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1. INTRODUCTION

For the understanding of high temperature superconductivity it is neces-
sary to analyse such features in which the new materials distinguish them—
selves from usual superconductors. One feature is the he.;t capacity at low
temperatures, where a term linear in temperature was observed for high tem—
perature superconductorsl-q) . As was shown mecently3 A4) this anamaly is not
only related to an impurity effect. In measuring the heat capacity of super-
conducting YBaZO.13O7 and dielectric \"BaZCu3 6’ prepared by oxygen reduction
of the former, Collocott et a1.3) cbserved a decrease of the linear term to
(1.16 + 1.91) mJ/mole-K2, Similar results were obtained by Kumagai et al.?)
for the Laz_xBaxCuO compounds. Here the appearance of the superconductivi-
ty for x-0. 02 is connected with an increase of c/T of about 5 mJ/mole- KZ.

The authors”’ explain this behaviour within the resonating valence-bond mo-
dels) where the T-term is a consequence of the highly correlated ground sta-
te. An alternative explanation is given in ref .3) assuming in consistency
with the acoustic measurements of Golding et al.®’ and the bipolaronic theo-
ry of de Jongh” that the excess heat capacity is caused by two-level sys-
tems (tls) like in glasses.

A very sensitive method for the test of the last version are the measu-
rements of the long time energy relaxation. As was shown for various glasses
Gee e.qg. ref.a)) the wide relaxation time spectrum of tls leads to a long ti-
me relaxation of energy after a rapid temperature change. The first results

presented in this paper demonstrate the glass-like behaviour of energy re-

laxation in }!BaZCu:!O7

2, MODEL

At low temperatures the long time relaxation observed in amorphous so-
lids can be treated within the standard phenamenological tunnelmg modelg’
10) . If one assumes a uniform distribution of tls,

P{A,\) = P = const ’ (1)




where A is the asymmetry energy and A is the tunneling parameter, the stan-
dard tunneling theory gives a time dependent density of states i

n(E,t) =n(t) = (P/2)1n(4r_/7l;in) . (2)
a time dependent heat capacity
e, = @AE/12PTInMGL/ T, ) @)

and a corresponding power releaSe after cooling the system from equilibriwa
temperature Tl down to T0

o, T ,t) = vorkZ20802 /e (@)

where E 1is the energy difference between two levels, Tmin is the shor-
test relaxation time and V the volume of the specimen,

Indeed, an accurate g1 dependence of power release was observed for
various glasses. However, the temperature dependence holds for low enough
temperatures (Tl,Tos2 K) only. For higher temperatures Tl one achieves bet-
ter agreement with the experimental! data using the energy dependent distribu-

tion function®

n(g,t) = no(t)/(l + exp(E - Ef)/kBTb)' B (5)
whore Ef - !:BTf and 'I‘b arc conztont, With (8), =g=.{2) ond {4) ozo trons
formed into

.22

€y = ¢ kB/12)P11(T/Tf,Tb)Tm(4t/7mn) v (6)
and

. o2, '

0T, T, = VOrk2/20)B(L, (1) /T TOT = L (T /T, )T /e, (D)
where

x2exp (=x) dx @)
)2 (L + exp((KT/Tg = 1) /(T /T )

(o)
2
1(T/T.T>=(e/rr>f
1 £ (1 + exp(
0

T/T
£
L@/, T,) = 20T/ J' (T/TE) T, (/T T) AT /T) . )
0

Similar values of Tf were obtained for all amorphous solids (13 Ks

Tf‘24 K)a). Equation (7) holds only for T°<'I‘f/10, because the tunneling pa-

rameter A becames temperature dependent at higher tenperaturese'n) .

3. EXPERIMENTAL

46 cylinders of YBa,Cu,0. (T_ = 91 K, diameter : 1.0 cm, thickness :
0.1 = 0.3 am) were connected by copper foils and a copper holder with a Ge-
thermometer, a heater and a copper wire to provide contact with a mechanical
heat switch. The sample (42.854 g YBaZCu30.' and 37.615 g Cu). hung in the
calorimeter on 12 kapron threads (0.1S rmm in diameter, 30 mm long).

