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What is a (topological) pump “

Coupling

Twisted conveyor belt
iIn a machine shop
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motor

transfer of energy

Topological Coupling:
MObius drive chain
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Topological guantum pumps: standard perspective Coupling
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Thouless pump

> dimension d=1 D. Thouless (1983)
Q. Niu, D. Thouless (1984)

gy \Velocity v

potential V(x, 1) - potential periodic in space and time V(x, ¢,(1))

a
. velocity : v = %? « topological (Chern) number ¢



Topological guantum pumps: standard perspective Coupling
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Thouless pump

> dimension d=1 D. Thouless (1983)
Q. Niu, D. Thouless (1984)

-~ Velocity v

potential V(x, 1) - potential periodic in space and time V(x, ¢,(1))

a
| . velocity : v = €— <« topological (Chern) number &
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Topological frequency converter . Martin, G. Refael, B. Halperin (2017)

» dimension d=0 (qubit), H(¢(?) )
> Transverse velocity in harmonic spaces (Floguet theory)

i i : - R.-P. Riwar, M. Houzet, J.S. Mevyer,
Multi-terminal Josephson junctions Ay Y.V'Wﬁgzarovcgggf S eyer

> dimension d=0
> quantized transconductance




Coupling

Topological guantum pumps: coupling fast-slow d.o.f.

Thouless pump
> dimension d=1 D. Thouless (1983)
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Topo\oglca\ quantum Couphng
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. Hamiltonian H = hw, afal + hw, agaz + H.
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H./h = g(a; + a, )0 + g(a, + a )0 + <a) +ig,(a, — a, ) +1g,(a, — aT)>
dp, d ay, d,




Topological qguantum coupling
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‘a, + how, a'a, + H_

- Hamiltonian H = hw,; a, )

H./h = g(a; + af)ax + g>(a, + a;)ay + <a)q +1g,(a; — af) +1g,(a, — a§)> o,
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R Topological gap
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Topological qguantum coupling
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. Hamiltonian H = hw, a
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H./h = g(a; + af)ax + g>(a, + ag)ay + <a)q +1g,(a; — af) +1g,(a, — a§)> o,

. Semiclassical analysis : a; — \/ﬁie“bf, H.— h h(n;,ny, ¢y, ) .0

~ Topological coupling : fixed ny, n,, gapped 71(CD) = 7/2(”19 s, ¢1, ¢2)
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Trivial gap /

Topological gap
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Trivial gap

Half-BHZ model
vy sin(¢;)
h = Vv, sin(¢,)
m — by cos(¢h;) — b, cos(¢h,)

Chern number
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Adiabatic topological pumping

1. Topological (adiabatic) pumping

Topological gap




| andau-Zener transitions
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1. Topological (adiabatic) pumping

2. Landau Zener transition + pumping in reversed direction
(qubit in excited state)
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Topological gap
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Chaotic Dynamics
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1. Topological (adiabatic) pumping

2. Landau Zener transition + pumping in reversed direction
(qubit in excited state)

3. Stationnary state : characteristic of topological chaotic dynamics




Chaotic Dynamics and eigenstates
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of topological chaotic dynamics « topological region » « trivial region »



Eigenstates
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Uneven distribution of eigenstates :

2 level distributions of eigenenergies:
. . s Level repu
« topological » vs « trivial »

¢ No level re

sion for« topological »eigenstates
oulsion for « trivial » ones
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Topological pump
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2 classes of dynamics / eigenstates at same energy
> Trivial state remain localized
> Topological delocalization and chaotic dynamics

Topological coupling
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Topology — discriminating filter on eigenstates

Ubiquitous mechanism



Adiabatic dynamics
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Adiabatic projector

|y (D))

- Slow @ = (¢, adiabatic states | (7)) @ |y, (DP(1)))

- Projector IA{_L — Jd@ | PP | ® 7, (D),

|y (D))

(/5/2/ _— )(W
2

- 7w, = |y )(w,.| perturb.ine ~ hQ/AE

Adiabatic decomposition

- Arbitrary state | W) = szCD Y (D)D) Q |y (D))

" Adiabatic decomposition |¥) = |¥_) + |V.),
‘\Pi> — Pi ‘ \P>



Adiabatic dynamics
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dn, Adiabatic projector
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Prepare a gaussian separable state | - Slow @ = (¢, adiabatic states | (7)) @ |y, (DP(1)))
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n Topological pumpin
Topological pumping in direction: A /4 . pological pumping
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