1. Multi-entropy 4. Physical meanings

Entanglement entropy (EE) & Réenyi entropy Link states in Abelian CS theory are stabilizer states.
EE: bipartite entanglement measure Prime-power qudit stabilizer states
Sl(z)(A; B) = Sgg(A4; B) = —Tr(p4logp,) Vv N-qudit stabilizer state with prime-power dimension k = p€,
Rényi entropy: one-parameter generalization of EE 3 local unitary U = Uy ® Up Q U¢ s.t.
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Sy (4;B) = T, 108Trpy = -——log Z, UlSpe) . = IGHZ)YY. ® |EPR)®S ® |EPR)Z? ® |EPR)S?
Rényi multi-entropy & Multi-entropy with GHZ and EPR given by
Multipartite generalization oflRényi entropyl& EE (GHZ) = f;olliiﬂ  [EPR) = fz_ollii)
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Sn (A B; G = 1 — nnda—2 log Zpa-1 7= 91 (A5 B; €5+ Genuine multi-entropy extracts # of GHZ
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2P =t OO @~ Y Y Y Logarithmic negativity extracts # of EPR
/@@ —@—~—~ En(B; C)[Sapcl = alogp
23 = @ (,; @y General qudit stabilizer states
25 = Y 1 1 For a general integer k = p;* p,* -+ p,*, we have
IO OO~ UlSk)apc =®i—1 Si)asc
; ; ; (with |S;) a stabilizer state on N qubit of dim p; )

_ ZGMF) [Sugc] = Yo gi log p;
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2. Link states

Chern-Simons theory

o _ 5. Venn diagram
CS action with gauge field A:
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Link states from path integral

- Start with a 3-sphere

@ - Remove a tubular
b neighborhood of the
6 link (here 63)
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- We get it! A link state
l living on the torus
boundaries.
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Wave function of 3-component links in U(1), CS Ex(B;C) = 2GM ) =
k-1
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3. Main results

Closed formula for Rényi multi-entropy
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Genuine multi-entropy
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GMP) (4;B; ¢) = s — E(S,SZ)(A) + S3(B) + S,S”(C)) — (n 2) log

k- gcd(k, Ley, Lyp, LBC)2
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Logarithmic negativity 0 N\2D gcd(k, Lea, Lap)

E»(B;C) = lim lo = lo
w(B; C) p>1/2 g (PBc gng(k,LCA:LAB;LBC)
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