For the heat release study, the resistance drift R of the thermometer
was measured as a function of time t after the rapid cooling of the speci-
men fram equilibrium temperature Ty (2.35 KsTlilS.ll K} (where the specimen
remained for at least 10 hr) to To = 1.5 K. The time required for the coo-
ling fram Tldownto To=l.5Kissl"mminfig. 1.
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Fig. 1. The time tc required for cooling the specimen fram Tl down
to To = 1,5 K ’

The corresponding power release was then determined from the directly mea-
sured power release Om’ the heat leak OA and the background (')B as

O, T,0) =Q -0, -0y (10)
where

Q. = RC/@R/AT) , 11

) =AM - T . (12)

C 1is the heat capacity of the specimen, d3R/3T is the sensitivity of the
thenn.:xneter, and A is the coupling constant between the specimen and the
body of the calorimeter. The sample temperature T was chosen close to the
calorimeter temperature, which was kept constant (to 10-4 K). For T(t) -T°=
= 10—2 K the temperature was referred to To=Tk by the heat switch. The pa-
rameters A = 0.14 nW/mK and QB = 0.5 nW were determined experimentally.

3



Table. The distribution parameter Pm of tls in YBaZCu307 and vit-

reous silica obtained by heat capacity, acoustic and energy re-
laxation measurements

- .38
Pm(lo /39)
heat capacity acoustic meas. energy relaxation
am. 510, 2.4 % 3.4 ref 1) 1.0+ 1.4 ref 1718 045 - 1.5 reg,14/19)
¥Ba,Cu,0, 3.7 7 6.0 re£d 45 ret® 2.4 this work

YBa,Cu;0,

T, =13,75K
T,=10,89K

T, = 8,74K.
T,= 617K

g (pWig)
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t (min)

Fig. 2. The specific power released in YBa2m307 after cooling from

to To = 1.5 K as a function of time. Straight li-
-1
t

various Tl

nes : g~

The accuracy of the measurement is limited by the time fluctuations of C)B,
approximately to 0.1 i,

For excluding the heat release in the holder due to hydrogen bubbles
in copperlz'n), the specimen was kept at 4.2 K for a weak before beginning
the heat measurements. As was shownn) :
gible for T, <20 K.

1
At last the heat capacity was measured.

the power release in copper is negli-

4, RESULTS AND DISCUSSION

The specific power release q = (O/m (m = 42.854 g) after cooling from
various Tl to T°=1.5Kasaf1mcti.moftime (t = 0 at the beginning
of the cooling down) is shown in fig. 2. Exact t ‘-dependence is observed
for all Tl and t>2tc, without any systematic deviation even after 30 hr
(Tl = 15.11 K). We have also got for the Tl—dependenoe of the power release
a typical glassy behaviour. Figure 3 shows the values .t as a function
of T - T2, (T = L.5 K. With B_ = 2.4-10°%/3g, T,=13K T, =0K eq.
(7) (curve 2) agrees with the experimental results very well, while eq.(4)
(curve 1) holds for Tls3 K oiuy. The same Tl-dependence (Tf = 13 K, Tb

= 0 K) and a similar value of P (see the table} were obtained for amorpho-
14,15)

us silica
In agreement with acoustic measurements of Golding et al.G) the long-

time heat relawvation ctudy chows that tlc ewict in VB2 O0 0, Now, wo must
) T T 277377 4
answer the question whether the existence of tls is an intrinsic feature

or it is caused by impurities or defects,
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Fig. 3. The value g.t as a function of Tl - Tg (T° = 1.5 K)y

2.4-10%%/39) .
2.4-10%%/39),

1 - standard tunneling theory (eq.(4) with Pm
2 - modified tunneling theory (eq.(7) with Pm
Tf=13K and Tb=0K)



From the difference between measured heat capacities for superconduc-
ting ¥Ba,Cu0; and dislectric YBa,Cu,0 (c/T = 1.16 + 1.91 mJ/mole-k2)3)
eq.(3) gives B = (3.7 = 6.0)-10°"/Jq using In(4t/7,; ) = 30, (T, =
= 10710 sec, t = 300 sec), not far from B_ = 4.5-1038/Jg from acoustic mea-
surenentss), and our value f’m = 2.4-103 /Jg. The differences between the
Fm—values are not larger than between the corresponding values for amorphous
silica (see the table). Therefore, it is probable that in all measurements
the anamalies are of the same origin, i.e, it is an intrinsic feature of
YBa2Cu3O.1.

