Japanese Journal of Applied
Physics

" The Japan Society
87" ofApplicd Physics

Two-Level System Constituted by Trapped
Deuterium in Nb and Ta

To cite this article: G. Cannelli et al 1987 Jpn. J. Appl. Phys. 26 879

View the article online for updates and enhancements.

You may also like

- Acoustic interactions between inversion

symmetric and asymmetric two-level

systems
A Churkin, D Barash and M Schechter

- ASSESSMENT OF MODELS OF

GALACTIC THERMAL DUST EMISSION
USING COBE/FIRAS AND COBE/DIRBE
OBSERVATIONS

N. Odegard, A. Kogut, D. T. Chuss et al.

- Nonuniversality and strongly interacting

two-level systems in glasses at low
temperatures
M Schechter, P Nalbach and A L Burin

This content was downloaded from IP address 3.144.9.141 on 25/04/2024 at 17:11


https://doi.org/10.7567/JJAPS.26S3.879
https://iopscience.iop.org/article/10.1088/0953-8984/26/32/325401
https://iopscience.iop.org/article/10.1088/0953-8984/26/32/325401
https://iopscience.iop.org/article/10.1088/0953-8984/26/32/325401
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.3847/0004-637X/828/1/16
https://iopscience.iop.org/article/10.1088/1367-2630/aac930
https://iopscience.iop.org/article/10.1088/1367-2630/aac930
https://iopscience.iop.org/article/10.1088/1367-2630/aac930

Proc. 18th Int. Conf. on Low Temperature Physics, Kyoto, 1987
Japanese Journal of Applied Physics, Vol. 26 (1987) Supplement 26-3

AMO02

Two-Level System Constituted by Trapped Deuterium in Nb and Ta

G. Cannelli, R. Cantelli’ and F. Cordero

Istituto di Acustica "0.M. Corbino",

C.N.R., via Cassia 1216, I-00189 Roma, Italy

+ Dipartimento di Fisica, II Universita di Roma, via O. Raimondo, I-00173 Roma, Italy

The two-level system

(TLS) model is used to interpret the anelastic relaxation observed in the

Nb-O(N)-D and Ta-O(N)-D systems at low temperature. In Ta there is clear evidence that the TLS inte-

ract mainly with the conduction electrons.

1. INTRODUCTION

In Nb and Ta interstitial hydrogen and deuterium
are trapped by heavy interstitial impurities and
give rise to effects at low temperature which are
due to their tunneling among sites coordinated with
the trapping centres |1-6|. The geometry of the
tunnel system and the nature of the transitions of
H(D) among the quantized levels is at present ob-
ject of investigation. The present paper displays
further evidence that a two-level system (TLS) mo-
del with transitions assisted by electrons explains
many features observed in Nb and Ta at low tempe-
rature.

2. EXPERIMENTAL

The samples were polycrystalline circular plates
of Nb (30 mm in diameter and 2.5 mm thick) contain-
ing 0.13 at% O and 0.015 at% N, and of Ta (36 mm
in diameter and 1.4 mm thick) with 0.053 at% O and
0.016 at% N. Deuterium doping was carried out in
the annealed samples by thermal treatments in ap-
propriate gas atmospheres.

3. RESULTS AND DISCUSSION

The anelastic relaxation Q = as a function of
temperature of Nb-O(N) doped with deuterium is com-
posed of two thermally activated peaks placed, for
a vibration frequency of 20 kHz, at 1.5 and 4 K
|2]; in fig. 1 is shown only the peak at 4 K, which
will be analyzed here. A similar spectrum is obtai-
ned in the H doped sample, with the peak tempera-
ture shifted to lower values |2|. The anelastic re-
laxation as a function of inverse temperature of
the Ta-0(N) sample doped with 0.25 at% D at 7.5 and
30 kHz is presented in fig. 2.

