
Guided accumulation of active particles by 
topological design of a second-order skin effect

L. S. Palacios, S. Tchoumakov, M. Guix, I. Pagonabarraga, S. Sánchez and A. G. Grushin 

arXiv:2012.14496

serguei.tchoumakov@neel.cnrs.fr



Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

1



Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

H2O2 → H2 + O2

1



Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

H2O2 → H2 + O2

𝑚
𝑑𝑣

𝑑𝑡
= 

𝑖

𝐹𝑖

random forces

1



Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

H2O2 → H2 + O2

𝑚
𝑑𝑣

𝑑𝑡
= 

𝑖

𝐹𝑖

https://youtu.be/nAtneLUiPkc

https://youtu.be/v3qwyD79UUI

random forces

1



𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑊(𝑥, 𝑥′) ⋅ 𝑃(𝑥′, 𝑡)

Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

H2O2 → H2 + O2

𝑚
𝑑𝑣

𝑑𝑡
= 

𝑖

𝐹𝑖

https://youtu.be/nAtneLUiPkc

https://youtu.be/v3qwyD79UUI

random forces

1



Active particles are a plateform to explore non-Hermitian dynamics

Pt SiO2

H2O2 → H2 + O2

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖𝑊(𝑥, 𝑥′) ⋅ 𝑃(𝑥′, 𝑡)𝑚

𝑑𝑣

𝑑𝑡
= 

𝑖

𝐹𝑖

https://youtu.be/nAtneLUiPkc

https://youtu.be/v3qwyD79UUI

random forces

∫ 𝑑𝑥 𝑊 𝑥, 𝑥′ = 0 : not Hermitian

Schrödinger-like equation

1



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

lattice

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

periodic boundary
condition

lattice

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

𝑔

periodic boundary
condition

lattice

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

𝑔

periodic boundary
condition

open boundary
condition

lattice

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡

𝑔

periodic boundary
condition

open boundary
condition

lattice

non-Hermitian skin effect

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝑔

periodic boundary
condition

open boundary
condition

Fourier

lattice

non-Hermitian skin effect

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝜔𝑘 = −𝑖 (1 − cos 𝑘)

𝑔

periodic boundary
condition

open boundary
condition

Fourier

𝑘

lattice

non-Hermitian skin effect

2

Im
[𝜔
]



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝜔𝑘 = −𝑖 (1 − cos 𝑘)

𝑔

𝜔𝑘 = 𝛿 sin 𝑘 − 𝑖 (1 − cos 𝑘)

periodic boundary
condition

open boundary
condition

Fourier

𝑘

𝑘

lattice

non-Hermitian skin effect

2

Im
[𝜔
]

R
e[
𝜔
]



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝜔𝑘 = −𝑖 (1 − cos 𝑘)

𝑔

𝜔𝑘 = 𝛿 sin 𝑘 − 𝑖 (1 − cos 𝑘)

periodic boundary
condition

open boundary
condition

Fourier

Im
[𝜔
]

Re[𝜔]𝑘

𝑘

lattice

non-Hermitian skin effect

2

Im
[𝜔
]

R
e[
𝜔
]



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝜔𝑘 = −𝑖 (1 − cos 𝑘)

𝑔

𝜔𝑘 = 𝛿 sin 𝑘 − 𝑖 (1 − cos 𝑘)

periodic boundary
condition

open boundary
condition

Fourier

Im
[𝜔
]

Re[𝜔]

Im
[𝜔
]

Re[𝜔]

Im
[𝜔
]

R
e[
𝜔
]

𝑘

𝑘

lattice

non-Hermitian skin effect

2



The topological origin of the non-Hermitian skin-effect

𝑖
𝜕𝑃(𝑥, 𝑡)

𝜕𝑡
= 𝑖 𝑊 𝒙 − 𝒙′ ⋅ 𝑃 𝑥′, 𝑡 𝜔 ෨𝑃 𝜔, 𝑘 = 𝑖 ෩𝑊 𝑘 ෨𝑃 𝜔, 𝑘

𝜔𝑘 = −𝑖 (1 − cos 𝑘)