Nevertheless, it is not excluded that the tls are caused by impuri-
ties or inhamogeneities. In fig. 4 the heat capacity at low temperatures
(1.2 KsT<l5 K) is shown. With

c=AT2 4 aT + b (13)

w® get for 3 KsT<9 K : A = 400 mJ-K/mole, a = 42 mJ/mle-Kz, b = 0.64 mJ/

mote-k* and @ = 343 K. The Schottky-ancmaly AT 2
term together with a low Debye temperature, indicate a high impurity con-

centration in our YBa,Cu.0,. According to B, = 2.4-10%%/Jg the linear tem
due to tls is about 0.8 nﬂ/nole-l(z, i.e. only 5% of the measured value a=

= 42 mJ/mole Kz. .

and a large linear

2
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Fig. 4. The specific heat capacity plotted as c¢/T vs '1‘2 for
!’Bazcu30_,. Poi.nt;): this work, 1 - Phillips et al.l_),
2 - Junod et al.

The measurements of long time energy relaxation in !!Bazc'.x:;07_x (Osx<l)
and 1.212__)(BaxCuO4 (0<x<0.15) could be the answer to the question of the true
origin of tls in high temperature superconductors.

5. CONCLUSIONS

The low temperature long time power release after the rapid cooling of
YBazo.x307 show the behaviour typical of amorphous solids..The power is
strongly proportional to t7L (0.2 hr<t<30 hr). For T, = 1.5 K and Tls 3K
the results agree with the tunneling theory. It enables one to determine
the distribution parameter of tls Fm = 2.4'1038/Jg, which is not far from
the Pm-'values obtained by heat capacity and acoustic measurements. There-
fore, the assumption seems to be reasonable of the.existence of tls being
an intrinsic feature of the high temperature superconductors.

For T123 K (To = 1.5 K) the Tl-dependence of the power release can be
understood within the modified tunneling model assuming the existence of a
maximm energy Eg/ky = 13 K in the distribution function of the density of
states. This parameter is typical for amorphous solids too (13 K‘TESZ‘I K).
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Canuur C.
Crexknonmopgo6Hoe mosepeHne YBa g CugO,

E8-88-638

HaMepAmnCch MOMHOCTH TEINIOBHIZEJIEHHA NOcie GhCTPOro OX—
JlaxgeHHs OT paBHoBecHoi Temmepatypw T4(2,35K <T, <15,11K)
mo Ty = 1,5K u rennoemkocts (1,2K <T <100K). IomyueHHbie
BpeMeHHasa U TeMnepaTypHas SaBHCHMOCTH TeIIOBHOENIEHHA TaKHe
Xe KaK O aMOpGHBIX TBepAbX Tell. PesynbTupyomas IUIOTHOCTH
COCTOAHHA OBYXYPOBHEBHX CHCTeM OIH3Ka K BeJIMUHHAM, MONy-
YeHHBIM H3 TeMIOeMKOCTH H aKyCTHYECKHX H3IMEpeHHi.

Pa6ora sBmmosiHeHa B JlaGopaTopHH sfepHHX npobnem OUAH.

Ipenpuut O6BenMHEHHOro HHCTUTYTa AREPHBIX HecnenoBauuil, NyGua 1988

Sahling S.
Glassy Behaviour of YBa,Cug0,
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Long time power released in YBagCu g0, after rapid
cooling from the equilibrium temperature T (2.35K <T ;<
<15.11K) to Ty = 1.5K and the heat capacity (1.2K < T <
<100K) ‘were measured. The observed power release is si-
milar to those of amorphous solids. The resulting density
of states of two-level systems is close to the values
obtained from héat capacity and acoustic measurements.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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