
15 Korr. 

FI
 

" ~ 

~
 

I 
l 

Ofi beAMHeHHbl M
/1 

MHCTMTYT 
1 ~,/ RAe pltMX 

MccneADsaHMM 

AY6Ha 

i: 
'--"""'"" <;»: --.... 

E8-86-103 

M.Kolác, B.S.Neganov, A.Sahling, S.Sahling 

LONG-TIME TUNNELING 

IN AMORPHOUS METALS-

l 
AT HELIUM TEMPERATURES 

Subrnittad to 
"Journal of Low Ternperature Physics" 

. 
PeAal<TOp 3. B. HBaIllKeBH'tI. MaKeT p.n.~OMHHOH. 

nOAnlo1caHO B nevar s 25.02.86. 
4lopMaT 60x90/16. O$CeTHaR nevar s • YI.I.-1013A.1lIo1CTOB 1,01. 

THpa)l( 275. 3al<a3 37382. 

H3AaTellbCI<Io1H oTAell 06DeAIo1HeHHoro Io1HcTIo1TyTa RAepH~X Io1cclleAoBaHIo1H. 
~y6Ha MOCI<OBCI<OH 0611aCTIo1. 

1

1 
I 

1 1986t~ .11 

~ 



1. Introduct1on 

Very-long-t1me heat relaxat10n at 10w temperaturas was ob­
served in several amorphous dieleotr1cs, e.g.,in v1treous s1l1ca/1- 4/ , 
PMMA /5,~/, and in var10us other organ1c materiaIs /4/. S1noe such 
relaxat10n is' understood in the terma o! phenomenolog1cal tunneling 
model /7,8/, it may be a oommon feature o! alI amorphous materiaIs, 
1.e.,alao of metall10 glaases. Tben we would be able - measur1ng the 
heat release - to determine the dens1ty of tbe two-lavel states even 
for metaIs in normal state, where the heat capao1ty measurementa are 
of l1ttle use becauae of the electron terro. 

Concerning amorphous metaIs, heat release measurements have 
been performed w1th superconducting Lazn only /9/ up to now. Heat 
release observed was about a hundred times larger than in VitreouB 
s11ica probably due to the ortho-para conversion of hydrogen admix­
tures, and w1th this thermal background, power due to the tunneling 
was not seen. Indeed, the heat capacity measurements with superoon­
ducting metaIs /10,11/ and with vitreou~ 9il1ca /12-14/ show that 

the densit1es of the tunneIing states in those materiaIs do not .-.... 

d1ffer easent1ally; the heat release should therefore be of the aa 
order.• 

In this work, tbe resulta of the he~t relaxat10n exper1mont 
with two metal glaases are presented. Some of the prel1minary reDU'·' 
bave already been published in Ref. 15. 

2.	 Theory 

Many low-temperature (TES1K) features typical pf amorphOUD 
solids in contrast to the cryatalline materiaIs may be expla1nod 
w1th tbe phenomenolog1cal tunneling model /7,8/. Accord1ng to thla 
model, locaI1zed two-level systems character1zed by quantum moohan 
cal tunneIing through the potential barr1er between two wolla oz1a 
in glasses. The parameters of each two-level system aro aoymmotry 
energy A, barr1er energy VE, well separation d, tunnol1ng ODup11 
energJ A10• t ""'. exp( - A), where l\.lA.1. is the zero 

\ 

~o1nt onorlY 
. 

ei ther well, and t,be tunnel1ng parameter À a d(2mVE) /2/l (m ia 
the'mass a! the tunneling object). The onorgy op11tt1nB botwoon th 
t1ro Iowest states in tbe two wells is B • (.42+A~)1/2. 'I" 
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To expla1n the t1me-dependent specific heat term, approximately 
.proportional to T, observed in glasses, in the framework of tunneling 
model, the distribut10n function of two-level systems p(Á,A ) does 
not need actually to depend on A and À • For small values of A 

and A , contributions or whicb manifest itself for T =6 1K and short 
measuring times, an assumption of un1form distribut10n 1s reasonable, 
namely 

P( 4, À) ... P = const. (1) 

