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measurements in equilibrium:

tunneling model — neglects interactions between TSs

recent experiments —> mutual interactions exist

non—equilibrium measurements:

® decreased linear response in equilibrium (dipole gap)
>  strongly coupled pairs of TSs (A. Burin)

® dynamics of (coupled) TSs
<> depends on the sweep rate of an external field
<—> adiabatic approximation fails

<>  energy relaxation via mutual interaction
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< localized defects
< strong coupling to phonons




Tunneling Model

e W.A. Phillips, J. Low. Temp. Phys. 7, 351 (1972)
e P.W. Anderson et al., Philos. Mag. 25, 1 (1972)
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3.) neglects interaction between tunneling states (TSs)



Sudden Application of a Bias Field

D.J. Salvino et al, Phys. Rev. Lett. 13, 268 (1994)
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relevant TSs: £ ~ kT’

large bias field: p - F . > kT \
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(Fast) Bias Field Sweep

D.J. Salvino et al, Phys. Rev. Lett. 73, 268 (1994)

%, a-Sio, 4
e, e
%% o oo®
..’o Y °
.. ..
o.. ..o°
S
% !°
A
t ;
< T=70mK
°
..: f=1kHz
°
| | |
-5 0 5

Electric bias field F (MV/m)

® strongly coupled TSs = "dipole gap” in thermal equilibrium

Theory: A.L. Burin, J. Low Temp. Phys. 100, 309 (1995)
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Relevant Pairs of TSs

D.J. Salvino et al, Phys. Rev. Lett. 73, 268 (1994)
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Dynamics of Coupled TSs
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Pair Breaking by Relaxation

A
i decay time
P
| | = (longest relaxation time):
| | c
: : - Tl(E ~ ]{ZBT)
i 7O = lw
: : Time t m(F ~p-F)
Y YV $ :
POk
e 1l-phonon process: 7y ~ tWL >ty
2kpT

e distribution of relaxation times within tunneling model

= decay function: f(t) =1In (?)
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Waiting Time Dependence
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— relaxation enhanced by interaction ?

tw <3000 — 719>ty
— non—logarithmic decays

— additional pair breaking mechanism ?
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Scaling Behavior F'/t; = const
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Pair Breaking by Non—Adiabatic Driving

Energy E(t)
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Energy E(t)

Non—Adiabatic AC—Field Driving
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Bias

Field Dependence
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Sweep Time Dependence
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Evidence for an additional Pair Breaking Process

® {. variable, F=6.7 MV/m
® [ variable, t;=10s

~@
3 T
10 T=20mK RN
NG
| | | >3
01 1 100
F/tg (MV/ms)
5 0 &1
Thac — =
2 x (1 —a)h (Toac> + o ln <E> ’ F
€ t t
79 = 47008
log (19) = (1 — @) log (Tpac) + @ log (7p) {0.6 ; F>15MV/m
o =
0; F<15MV/m



3.)

Pot. energy V

Pot. energy V

»
-

-

What is the extra Pair Breaking Process ?

f(t,7) o In (;0) ;

Tp = constant =—> quantum mechanical tunneling
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— field induced structural rearrangement



Interaction Mediated Relaxation
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one—phonon process resonant pairs & spectral diffusion
J. Jickle, Z. Physik 257, 212 (1972) A.L. Burin et al, Phys. Rev. Lett. 80, 2945 (1998)

< kpT. = \/ay/vo tanh(0.5)
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Non—Adiabatic Driving & Novel Process
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Energy Relaxation & Novel Process
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Non—Equilibrium Measurements on BK7
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Non—Equilibrium Measurements on BK7
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Conclusion

Interaction between TSs matters

Strongly coupled pairs govern non—equilibrium dynamics

Field enhanced pair breaking processes
~— relaxation
<> non-adiabatic driving

<> add. process with constant 7, = structural rearrangement ?

T <55 mK —> interaction mediated relaxation in Mylar
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energy splitting:

E = \/A(Z) +(A+p-F) relevant TSs: FE ~ kpT’

typically: p-F < kg7

dielectric excess response:
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relaxation rate for £ ~ kpT":

(Ap)”

7'1_1 ~ QQWOA%I{TBT + kBT

|:: 7-1_1‘phonon + Tl_l‘TSS]

— kBTc =~ \/ Ck()/2.2’)/0



