
Knot Theory and Quantum Information
Abhigyan Saha

December 06, 2024— joint work with
Piotr Sułkowski, Paweł Caputa, Souradeep Purkayastha.

Musings on SVD and pseudo entanglement entropies JHEP11(2024)103



Pick a quantum state |φ⟩ in Hilbert space ℋ = ℋA ⊗ ℋB to obtain the density matrix

τφ|φ =
|φ⟩⟨φ|
⟨φ|φ⟩

(1)

and reduced density matrix for A by tracing over the complement B : τ
φ|φ
A = TrB(τ

φ|φ)

The Entanglement Entropy is defined as:

SE = −Tr (τ
φ|φ
A log τ

φ|φ
A ) = −∑

i

λi log λi (2)
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For two such states |φ⟩ and |ψ⟩, we define a transition matrix

τφ|ψ =
|φ⟩⟨ψ|
⟨ψ|φ⟩

(3)

and analogous reduced transition matrix for A : τ
φ|ψ
A = TrB(τ

φ|ψ)

• Pseudo Entanglement Entropy SP: consider the eigenvalues of τ
φ|ψ
A in (2)

• SVD Entanglement Entropy SSVD: consider the singular values of τ
φ|ψ
A in (2)
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Twist knots Kp Link of type Kp#2
2
1 Torus link T(P,Q)

|Ln⟩ = ∑
j1,j2,⋯,jn

CLn
j1j2⋯jn

|j1⟩⊗ |j2⟩⊗ ⋯⊗ |jn⟩ (4)
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Pseudo-metric in U(1)

|ΔS
SVD

| =
1
2
log (

(gcd(k, l1l2))
2

gcd(k, l1) ⋅ gcd(k, l2)
) (5)
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Chirality in general (compact) gauge groups

A knot K is chiral if it not is isotopic to its mirror image K⋆ ; amphichiral otherwise

Whitehead link(s) Borromean link
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|H⟩⟨W | |H⋆⟩⟨W⋆|

|L⟩⟶ |L⋆⟩ ⟹ CL
mn(q)⟶ CL⋆

mn(q) = C
L
mn(q

−1) = CL
mn(q) = CL

mn(q)

⟹ λ⟶ λ ⟹ S
P
⟶ S

P
⟹ S

φ⋆|ψ⋆

P = S
ψ|φ
P
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