TPY6Ky ¢ BHYyTpeHHUM
AuameTpoM 15 MM, C TOJILMMHHOM CTEHOK 1,5 MM
Y YeTBIPbMS IIPOBOJIOYHBIMHU 3JIEKTPOAAMHU, pasme-
IIeHHEIMU Ha ee CTeHKe. BY reHeparop M yCTpoH-
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coefficients in mixtures that are of interest to
OPRGL, such as mixtures of argon, krypton, xenon
in neon, helium, and among themselves, need
to be clarified. For example, the values of these
coefficients for the broadening of 811.3 nm krypton
line in krypton and in helium were measured only
once [5], and information on pressure broadening
coefficients by other rare gases is not available.
In our previous papers, the pressure broadening
coefficients for mixtures of argon and helium,
krypton and helium, and coefficients in the
parent gases for argon and krypton have already
been determined [6]. The purpose of the work
was to measure these coefficients for 811.5 nm
argon line in neon, and 811.3 nm krypton line
mixed with neon and argon. In contrast to the
experiment [5], where enriched 8Kr was used, in
our work we used a natural mixture of isotopes
and a specially designed form factor for absorption
line, taking into account the contribution of all
krypton isotopes. The method for determining the
coefficients will be described below.

EXPERIMENTAL SET-UP

Figure 1 shows the scheme of the experimental
set-up for spectroscopic measurements. Meta-
stable atoms of argon and krypton were produced
in the discharge chamber in a pressure range,
where pressure and Doppler broadening were of
the same order. This made it possible to take into
account the temperature changing in the course
of the experiment in the discharge chamber due
to the determination of the Caussian component
of the Voigt absorption profile. The discharge
chamber [6, 7] for a continuous RF glow discharge
with a frequency of 40 MHz was made out of a
quartz tube with an internal diameter of 15 mm
and a wall thickness of 1.5 mm, and four wire
electrodes attached to its wall. Laboratory-made
RF generator and the matching device provided
up to 20 watts of power loaded into the discharge,
which corresponded to ~1 W cm™ of power density
in the plasma. Cas flow through the discharge
tube was measured using Bronkhorst flowmeters,
partial gas pressures were determined based on
the measured flow and total pressure.

The measurements were conducted with the help
of L808P030 (Thorlabs) diode laser with original
short external resonator, described in [8, 9]. Laser
power was supplied from current and temperature
controller ITC4001 (Thorlabs). Output laser power in
the collimated beam was 5 mW. Continuous spectral
tuning of the laser was achieved by saw-tooth
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Fig. 1. Scheme of the
experiment
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CTBO COIJIACOBAHUS, CHelaHHBle B ynabopaTopuu,
obecrmeyuBany go 20 BaTT MOIIHOCTH, BKJAIbIBa-
eMOI B paspsili, 4TO COOTBeTCTBOBasno ~1 Br-cm™
IJIOTHOCTHU MOIIHOCTH B IJIa3Me. Pacxolbl ra3os
yepe3 paspsifHY0 TPyOKy HM3MepSUIHCh C TOMOIIBIO
pacxogomepoB Bronkhorst, mapuuanbHble gaBie-
HHUS Ta30B OIpelesliMCh U3 HU3MEpPeHHBIX Pacxo-
D0B 1 IIOJTHOTO JaBJIeHHS.

