Experimental studies of infinite chains of
coupled CH, rotors and the sine-Gordon

4-Methylpyridine (-
picoline)




The single quantum rotor
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Quantum dynamics in complex

Nonlinearity in the quantum
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Experiments: Spectroscopy
Inelastic
neutron scattering
Neutron diffraction




Neutron diffraction and

the density probability




Neutron diffraction and
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Small amplitude oscillations

(rotons)
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Kink-antikink
(soliton-antiseliton)
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Breather or Doublet
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Breather



Breather mass

Threefold potential: only the I=1 state
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Quantization rule
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The sine-Gordon potential
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Quantization rule for a free
particle in a periodic lattice
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v-Picoline Single X’ stal
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Bound states

Multikinks
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Multikinks:
Thermally activated collective rotational tunnelling

uantum
_Q Breathers: Harmonic oscillations in the ground state
sine-Gordon

Exact Hamiltonian in the ground state

Powders and single X'stals

Diffraction and spectroscopy
Experiments
Meutrons, infrared and Raman

Isotope substitutions (chemistry)

4-Methylpyridine: A "natural” quantum computer for the sine-Gorodon

equation (* molecular dynamics simulations)
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1- Breathers trapped by local impurities
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Breather trapped by a local impurity

E|_||.3 E'_,l-i =8 E'_ll E'_.'+1
H H H H D D H H H H
\i/ : \ﬁ/ L \ﬁ/ : \ﬁ/ L \<l\/

Enerzy Transfar (me V)
04+ 046 045 050 052 054 0456
1 1 1 1 1 1 1 1 1 1 1 1

s0%% 4MP-k A

"“”#;li

ES%4MP-.I‘-:

B5%% 4MP-h,

100%% 4MP-R

ANEEY 28 VAW

D4F D46 0D4F 050 052 00 05e
Energy Transfer (meW)

W 2
H=5"—__ 4+ Y|1-cos3& |+
;‘ Erﬂf 2[ .IIII

m|n'°-'~|'

[1— n::u:usEz'I:

g

4~ ]]+__

h? &
47 35

U@, [x:l = -4 Fcot gicosh [xsin P-’j [1 +cot? ,Mct}sh:‘" [xsin ,H:l]_m

(3:)

16 1- (3 187 |

1.2
|
.-Exl].ﬁ-
. "]
21 i
T4 .- ‘4!
T
A [
s
NYEFEZ 4B AEALENEN
-10 -5 3 10

Lattin:?e gite
F Fillauz, MNonliner Double Day,
Sevilla 2004.

Energy (mme V)

NER
-0 dd
.06

-0 8

Lattice ¢itu




4MP-h,

n=1

ergy (cm’

En

F.Fillaux and C. J. Carlile,
Phys. Rev. B (1990) 5990




Enersy Transfar (me V)
04+ 046 043 050 052 05 0456 T 242 1 1
[ T TN TR T ST S i'n ‘j EE'E'] =+ h I:i']r.' J E'E[l h

n=t]+iL , N=12ZL

fil

e

[ntensity(a 1)

Enerzy Trams far (e
1

LA
L=J
A

100% $MP-h | R
10 n 30 0

[—J

-ff\ Cotcentrat ot {deaterated molecles )

G4t 46 04E 030 057 054 036
Erergy Transtex () F. Fillaux et oi., PRB 58 (1998) 11416




sfer (mel)

—
S
1]
=
[
=
o]
=
L
—
i
]

5 10

Temperature




oy i eoere” [l LAM 80 ET, Tsukuba, Japon-
G et LAM 80 ET, Tsukuba, Japon

[ = 69

{=81h

t = 95h ' 60 80 100 120
o ;| time (hour)

5
L)
=
E.
5

t=118h

e e F Fillaux ef @i, Physica B 213&214 (19%95) 646

0.4 0.45 0.5 0.55 0.6 0.65 0.7
Energy transfer mica 004 (meV)




Energy Transfer (meV)

052 -0.50 048 -044

0517 16K

Relaxation of the

“Tunnelling" Bands
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