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Results

Construct from a local parameter space a topological invariant
of family of states X in d+ 1, that is integral of d+ 2 differential
form Ω(d+2) over X - Higher Berry curvature
Example:

Ω(3) =
∑
p≤0

Im
dA

dĀ

p− 1

dr0E(p→ 0) (1)

trans.inv.
= Im

dA

dĀ
dr(1− E)−1 (2)
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Lattice Λ ⊆ Rd

Local parameter space Xq

Berry Monopole Ω(2)

Local Hilbert space Hq

|ψq⟩
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Berry Monopoles Ω(2)

Flow of Berry Curvature Ω(3)

due to entanglement structure.
HA HB
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HA

HC

HB

Berry Flow Ω(3) from A → B

Berry Monopoles Ω(2)

Change in flow Ω(4) due
to entanglement with C
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Continuity equation

pi ∈ Λ

[p0] = p0 −→ charge(dens) Q = Q(k) =
∑
p
Qp[p]

[p0p1] =

p1

p0 −→ current(dens) j = Q(k+1) =
1
2
∑
pq
jpq[pq]

[p0p1p2] = p2

p1

p0 −→ circ. Q(k+2) =
1
3!

∑
pqr

Q(k+2)
pqr [pqr]

∂Q(k+1) = dQ(k)
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Non-trivial↔ chains with finite correlation lengths
Natural formal solutions using local structure

d̂ s.t. ∂d̂ + d̂∂ = d (3)

In particular

d̂ : cp0···pn [p0 · · ·pn] 7→ dqcp0···pn [qp0 · · ·pn] (4)

Local parameter spaces d̂ acts within finite correlation length
chains.
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Total parameter space X ⊆
∏
p

Xp

Many Body
Hilbert Space

H =
⊗
p

Hp

|ψ⟩

p3

p2

p1

p0

p8

(Flow of) Observables

on simplexes q 7→ d̂q

p0

p1

p2

p3

p4

p5

p6

p7

p8

p9

p10

p11

dp8

dp8
|ψ⟩
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∂Q(k+1) = dQ(k)

Q(d+k) ∝ d̂dQ(k)

F(d+2) ∝ −d̂d+1 Im 〈ψ|dψ〉
Ω(d+2) = 〈F(d+2), “d-cut of lattice”〉
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MPS

A

Ω(3) =
∑
p≤0

Im
dA

dĀ

p− 1

dr0E(p→ 0) (5)

trans.inv.
= Im

dA

dĀ
dr(1− E)−1 (6)
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0 < w4 < 1: + − + − + − + − +

w4 = 0: + − + − + − + − +

−1 < w4 < 0: + − + − + − + − +

•••••••••w4 = −1:

•••••••••w4 = 1:
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Outlook: What I’m thinking about

1. Do (injective) PEPS form local parameter spaces
2. Dynamical impact of Ω(d+2) 6= 0
3. (Dis)prove quantisation in d > 1.
4. Show that this is only interesting feature in space of
phases
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