In1sa H3MepeHHH HCIOJb30BAJICAd THOLHBIU
nasep L808P030 (Thorlabs) ¢ KOpOTKMM BHEIIHUM
Pe30HAaTOPOM OPUTHHA/JIPHOM KOHCTPYKLIMH, OIIH-
canHou B [8, 9]. IluTaHHe Jya3epa OCYLIeCTBJIS-
JIOCh OT KOHTPOJIJIepa ToKa U TemIiepaTypsl ITC4001
(Thorlabs). BrixomHasi MOIIHOCTH ja3epa B KOJIH-
MHPOBAaHHOM IIy4Ke cocTaBafgiaa 5 MBT. Hempe-
PbIBHAsd CIleKTpajbHas IepecTpoMKa Ja3epa
OOCTHUTaaach INUI006pasHOM MOAYISLIHEeN TOKa
HaKa4KH X KOHTPOJIHMPOBAIACh C IIOMOIIbI0 HMHTEP-
depomeTpa Pabpu-Ilepo. [JMama3oH HelpepbIBHOMU
IepecTPOMKHK YacCcTOTHl jasepa gocturan 36 ITo,
a MMUPHHA JHHHUMK TeHepallMKM He IIpeBblIIaaa
50 MI'll. 3TH HapaMeTPhl OLleHHUBAJIKMCH I10 KOJTHYe-
CTBY U HIMPHHe HabloJaeMbIX Pe30HAHCOB UHTEP-
depomeTtpa Pabpu-Ilepo.

DKCIIepUMeHTa/JIbHBIM  CHUTHAjJ  IpeAcCTaB-
11 coboll 3aBUCHMOCTh MOIIHOCTH JIa3€pHOIO
M3j1y4yeHHUs, IpoIIejlIero 4yepes Ijasmy, OT Bpe-
MeHU. [ HanpHenIIer o6paboTKU IIKaay Bpe-
MeHHU Heobxonumo 6170 IIpeobpa3oBaTh B IIKAIy
YaCTOThI, UTO M Peajii30BaHO C IIOMOIILI0 IIHUKOB
CUTHaJa oT uHTepdepomeTpa Pabpu-Ilepo.

[Tocnenyromas obpaboTka BKIOYAaaa BBIYH-
TaHHe CHUTHaJ/la HY/IS, BBIYHCJIeHHe JIorapudpma
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pumping current modulation, and was controlled
using Fabry-Perot interferometer. The range of
continuous laser frequency tuning reached 36 CHz,
and the width of the laser line did not exceed
50 MHz. These parameters were estimated from the
number and width of the observed resonances of
Fabry-Perot interferometer.

The experimental signal was in form of
dependence of the laser power transmitted through
the plasma on time. For further processing, the
time scale should be converted to a frequency scale,
which was achieved with the help of signal peaks
from Fabry-Perot interferometer.

The subsequent processing included subtracting
the zero signal, calculating the logarithm of
ratio of reference and signal channel signals, and
fitting the experimentally obtained absorption
line to Voigt profile using the Levenberg-Marquardt
algorithm.

RESULTS AND ANALYSIS

The method for measuring the pressure broadening
coefficients is described in our papers [6, 7] and
is based on the simultaneous determination of
the Gaussian (WC) and Lorentz (WL) Voigt profile
components. Voigt contour is a convolution of
Gaussian and Lorentz functions. The explicit form
of Voigt profile is determined by formula 1:

2

+00 -t
2ln2 WL f e dt.
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OTHONIEHHUS CHUTHAJIOB OIOPHOTO U CHUTHAb"
HOTO0 KaHaJIOB U aIIPOKCUMAIHUI0 3KCIIEPUMEH-
TAJIbHO IIOJIYYeHHON JUHUM IOTJOLIEHHUS PO~
dunem QoMrra C MCIOAb30BAHHEM aJITOPUTMA
JleBeHbepra-MapKkBapaTa.

PE3YJ/IbTATbl U AHAJIN3

MeTon u3MepeHHUH KO3QPHULIHMEHTOB CTOAKHOBH-
TeJIbHOTO yIIHMPeHH S OIIMCaH B HallKuXx pabortax [6, 7]
1 OCHOBAaH Ha OJHOBPEMEHHOM OIlpe/ie/IeHUH Tayc-
coBoil (WG) u nopenueBoi (WL) KOMIIOHEHT Ipo-
ouns dorirra. Kontyp Qorrra npeacrapisieT cobomn
CBEPTKY QyHKUUU Taycca u JlopeHLa. SIBHBIH BH[,
npodunsa PoirTa onpeenseTcs BelpakeHHeM:

