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AdS/CFT )J(“:I'II-IS [Maldacena, 1999]
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MERA & AdS/CFT [swingle, 2012]
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MERA and AdS/CFT
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MERA ¥ AdS/CFT Oxifi [Nozaki et al., 2012].
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MERA & AdS/CFT [swingle, 2012]

BREGNEZONLE,
NIV DENEBRE L SHEETIH? scalo VIERA AJS/GEFT
FAHD D:MERA[Vidal, 2007] & AdS/CFT £ DX g u:—y\‘\

[Swingle, 2012]
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MERA ¥ AdS/CFT

MERA $%w F 7 —2 < BHEEREY AdS [Swingle, 2012]
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Correspondence between MERA & AdS/CFT
YA : minimal surface of A
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AdS-Rindler BiERK

AdS-Rindler B

z

o@) = [YE@YIOW), e Weld,

We[A]: AdS-Rindler wedge(causal wedge

/\)Laiﬁ%% ¢(I) &, z e We [A} DLE ) [Almheiri et al., 2015]
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AdS-Rindler reconstruction and bulk locality paradox

CFT OKE—FmE = Z2Z X3

C

AdS-Rindler BB EZE X3 &, NILIREF ¢(z) & A, B, C hSISHEHERATREIZ DY,
AUB, BUC, CUADSIIEHEATEE (pan, dac, pca)

LDL, BAEED [pas, Oc] =0. AB,C DK[EEES £ /=Fk.

HL dan,dpc, pca WEI—HBEEFETRE,

Schur DFHEHDSEED/NIL BB FISEMEREFICAR>TLES = paradox
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FADETER S DOFl: qutrit code

Alice H*5 Bob IZ 1 qutrit DEFIREE [¢) = 27 a; |i) ZHED L.
T—RICIS—HEC > TREVHENT- L SICTDT—RZEETTBICIE?
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R DETIERF S DHI: qutrit code

Alice H*5 Bob IZ 1 qutrit DEFIREE [¢) = 27 a; |i) ZHED L.
T—RICIS—HEC > TREVHENT- L SICTDT—RZEETTBICIE?
= REDOTRIL S [¢) — [¢)

) = Zai 5y, {|i)} : FEEBSIZER (code subspace)

ZENUITEL. o
10) = %(\oom +111) + [222))
1) = %(\om +[120) + |201))
12) = %(\02” + 1102) + [210))
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Quantum error correction and AdS/CFT
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Quantum error correction and AdS/CFT
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Quantum error correction(QEC) condition

Knill-Laflamme condition(38 D $TIES: %)

(| ELEb|7) = Mab (il3)
li): SR EEMOEE
E. Ey: T5—EEF
My : Hermite 1751
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Encoding a qudit at a point[Furuya et al., 2022]

Je—L Y NEEF D(irfo) TRONZEHZNSEHOERLE TS
(fo: RBIEL, r: level (from 0 to ¢ — 1))

~ delta function at zg with width e:

|7"7 170> = D(M“fo) ‘Q>
—EBEF: D(iqfo)

e.g. HUZRRKR
1 _ (e==q)?
fo(z) = st
(r'swolr, wo) = (D(i(r — ")) fo)
= 57‘7"

(r',xo| D(igfo)|r, w0) = Opr pirq = ERDETIEFTHE

ncoding a qudit at a point



q-level state |r): IR D IE—L >~ MARE
EEREOEDAHBEOTIO— U

|‘I’>A = U(AaAUV) \‘1’>

Auv

Ut #AVWTHSILZES
|7y = UT(A, Auv) |r)

ot DR 1 ROSEE TROFTERSZ®BII L ZETY
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BHHRI DS —i7EH

IXILF—Z4—)L A D ERG AIZEXDIBH 0 XDR:
1
\115\0)[(/9] = Ny exp [290 K lwy - 4

Ny: BUEMEER (Do vl = 1)

HESMAEME TS —REF
FSERPZEM: UV TOOE—L > MARE

Span({|7af0>}/\uv)7
[ ERDEEH
—EBEF: IRGEfE) TOoake—L Y MNERF

{EAm.at ={D(g)|g: arbitrary real function}
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ERGHRESRF

ERCHBERF

[a}” (p), ok ()] = 5(p — g)
where wp (p?) = /p? + A—2m?2.

