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Application of impedance spectroscopy for studying
of charged nanoclusters in impurity-helium condensates

A gas jet consisting of a mixture of helium and impurity (~ 1% of H,, N,, Ne, Kr, Xe, etc) gases was
directed onto the surface of superfluid helium (Hell) contained in the glass beaker. During condensation of
the impurity particles in the bulk superfluid helium the so-called impurity-helium condensate is formed [1].

Recently in 2013, charges were detected for the first fime during destruction of the nitrogen-helium
samples [2]. For further investigations it was proposed to use methods of the impedance spectroscopy.
We used a sensor of planar geometry with two conductive meanders (the sensor capacity was of 7.9 pF).
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AA.TenbmeHes, P.E. bonTHes, U.B. boixano, .H. KpywunHckasn
MNpuMeHeHMe UMNeAaHCHOW CNEKTPOCKONUM
ANA U3y4eHUs 3apAXKeHHbIX HAHOK/IACTEepPOB NpUMeCh-resiueBbiX KOHAEHCATOB

la3oBan cTpyA, cocToAwan n3 cmecn renna n npumecn (~ 1% of H,, N, Ne, Kr, Xe, n T.a.), Hanpas-
NnAeTCA Ha noBepxHOCTb cBepxTeKyyero renusa (He-ll), HaxopAweroca B cTeknAHHOMW MeH3ypKe. B npo-
Liecce KOHZEHcaLumM YacTul npuMecy B o6bemMe CBEPXTEKYYero renus hopMmupyeTcs Tak HasbiBaeMbll
npuMecb-renneBblit KOHAeHcaT. Pe3ynbTaTbl paboThl NOATBEPKAAIOT rMNOTe3y O CyLlecTBOBaHUM 3apasa
Ha CTaguu paspyLleHusA npuMecb-renneBbix 06pa3uoB. [puposa 3apAf0B U MeXaHU3Mbl UX MOSBAEHUS
BCE €LLe 0CTalOTCA OTKPbITbIMY U TPeOYIOT AaNbHENILEro N3yyeHuns.

KnioueBble cnoBa: uMnegaHCHaA CNeKTPOCKONWSA, CBEPXTEKYUMIA Fefni, MpUMechb-reneBbl KOH-
feHcar.

AA.TenbmeHes, P.E. bonTHes, U.B. bbixano, .H. KpywunHckasn
MMnepaHCTbl CNEKTPOCKONUAHDI reIni-Kocnasnbl KOHAEHCATTapAblH
3apAATanfaH HaHOKnacTepsiepiH 3epTTey YWiH KoaaaHy

lenuiiaeH xaHe KocnanapaaH (~ 1% of H,. N,. Ne, Kr, Xe, xaHe T.0.) TypaTblH ra3aplK afbiC WbIHbI MEH-
3ypKaZla opHanacKaH ackblH akkbiWw renuigiy (He-1l) 6eTiHe 6arbiTranagbl. KocnaHbiH GenwekTepiHiH
KOHAEHCaUUA MpoLueciHAe acKblH aKKbIW TrefvingiH KenemiHAe refvin-Kocnanbl KoHAeHcaT Ty3ineai.
YKyMbICTbIH HaTuxenepi reauii-kocnanbl yarinepain 6y3biny caTtbicbiHAA 3apAATbIH 6onybl Typanbl 6o-
Kamabl pacTangbl. 3apsaTapablH TabuFaTbl KeHe onapAblH naiga 6oy MexaHu3Maepi ani ae ToNbIK
awblnMaraH 6onbin Tabblnagbl XKaHe api Kapal 3epTTeyai KaXeT eTesi.

TyiiH ce3aep: MMNeLaHCTbl CNEKTPOCKONUSA, aCKbIH aKKbIW refinii, Kocna-reanini KoHaeHcar.

A gas jet consisting of a mixture of helium
and impurity (~ 1% of H,, N,, Ne, Kr, Xe, etc.)
gases was directed onto the surface of superfluid
helium (Hell) contained in the glass beaker. During
condensation of the impurity particles in the bulk

superfluid helium the so—called impurity—helium
condensate is formed [1].

Recently in 2013, charges were detected for
the first time during destruction of the nitrogen-
helium samples [2]. For further investigations it
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was proposed to use methods of the impedance
spectroscopy. We used a sensor of planar geometry
with two conductive meanders (the sensor capacity
was of 7.9 pF). In the experiments the temporal
dependencies of the impedance were carried out
at frequencies of 2700 and 3000 Hz. The voltage
amplitude was of 5 V.

Synchronously with lowering of helium level
in the glass beaker, the sample shrinks and then
destroys through explosions accompanied with
current pulses and bright flashes. Simultaneously
with explosions, temperature and pressure peaks,
as well as resistance and capacitance jumps were
observed.

These results support the hypothesis of charge
existence at the stage the destruction of the
impurity—helium samples. The nature of the charges
and mechanisms of their appearance are still open
questions and demand further study.

The measuring technique with use of the planar
sensor has shown good performances and allowed
to investigate the behavior of the impurity—helium
samples in Hell as well as during their destruction
processes.

The described construction of the sensor is very
simple, easily reproducible and may be applied in
investigations of low-temperature films, coats, and
matrices.
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