2ln2 WL * et
il

3 2 2
w MO (V2 7L (Va2 )

WG

Y=A zdt. (1)

Ha prc.2 npuBenens! yHKIMU ['aycca, JlopeHiia
u Qourta ¢ mapaMerpamu WG=WL=WF=1, mmo-
manb II0J KpUBEIMU A=1. B maHHOM Ciiy4ae, 4YTO6HI
3HaYeHUsd IIMPHUHBI Ha IOJyBBICOTE M/ IIPO-
ouns dorirra (WF) 66110 paBHO 1, MOSKHO IIPUHSTH
WG=WL=0,61. ITapameTrpsl WG u WL 4BIAIOTCSA
3HAaYeHUSIMH IIHUPUHB Ha IOAYBBICOTE (QYHK-
UMK laycca u JlopeHIla, OTBEYAaWIIHX 33 TeIJIO-
BYI0O M CTOJIKHOBHUTEJIBHYIO YacTH YIIMpPeHHS
CIIeKTPa/bHOM JIMHUMU. ANNPOKCHUMALUIO JTHHHUH
[IOIJIOMIeHUS KOHTYpoM ®oHITa MOKHO BBIION-
HHUTHb, HaIlpUMep, C IIOMOINBIO IIaKeTa MpPOorpamMM
Origin.

Hamuy skcrmeprMeHTHI II0Ka3a/iy, YTO, €C/IH 3Ha-
yeHusgs WG, WL coM3sMepUMBl, CTAaHOBUTCS BO3-
MOXHBIM HX OIlpeJle/leHHe C IIOMOILIbIO allIlPOKCH-
MaILlMH{ S5KCIIePHMEHTAJ/IbHO II0/Iy4eHHOU (GOpPMBI
JUHUU NornoleHus npodounem dourra.

Jl71s1 TOro 4TOOBI TeII0BOe U CTOJIKHOBUTEbHOE
yIIHupeHHe OBIIM OJHOrO IOPSiKa, B SKCIIEPHUMEH-
TaX JHUAIa30H [JaBJIeHUM Tra3oB B pa3psfe BbIOU-
pancst ot 20 mo 70 Topp. g Kaskaoro 3HadeHHU S
JaBjIeHHUS II0JyYa/IMCh CBOM 3HAYeHU S KOMIIOHEHT
lFaycca u JlopeHua. [ag nuHuud 811,5 HM aproHa
npu 300 KWG=0,72 [T, Torma:

14
WG\’ 16

WL |—| =2&-3,22-10"-p, 2

(0,72) s P @)

rae p - naBinenue (Topp). Temeps, 3Hasi mapaMeTphl

WG, WL ¥ monb3ysich COOTHOIIEHHEM (2), MOXKHO

ompenenuTh 3HaYeHHe KO3DPHUIIMEHTA CTOJNKHO-

BUTE/JIbHOIO0 yIIMPeHHd. [IpH IIOCTOSSHHOM [aBjIe-
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Puc. 2. Mpogunb JlopeHua (cnnowHas aurus), Faycca (nyH-
Kkmup) u ®olizma (Wmpux-nyHKMup) ¢ 00UHAKOBbIMU 3HAYe-
HUSIMU WUPUHBI HAG NOAYy8bICoOMe U NAOLWLAdSIMU Nod Kpuebimu,
WG=WL=WF=1,v-4acmoma

Fig. 2. Lorentz profile (solid line), Gauss profile (dotted

line) and Voigt profile (dash-dotted line) with the same

width at half-maximum and the areas under the curves,
WG=WL=WF=1, v means frequency

Figure 2 shows Gaussian, Lorentz, and Voigt
functions with parameters WG=WL=WF=1, the
area under the curves A=l. In this case, in order
to make the half-maximum width values for Voigt
profile (WF) equal 1, we can assume WG=WL=0.61.
WG and WL parameters are the width values at
half-height of Caussian and Lorentz functions
responsible for thermal and pressure parts of the
spectral line broadening. The approximation of the
absorption lines by Voigt profile can be performed,
for example, using Origin software package.

