


Pl widely distributed

~ also widely distributed

distribution function —— standard tunneling model

— with and

<«—— cut-off

density of states
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internal energy

N\

Fermi-Dirac distribution

10 T T T T
specific heat T ..-".
X 1+ ‘}’ -
x T ‘> Vitreous silica _,”
E _/.
-~ 01+ - =
o AN 1.3
IS e T
. A
total specific heat 2 so01L B
2 Quartz
B 73
3
o 0.001 - .
» additional 7® term —— quasi-harmonic modes
I I | I I
» linearterm ~T '3 instead of ~T 0.01 0.1 1
— good agreement but glass is non-equilibrium system Temperature T/ K

— not all TS can contribute in measuring time
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effective density of states

measuring time

e

N\

minimum relaxation time

1I| T T 1T T 1T 1T

a'Si02

\ measuring time

=== heat release of amorphous solids

0.1

Heat release dQ/dt / nW

10 100
Time t/ h
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Echo experiments

coherent regime: two-level approximation:

applied rf field:

Schrédinger equation:

ansatz: —_

occupation number difference varies with Rabi frequency

|CL1|,|CL2| T

mI

/
N

Rabi frequency

329



polarization vector:

Bloch equations:

energy relaxation 71: T <1K —— one phonon process

phase coherence time processes
spectral diffusion ¢
spin diffusion
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Origin of echo

/2 pulse T pulse
/ . L
echo generation explained in Bloch sphere

| |
D E t

Free induction decay ,Echo signal
I I
I I
I I
l l >
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two-pulse echo decay

\
borosilicate glass

» sensitivity five orders of magnitude

» non-exponential decay

what determines the decay: spectral diffusion

interaction between resonant TS energy splitting of single TS
and thermally fluctuating TS fluctuating with time
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spectral diffusion: decay regimes
P yreg - fastest thermal systems

» short-time limit (no-flip limit): 712 << Tmin

—_— Gaussian decay

» long-time limit (multiple-flip limit): 12 > Tmin

s exponential decay

temperature dependence

» short-time limit (no-flip limit):

» long-time limit (multiple-flip limit):
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experimental observation

» transition between regimes is visible at short times
and low temperatures.

» with increasing temperature, the Gaussian regime
shifts to shorter times
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23 May 1911
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Observations regarding superconductivity

» small atomic volume appears to favor superconductivity

» metals, semi-metals, semi-conductors (highly doped)

» not superconducting: good conductors Ag, Au, Cu, K, .... and magnetic systems Fe, Ni, Co, ...
» impurities are unimportant, except magnetic impurities

» structural order is unimportant: single crystals, poly crystals, alloys, amorphous solids

» transition temperatures are material dependent and spread over a wide range

» sufficiently large magnetic fields destroy superconductivity
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BCS Fullerene Nickel-based

Cuprate Heavy Fermion

Iron-pnictogen-based Carbon-allotrope 339



Superconducting Transition for CSH, @ 174 - 267 GPa

Electrodes
CSH,
¢ 30—
" , : , : , : , : , <— Room temperature : —e—
257 & Runt 275 ~ Freezing point ' ]
I
o Run 2 . g of water :
20f ©Run3 ™ 250 | | ]
- 225 g i
1.5 2 ° < :
= 2 ~
« 8 s ° s 200 | ! -
1.0 - g .
g > i (" ]
g m e ° i
g o ° 175 | ; (p) A
05 - P (GPa) —=174% §210 =220 243°250§ 258° £267 ;
=} é o e ° o ! ( ) .
i (p)
0 oL :o Run1(y) |
= I
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L ! . ! I 125 n 1 : 1 i 1 :
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Superconductors in magnetic fields

Type-|l superconductors (pure metals like Pb, Hg, In, Al ...

field expelled:

Magnetic field B/ mT

AN

6 8

Temperature T/ K

MeiBner phase

ideal diamagnet

Internal field B,

Magnetization —-M

» critical fields are low (mT)

» empirical relation for B,(T)

BC
External field B,
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