𝑔

𝜔𝑘 = 𝛿 sin 𝑘 − 𝑖 (1 − cos 𝑘)

periodic boundary
condition

open boundary
condition

Fourier

Im
[𝜔
]

Re[𝜔]

Im
[𝜔
]

Re[𝜔]𝑘

𝑘

winding
spectrum

lattice

non-Hermitian skin effect

breaking inversion symmetry

2

Im
[𝜔
]

R
e[
𝜔
]



Non-Hermitian skin-effect without breaking inversion symmetry

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

3



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

3

J. Katuri et al., ACS Nano 12 2018



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

Preserved inversion symmetry
⇒ second-order non-Hermitian skin-effect ?

3

J. Katuri et al., ACS Nano 12 2018



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

Preserved inversion symmetry
⇒ second-order non-Hermitian skin-effect ?

3

J. Katuri et al., ACS Nano 12 2018



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

Preserved inversion symmetry
⇒ second-order non-Hermitian skin-effect ?

trivial device

3

J. Katuri et al., ACS Nano 12 2018



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

Preserved inversion symmetry
⇒ second-order non-Hermitian skin-effect ?

topological device

3

J. Katuri et al., ACS Nano 12 2018



Non-Hermitian skin-effect without breaking inversion symmetry

active particles
topographical pathway

Breaking inversion symmetry
⇒ non-Hermitian skin-effect

Preserved inversion symmetry
⇒ second-order non-Hermitian skin-effect ?

topological device

3

J. Katuri et al., ACS Nano 12 2018



Active particles propagate faster on the edges

trivial circuit topological circuit

4



Active particles propagate faster on the edges
Methodology : track active particles individually

trivial circuit topological circuit

4

arXiv:2012.14496



Active particles propagate faster on the edges
Methodology : track active particles individually

trivial circuit topological circuit

e
x

p
e

ri
m

e
n

ts

P0.02 0.05 4

arXiv:2012.14496



Active particles propagate faster on the edges
Methodology : track active particles individually

trivial circuit topological circuit

e
x

p
e

ri
m

e
n

ts
th

e
o

ry

P0.02 0.05 4

arXiv:2012.14496



Active particles propagate faster on the edges
Methodology : track active particles individually

trivial circuit topological circuit

e
x

p
e

ri
m

e
n

ts
th

e
o

ry

trivial

topological

experiment and theory

P0.02 0.05 4

arXiv:2012.14496



Active particles propagate faster on the edges
Methodology : track active particles individually

trivial circuit topological circuit

e
x

p
e

ri
m

e
n

ts
th

e
o

ry

trivial

topological

experiment and theory

P0.02 0.05 4

arXiv:2012.14496



Active particles accumulate at the corners arXiv:2012.14496

trivial circuit topological circuit

5



Active particles accumulate at the corners arXiv:2012.14496

trivial circuit topological circuit

e
x

p
e

ri
m

e
n

ts

P0.003 0.007 5



Active particles accumulate at the corners arXiv:2012.14496

trivial circuit topological circuit

th
e

o
ry

e
x

p
e

ri
m

e
n

ts

P0.003 0.007 5



Active particles accumulate at the corners arXiv:2012.14496

trivial circuit topological circuit

th
e

o
ry

𝑆 = −

𝑥

𝑃(𝑥) ln𝑃 𝑥

Shannon entropy

e
x

p
e

ri
m

e
n

ts

P0.003 0.007 5



Guided accumulation of active particles by topological 
design of a second-order skin effect

Guided motion Corner accumulation

L. S. Palacios, S. Tchoumakov, M. Guix, I. Pagonabarraga, S. Sánchez and A. G. Grushin 

serguei.tchoumakov@neel.cnrs.fr

trivial

topological

arXiv:2012.14496