Our experiments have shown that if the
values of WG, WL are commensurable, it becomes
possible to determine them by approximating the
experimentally obtained absorption line shape by
Voigt profile.

In the experiments, in order to make thermal
and pressure broadening of the same order, the
range of gas pressures in the discharge was chosen
from 20 to 70 Torr. For each pressure value, Gauss
and Lorentz components were obtained. For
811.5 nm line of argon at 300 K WC=0.72 CHz,
therefore:
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HUU IIpaBas 4acTb BhIPa’keHHU (2) 3aBUCHUT TOIBKO
OT JaBJIeHHUs, H3MepseMOro B 3KCIIepHUMeHTe,
1 He 3aBHCHUT OT TeMIIepaTypsI [6].

Hns nuauu 811,3 HM KpumnToHa npud 300 K:
WG =0,5TTu 1 T=300-(WG/0,5)%:

14
WL(\())V—E) =2E-3,22-10" ‘P. (3)

)

Ytobrl ybemuThCS, YTO MoNydeHHas dopma
TUHUHU SBJSeTCS IPaBUJIBHOH, Pa3yMHO Ipef-
IIOJIOKUTh, 4TO mapamMeTrpel WG u WL KoHTypa
dorirra, moisydyaeMble IPH alIPOKCHMAallUK MPO-
¢unIg TMHUM, He OO/KHBL 3aBHCETh OT YHC/IA 3KC-
IIepUMEeHTAbHBIX TOYeK, BKIIOUEHHBIX B aIIIPOK-
CUMalMIo. [I/i IIPOBePKU 3TOr0 IIPeAIlo/IOKeHU S
CHayajla HaXxoJujach KOOPAHMHATA LIeHTpa JIMHUU
IorjoumeHus X, U IIMPUHA JMHHUU Ha II0JIyBBICOTE
WEF c ydeToM BeIpakeHH 4 U3 [10].

3aTeM BBIYMC/ISJIMCh KOOPAHHATH X *NJ,
HaIlpUMep AJS 3HadyeHHUH n=[2-6], U IpoBOAHU-
Jach aNIpOKCHMALMs KOoHTypoM PoHrTa n BeI6O-
POK JaHHBIX, HAXOOSAIIUXCS BHYTPU 3TUX IPAHHUILI.
[lony4yeHHBle IIPH 3TOM 3HaudeHUs s [ayccoBon
WG u JlopeH1ieBoll WL KOMIIOHEHT I103BOJISLIH OIle-
HUTD IIOTPEIIHOCTD UX OIlpelle/IeHU.

3HayeHHMe MapaMeTpOB IIMPHUHBI Ha IIOJIYBbI-
cote WG u WL, ompefmeneHHble TaKUM CII0coboMm,
06BIUHO OCTAaBAaJMCh HEHU3MEHHBIMH IIpH 3Haue-
HUSIX N =[3-6], 4TO I103BO/IIeT TOBOPUTb O BBICOKOM
KavyecTBe MIONY4YeHHBIX HaHHBIX. ITorpemHocts WG
1 WL, KaK IIpaBHJIO, He IIpeBhlIana 5%.

B 3kcmepuMeHTe HabMOmaNCs CyLmieCTBEHHBIH
IIPOAOJIbHBIN TeMIlepaTypHBIM IpafgHeHT. Harpes
rasa B paspsje OIpefess/ics U3 3Ha4YeHHUs Ilapa-
metpa WG(T=300-(WG/0,72)?) 1 He IIpeBHIIIANI
300K.