This g1ves a t1me-dependent density of states /7,8,16,17/ 

n(E, t) = n o(t) a (P';2)ln(4t/ t."min) (2) 

and tbe corresponding contribution to the specific beat 

0t ... (3t2k~12)TP:Ln(4t/'t:m1n)' (3) 

where kB ·1s the ~ltzmann number, and 'C'min 1s the ahortest relaxa­
tion time. As a r~sult, heat release appeara after cool1ng the system 
from the equ11ibrium temperatura T1 to the temperature To, 

Q 11I V 

T1J (dc/dt) dT ; (4) 

To 

with the uniform d1stribution (1), we have trom () 
• 2 2 22 .­Q(T1,To,t). V(1e kB/24t)(T1-To) P, (5) 

where V 1s the volume o! the spec1men. 
Equations (2), (3) and (5) hold for small values of E on1y. Be­

cause of the finite number o! tunneling part1cles, the dens1ty of 
statea n(E,t) should falI to zero for large B. To take th1s fact into 
account, calc~lat1ons o! ct and Qwere performed us1ng 

n(E,t)	 .. no(t)/(1+exp(~Er)/kBTb»' (6) 

"here Er .. kBT! and Tb are constantl kBTb 1s the "widtb" of the tran­
s1ent region. Por Tb/Tf ~ 0, (q) transforma 1nto 

n(E,t) • no(t) for E ~ E! ' (7) 
n(E,t) .. O for E>E!. 

Uaually, ma:z:!mum value of E has been connected ri th max1mum 
value of barrier height Vmax' and V ~ kBTg ~ 0.1 eV (Tg 1s the 
glass temperature) was assumed/7,17~ Then (1) should bold well at 
hellum temperatures. We shall see th1s 1s not true for our speo1men, 

"hera Er« kBTs' 
With distribution (6), we get - 1nstpad of (3) ­

2 2	 ­ct - (~ kEl12)PI1(T/T!,Tb)ln(4t/~m1n) , (8) 

m~~ilitit~'1 BBtmTJ'!'
UetmMi mtC~RlD5lmM.l
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where	 00 

x2exp (-x)<Ix 
11(T/Tf,Tb) (6/:JC2 ) J . (9)

(1-exp(-x»2(1+ex~«xT/Tf-1)/(TbTf»)° 
and - instead of (5) ­

Q(T1,To' t )=( .1t.2k~24t)PV{I2(T1/Tf, Tb)T~-I2(To/Tf, TQ)T~) , (10) 

whel'é 
T/Tf 

12 {T/ Tf , Tb )=2(Tf / T)2 ~ (T/Tf)I1(T/Tf"Tb)d{T/Tf)· (11) 

° 
Pinite number of tunneling particles makes us also introduce the 

maximum tunneling parameter ~max' ando a corresponding maximum rela­
xation time "tmaxi ~hen for t;::; t'max (2), (J) and (5) are incorrect. 

Alter cooling the specimen sufficiently fast from T to 
cited tunneling particles relax and tbe total energy .~ of 
tem decreases according to 

N 

E(T,O,t) == L ti (T,O)exp(-t/'l::i) , 

i=1 

where Ei(T,O) ia the sum of the excitation energies at T 

To""0 , ex­
the sys­

(12) 

of alI 
levels w1th relaxation time ~i; N ia the total number of varioua 
relaxation-time values. Tranaition from the aum of the integralgives 

'Z::max
t{T,O,t) J f(T, 0, -C ) exp(-t/t )d'C' , (1 J) 

tqdn 

where f{T,O,~ ) is proportional to the relaxation time d1stribution 
tunction P{ 't' ). Since 't' .....exp(2 i\. ), P( 7:) (P/2 r) folloW's frem1:1 

p( A) • P.	 Wri tting 

t(T,O,~ )	 1:1 a(T)/~ , (14). 
we get trom (1), (14) 

Q"" õt/ õ t a{T)·t-1{exp{_~/'t" max)-exp{-t/ 'C » • (15 )a	 
rnin 

Express10n (15) really y1elds a usual t- 1 dependence of Q{t) for 
t ~·'l:"max. For t"> t max ' th1a dependence transforma into an exponen­
tial one. Comparing (15) with (10), we obta1n 

