MICHIGAN STATE
UNIVERSITY

Dissipative
Transport

Jeffrey
Schenker

Dissipative Transport in the Localized Regime

Jeffrey Schenker
Supported by NSF grant DMS-1500386

NMP17
10 March 2017



MICHIGAN STATE Locahzatlon

Dissipative
Transport Waves in a disordered environment may be trapped by disorder. |

Jeffrey
Schenker




MICHIGAN STATE Locahzatlon

Dissipative
SRR Waves in a disordered environment may be trapped by dlsorder.J

Jeffrey
Schenker

Ho = D b (vl 4+ A w(x) [x) (x]

X~y X

on Z9 with w(x) uniform in [~1,1].



MICHIGAN STATE
UNIVERSITY

Dissipative
Transport

Jeffrey
Schenker

Localization

Waves in a disordered environment may be trapped by disorder.J

Ho = D b (vl 4+ A w(x) [x) (x]

X~y X

on Z9 with w(x) uniform in [~1,1].

Then
E (’(Xl e—itHw |y>’) S e_N(Avd)lx_Y|

for all t > 0,provided




MICHIGAN STATE
UNIVERSITY

Dissipative
Transport

Jeffrey
Schenker

Localization

Waves in a disordered environment may be trapped by disorder.J

Ho = D b (vl 4+ A w(x) [x) (x]

X~y X

on Z9 with w(x) uniform in [~1,1].

Then
E (’(Xl e—itHw |y>’) S e_N(Avd)lx_Y|

for all t > 0,provided
e d=1 (or2?) or




MICHIGAN STATE
UNIVERSITY

Dissipative
Transport

Jeffrey
Schenker

Localization

Waves in a disordered environment may be trapped by disorder.J

Ho = D b (vl 4+ A w(x) [x) (x]

X~y X
on Z9 with w(x) uniform in [~1,1].

Then
E (’(Xl e—itHw |y>’) S e_N(Avd)lx_Y|

for all t > 0,provided
e d=1 (or2?) or
e \>>1




MICHIGAN STATE
UNIVERSITY

Dissipative
Transport

Jeffrey
Schenker

Localization

Waves in a disordered environment may be trapped by disorder.J

Ho = D b (vl 4+ A w(x) [x) (x]

X~y X
on Z9 with w(x) uniform in [~1,1].

Then
E (’(Xl e—itHw |y>’) S e_N(Avd)lx_Y|

for all t > 0,provided
e d=1 (or2?) or
e \>>1

Anderson 1958 + thousands of later papers J
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What are the long time dynamics for solutions to

9:U(t,t0) = —iH(t)U(t, to),

with U(to, to) =1 and H(t) = H,+u)_, w(x,t)|x) (x|?

sition
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Fairly generally, the answer is “diffusive”, i.e.,

E (|(x U(t. t0) [9)I?)

N C

_x—y?

2D|t—t
—e [t—tol
|t — to]2

provided w fluctuates stochastically.
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@ Ovchinnikov and Erikhman (JETP 1974)
e Pillet (CMP 1985)

@ Tcheremchantsev (CMP 1997, CMP 1998)
e Fischer, Leshke, Miiller (Ann. Phys. 1998)
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Applications:

e To signal propagation in optical fibers (Mitra & Stark,
Nature 411 (2001); Green, Littlewood, Mitra, Wegener
PRE 66 (2002))

o Other applications discussed in A. Amir, Y. Lahini and H.
B. Perets, (PRE 2009)
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Theorem (S. 2015)

Let w(x, t) = v(0x(t)) where 6,(t) are independent Brownian
motions on the circle and v is a non-constant function. If
u > 0 then solutions to

10; Wt) = H(t)W)t>
satisfy

im S (o) B (1000) = € [ st ace,

with a positive diffusion constant D = D(\, u).
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This result is:

@ Non-perturbative result (no small parameter).
@ Purely qualitative.

e Estimating, or computing D, takes more work.
© Dimension independent.

Q Rigorous.

o Fundamental assumption is that w(x, t) is a functional of
a Markov process with exponential return to equilibrium.
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Theorem(Kang and S. 2009)

For
Z|x y|+uz w(x, t) |x) (x

X~y

we have

1
D = ?DO‘FO(l/u).

Position
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If H(t) = H,+u), w(x,t)|x) (x|, where H, exhibits
localization, then we have

Jeffrey
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D = Fu®+ o(uv?),

where 0 < F < o0.
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@ “Augmented space formalism” with disorder variables in
the Hilbert space:

E (|xie)l?) = (6 x 8 x 1™ [0 X P x L)y 00,1200y

o G=i[H, ]+ B,

o B = Markov process generator.
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@ “Augmented space formalism” with disorder variables in
the Hilbert space:

E (|xie)l?) = (6 x 8 x 1™ [0 X P x L)y 00,1200y

° g:l[H,]—f—B,
o B = Markov process generator.
@ Generator G commutes with translations
Ox X 0y X f(w) = Oxpe X Oppe X F(Sew).
o After a Bloch-Floquet transform the analysis rests on

controlling matrix elements of (7 + G)~! in the zero
“momentum” fiber.
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thermal bath?
@ Vast literature going back to Mott.

@ Most work relies on quantum Markov formalism (“Fermi
Golden Rule™).

@ Some recent mathematical physics literature:

e D. Spehner and J. Bellissard (JSP 2001);

G. Androulakis, J. Bellissard, and C. Sadel. (JSP 2012)
W. De Roeck and J. Frohlich (CMP 2011);

Frohich and S. (JMP 2016);
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Oipr = —i [Hanpt] + UE(Pt)’
with a suitable Lindbladian £. Then

exists and satisfies 0 < D < o0.
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Theorem (Frohlich S. 2016)

Oipr = —i [Hanpt] + UE(Pt)’
with a suitable Lindbladian £. Then

exists and satisfies 0 < D < o0.

Q@ If A =0 (no disorder), then D = % for all u > 0.
@ |If H, exhibits localization, then

D = Au+ o(u)
where 0 < A < (loc. length)?.
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Describes a hopping process for the particle momentum:

. X X —
P (X,p) = gelp'£< ;g‘p‘ 2£>’

£oXop) = [ FApia) [pM(Xa) - M(X.p)] da,

r(p,q) =r(a,p),

and
[[70.0)150) - f@dpda > < [[176) - @) dpe
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o Diffusion is universal in the presence of time dependent
fluctuations.
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o Diffusion is universal in the presence of time dependent
fluctuations.

o Diffusion is quantifiably slow for weak fluctuations around
a localized system.
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@ Diffusion in an open quantum system without the Markov
approximation.

e How to prove that decoherence emerges and memory in
the bath decays?
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@ Diffusion in an open quantum system without the Markov
approximation.

e How to prove that decoherence emerges and memory in
the bath decays?

@ Diffusion for weak disorder (without fluctuations)
e Recurrence is the problem.

o Can fluctuations help?
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Thank you!