OnTUYecKUU MYyTh B IJ1a3Me pa3psifia BKAOYAT
obacTH C pasHOM TeMIIepaTypoM, IO OLleHKaM -
oT 300 mo 600K. [l OLleHKHU IIOTPelIHOCTH, BO3HU-
KaIolleHr M3-3a FPpafieHTa TeMIIepaTypsl, IpodUIb
JTUHUK IIOIVIOIeHUSI MOJeJIHPOBaJICsI CYMMOH
HeCKOJIbKMX B3BellleHHBIX Npoduieil Pourra mnpu
Pa3sHBIX TeMmIlepaTypaX M C COOTBeTCTBYIOIIHMMHU
cABUraMHU Io 4dactoTe [11]. IIpoBefeHHasi TakKHUM
06pa3oM OLleHKa CUCTeMAaTUYeCKOH OUIUOKU H3Me-
peHHsa K03OOUIIMEeHTOB IOKasaja, YTO ee IIpelen
He IIpeBbIIIaeT +3%.

Pe3ynbTaThl M3MepeHUsI KO3POHUIIMEHTOB CTOJI-
KHOBUTEJIBHOIO YIIHMPEeHUS [OJIs1 aproHa B HeOHe
IIpeACcTaBJeHbl Ha puc.3. JlaBleHHe aproHa B 3KC-
IIepUMeHTe COCTaB/sIo oT 2,9 Ao 3,2 Topp. 3Haue-
HUe Ko3oPUIIMeHTa, OIpele/ieHHOe M3 HaKJ/IOHA
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Fig. 3. Results of measurements and the obtained value of
pressure broadening coefficient for argon & ,,., in neon at
300K

14
WL(%) =2§~3,22~1016'p, (2)

where p is pressure (Torr). Now, knowing WG,
WL parameters and using ratio (2), we can
determine the value of the pressure broadening
coefficient. At constant pressure, the right-hand
part of expression (2) depends only on the pressure
measured in the experiment, and is temperature
independent [6].

For 811.3 nm line of krypton at 300 K:
WG=0.5 GHz and T=300x(WG/0.5)%:

14
WL(\QI—S) =2§-3,22-10‘6-p. (3)

To make sure that the resulting line shape
is correct, it is reasonable to assume that WG
and WL parameters of Voigt contour, obtained by
approximating line profile, should not depend
on the number of experimental points included
in the approximation. To verify this assumption,
we first found the coordinate of the center of the
absorption line X, and the line width at half-
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Puc. 4. a) CpasHeHue popm-pakmopa auHuu kpunmora 811,3 Hm (cnaowHas AuHus) ¢ napamempamu WG=0,53 u WL=0,41
u popm-pakmopa dolizma (nyHkmup) ¢ memu xe napamempamu (memnepamypa 340K, dasnerue 29 Topp); b) popm-pakmop
AUHUU KpunmoHa (ceemAasi AUHUS) HAAOXKeH HA AUHUK N02A0LLEHUS, NOAYHeHHYI0 8 IKcnepumeHme (MemHdas AUHUS), 6HU3Y NOKa-

3aHa ux pasHocme (memnepamypa 330K, dasneHue 20 Topp)

Fig. 4. a) Comparison of 811,3 nm krypton line form factor (solid line) with parameters WG=0,53 and WL=0,41 and Voigt form
factor (dotted line) with the same parameters, (Temperature 340 K and pressure 29 Torr); b) krypton line form factor (light line) is
superimposed on the absorption line obtained in the experiment (dark line), their difference is given below (Temperature is 330 K

and pressure is 20 Torr)
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JTMHeMHON alIlPOKCMMAIUK 3KCIIePUMEHTAIbHBIX
TOYeK, COCTABHIO &, no=(1,3%£0,1)-10710 c1-cm3.
[TorpemHOCTh 3HAYeHHUS §,, y, OLIEHHBATACh KaK
TPU CTAaHOAPTHBIX OTKJOHEHHUS IPH alIPOKCHU-
MallM¥ 5KCIIePUMEeHTA/JIbHBIX JaHHBIX JIHMHEHHOU
byHKIIHeH.

