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Experimental Study of Intrinsic Localized modes in Large Scale Nonlinear Lattices
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Two major problems of Intrinsic Localized Modes (ILM) in a nonlinear lattice were
addressed; (1) a potential which prevents free translational motion of ILM called Peierls-Nabarro
potential, and (2) generation of tail excitation behind the ILM when it travels. Suppression of PN
potential in a saturable nonlinear lattice was confirmed experimentally by observing a liner spectrum
when the ILM tales place width-widening (narrowing) bifurcation(s) by the saturation of the nonlinearity.
The generation of tail excitation when the ILM travels at a constant speed is explained by a finite
magnitude of a Fourier component of a nonlinear force where the ILM intersects with a dispersion curve.
By mixing of two nonlinearities with a careful tuning, the sum Fourier amplitude can be eliminated and
the generation of the tail excitation was suppressed.

Intrinsic Localized Mode Discrete Breather



Intrinsic Localized

Mode=I1LM 1980
[1-3]ILM
ILM
ILM
ILM
ILM
2000
[4]
ILM
ILM
ILM
1)
(PN)
(2)ILM
PN
ILM
ILM

Ablowitz-Ladik

[3]

€3] @

1)
PN

(6]
[7. 8]

PN

PN

@

Y
%+ 0gx, +of (2% =%, = %) +A(L-9)%° (1)

+Ag7{(X, = %,1)" + (%, = X,.)' | =@ cos(k,n- )

ILM

@ = —
PN [9]
()

MOS
(b)

) ©

0 10
(c) voltage (V)
240 = I —
E 220 — —
= 2001 —
T 180 |
-wla 0 wa
k
-(@) V)




1LM
PN
1LM
PN
1ia)
12 6962 58 50 47 |
C—
4 -
7 - —_—-
U_
T T T T |
1 ib)
12—_ II
Jui]
4
| 5= N
U_I 1 1 1 1
. 1 ie)
. —
4 -
- -
U_I T T : T T
165 170 175 180 185
F (kHz)
@)-(©)
10
EB
z g
3
Z 4
E
@ 2
O | | |
B stum ®)
N
T 41 [
20 I
=~ 21 It
2 T
g 0 -t ! 15t-LLM
o vl T
o -2 [
§ep
S | | |
185 170 175 180 185
F (kHz)
.(a)ILM (b)
PN 1st LLM

2DFT, (F)

PN

() I
1st LLM ILM
ILM
PN
PN
(2)2
S [10]
Ablowitz-Ladik AL [11]
@
FT
ILM ILM
©)
1.0 -
0.0 —f--.
_1_0 -
o
0.1
0.01
0.001

(g}

wave number

4.Ablowitz-Ladik ©)

2DFT, (h)



@)

ILM
5
( g=1) FT (supertransmission)
5(e)
®
]
ILM
@
AL
4(9)
Toda
[12] 5 @
@
k 0 g
LT

e) |

- ] T
wave number

6.
1LM
(i) 2DFT,(J)
,(K) 2DFT, (D)
3)
PN
2
- 0
wave numbear
S.FT ) ZDF(T W) o
e ,
@) 2DFT, (h) PN

PN




PN

[1]

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9l

[10]

[11]

[12]

ILM

A. J. Sievers and S. Takeno,
Physical Review Letters 61, 970
(1988).
D. K. Campbell, S. Flach, and Y. S.
Kivshar, Physics Today 57, 43
(2004).

S. Flach and C. R. Willis, Physics
Report 295, 181 (1998).

S. Flach and A. V. Gorbach, Physics
Reports 467, 1 (2008).

M. Sato, N. Fujita, Y. Takao, S.
Nishimura, W. Shi, Y. Sada, Y. Soga,
and A. J. Sievers, NOLTA, IEICE 3,
87 (2012).

L. Hadzievski, A. Maluckov, M.
Stepi¢, and D. Kip, Physical
Review Letters 93, 033901 (2004).
M. Sato, S. Imai, N. Fujita, W. Shi,
Y. Takao, Y. Sada, B. E. Hubbard, B.
Ilic, and A. J. Sievers, Physical
Review E - Statistical, Nonlinear,
and Soft Matter Physics 87, 012920
(2013).

M. Sato, Y. Sada, W. Shi, S. Shige,
T. Ishikawa, Y. Soga, B. E.
Hubbard, B. Ilic, and A. J. Sievers,
Chaos 25, 013103 (2014).

W. Shi, S. Shige, Y. Soga, M. Sato,
and A. J. Sievers, EPL 103 (2013).
M. Sato, T. Nakaguchi, T. Ishikawa,
S. Shige, Y. Soga, Y. Doi, and A. J.
Sievers, CHAOS 25, 103122 (2015).
M. J. Ablowitz and J. F. Ladik,
Journal of Mathematical Physics
17,1011 (1976).