In Nb the process giving rise to the peak at
lower temperature has been detected with various
experimental techniques and attributed to a TLS
constituted by an 0-H(D) complex with tunnel energy
of about 2:3 K for H and 0.24 K for D |1,3-6].
Because the theory of TLS is independent of the
exact atomic configuration which tunnels |7], it
can be supposed that also the present higher. tem-
perature peak in Nb is due to a TLS arising from a
different O-H(D) configuration or an 0-2H(2D) com-
plex |1].

In the case of an O-H(D) complex it is supposed
that H(D) is delocalized near the O(N) trap in two
equivalent sites, which may differ in energy of 4
due to the elastic interactions with the other de-
fects; the first two levels of the tunnel system
are splitted of E = (A(,2+A2)1/2 , where A, is the ma-
trix element of tunneling. The vibration of the
sample changes E, giving rise to anelastic relaxa-
tion whose intensity is:

2
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where n is the volume concentration of TLS,
D = dE/de is the change of E with strain &, c the
elastic stiffness coupled to the TLS and B = 1/kT.
The relaxation peak is given by the Debye formula:

Q (T) = 6(T) owrt

1+(co1:)2
where @ is the angular frequency of vibration and
7(T) the relaxation time of the TLS; ¢(T) depends
on the type of interaction between the TLS and its
environment, which can occur through phonons and
through the conduction electrons.

The one-phonon contribution to the relaxation
frequency is slowly varying with temperature,
111h}<coth(BE/2); it would give rise to peaks broa-
der than those observed and therefore it will not
be considered here.

The contribution from two-phonon transitions has
a much stronger dependence on T, Tééh“ 77 in the
high temperature limit, and therefore gives rise
to narrow peaks. Higher order transitions should
be relevant at higher temperature and will be ne-
glected here.

Another type of interaction of the TLS with the
crystal is through the conduction electrons. The
temperature dependence of vg% is identical with the
one-phonon relaxation:

-1

T 2
T |K”n(EF)Ao/E| E coth(BE/2)

where n(EF) is the electron density of states at
the Fermi level and K, is the TLS-electron coupling.
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Fig. 1. Anelastic relaxation in Nb-O(N)-D at two
vibration frequencies. Shown are also the best
fits with two-phonon and electron interaction.
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The relaxation rate drops when the metal becomes
superconductor, because the number of free electrons
able to interact with the TLS is reduced |8|. For

E less than the BCS energy gap Ag the expression of
the relaxation rate is approximately:

-1

e = & [Kyn(Ey) B/E|° [p(1eePe)]

which is again strongly dependent on temperature.
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Fig. 2. Anelastic relaxation in Ta-O(N)-D at two

vibration frequencies. The solid line represents
the fit for the TLS-electron interaction.

In fig. 1 are shown the fits to the peak measu-
red in Nb-O(N)-D obtained assuming electron or two-
phonon interaction; they are nearly equivalent and
in both cases E ¥ A, £ 10 K is obtained for the
tunnel energy; it is impossible from these fits to
decide which of the mechanisms is predominant. A
similar result is obtained in Nb-O(N)-H |2|, with
nearly the same value of A,;the absence of the iso-
tope effect on B, is in disagreement with theory,
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which would predict a lower value of the tunnel
energy for D than for H. For the coupling to the
electrons K,n(Ep), 1.3x10~2 and 3.1x10-3 is found
for H and D respectively.

In the tantalum-deuterium system the relaxation
curve extends itself in both the normal and super-
conducting regions, and has a discontinuity in the
slope at the transition temperature T,, suggesting
that the relaxation is mainly governed by the elec-
trons. Indeed, the analysis in terms of TLS inte-
racting with the electrons, shown in fig. 2 as a
continuous line, is satisfactory. Because deuteride
formation occurred in the Ta sample, the large
random strains due to precipitation give rise to an
appreciable distribution of the asymmetry A, which
was assumed to be a gaussian of widtho,. From the
fit the following values of the parameters of the
TLS were obtained:

Ay = 1 K Kyn(E) = 1.7x1072 6, = 15 K.
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