S. Sheludiakov et al. 41

UDC 533.9.004.14; 621.039.6

'S. Sheludiakov”, 'J. Ahokas, 'J. Jarvinen, '?D. Zvezdov,
'0. Vainio, 'L. Lehtonen, 'S. Vasiliev, *S. Mao, *V.V. Khmelenko,
D.M. Lee

"Wihuri Physical Laboratory, Department of Physics and Astronomy,
University of Turku, 20014, Finland
?Kazan Federal University, 420008, 18 Kremlyovskaya St, Kazan, Russia
SDepartment of Physics and Astronomy, Texas A&M University, College Station, TX, 77843, USA
"E-mail: seshel@utu.fi

Magnetic resonance study of atomic hydrogen stabilized
at high densities in solid H, and D, matrices

Hydrogen and deuterium solids at low femperatures represent a special class of quantum crystals,
where due fo the large zero point oscillations and light mass, the effects of quantum tunnelling play
important role. Behaviour of atomic impurities in these crystals attracts special attention due fo possibility
of reaching collective quantum phenomena related with Bose-Einstein Condensation (BEC) or so-called
supersolidbehaviour. This may happen at high enough densities of atomic hydrogen.
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MarHuTHO-pe3oHaHCHOe uccieaoBaHMe aTOMapHOro BOAOPOAA CTabMIN3MpPOBaHHOIO
npu BbICOKMX MJIOTHOCTAX B TBepAbIX Matpuuax H,u D,

Bogopoa v peinTepuii B TBEpAOM COCTOSHUM MPU HU3KUX TemnepaTypax NpeAcTaBisioT 0cobbIi
KJacc KBaHTOBbIX KPUCTaN/0B, B KOTOpPbIX, 6narogaps 60/bWNM HyleBbIM KoNeGaHUsIM 1 Majoi Macce,
3¢ (eKT KBAHTOBOIO TYHHENIMPOBAHWA UrPaeT BaXKHY posib. Mbl 06HapYXMn, YTO KBAaHTOBbIE N30TOMK-
yecKue peakuun obmeHa D+H,=H+HD 1 D+HD=H+D, npoxoaAT ¢ A40CTaTO4YHO BbICOKNMU CKOPOCTAMM
npu Temnepatypax Hvxe 1 K1 3HaunMTeNbHO yBeNMYMBAIOT KOHLEHTPaLMI0 aTOMapHOro BOAOPOAa B NJeH-
Kax cmecn H;D; H,;D,. Mbl nonaraem, 4to B3aMoAenCTBIE 3/IEKTPOHOB aTOMa BOAOPOAA C MarHUTHbLIMM
MOMeHTaMu OpTO-feliTepreBbIX MONEKY/ CYLLeCTBEHHO Yy/yylaeT BO3MOXHOCTM CyLLeCTBOBAHWUSA 3anpe-
LLLeHHbIX COCTOAHUI.

KnioueBbie cnoBa: aToMapHbIi BOAOPOA, KBaHTOBbIE KpUCTaibl, KBAHTOBOE TYHHeNMpoBaHu1e, Mar-
HUTHbIN pe3oHaHc.
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TypakrauabipbinFal H, xxeHe D, KaTTbl MaTpuuanapbiHaa
YKOFapbl TbIFbI3AbIK Ke3iHAe aTOMAbIK CyTeriHi MarHUTTik-pe30oHaHCTbl 3epTTey

KaTTbl Kyigeri cyTeri MeH [einTepuii TeMeH TemnepaTypa KesiHAe Henfik TepbenicTiH »oHe Kilui
MaccacblHbIH apKacbiHAa KBAHTTbIK TyHeNbAiK 3 deKT MaHbI3zbl 60M1bin TabbinaTblH KBAHTTLIK KpUCTan-
Aap Knacbl 6onbin Tabbinagel. bis D+H,=H+HD xane D+HD=H+D, KBaHTTbIK N30TONTbIK anMacy peak-
umsanapbl 1 K TeMeH TemMnepaTypaja anTap/ibIKTal Xofapbl XblIAaMAbIKNeH eTeTiHiH xaHe H;D; H,:D,
KoCnacblHbIH KabbIKlIacbiHAA aTOMABIK CYTeriHiH KOHLEHTPauusACbIHbIH apTaTbiHbIH aHbIKTaAbIK. bi3
cyTeri aTOMbIHbIH 3/IeKTPOHAAPbIHbIH OPTO-AENTEPUIAIH MarHUTTIK MOMeHTIMEeH e3apa apeKeTTecyi Tbli-
bIM casiblHFaH XafaannapabiH 601y MyMKiHAIrH anTapbIKTan )akcapTaabl Aen 6omKanMbI3.

TyniH ce3pep: aToMAbIK CyTeri, KBaHTTbIK KpYCTanaap, KBaHTTbIK TYHHeNlbAey, MarHUTTIK pe30HaHC.
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Hydrogen and deuterium solids at low
temperatures represent a special class of quantum
crystals, where due to the large zero point
oscillations and light mass, the effects of quantum
tunnelling play important role. Behaviour of atomic
impurities in these crystals attracts special attention
due to possibility of reaching collective quantum
phenomenarelated with Bose-Einstein Condensation
(BEC) or so-called supersolidbehaviour. This
may happen at high enough densities of atomic
hydrogen. In our previous work we succeeded in
reaching record high densities of atoms 41019
cm-3 [1]. This was done by implementing a novel
method of in-situ dissociation of H, or D, molecules
by low temperature (2 and D, matrices below 1K

Samples of H and/or D in solid H,/D, crystals
were created in two stages: 1) we deposited a thin
film of solid molecular para-H, (ortho-D,) onto a
cold (

We found out that quantum isotopic exchange
reactions D+H,=H+HD and D+HD=H+D, go with
high enough rate at temperatures below 1K and

effectively increase the concentration of atomic
hydrogen in H;D; H,;D, mixture films. Efficient
dynamic nuclear polarization (DNP) of H in D,
matrices was created via both Overhauser and solid
effects. We suggest that interaction of electrons of
the H atoms with magnetic moments of ortho-D,
molecules greatly enhances probabilities of
forbidden transitions. The presence of D, molecules
in a close neighbourhood of H and atoms was
supported by observation of the holes in both
ESR spectra of H and D atoms during pumping
the position of the satellite lines which appear due
to simultaneous spin flips of the electron of the
atom and the deuteron spin on a neighbouring D2
molecule. In addition, pumping the center of the
H spectrum created negative DNP. All attempts to
observe DNP via the solid effect and pumping the
center of the spectrum in pure H, were unsuccessful.
We discuss possible explanations of this effect being
due to the nuclear polarization transfer between H
and D, or strong exchange effects between clusters
of H atoms.
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