2..2 - 2s{T) (V.n;-lrB/24)Pl2{T/Tf,Tb)T • (16)1:1 

Then in a more ganeral case, the heat release atter rapid temperature 
variat10n from T1 to To (cooling when T1 >- To ' beating when T

1
<: To; 

4 

To, T1 '> O), equala (for t» 'tmin ) 

t-1 exp(-t/ ~max) • . (17)Q(T1,To,t)=(a(T1)-a(To» 

All expression we have written for Q(T1 , T , t ) are valid, if theo
thermal equilibrium was eatablished before the cooling (heating) at 

1st ua see	 what power ia to be releaaed when, after ~elaxationT1• 
.11	 ia completed at To, the apecimen is heated up to the temperature TH, 

and atter the time t H cooled to To again. The corresponding beat re­

lease will be ~ax 

Q(TH,T(ftH't)= 1 (a(TH)-a(T t:-2(1- exp (- t H/ t")exp (- t l r:: » d1;". (18)o» 

7inin 
Usually, Tmin« t« t"max ' and 

1(1+t/tQ(TH,To,tH,t) ==	 • (19)(a(TH)-a(To»t- n)-1 

Using (19), one can determine, how long t H must be for reaching the 
"equilibrium" heat release (tbeoretically, t H -...00 ). As a rule, 
t H 1:1 20 h in our experiments; t~e heat release 1 h after cool1ng 
differs from the equilibriutn one by..no more than 5 per cento 

It is interesting that the ratip of the power releaaed for two 
different t H and the same To does not depend on TH; thia ia not diffi ­
cult to prove experimentally. 

). Specimens and experiment 

Two specimens were studied. Specimen I was a strip of amorphous 
ferromagnet Fe80B14Si6 (produce~ in the Central Institute for Sol1d 
State Physics and Material Researcb of Acad.Sci., Dresden, GDR). Its 
length was 43.) m, width )1 mm, thickness 40 ~m. The strip was wound 
up into the form of a cylinder, 50 mm in d~a~eter. Strips of copper 
foil (thickness JO~) were fixed at various placeà between the wind­
inga of Fe80B14Si6 (total contact area ~600cm2); a .~hermometer (germa­
nium res1stor), a heater and a contact for the heat switch were mount­
ed on thi~ copper fo1l. The maaa of Fe80B14Si6 was 288.18 g, <that of 
the copper and resistors with negligible amount of the solder (no glue 
was used) equela 15.97 g. In auch system, tbermal equilibrium sets 
fairly fast throughout tbe specimen. Even under vel~ unsuitable con­
ditions, equilibrium was Bet in several tens of seconds. 

Spec1men 11 consisted of a strip of amorpbous ferromagnet 

C069Fp.4.5Cr2Si2.5B22 (of tbe same origin) with tbe length of 77.6 m, 
width 14.2 mm, and thickn~sa )5 ~m. The construction was almost the 
same as of specimen l, only specimen II conaisted of two "floors" 
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because of the ama11 w1dth of the atr1p. The maaa of 
C069Fe4.5Cr2Si2.5B22 waa 250.) g (124.4 g + 125.9 g), that of the 
copper 16.1 g. 

The exper1menta1 arrangement waa the aame aa in Ref. 19, 20. 
Spec1men I (11) with the thermometer and the heater hanga in the 
ca1or1meter an 12 (S) kapron threada (0.1) mm in d1ameter, )1 mm f.~ 
long). The coup11ng conatant A between apec1men I (II) and the body 
of the ca1or1meter w1th the heat awitch off waa a1ightly temperature 
dependent, Aa122 pW/mK (72 pW/mK) - i.e. about 10 pW/mK per one 
kapron thread - at 1.)K. The heat rea1atance of the c10aed aw1tch was 
determined aà 104 K/W at the aame temperature. 

The eff1c1ency of the awitch and a11 the contacta 1a demonatra­
ted in Fig. 1, where t1me neceaaary for coo11ng the apec1men from 
the temperature T1 to 1.)K ia ahown. 