B 3KkcneprMeHTe C KPHIITOHOM HY>XHO YYHTBHI-
BaTh M30TONKMYeCKHe CABUIH M HaJIM4YHe JHHHUU
CBEPXTOHKOH CTPYKTYpHl K3oToma $3Kr. Kak moka-
3a/lM HalllM 3KCIIePUMEHTBI, HeCMOTPS Ha OTHO-
cuTenbHO Hebonpmon Bkian oT 33Kr (comepskaHue
nsoromna 11,55%), ecnu mpeHebpedb CBEPXTOHKOH
CTPYKTypOU JHHHH, TO HEBO3MOKHO IIOJYYHTb
KadyeCTBeHHYIO aNNpPOKCHMAL U QOPMBI THHHUU
norjaoueHus. I[IpUPOAHBIM KPUIITOH — 3TO CMecCh
nsaTH Haubosee pacHpoCTpaHEHHBIX M30TOIIOB:
80Kr (2,25%), 82Kr (11,56%), 83Kr (11,55%), 8*Kr (56,9%)
u 80Kr (17,37%). LleHTPBI TMHHUK MOIJIOMEHUS B H30-
tomax 80Kr, 82Kr u 86Kr cMelmeHBI Ha HECKOJIBKO
necsiTkoB MIII oTHOCHMTenbHO Haubosee pacpo-
cTpaHeHHOro wusotoma 8¥Kr. Yrto KacaeTcs H30-
tora 83Kr c simepHBIM CIOHHOM [=9/2, ero msrT-
HaJllaTh CBePXTOHKHX JIMHUHN Ha [AJHHEe BOJIHBI
811,3 HM IepeKpPHIBAIOT AKalia30H okoyio 3 I'Tw. Cre-
J0BaTe/JbHO, IPOQUIIb IMHUHU IOIJIOUeHHS B IIPH-
POLHOM KPHUIITOHE - 3TO CyMMa Inpoduierd Pourra
O/ TMSTHAALATH CBEPXTOHKUX TUHHN $Kr u mns

height WF, taking into account the expression
from [10].

Then, the coordinates X, + ns, e.g., for values
n=[2 ... 6] were calculated, and Voigt contour was
approximated by n data samples within these
boundaries. The values obtained for Gaussian WG
and Lorentz WL components made it possible to
estimate the error in their determination.

The value of the width parameters at half-
height of WG and WL, determined in this way,
usually remained unchanged at values n=[3 ... 6],
which allows us to assume high quality of the data
obtained. The error of WG and WL, as a rule, did
not exceed 5%.

Appreciable longitudinal temperature gradient
was observed in the experiment. Gas heating in
the discharge was determined from the value
of WG parameter (T=300x(WG/0.72)?), and did not
exceed 300 K.

Theopticalpathinthedischargeplasmaincluded
areas with different temperatures, estimated to be
from 300 to 600 K. To estimate the error due to the
temperature gradient, the absorption line profile
was modeled by the sum of several weighted Voigt
profiles at different temperatures and with the
corresponding frequency shifts [11]. The evaluation
of the systematic error in the measurement of the
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OCTa/IbHBIX UYeThIpeX M30TOIIOB, YMHOXXEeHHBIX
Ha BeCOoBble KO3QPUIIMEHTH U CMELIeHHBIX OTHO-
CHUTEeJIBHO APYT Apyra. BecoBble KOSPPUIIUEHTHI IJ151
JTUHHUUN H30TONOB IIPOIOPLIMOHATBHE HUX PacIpo-
CTPAaHEHHOCTH B IpHUpoZe, a Aas NTUHUK $Kr eme
M HX CHJIaM I[OIVIOLIeHH S, PACCUYUTAHHBIM KBaH-
TOBO-MeXaHH4YeCcKHM MeTomoM [12].

