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How does entanglement depend on:

the shape of ∂A
the state |0〉 → |Ψ∗〉
...

How does entanglement
depend on charge distribution?

→ Charged Rényi entropies
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→ Charged Rényi entropies

Alexandre Belin Charged Rényi Entropies



Setup

CFTd with a global U(1) conserved charge.

Consider |Ψ〉 = |0〉

Conf. transf. to S1 ×Hd−1

ρA = e−β0HE ==⇒ SEE = STH

β0 = 2π
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Thermodynamics → GRAND CANONICAL ENSEMBLE

ρA = e−β0HE −→ ρ̃A = e−β0HE+µQA

The charged Rényi entropies are defined as

Sn(µ) =
1

1− n
logTr

[
ρA

eµQA

nA(µ)

]n

Wilson Line along the S1:

Bτ = −iµ/2π −→
∫
S1 B = −inµ
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The charged Rényi entropies are defined as

Sn(µ) =
1

1− n
logTr

[
ρA

eµQA

nA(µ)

]n

Wilson Line along the S1:

Bτ = −iµ/2π −→
∫
S1 B = −inµ

Alexandre Belin Charged Rényi Entropies



What is the flat space picture?

Near ∂A, B ∼ −i µ
2π
dθ

∮
B = −inµ

−→ The twist operator carries ’magnetic flux’ along ∂A
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What is the physical effect of the Wilson Loop?

Note that Qtot = QA + QB = 0
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Holographic Calculations

Sn(µ) =
n

n − 1

1

T0

∫ T0

T0/n

S(T , µ)dT

AdS/CFT −→ Areas of charged hyperbolic black holes
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Figure: Top to Bottom: n=1,2,3,4,10
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Conclusion and future challenges

We have found a new measure of entanglement that
tracks the charge distribution between subsystems A and
B.

It would be interesting to investigate different states
|ψ〉 6= |0〉

It would also be interesting to try to understand the
Wilson Loop as giving a new state, is there a generalized
RT surface?
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Thank you!
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