The va1ue of the thermal background power QB a (11?0 ± 50) pW 
waa aomewbat larger than 1n previoua exper1menta. Since 1t 1ncreaaed 
after changing the rad1at1on ahie1da in the oa1orimeter central tuba, 
we auppoae QB be 1argely due to the rad1ation a10ng the BUspenaion 
ayatem. On the other band, maximum variat10n of QB 1n t1me,. which 
11m!ta the accuracy of meaaurement, W8S reduced to QB:6 100 pW. 

During the meaaurementa, beat capac1t1es of botb apec1mena were 
determined 1n the temperature range so~what larger than necesaary 
for the heat re1eaae oa1cu1at1ons. 

Tbe heat re1ease Qand the apec1f10 heat re1ease q • Q/m (m 1a 
the meaa of the amorphoua metal) were oa1culsted, as usual /1 9,20/, 

from the drift of the apecimen temperature with the heat sw1tch off, 
correot'd for tb~ be~t ba~kgro~d QB and heat 1eak QA: 

Q • ~ - QA - QB ' (20) 

where 
~ • RC/( i) R/ li T), (21) 

QA • A(TX - T) • (22) 

Q1a tbe mesaured powar, R1a the germanium tbermometer rea1atanoe 
drift, C 1a the heat capac1ty of the 
spec1men, t>R/ ê> T ia the aena1 tiv1ty of 
the thermomater; aa a ru1e, TK~ T. 

Fig.1. The time necaasary for coo1ing 
the specimen 1n the ca10rimeter from 
1'1 to T~ • 1.)K. 

1 -JleaoB14Si6' 2 - c069Pe4.5Cr2S12.5B22 • 
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F1g. 2. Tbe apec1f1c power re1eaaed in spec1men I (FesoB14S16) after 
coo1ing trom var10ua T1 ().12K~ T1 ~292K) to~To = 1.3K as a funct10n 

1•of the t1me. Stra1gbt 11nes: q rvt-

The resulta are preaented aa q Q/m - the power re1eased 1nc 

1 g of the mater1a1 under atudy. 
At the beg1nning, the spec1men was coo1ed from room temperature 

to 1.)K and the 10ng-t1me power re1eaae Q(t) was meaaured, unt11 1t 
dropped to the 1evé1 of background :t1uctuat1ona (100 pW). Then the 
spec1men was aucceas1ve1y heated to T1 ().12 ~ T1~ 292K) and-kept 
for t • 20 boura at that temperature; after another coo11ng to

H 
1.)K the time dependence of Q(t) waa measured aga1n. For aome valuea 
of T much-1eaB beating t1me was a1ao uaed, t H • 0.2 h and/or t H •1 
0.5 h. 
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Fig. 3- The apecitic power releaaed in 
ql~hl,pW/lI 

apecimen I 1 hour after cooling trom T1 
to To = 1.3K as a function of T~ - T~. o 

c - t H = 20 h~ • - t H = 0.5 h, Ã - t H= 
0.2 h (see the text); 1 - standard 
tunneling theory (5) witb P = 2.3 xm 
1037/Jg, 2 - equation (10) with P = 

F.,.B"SI.m 
2.3-1037/Jg, Tf = 20K, Tb =O. 

Fig. 4. The specific power released in 

specimen 11 (Co69Fe4.5cr?Si2.5B22) af­
T,2-T.2, K2 

ter cooling from varioua T1 (4.34K~ 

T1~40.0K) to To = 1.JK as a functioJÍ 
ot the time. Stra1ght lines q IV t-1_ 

.......
 

100F-q,pW/g. o o 40,0 K \l 13,8 K 
• o 

• 30,7 K e 12,0 K 

Ó. 24.3 K • 

10 

1 t , h 

9,91 K 

(i 7,94 K 

o O,28K 

e 05,050 K 

• 4,34K 

o 19,0 K 

A 10,6 K 

e 105,7 K 

.. o 

0,5 1 2 5 10 

4. Resulta 

For both specimens, heat release after cooling from arty "heat­
ing" temperature T1 is proportional to t-1 (Fig. 2,4). Deviations 
from the 8traight line just after the cooling for large T1 are evi­
dently due to un8ufficiently ~apid cooling (relaxat1on of levels 

. with amall E begins later) and to unfin1shed process of reaching the 
c.~, tbermal equilibrium throughout the specimen at the beginning of the 

) . measurements. Tb1s is tbe case of tbe spec1men 11 and T1~35K (see
C Fig. 4'). 