Ha puc.4 npuBoAsATCa IOCTPOEHHBIe i ecTe-
CTBEHHOMU CMeCH H30TOoInoB GopM-PaKTOPHl THUHUU
KPHUIITOHA, KOTOpble CpPaBHUBAWOTCA C GopM-
dakTopom dorirrta npu Temmeparype 340K u mas-
neHuu 29 Topp (puc.4a), a TaK>Ke TMHHUeEH IIOT/OLIe-
HUs, IIOJYUYeHHON B 3KclepuMeHTe (puc.db). Kaxk
BUJHO K3 PHCYHKa, QOopM-PaKTOp JMHUKU KPHUII-
TOHA OT/IMYaeTcsl 0T Npoduass POUrTa U aleKBATHO
OIMCBIBAET Pe3yJAbTaThl 3KCIIepHMEHTAaJIbHBIX
H3MepeHH .

Pe3ynpTaThl M3MepeHUs KO3QPUIIMeHTOB CTOJI-
KHOBHUTEJBHOTO YIIMpPeHHUS JIMHHK KpUITOHA
811,3 HM B HeoHe IIpeAcCTaBJieHbl Ha puc.5. Ilap-
LHa/JibHOe JaBjleHHe KPHUIITOHA COCTABJISIO OT 2,5
no 6 Topp. 3HaueHUS KO3OOUIIMEHTOB CTOJIKHOBU-
TEJIBHOTO YIIMPeHHs JHUHHH KpUIITOHA 811,3 HM
npu 300K: €y, ne=(1,50£0,05)-1071 ¢l cm? B HeoHe
U §p,ar=(3,5£0,3)-10% c'lcm? B aprone.

3AKJIFOMEHUE

B Tabnure IIpeACcTaBJIeHbl BCe KO3QPUIIHMEeHTH
CTOJIKHOBUTE/IBHOTO YIIHMPeHUS AJ15 JUHHUK aproHa
811,5 HM u KpunToHa 811,3 HM, H3MepeHHble HAMH
[0 HacTosllero BpemMeHH. OZHOBpeMeHHOe OIIpe-
neneHue rayccopor (WG) u noperueBoil (WL) kom-
noHeHT mnpodunss PoHurra BHepBEe I03BOTIHIJIO
ornpenensiTb Ko3pOHUIMEeHTH CTOJIKHOBUTEJILHOIO
YIIMPeHUS C TOYHOCThIO Ayuine 10%. O6paTUM BHU-
MaHHMe, YTO CyIIeCTBYeT 3aMeTHas pasHHUILa MeXXIY
3HAYeHHUSIMU KO3QOUIIMEeHTOB CTOJIKHOBUTEJIb-
HOTO YIIMpPeHHS B HeOHe I10 CPaBHEHHIO C OCTaJIb-

3HaYeHns Ko3bOULMEHTOB CTONIKHOBUTENLHOIO yLIMpe-
Husa (§) ong aproHa n KpUNToHa, B eaAnHMLAax 1070 ¢em?
Table Values of pressure broadening coefficients (€) for
argon and krypton, in10™9 s ¢cm™3

CTONKHOBUTEIbHbIE NapTHEPbDI
Pressure partners

Ne Ar
A, 3.1:0,1 1,3:0,1 2,8:01 -
811,5 HM 120, >0, 00,
Kr,
o 3140,1  1,500,05 3,503  2,4+0,2
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Fig. 5. Results of measurements and the obtained value of
pressure broadening coefficient for krypton &, in neon at
300K

coefficients thus obtained showed that the error
does not exceed +3%.

The results of measurement of pressure
broadening coefficients for argon in neon are
given in Fig. 3. Argon pressure in the experiment
was from 2.9 to 3.2 Torr. The coefficient
value, determined from the slope of linear
approximation of the experimental points, was
Earne=(1.320.1)x1071% s1 cm?3. The error in §,, ye
value was estimated as three standard deviations
where the experimental data were approximated
by linear function.

