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Starting point

Calculation of the thermal properties and noise Iin
nano-detectors

Incident radiation

Pictures courtuasy to M. Leivo, A. Luukanen and J. P. Pekc
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Zeller & Pohl, Phys. Rev. B, 2029 (1971).
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Thedynamic defects

It IS assumed that the solid contains an ensemble
two-level systemgTLS).

The two-well potential of the TLS
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Propertiesof the TLSs
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Eigenvalues and propabllity dis-
tribution of TL Ss

Diagonalization:

€ 1 e O
Hr/rLs — OTHTLSO — 5% — 5 ( )

Probability distribution:

P(A,A) = Ry/A, P(e,u) =

Notations:

e = VA2 + A2 u =
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Phonon-TL Sinteraction
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Interaction: H; = -0, = =
27 2\ 0 ¢
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TLS-phonon interaction in bulk:

0y = 2N,V ks, 0 =1,l, N, = phonon normalization
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Transtion ratesand pnhysical re-

sults
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General phonon-TLS INter ac-
tion
In general,

0 = 27i;5i = 2[] « 5]

S| is a symmetric tensor

U
7| iIs a symmetridensor so that
0 1S ascalar

7| characterises the TLS, so we have to build its
components frongeneral physical characteristics of
the TLS
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Phonon-TL Sinteraction tensor

We associate a directianto the TLS:

t1

and we build the simplest symmetric tensor,

t2 tut, tut,
T = | tuty, & tt. | =t-t"
tpt, t,t, t2
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Abbreviated subscript notations

We switch to abbreviated subscript notations and w

S = (Suw Syys Sz 252, 2520, 250y)"
T = (Txxa Tyya Tzza 2Tyza QTZJ?? 2T$y)T

A general interaction tensor would have the form

So, finally,
6 =2T" - [R]-S.
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Properties of ~

0 =2T!.[R]-S isascalar,
so the properties af?] can be determined from the
Invariance of to a variety of coordinates
transformations.

S’ = [N]S, T = [N]T =X IN/Y - [R] - [N] = [R].

Similar to the tensor of elastic constants, where

u=58"ldS = [N"-[d - [N] = [d
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lnteraction 1N an iSO'[I’OpiC
medium
If the medium Is isotropic, then

(C/+2§/ ¢’ ¢ 0 0 O\
C/ C/_|_2€/ C/ 0 0 O
T e A
0 0 0 ¢ 0 0
0 0 0 0 ¢ 0
\ 0 0 0 0 0 ¢ )

where we defined with = ¢’ + 2¢” and we shall use
the notations = (' /v and¢ = £' /7.

Al 7-lea nanoseminar de nanostiinta si nanotehnoloaie 3£



| nter action Hamiltonian

Introducing the excitation and de-excitation operatordtie TLS,

we write the interaction hamiltonian in the second quatibnaas

~ ~/\ 1
H, = 76 T - [r] - Z[S bM—FS*b‘L_(QaTa—l)
3

AL DY [Subu + 8581 | (@ + a)
U
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Results:

o> H g ]., — — T ° ° S o
(Nko, T |Hi|nke + 1, 1) - \/Zprka r] - Sk

We take the modulus square and average ovemet:

~9 nko-ﬂ-k A2

f‘nkaaT>7‘nka+17l> — Oo-,y ,OCO' 62 5(hwk0 - E)
F‘nka+17T>a|nkml> — 007 V,Oco' . €2 5(hwka - E)

with C;7? = v, andC,7* = ~, where
C = = (15 — 40¢ + 3267, Cy = —-¢2
' 30 AT

Note: C;/Cy > 4/3 for any &, in agreement with experiment
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Calculation of the parameters

From experiment (J. L. Black, Phys. Rev. B, 2704, 1978).
1. Pyy? =1.4x107° J/m3, Pyyi = 0.63 x 1072 J/m?3,
2. Pyy? =2.0x107° J/m>, Pyy} =0.89 x 107° J/m?

Y
Both sets, almost the same solutions:

€1 ~ 12, Cl ~ —1.4
fg ~ (0.59, CQ ~ —0.1
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Scattering of waves

A longitudinal wave propagating along thedirection:

S = (5,0,0,0,0,0)"
v = 23ty + (1t +t9)]S

IS scattered bpny TLS.
A transversal wave @8 = (0, 0,0, S,0,0)*
v = 4yt,t, S

IS not scattered by TLSs perpendicular to the propagation doeatr
to the polarization direction.
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Polarization of the | LS ensam-
ble

If we apply a longitudinal strain along thedirection,
S = (5,0,0,0,0,0)", this will change the asymetry of the TLS
potential by
v = 2[t7 + (¢, + t2)]1S,
So the change oA\, and therefore of, of the TLS oriented alon

the strain direction might have an opposite sign as comgarec
the quantities corresponding to the TLSs perpendiculdrdo t

strain direction.
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ILSphonon  Interaction 1IN
membranes

~ YA | hngg
(Nko, T |Hi|nke +1,]) = 2 \/ < T . [r] - Sko
€ prka

Notation: M, (t) = TT - [r] - S,..
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Al 7-lea nanoseminar de nanostiinta si nanotehnoloaie 9



L ow temper ature expansions

Horisontal shear/) mode:

hpc? 1 coth(Bhw/2)
7T’F)V/2P0 Ct hw

Th,0,k; =

Symmetric §) mode:

hpc? 1 coth(Bhw/2)
7T’§/2P0 CS hw

TS,O,k”

Antisymmetric ¢) mode:

hpc? 1 coth(Bhw/2)
7T’3/2P0 Ca hw

Ta,O,k” T
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T T R
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Conclusions

- We introduced a model of interaction of a TLS with general
strain fields.

- For this we associated to the TLS a direction in spacand a
matrix of coupling constantsRz| (in abbreviated subscript
notations).

- The matrix of coupling constants has the same propertidsia
example, the matrix of elastic stiffness constast,

- The TLS-phonon interaction in bulk is re-obtained from our
model as an average interaction over the directions of tH& TL
- We calculated the thermal properties of amorphous, napis
membranes.

- Anisotropy of TLS-sound wave interaction appears nalyral
- We predict the polarization of the TLS ensemble in a sticine
body.
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