M. Toda, Theory of Nonlinear
Lattices (Springer, Berlin, 1981).

8
M. Sato, Y. Sada, S. Shige and A. J.
Sievers, "Linear response measurement
of both a single and an array of
cantilevers in a high amplitude
nonlinear state”, NOLTA2015
proceedings pp-740-743, Hong Kong
(12/2-12/4)
S. Shige, W. Shi, T. Ishikawa, T.
Nakaguchi, M. Sato and A. J. Sievers,
"Linear local modes produced by an
intrinsic local mode in a saturable
nonlinear lattice", NOLTA2015
proceedings pp-797-800, Hong Kong
(12/2-12/4)
M. Sato, T. Nakaguchi, T. Ishikawa, S.
Shige, Y. Soga, Y. Doi, and A. J.
Sievers, "Supertransmission channel
for an intrinsic localized mode in a
one-dimensional nonlinear physical
lattice”, Chaos 25, 103122, ppl-9
(2015);
http://dx.doi.org/10.1063/1.4933329
M. Sato, Y. Sada, W. Shi, S. Shige, T.
Ishikawa, Y. Soga, B. E. Hubbard, B.
Ilic and A. J. Sievers, "Dynamics of
impurity attraction and repulsion of
an intrinsic localized mode 1in a
driven 1-D cantilever array", Chaos 25,
013103 (2015) pp.1-8 ,
http://dx.doi.org/10.1063/1.4905254
M. Sato, Y. Takao, Y. Sada, W. Shi, S.
Shige, and A. J. Sievers, "Bifurcation
Dynamics of a Perturbed Intrinsic
Localized Mode in a Driven
Micromechanical Array', NOLTA, IEICE
4, pp.225-231(2013). ,
http://dx.doi.org/10.1587/nolta.4.2
25
W. Shi, S. Shige, Y. Soga, M. Sato and
A. J. Sievers, "Intrinsic localized
modes in a nonlinear electrical
lattice with saturable nonlinearity”,
EPL 103, 30006 pp.1-6 (2013)
http://dx.doi.org/10.1209/0295-5075
/103730006
W. Shi, S. Shige, H. Hasebe, M. Sato,

and A. J. Sievers, ‘"Intrinsic
Localized Mode in an Electric Lattice
Containing MOS-Capacitors™,

Proceedings of the International
Symposium on Nonlinear Theory and its
Applications, NOLTA2013 held at Santa
Fe, USA, September 9-11,
pp-330-333(2013)

A. J. Sievers, M. Sato, J. B. Page, and
T. Rossler, "Thermally populated
intrinsic localized modes in pure
alkali halide crystals", Phys. Rev. B
88, 104305 (2013) ppl-7,




10.

http://dx.doi.org/10.1103/PhysRevB.
88.104305

13
2016/3/19
Shoma Shige, Weifa Shi, Tatsuya
Ishikawa, Takahiro Nakaguchi,

Masayuki Sato, and A. J. Sievers,
Linear Local Modes Produced by an
Intrinsic Local Mode in a Saturable
Nonlinear Lattice ', Nonlinear Theory
and its Applications NOLTA2015, Hong
Kong, People®s of Republic of China,
12/4/2015

Masayuki Sato, Yurina Sada, Shoma
Shige, Albert J. Sievers, "™ Linear
Response Measurement of Both a Single
and an Array of Cantilevers in a High
Amplitude  Nonlinear  State ",
Nonlinear Theory and its Applications
NOLTA2015, Hong Kong, People®s of
Republic of China,12/3/2015

, , 11/28/2015
Masayuki Sato and A. J. Sievers,
"Velocity Step for a Driven Intrinsic
localized mode™, Workshop "Discrete
Breathers in Crystals™, at Institute
for Metals Superplasticity Problems
of Russian Academy of Sciences, Ufa,
Russia, 9/21-25/2015

) Schrodinger

9/18/2015

ane,

, 9/18/2015
Masayuki Sato, Rob Ilic and A. J.
Sievers,”™ Intrinsic Localized Modes
in  Micro-Cantilever Arrays"” ,
Workshop: Nanomechanical systems:
from new materials to new application,
held at Jeju Island. Asia Pacific

Center for Theoretical Physics, Korea.

7/26-30/2015
", 2014 s
3/29/2015

11.

12.

13.

3/21/2015
25 (26
) ,
, 9/22/2014
3/27/2014

W. Shi, S. Shige, H. Hasebe, M. Sato,
and A. J. Sievers , "Intrinsic
Localized Mode in an Electric Lattice
Containing MOS-Capacitors™,
Nonlinear Theory and its Application
(NOLTA2013), Santa Fe, USA, 9/10/2013

http://nlab.w3_kanazawa-u.ac. jp/index.h

tml

¢y

&)

SATO, Masayuki

00266925

A. J. Sievers

Cornell

University, Laboratory of

Atomic and Solid State Physics