In the experiment with krypton it was
necessary to take into account isotope shifts and
the presence of lines of the hyperfine structure
of 8Kr isotope. As our experiments have shown,
despite a relatively small contribution of 83Kr
(11.55% isotope content), if the hyperfine line
structure was neglected, it was impossible to
obtain a qualitative approximation of absorption
line shape. Natural krypton is a mixture of
the five most common isotopes: 8'Kr (2.25%),
82Kr (11.56%), 8Kr (11.55%), 8*Kr (56.9%) and
86Kr (17.37%). The centers of the absorption lines in
80Kr, 8Kr, and 8Kr isotopes are shifted by several
tens of MHz relative to the most abundant 8Kr
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HBIMH. 3JTa KapTUHA SBIseTCS XapaKTepHOH,
KOT[la HeOH BBICTYIIdeT B KayeCTBe CTOJIKHOBUTE/Ib-
HOTO ITapTHepa. 3HauyeHHs 3TOro Ko3opPuliHeHTa
B CMeCH KCeHOHa C HEeOHOM [Js JTUHHH KCeHOHa
1,73 MM [13] Takke 6bIO IPUOGIH3UTENIBHO B 2
pasa MeHbIIe, YeM B CMeCSIX C aprOHOM U TejIheM.
M3MepeHHBle 3HaueHHS KO3QPUIIUEHTOB CTOJ-
KHOBUTEIBHOTO YUIMPeHHUS HaHAyT NpHMeHeHHe
IIPH ONTHUUYECKOH AHATHOCTHKe HU3KOTeMIIepaTyp-
HOM IJIa3Mbl MHEPTHBIX Fa30B.

Paboma ebinoaHeHa npu noddepskke MuHucmepcmea ob6pa-
308aHuA U Hayku PO 8 pamkax 20c3adaHus no npoekmam
3.5624.2017/8.9, 3.5708.2017/6.7.
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isotope. As for 8Kr isotope with a nuclear spin of
1=9/2, its fifteen hyperfine lines at a wavelength
of 811.3 nm overlap the range of about 3 GHz.
Therefore, the absorption line profile in natural
krypton is the sum of Voigt profiles for fifteen
hyperfine lines of 8Kr and for the remaining
four isotopes multiplied by weighting factors
and shifted relative to each other. The weight
coefficients for isotope lines are proportional to
their abundance in nature, and for 8Kr lines
also to their absorption forces calculated by the
quantum mechanical method [12].

Figure 4 shows the form factors of krypton
line constructed for natural isotope mixture, as
compared with Voigt form factor at a temperature
of 340 K and a pressure of 29 Torr (Figure 4a),
as well as an absorption line obtained in the
experiment (Fig. 4b). As can be seen from the
figure, form factor of krypton line differs from
Voigt profile, and adequately describes the results
of the experimental measurements.

The results of the measurement of pressure
broadening coefficients of 811.3 nm krypton line in
neonaregiveninFig. 5. Thekrypton partial pressure
was 2.5 to 6 Torr. The values of the coefficients
of the pressure broadening of krypton line of
811.3 nm at 300 K: §, ne=(1.50£0.05)x1071% sl cm? in
neon and §y, ,,=(3.5+0.3)x1071° sl cm™ in argon.

CONCLUSIONS

Table presents all pressure broadening coefficients
for 811.5 nm argon and 811.3 nm krypton lines,
measured by us up to date. The simultaneous
determination of Gaussian (WG) and Lorentz (WL)
components of Voigt profile made it possible to
determine pressure broadening coefficients with
accuracy better than 10% for the first time. Please
note that there is a noticeable difference between
the values of pressure broadening coefficients
in neon compared to others. This pattern is
characteristic when neon acts as a collisional
partner. The values of this coefficient in a mixture
of xenon with neon for the xenon line of 1.73
pm [13] were about half of those in mixtures with
argon and helium. The measured values of pressure
broadening coefficients can be applied in the tasks
of optical diagnostics of low-temperature rare gas
plasma.
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