In Figs. 3,5' power release q(1h) =Q(1h)/m at t = 1h after the 
cooling i8 shown as a fun~:ion of T~ - T~ (To = 1.3K). For small T1, 
long-ti,me beat release increaae8 w1th increaaing T1; i t ia almos t 
independent of ot q(1h) after shortT1 for large T1.Measured values
 
beating time t H are a180 p~esented in Figs. 3,5•
 

5. Discussion 

Ortbo-para conversion in hydrogen bubbles, precipitated in the 
copper /18-20/ or in amorphous Lazn /9/, is well known as ,a source 
of a long-time beat release. But such heat release is not proportio­
nal' to t-1 (the dependence is more complicated) and tbe dependence 

on ~1 18 quite d1~erentl ~he h.a~ release 1a about thre. 

Q(1hl. pW/g30 

• 
Co..Fe."CrzSlz"Bzz 

2, K2T,2. To 

100 no 308 .00 no 

I Pig. 5. The apecif1c power released in specimen 11 1 hour after 

~)~ I cooling trom var10us T1 to To a 1.3K as a tunction of T~ - T~ • 

o - tu • 20 h, • - t H • 0.5 h (see the text); 1 - standard tunne11ng 
f" theory (5) witb:P = 1.2'103i /Jg, 2 - equation (10) with:P • 1.2 Xm m37110 .Jg, Tb • O. 
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orders of magnitude more intensive after cooling trom 
room temperatura than that trom 30K. In tbia experimenta, 
the heat release after cooling from .)OK does not differ aignifican'tly 
from the heat releaas after cooling from room temperatura. Moreover, 
our measured heat releaae is of the same order as that in vitreous 
silica /4/. Thus, the possible heat release due to the hydrogen 
ortho-para conversion in the copper and/or glass itself can be neg­
lected. 

Deviations from the t-1 law were notfound for any t until 
Q;:6QB. Thus the relaxation time spectrum extends over 100 h ( 'l:"max> 
100 h) for our specimens, regardless the essential difference between 
metaIs and dielectrics - the presance of conduction electrons. The 
absence of conduction-electrons influence may be due to a rather high 
measuring temperature, To = 1.3K.* 

The proportionality Q~(~f-T~) for small T1 enab~es to determi­
ne the parameter P = vP/m from 55): P (2.3±0.2)103 7/Jg for them m 
specimen I and P ~ (1.2±0.1)10;7/Jg for the specimen II. Analogousm 
measurements with vitreous silica yielded :P = 4.5·1037/Jg /4/ andm 
1.5·1038/Jg /2,3/ in good agreement with the results from beat capa­
city (2.4·1038/Jg /12-14/, heat conductivity (1.7·1038/Jg /13,22,23/) 
and ultra-sound (9.5·1037/Jg /24/) me~surements. Our slightly reduced 
values of l?m seem reasonable taking into account lawer than in vit­
reous silica tunneling contribution to the heat capacity in the case 
of amorphous superconductors (ZrCu /11/). 

.Thus, the heat release studies enable one to find the two-level 
systems diatribution function P(A/~) even for metaIs in normal state; 
it is so far the only method to fix Pm directly without any other 
experimental data. 

Our resulta for higher initial temperatures T1 can hardly be 
explained with the standard tunneli~ model with P( AI A ) = P; the 
same was found for vitreous silica /4/. On the other hand, the data 
calculated 'from distribution (7) are in good agreement with our ex­
perimental ·results ~f we take_P ::: 2.3·1037/Jg, Tf = 20K and Tb ::: Om 
for specimen I ,(Fig. }), and P ::: 1.2·1037/Jg, T = 24K and Tb ::: Om t 
for specimen 11. Aasuming diatribution (7) for vitreous silica, 

* If we assume that the relaxation time due to the interaction with 
the conduction electrons at 10 mK 't': ~ 10-4 L /'21/, where t"p is 
the relaxation time due to photon in~eraction,

p
and 't':e/ 7; p"'-E2 /16,17,

21/ .. 
, then Te>Tp at T =1.3K, and in relaxation of the leveIs with 

E/k B> 1. 3K the influence of the conduction electrons ia probab1y 
negligible. 

