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Do tunneling states and boson peak persist
or disappear in extremely stabilized glasses?

We have investigated how extreme thermal histories in glasses can affect their universal properties
at low temperatures. In particular, we have studied two materials which allow us to access highly-stable
glassy states, as well as their corresponding conventional glasses, in two different ways: (i) amber [1],
the fossilized natural resin, which is a glass which has experienced a hyperaging process for about one
hundred million years; and (ii) ultrastable thin-film glasses of indomethacin [2] (an organic molecule
commonly used in pharmaceuticals), prepared by physical vapor deposition at temperatures around 85%
of its glass-transition femperature.
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CoxpaHAITCA N TYHHE/IbHble COCTOAHUA U 6030HHbIE MUKKU
B CBEpXCTabuanM3npoBaHHbIX cTeKnax?

Hamu ncenepoBaHo BAMAHME HU3KMUX TeMMnepaTyp Ha yHMBepcalibHble CBOWCTBA CTEKOJ, @ UMEHHO,
AHTapb 1 cBepXcTabuibHble TOHKOMIEHOYHbIEe CTeKIa MHAOMEeTaLMHa.

MbI n3yyanu obpa3subl AHTapA, Bo3pacT KoTopbix 110 MunnmoHoB net, obbitbie B 3nb Connao (KaH-
Tabpus, MicnaHus). UsmepeHus yaenbHol TennoeMkoct Cp HETPOHYTbIX, YHaCTUYHO UM NMOSHOCTBIO OMO-
NOXeHHbIX 06pa3L0oB NPoBOAMANCH B TeMnepaTypHoM AnanasoHe 0,07 K<T<30 K, a Takxe npu Temnepa-
Type cteknonepexoga Tg 150C. [yTtemM cpaBHeHUs ABYX BUA0B BbICOKOCTaOUIbHBIX CTEKO Mbl MPULLIIN
K BbIBOAY, YTO MCYE3HOBEHWE TYHEeIMPYIOLLMX ABYXYPOBHEBbLIX CUCTEM B CBEPXCTAOMBbHBIX TOHKUX MeH-
Kax MHAOMeTaLnHa MOXeT ObiTb BCieAcTBUE KBasn-2D 1 aHM30TPOMHOro NoBefeHNs 3TUX CTeKOJ, YTo
MOXeT, B CBOI 04epe/ib, ObITb NOATBEPKAEHUEM UAen (OHOHHOIO B3aUMOAENCTBUA MeXAy ABYXYPOBHe-
BbIMU ccTeMamu, npeasioxkeHHon H0 u JlepxeTTom.

KnioueBbie cnoBa: MHAoMeTaLH, CBEpXCTabuiibHble CTEKNA, ABYXYPOBHEBbIE CUCTEMbI, CTEKIONEPEXOS,
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Aca TypaKTaHAbIpbUIFaH WbiHbINApAaFbl TYHHENbAIK XKaFaannap
)9He 6030Hbl WbIHbI cCaKTanaabl Ma?

bi3 TemeH TeMnepaTypa KesiHAe WbIHbINAPAbIH TeMNepaTypacbiHblH ©3repiciHiH 0NapAblH epeKiue
KacueTTepiHe acepiH 3epTTeAik. ATan anTKaHAa, eKi 3aTTbl @) KAPIiNTacTbl XaHe 3) MHAOMEeTALMHHIH aca
TYPaKTbl )KyKa KabblKLWanbl WbIHbLIAPbIH 3epTTeAiK.

Bi3 110 MunnvoH xbin 6onfaH, Snb Connaoaa (KaHtabpusa, Mcnanus) TabbinFaH KapinTacTbiH yAriciH
3epTTedik. bypbiH KongaHbinMaraH, GenweKTell HeMece TO/IbIFbIMEH XacapTblUlFaH YNrinepAiH MeHwWiKTi
xbutycbiibiMabuiblFbiH Cp enwey 0,07 K<T<30 K temnepatypanbiK AvanasoHAa, COHbIMeH Katap Tg
150C whIHbI aybicy TeMnepaTypacbiHAa Xyprisingi. ofapbl TypaKTaHAbIPbIIFaH LWbIHbIHBIH €Ki yAriciH
canbICTbIpy osbiMeH 6i3 HAOMETaLMHHIH aca TypaKTaHAbIPbIIFaH XKyKa KabblKlWwanapblHaa eKi geHreinni
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TYHenbAeyLi xynenepaiH xofanybl, o3 KeseriHge HO xoaHe JlemxeTT yCcbiHFaH eKi feHrenni xyrenepain
apacblHAafbl ©3apa OHOHABIK acepfiecy MAEACbIH pacTalTbiH, OCbI WbIHbINApAbIH KBa3n-2D aHe aHu-
30TponTbl TOPTiOiHiH 8cepiHeH 60nybl MyMKiH lereH KOpbITbIHAbIFA Kengik.

TyiiH ce3aep: MHAOMETALMH, aca TypaKTaHAbIPbUIFaH LWbIHbINAP, eKi AeHreli )Kynenep, WhlHblaybICy.

We have investigated how extreme thermal
histories in glasses can affect their universal
properties at low temperatures. In particular,
we have studied two materials which allow us
to access highly-stable glassy states, as well as
their corresponding conventional glasses, in two
different ways: (i) amber [1], the fossilized natural
resin, which is a glass which has experienced a
hyperaging process for about one hundred million
years; and (ii) ultrastable thin-film glasses of
indomethacin [2] (an organic molecule commonly
used in pharmaceuticals), prepared by physical
vapor deposition at temperatures around 85% of its
glass-transition temperature.

Specifically, we have studied 110-million-
year-oldamber samples from El Soplao (Cantabria,
Spain). Specific heat Cmeasurements of pristine,
partially- and fully-rejuvenated samples were con-
ducted in the temperature range 0.07K <7 < 30K,
as well as around its glass-transition temperature
T, = 150°C. A modest increase of the boson-peak

height (in Cp/T?) with increasing rejuvenation was
observed, that can be related to a corresponding in-
crease of the Debye coefficient. The amount of two-
level systems, assessed at the lowest temperatures,
was however found to be exactly the same for the
pristine hyperaged amber as for the subsequently
rejuvenated samples. On the other hand, we have
observed an unexpected suppression of the two-lev-
el systems in the ultrastable glass of indomethacin,
whereas conventionally prepared thin films of the
same material exhibit the usual linear term in the
specific heat below 1 K ascribed to these universal
two-level systems in glasses.

By comparing both highly-stable kinds of
glass, we conclude that the disappearance of the
tunneling two-level systems in ultrastable thin
films of indomethacin may be due to the quasi-2D
and anisotropic behavior of this glass, what could
support the idea of a phonon-mediated interaction
between two-level systems, as suggested by Yu
and Leggett [3].
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