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Non-Hermiticity
due to the vector potential
(p —ig)*
H, = - Vi(x
g I, | ( )

g: imaginary vector potential

V(x): real scalar potential



Imaginary gauge transformati()ffé'
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Anderson LLocalization




Anderson LLocalization
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In one dimension

Destruc@@

V(x): (real) radom scalar potential
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Anderson localization |

Localized states in a random potential

Yo ~ e~"I®

: Y
Imaginary gauge
transformation

Pg ~ e Flrltgr
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1d tight-binding model
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Non-Hermitian Anderson model

N. Hatano and D.R. Nelson, PRL 77 (96) 570; PRB 56 (97) 8651
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Complex-Eigenvalue Transition



Complex-eigenvalue transitiorgllzl

N. Hatano an[d'D'.R. 'NJellsdn', PRL 77 '(9'65 5'7'();' PKB 56 (97) 8651
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Imaginary gauge transformation |

N. Hatano and D.R. Nelson, PRL 77 (96) 570; PRB 56 (97) 8651

ho(x) — Yg(x) = tho(x)e”
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Delocalization transmon
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Delocalization transition i

N. Hatano and D.R. Nelson, PRL 77 '(9'6') 570; PRB 56 (97) 8651
s 1 g=10
| 1 g=0.9
é 4 1 g=0.7
V. €[-1,1 | SEs— A== | g=05
1000 | \ I g=0.3
site.s,. ﬁ 1..11.R.61Ea,...1,,: g=0.1

Complex Eigenvalue Transition <

Non-Hermitian delocalization transition
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Non-Hermitian Anderson model

N. Hatano and D.R. Nelson, PRL 77 (96) 570; PRB 56 (97) 8651
69

Non-Hermiticity

— Delocalizing
Randomness

— Localizing
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Complex current

l _
Hy = 9 Z (6gcl+1cx Te gCI;C:cH)

Eigenfn. v, (x) = €'

Eigenv. E, = cos(k — ig)

— cos k cosh g 4+ 7 sin k sinh ¢
OF 4 OF
Js=———= = I — & g
A= o7 = J, 3ig) sin(k — ig)



Imaginary-time path integral

N. Hatano and D.R. Nelson, PRL 77 (96) 570; PRB 56 (97) 8651

Magnetic flux 1n a superconducting sheet
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Discrete-time quantum walk
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Unitary operators 0L}
Coin operator C: C (|O ( ) (\|OR )

S|1L) = |0L)

Shift operator S: S|LR) = [2R)
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Discrete-time quantum walk

-3 -2 -1 0 1 2 3
>
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¥(0)) = |0L)
Clv(0)) = al|0L) + b|OR)
SC[(0)) = a| = 1L) + b[1R) = |(1))
U=SC U(t)) = U'[1(0))
H =ilogU = e "eh(0))
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Discrete-time quantum walk

1

0<t< 100
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Random quantum walk
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Random quantum walk
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1d tight-binding model
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NH Random quantum walk
3 2 -1 0 1 2 3

. |—1L) |oL) [1L) |2L) ---
—1R) |0R) [1R) |2R) -

Unitary operators /

Coin operator C:|C (|0 R) ( ) (#8?{ )

S|1L)
S|1R) = |2R)x 69

||
-
=
X
Q

Shift operator S:




¥(z,1)[°

NH Random quantum walk
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Discrete-time quantum walk
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NH Random quantum walk
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Summary l

Imaginary vector potential

}

Anderson localization
Random quantum walk

Non-Hermiticity

— Delocalizing
Randomness

— Localizing




