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‘H :Hamiltonian L; :Virasoro generator

ITHEMS






) ?{::.LO_FIR)

c?) >0
) U =T, Ly +2L—1 I, Ly +2L—1
3 H=L+1+L {+Li+L_4

c?) <0

‘H :Hamiltonian L; :Virasoro generator

ITHEMS




) 7—[ — LO —+ ZO radial quantization

14-%L—1,_E Li+L_4
2 2

dipolar quantization = Continuous Virasoro algebra

Sine-square Deformation

) H=L{+L_{+L{+L_4

‘H :Hamiltonian L; :Virasoro generator
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X.Wen, S. Ryu and A. Ludwig  Phys.Rev.B 93,235119 (2016)

H=IL,+L +L{+L_

H{f]= [ dx f(x)H(x).
k\.,« Envelope function

TABLE I. Summary of conformal maps and deformed evolution operators discussed in the main te

Conformal map “Time” “Space” Envelope function
Angular quantization w=Inz v u f(x)=x
Radial quantization w=1Inz u v f(s) = l
Entanglement Hamiltonian w = In g_rg v u fx) = M
Regularized SSD (rSSD) w = In & u v f(s) = cos Z* + coshug
Sine-square deformation (SSD) w = % u v f(s) = sm2 =
Square root deformation (SRD) Z=sinw v u f(x) =+/x2 — R?
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Entanglement

TT, arXiv: 1904.12414

H:L1+L—1+i’l+i_1
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Entanglement

TT, arXiv: 1904.12414




Entanglement

TT, arXiv: 1904.12414
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Entanglement

TT, arXiv: 1904.12414
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Entanglement

CCFT
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Ly, L] = (K = ') Ly + 25 Cllx[x]
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Entanglement

TT, arXiv: 1904.12414
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Ly, L] = (K — K/)£K+K/ + %CI[K‘K/]
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CCFT
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Torus geometry
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Torus geometry

After rescaling,

[,CK, LK/] = (K — K/)[,K_l_,(/ -+ —

Virasoro algebra on
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Entangilement Entropy

C. Holzhey, F. Larsen, F. Wilczek

Geometric and Renormalized Entropy in
Conformal Field Theory

Nucl. Phys. B 424, 443 (1994)
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Entangilement Entropy

time flow by

e "g;) — 10)




Entangilement Entropy




Entangilement Entropy

(9H10) = [ Do (x) (#}10) = | Dg* (x)




Entangilement Entropy

L10Y(0 ZL = Do(t, x e~ "
<4)]| 0197 /<P(0,x)4>f(x),4>(0+,x)4>f(x) PLx)
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Entangilement Entropy

reduced density matrix]

— (tI‘Lc (|O><0D)ij = /2 X (‘0)1]

Z =Y (¢F10)(0|¢r) =Y (trre (10)(0)));;

i 1




Entangilement Entropy

reduced density matrix]

— (tI‘Lc (|O><0D)ij = /2 X (‘0)1]

Z =Y (¢r10){0l¢;) = Z(trLC (10)€01))

.




Entangilement Entropy

i = Z X (P)i]'

modular (entanglement) Hamiltoian

re " THmod = Z7trp" wllp — - trp

= —tr(plnp) =S

n=1
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Entangilement Hamiltonian

= Z % (p);j
modular (entanglement) Hamiltonian
e THmod e THmod
™ (e THmod) — Z
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Entangilement Hamiltonian

= Z X (P)ij

modular (entanglement) Hamiltonian

H,,qg=alL{+bLy+cL_1+ ali+bLog+cL_1 = Ly+ ZQ
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Entangilement Hamiltonian




TWO Oor more sections

J. Cardy,E. Tonni, . Stat. Mech. (2016) 123103
G.Wong, JHEP04(2019)045
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One-loop and higher

larger holes




Minkowski CFT

Luscher, Mack ('75)
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Minkowski CFT

Luscher, Mack ('75)
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Minkowski CFT
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Minkowski CFT
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Minkowski CFT
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Minkowski CFT
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Time foliation over curved space

Two or more “time’s

Continuous Virasoro algebra
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Hamiltonian Action
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Automorphism on Poincare Disk




—Tfixed points

Uniform
flow of
time
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