ELICEEFORT—) VT8

GE\OO) (p) + aj\((?)(—p) = L:/X)((Zz)) {aﬁ” (p) + aj\(o)(—p)}
o) =l () = [ 2 {0 - o} ()}

AQEC for free scalar theory



BHXAS—HOIE—L Y MRRE

de—L > MREE:

P = |5t ol - o) o)

Sl -

), = [— JUror 21w e + |f<p>2)}

f=rfo, foEROEEHK 3
iy = o [ 2 (@ — ai“”)} ).

S

sy =exp | <50 =17 [ 15

~ Oyt When/|fo(p)\2 >1
D
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HEHIAHDS—I5DRDETIE

IS—EBEFIZIREEHOOE—L Y MREZEZEEFCTES:

D(g)a = exp Uig (@l - aA(0>):|

Ao: bare 27 —)b, g: RE, wr = /m3 A2+ p?

SRDETIESM (Df(¢')D(R') = D(R' — ¢') = D(y)):

Auv (rfol D(g |T fO>AUV

- exp[—é / [720- — 2 ow) + 2 g @) [Jovuv (r' o | 7o)

wa 1& RG flow THIEEMT 378, IRWBRTIE g DESZHEHTES
+5 IRISADIHEE (A/m = 0) ZEZXB L,

auy (rfol D(g)a ' fo) y o~ auy (' folr fo) ayyy,

= BRDETIEAT&E

AQEC for free scalar theory



¢* BEERICH T BFRDETIERM

ERG AIERNDEEB—RDEDRDFTIEF M ZEZ S
EEIREDREARE:

Uale] = T[] + a¥lp] + O(a?)
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ERGHRESRF

BE—ROEREREEF
ap(p) = GS\)( )+ ozag\l
aA(p)Jr = aj\(o)( ) + aa)

(p) + O(a?)

1V (p) +0(a?)

g(kl +l€2 +l€3 +p)

Wy _ A
D)= /k i

L (A
2 4!

+wa(k3) + wa(k2) + wa(p
/6KA(q2)> K({p®) +o)

a
g 20a(q%) ) 203 (P?) A

g(kl +l€2 +l€3 +p)

2) 2wA (

(

—p)

ol A
(p) = 3'/k wa(K2)

om? A
(2 T
[aa(p), a(@)] = d(p — q)

¢4 EENRICH Y IR0 ETERH

+

+wA(k2)—|—wA(k2)+wA( ) Qw,\ (

/6KA( )> K(p?) 2©
q 2wa(q?) ) 23 () i

(=

)

3
g=ll

3
g=il

K(k
QOJA

K(k
20«)/\
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o' FBEERICDOWVWTDERD ETIESRM

IRIFEDIS—EEF:
D(g)a = exp [19 -(ap — aj\)]

S

IREBRZEEZXB L,
Auv <T/f0|D<g)|rf0>AUv ~ Auv <7"/f0|7’f0>AUV

= ERDETIERIRE
BOIAHBICE 2T, BROFTENTES LS BASHOZAI BRI NI
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o 27 Z—HIEROMEARBHES ERG AIERNDEH
o ERG AIEXDOESHRZRAVT, BDAHBNSEFROFTEZRRT 3HIDEFE

BE
o o' IERDOIEBERICHITBERDETIESRMY
o CFT

o J—TIHE

o IVAVTIAY MEE

X k1w U185 (cf. Fisher metric [Nozaki et al., 2012])

Numerical approach(7 >V IUEDIAHBEBRLE DTV ILR Y FT—IFEK)
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TPS(tensor product state)
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TPS(tensor product state)

TS182° 50 _ Z (Ail)mlmg-»-(Agz)nlnzm o

mi,ma,---

R FICIE, maximally entangled pair MEAINTWVS

I\/a\/ﬁl)bx‘/ l\I‘/ FDE_ S S Nbond IOgX
Noond: BRHPIZRY RO (~ LI71)

= HFEERZDOEMEL S ~ L9 logy #HIR
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RZEEHE DA HEF

