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Optical spectroscopy and current detection during warm-up
and destruction of impurity-helium condensates

It is well known that deposition of rare gases (RG) passed through electrical discharge area onto a
cold (~ 4 K) surface, or irradiation of cryofilms by energetic particles (electrons, protons, or photons with
energies of 20 eV - 4 MeV) can cause formation and stabilization of neutral radicals and ions. Recent
experiments have revealed ion currents accompanied by luminescence during destruction of nitrogen-
helium condensates prepared by condensation of nitrogen-helium gas mixtures (after passing through a
radio frequency RF discharge zone) into superfluid helium (Hell) bulk [1].
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OnTuMyecKkaAa CNeKTPOCKONMUA U onpejAeneHne ToKa
BO BpeMA Nporpesa u pa3pyLieHnUA NpUuMech-reineBbiX KOHAEHCATOB

XopoLuo U3BecTHO, 4To ocaxaeHune bnaropogHbix razos (Rg), npolealnx Yepes 3NeKTPUYECKYHO pas-
pAAHY0 06nacTb Ha xonogHyto (~ 4 K) noBepxHOCTb, Ui 061y4eHe KPUOMIEHOK 3HEPrOEMKUMU YacTuh-
Lamu (31eKTPOHbI, NPOTOHbI, UK GOTOHOB, ¢ 3Hepruelt 20 3B - 4 MaB), moxeT npuBecT K popmmpoBa-
HUIO 1 cTabUAM3aLMN HENTPaNbHbIX PaANKanoB U MOHOB. HesaBHME 3KCNepUMMeHTbI NOKa3anu, MoOHHbIe
TOKM, CONPOBOXAAOLLMeCH JIIOMMHECLLeHL MM B NpoLiecce pacnaja a3oTHO-re/IMeBbIX KOHAeHCaToB, NoJy-
YeHHbIX KOH/leHCaLMel ra3oBbiX CMeceit a3oT-reinin (nocsie NPOXOXAEHUA Yepes 30HY PaiMo4acToTHOro
BY pa3paga) B cBepxtekyunin renumii (Hell) [1].

KnioueBble cnoBa: KoHAeHcaT, CMeKTPOCKONMWA, KPMOKOHAeHCaT, MOBEPXHOCTb.
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OnTUKanbIK CNEKTPOCKONUA XaHe Kocna-reiuini KoHaeHcaTTapibiH,
KbI3AbIpblNybl X3He 6y3biNybl Ke3iHAeri TOKTbl aHbIKTay

JnekTpniK paspagTanfaH aymMakTaH cybiK (~ 4 K) 6eTke eTKeH acbin rasgapabl (Rg) TyHAbIpY HeMe-
ce KpuoKabbliKWwanapabl 3Heprusa CbiibIMAbUIBIKTLI GeslleKTepMeH (31eKTpoHAap, NpoToHAAp Heme-
ce doToHaap, 20 3B - 4 M3B 3Hepruamen) cayneneHaipy 6eritapan pagnKanaapablH XKeHe MOHAApAbIH
KasibiNTacyblHa }aHe TypaKTaHAbIPbIIyblHa afibin KeJlyi MyMKiH eKeHi )aKcbl benrini.

TyitiH ce3aep: KoHAeHCAT, CNEKTPOCKONUA, KPUOKOHAEHCaAT, OerT.

Introduction with energies of 20 eV — 4 MeV) can cause forma-

It is well known that deposition of rare gases
(RQG) passed through electrical discharge area onto
a cold (~ 4 K) surface, or irradiation of cryofilms by
energetic particles (electrons, protons, or photons

tion and stabilization of neutral radicals and ions.
Recent experiments have revealed ion currents ac-
companied by luminescence during destruction of
nitrogen-helium condensates prepared by conden-
sation of nitrogen-helium gas mixtures (after pass-
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ing through a radio frequency RF discharge zone)
into superfluid helium (Hell) bulk [1]. We present
new experimental results on detection of optical
spectra and ion currents during thermostimulated
destruction of impurity-helium condensates (IHCs)
prepared from nitrogen-argon-helium and nitrogen-
xenon-helium gas mixtures.

Experimental Method and Results

The experimental technique of IHC sample
preparation was first developed in 1974 [2]. It is
based on the injection of a helium gas jet containing
impurity particles (Im =N, N,, H, H,, Ne, Ar, etc.)
into bulk Hell. A gas mixture enters a helium bath
region from a quartz capillary cooled with liquid ni-
trogen inside an atom source. The lower portion of
the capillary is surrounded by electrodes to produce
an RF discharge (f = 40 MHz, P = 40-90 W). The
typical conditions during sample preparation were
as follows: the impurity admixture, [Im]/[He] ~ 0.5-
1 %, the gas jet flux

(4.5-6)'1019 s-1, the Hell temperature 1.5 K,
and the duration of the sample condensation 600-
5000 s. The oxygen content in the gas mixtures is
mainly a result of contamination of the helium gas.
We employ helium gas with an oxygen content of ~
10 ppm. A gas jet consisting of a mixture of helium
and impurity gases was directed onto the surface of
Hell contained in a glass beaker placed below the
source at a distance of 20-35 mm. Calibrated Lake

Shore thermometers were used for the temperature
measurements. The sample emission was directly
collected by an optical fiber fixed above an IHC
sample in the beaker. The spectrometer AvaSpec-
ULS2048XL-USB2 allowed us to detect lumines-
cence within the spectral range from 200 to 1100
nm with resolution ~ 2.5 nm.

The spectra observed during destruction of im-
purity-helium condensates containing stabilized
radicals reveal that all of the emitting particles
are localized within solid matrices. The spectra
of luminescence detected during the destruction
of the second sample prepared from a gas mixture
[N,J/[Ar]/[He] = 1/10/1000 were changing on
time. The dominance of emission due to species
containing oxygen was explained by a multishell
structure of impurity clusters: heavier particles
(in this case O atoms) are involved in the reac-
tions and the luminescence at the final stage of
sample destruction when impurity clusters fuse
together.

The luminescence spectra detected during de-
struction of the sample prepared from a gas mixture
[Xe]/[N,]/[He] = 1/10/2000 has revealed, for the
first time, the spectra from molecules XeO*captured
in N2 films surrounding the xenon cores of impurity
nanoclusters.

The destruction of impurity-helium condensates
containing stabilized radicals is accompanied with
pressure and luminescence peaks, and current puls-
es (~nA).
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