r:
\, 

IJ 

values ~ a 4.5·10J 7/Jg, Tf ::: 13K, Tb = O well agree with experi­
menta/3, 4/. * 

The experimental values or Ef are surprisingly much smaller, 
than kBTg where the glaas temperature Tg is probably near to the re­
crystalization temperature in metal, "'640K (p 690K) for specimen I 
(11). Indeed, Tf ·!:::! T/30 for both our specimena. 1laybe, eveIi the ma­
ximum barrier beight is much s~aller than the characteriatic glass 
energy kBTg ? If this ia the case, the tmmeling parameter ).. may not 
be temperature independent except for To~Tf; for higher temperatu­
res, the dependence )... on To and t may 
ding to (10) and (19). 

Becauae of large heat capacity of 
ments at bigher temperatures were not 
(19) were actually observed. 

be more complicated than accor­

metalli? glasses, the measure­
performed. But deviations from 

In Pig. 6 the ratio q(tH, 1 h)/q(1 h) ia shown as a function of 
TH/Tf; q(tH, 1 h) is specific power releaaed 1 hour after the cooling 
from TH, where the specimen (preliminary relaxed at To) stayed for 
the time tH' and q(1 b) is the specific power released 1 houro after 

qltH,1h//qI1h/ 

~.--. 

3/·.....--­
t~O~h ~ 4 

o Â FeaoB'4Si6O.5~gZ 
• C069Fe4.5Cr2Si2.sB22 

_1 
TH/T, 

o 0,5 1 

Pig. 6.' The dependence of the value q(tH,1 h)/4(1 h) on TH/Tf, where 

equation (19), ful1 equation (25) witb t=1 h,~.6, Tf - 20K 

q(tH,1 h) ia the specifio power released 1 hour after cooling down 
from TH for ahort heating times (tH • 0.2 b or 0.5 h) and q(1 h) i8 
the aama for 1008 heating times (tH • 20 b, TH • T1). Dasbed ltnes ­

curves ­
(24K) for specimen I (11), t H m 0.2 b (curve 1), t~0.5 h (curve 2). 

• Calculations in /3/, resulting 1n Tf • (4±2)K and Tbc:!10K, are 
somewhat Il)yaterioua: using ouch valuea, even the condition n(E,t) • 
no(t) for E«'Ef ia not fulfilled. 
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the cooling from "equ11ibrium" TH = T1 (tbe specimen stayed at TE 
for 20 hours). The dashed curves correspond t9 (19) witb t H = 0.2 h 
and t = 0.5 h. For larger TH/Tf the ratio q(tH, 1 h)/q(1 b) ~ncreas­

H
eS for botb specime~, which may be due to the. drift of the time re­
1axation 1:. spectrum to shorter 7:, since the heat relaxation a t 

~	 '. 
elevated temperatures is. faater, than according to the atandard theory. 

If we assume the,tunneling parameter )( temperat~re depen­

dent as 

A
I 

= A -(o(. /2) • T/Tf ' (23) 

we'get temperature depelldence of the relaxation time (~/'''exp(2À./) 
/16,17/ 

(24) .7:'	 = r · exp(- O<T/Tf ) • 

Then, ac cording to (18) and for t« t;"max'ímin« 

q(TH,T t H, t )/q(TH•To' t) = 1/ (1+(t/tH)exp(- o<T1/Tf)/ exp( - o<.T /Tf »· 
o' 

(25) 

Th~ agreement between the model and experiment i8 surprisingly good,
 
wh~n taking t=1 h and ~ =6 for botb t H = 0.2 h (curve 4) and t H c
 

0.5	 b (curve 3).
 