EI/

REMIEDIAHZEHE . Hilbert ETROBEHEZFZLIER (FHKRL)
—s effective lattice £ ETYIEE%+E

LoL =L ...
HREIE isometry w THREFIFSND (wiw = 1)

HIRLIC LD 2 TIV RV TILAY R DYINZ D BEA
— disentangler DEA



Wave functional for a free theory

We can check that Wy, the ground-state wave functional of a free theory,
satisfies the ERG equation
The wave functional

W)= [ D wirhs

#(0,9)=¢(p)

M| =

Lo= [ 3Kz" [0r6(r:90:0(r.—) + (5 +m2)o(r. o(r ~1)]

1 4 -
\IJE\O) — exp {_ [§Kﬁ1w5 o(P)p(—p) + T [log (2K51> wﬁ}
5 p

— satisfies the ERG equation for the wave functional



Exact renormalization group(ERG)

Requirement
The partition function is unchanged
under the infinitesimal change of the effective cutoff A



Exact renormalization group(ERG)

Requirement
The partition function is unchanged
under the infinitesimal change of the effective cutoff A

_ 9 [ —Sa[¢]
0= Aal\ / Doe

NN NG
= AT ‘/pw(p) [Grlglw)e

A: the effective cutoff, Sj: the effective action
Gal¢](p): the UV regularization,
corresponds to a continuum blocking(coarse-graining) procedure

GAl6)(p) = £Ca(p) 5 (Sh — 29) K

27 56(—p)
S': the seed action

) 1
Cp = —AO\Cy : an ERG integration kernel 4\

typically, Ca(p) = K(p*/A*)/(p* +m?) ¢




EEAREE U, 13X 9 B ERG AiER

—Aaf’A Z I e

—A—\I!A [o] = /D¢H5[¢(O k) — E)]/ ,ﬁ(gd)(é

5 30872 {290}

o So =/, % 1 (0)¢(—=p),
~AZeSaldl = [ [ Alp ){5¢< o (Sa 250)}6—5A[¢]]
L | .
PlEANECRE) l B el o o M
k ST,
N — ) . , L B o
_ ) k) — Ca(r—71",p)C -, - e
/m]} 16(0, F) w(k)}/mw’ﬁw(ﬁm[ A(r — 7, B)CE N P, Pe=N]

t7 =7 =0(117H) & 7 = 0(2 178) ZRILWMHE
BRIBICIE. CA(0,P) = K(P)/(2v/D2 + m2), K(p) k& p° > A% T damp

EEREDEHEIHIC DL TD ERG F12Th

6°W A 1 00y 6Py
~AZEA= / Onl ’@{550(15')590( S e
B (’q)w(ﬁ) Uy V Ca(0,P)

5Cn0,9) 50 2 )5 Cn(0,)



The Polchinski equation [Polchinski, 1984]

Take the seed action S to the free part Sy
A "1 B
5=50= [ 3605 )o(-»)
p

afre = ey Gl ]
GAldl) = A0t 5

= A= [ o 5 5080 gy 5a — 250 e



The Polchinski equation [Polchinski, 1984]

Take the seed action S to the free part S

5=50= [ 3605 )o(-»)

_A%P/—SA[(M =/, 5¢(zp) [GA[(b](p)e_SA[d’]]
Ga [¢] (p) = %OA (p) 5¢(5,p) (SA - 25’)

0 ) 1L s 0
IR [c » { g\ _ 99 }e—s,\w]
oA 55 |24 i) (1~ 250)
Put Sy = Sp + Sint
The Polchinski equation for Si,;
7Aiefsim _ 71 /C ( ) 52 e*Smt
OA 2 ), " P 56(p)s6(—p)

The functional differential equation for the interacting part of Sy



ERG eq for the interaction part of wave functionals

© .
\I/A[(]O] = / D¢ e ffoc dT(L0+L1||L)
#(0,p)=¢(P)
Parametrize

Wy = ell¥] \I!S\U) ; \I/X)) [¢]: the free part of the wave functional
I[p]: the “interaction part” of Wy

ERG eq for the interaction part of U,

0 1 . 521 Wy oy
M550 =73 00D | R D

Counterpart of the Polchinski equation
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