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Choose: R =2n+ 1 and

ma=(1,....,2n+1), wg=(1,...,n+1),
tc=Mm+1,...,2n+1)

Motivated by the modular commutator (kim-shikato Albert(22)]

J(’A, B, C)p == Ty (PABC-‘ [I{AB,, I{BC‘])

where Kap = —Inpap is the entanglement Hamiltonian
(modular operator).

The modular commutator and chiral central charge: J = Zc_.

J is related to J, in the replica limit: 5 (.J,, — Jp,) o

Jn X exp (—

2T1C_ 2,”'2.
24 (2n+1)(n+1)
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® Choose: R = 2r forr > 2, and

Wﬂ(l.‘-t) = (1*t - 1) '714(2:11—) = (th 0 1)1
(s, t) = (s + 1,1),
ro(Lt) = 21— 1) me@t)=(Li+1)

Indexing the replicas with a tuple (s,%) with
s=1,2,t=1,...,r; addition is defined mod 2 for s and mod
r for t.
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® Trace of the reduced density matrix:

[ —neHA
T |le edge

Tr (pa)" [ et zomera0]

n'ﬂ.
® ANFHWR l/e 50 ZEDT, ZTZT, SET27-KRZITS !
i

X(e_ 37’!“5 ) = ZSUG,’XQ" (6_2?:?) =2 SOU % Eﬁ (E/E - OO))
a!

i.e., only the identity field I, labeled by “0" here, survives the limit.

® Hence, in the thermodynamic limit [ /e — oo:

i
S (e72ne) .
Z“’ 0a’ Xa! = - _'n)(SUU)l_n,

Zar SO(L’X(L’ (e_ .;_(I)] "

Tr(pa)"™ = [

® Final result:

- 1+n me 1 | 1
gl — . _ImD4+ ——Ind: "
A n 48 ¢ +l—fn. 0
l
gN_T¢ ' 1D+ Ind
4 =57 o TRt ing

where the quantum dimension is related to the S matrix via

SG,O :da/D
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[fi] Sphere EdM35® twist operator @ 3x5RHEL

f A ARy i
Z&ph = \010203)sphere — ( 3

e (), : OPE coefficient (CFT data)
e sin(n/3) : trijunction @ opening angle 2w/3 725K % FFIFHIE-F

[(#i2] SL(2,C) T3 % (0,1,00) IFEME(L L CTFHli (CFTOEMEMTFiE) . i3 Appendix D,

Bk E D320 twist operator D3 B
Zgpn = (01(21) 02(22) 73(23)) sphere
CFT o—ff@aic kb, SL(2,C) T 3 g% (0,1,00) icHEHE(LATHE :
(61(0) o2(1) o3(00)) = C123 (OPE coefficient)

FERER I3 D3 B Ot HIRE D | trijunction DRFFRECE (27/3 %451) A6 sin(n/3) B 5,




BGg.m.0 — 25 mL(c+¢)
S’ (A:B:C)=(1+1) 165

—‘/_*'

1 1
—In O-n.

+(1+i)c+61n5111%+ —==

T 8

Step 1: area law Step 2: corner Step 2: OPE
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% region it neighborhood % MKW TiEAlk (cutting map i)
Y LCI#B 15 BER M :

1 .
M o =7 Ct0} Ztopo(M) Zcrr(X)

e M : closed 3-manifold — TQFT f&#lt (D, ¢, 5%)
e ¥ = 0W . & genus 22KJCHHT — chiral CFT — ¢_

vt on ic;r(z) T =

14188 ¥ 72 259 . CFT vacuum D [A|fir{iifH

Chiral CFT @ vacuum % [ 727 0ds) X4 5% ¥, Casimir momentum 7> 50D 5 ¢

(#7¥8] Modular parameter / partition function ®f & [ Uik,
T # 0 T chiral central charge 7% exposed Z11%,

14.2 ) genus surface "D —%{k

Surface X I3 thin tubes T2 - 72327XDEKM (pair-of-pants, POP) DA,
R €/L — 0 Tl& tubes ASHEFRICHI { — vacuum DAILHE.

% tube IZ "twist" T; 7% associated :

Z(X) x exp [— 3;; Z 'T-,:]

S ZTORAPIEZ X, 7 12849 |

14.3 7; DS EIRE

T; l¥ permutation T4, T, Tc OREED SHEEMNIZNE 5.
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