Thus, the parameter Tf seems to control both tbe energy distri ­

bution of tbe two-level systema and the change Df the relaxation time 
spectrum; maybe, T boa a deeper phyaical meaning. It would be inter­f 
esting to check the exiatence of such devtation from (~9) in another 
glaases and possible degree of universality of (10) and (25) as func­
tiôns of To/T and TIITf• At higher To (10) probably does not hold.

f 
Up to now, experiments with various To have been performed for vit ­

reous ailica only, and only for T « T.f~ 13K (0.05K~T ~ 1.08K)
o
/1,2,4/; here the results agree well with (10). We suppo~e that di­
electrics are more convenient for possible measurements at bigher To· 

6.	 Conclusions 

Very-long time heat re1ease observed in metallic gla8aea ia si ­
milar to that in dielectrics; such beat release ia probably a common 
feature of alI amorphous materiaIs. Experimental values of :Pm, calcu­
lated from meaaurements at auffioiently low temperatures, do not 
di.ffer essentially both for our metallic apecimena and vitreoua 
ailica /4/. 

~ Standard tunneling model aasumption n(E,t) = no(t), i.e. P(Á,À)= 
P = conat is compatible with ~easured valuea for rather sma~l values 
of E only. For higher E, long-time heat release in our specimens may 
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1 17. J.L.Black.Phys.Rev. B 11, 2740 (1978) 
18.	 U.Schwa~k, F.Pobell, W.P.Halperin, C.Bucha1, J.Hansaen, M.Kubota 

and R.M.Muel1er. J.Low Temp.Phya., 2J, 685 (1983) 

... 

b«:;	 explained by aaaumí.ng n(E~ Ef,t) = no(t) and n(E"> Ef,t) = o, 
temperature Tf = Ef/kB being about tbirty times lower than the recrys­
tallization temperature. 

At	 elevated temperatures, viz. To~ the relaxation timeTf/10,
 
in tbe two-level systems probably dependa on the temperature To
 
(higber To, ahorter relaxation time) in contrast to the standard
 
tunneling modelo
 

Because of small value of Tf , if would ?e not difficult to ~e­


parate the tunneling and ortho-para conversion termsin the total
 
power released, it necesaary.
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Ko.nav M. H np . ES-S6-103 
Mep;neHHoe TYHHenHpOBaHHe 
B aMop~Hb~ MeTannax rrpH renHeBWX TeMrrepaTypax 

H3MepHnOCb xennenno penaKCHpYIOIUee r-errnoasnrenenae B aMOp~­
HbIX C069Fe4 SCr2Si2 sB22 H FeSOBl4Si6 no erre OXna:>Kp;eHHH OT 
TI /3, 12K~TIl292K/ p;~ To = 1,3K. Bsinennexaa MOm:HOCTb c rpor-o 
rrporropUHoHanbHa t- I /O,S q ~ t ~ 60 q/. ITpH HH3KHX TI pe3YJIb~ 
TaThl 3KcrrepHMeHTa xopomo cornacYIOTcH co cTaHP;apTHoH TeopHeH 
TYHHenHpoBaHHH. I10nYQeHHhle rrnoTHOCTH COCTOHHHH zmyxyponueasrx 
CHCTeM Ot.IeHb ônH3KH rrnOTHOCTH 3THX CHCTeM B KBapueBOM CTeKne. 
,IJ;nH ôonee DblCOKHX TI sxcnepaeren-r-anr.noe TerrnoBblp;eneHHe MO:>KHO 
06'bHCHHTb rtpcrmortoarejraex o cvurec r-aonanaa MaKcHM.anbiiüH 3HeprHH 
Ef B ~YHI<UHH pncnpenerreuas . 

PaÔOT:l nsmormeua B Jlaõopa-ropan Hp;epHblx rtpo õrtesr OH5IH. 

Ilpenpaxr O(S'bC~HHeIl1l0rO aacraryra anepusrx HccneJJ;oBaHHH. Ilyõaa 1986 

Kolác M. ct alo ES-·86-103 
Long-Timo Tunneling in Amorphous MetaIs 
at Helium Tcmpcratures 

Long-time heat ~elease in amorphous C069Fe4.SCr2Si2.sB22 
and Feaofil4Si6 after cooling from TI (3.12K~TI~292K) to 
To = 1.3K was measured. The power released is proportional 
to t-l (0.5 h ~ t ~ 60 h). At low T], the experimental re­
sults oro in good agreement with the standard tunneling 
theory. Tha resulting densities of states of two-Ievel systems 
are close to those in vitreous silica. For higher T], observed 
heat release may be explained assuming the existence of a ma­
ximum energy Ef in the distribution function. 

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