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Strings, warped AdS and irrelevant deformations

Luis APOIO in collaboration with Wei Song
YMSC, Tsinghua University (arxiv:1806.10127, 190x.xxxxx)

construct a tractable toy model of the Kerr/CFT correspondence
in string theory

Goal:

string theory on
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Complexity for Quantum Fields:
From Quenches to Path Integrals

Hugo A. Camargo

Max Planck Institute for Gravitational Physics (AEI)
Freie Universitat Berlin

. Complexity as a Novel Probe Il. Path-integral Optimization
of Quantum Quenches as Circuit Complexity
1807.07075 1904.02713

(with P. Caputa, D. Das, M. P. Heller, and R. Jefferson) (with M. P. Heller, R. Jefferson, and J. Knaute)
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https://arxiv.org/abs/1807.07075
https://arxiv.org/abs/1904.02713
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Experimental quantum tests of causal structures

Bell Causal Structure Instrumental

Complex Causal Structures Causal Structure

Entangled

at the pOSter session pair source

Quantum Information Lab

UNIVERSITA DI ROMA

Dipartimento di Fisica, Universita di Roma La Sapienza
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YITP It from Qubit Workshop Holographic relations for OPE blocks in excited states

OPE blocks give the contribution to the OPE

from the conformal family oan primary Oy:

Oi (1) O; (22) = |z1 — 2| > Ty, CiinBr (21, 22).

Dual to geodesic integrated field [CLMMS 1604.03110]

Bi (21,22) ~ Xy [ 2y 2n) Pe(2)ds, (g1 dual to Oy).

For non-pure AdS3, sum over geodesics.

We constructed a class of CFT observables By, ,, that distinguish terms in the sum.

Each partial OPE block By, ,, is dual to a bulk field integrated over a single
geodesic, minimal or non-minimal, giving access to information deep in the bulk.

In CFT excited states created by a heavy operator insertion,
OPE paths around the insertion differ by monodromy.

N Biom decomposition.of OI_DE l_)lock induced from
monodromy around insertion in the same way that
non-minimal geodesics arise.

1809.09107 Cresswell (U.Toronto) June 26 2019 1/1


https://arxiv.org/abs/1604.03110
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The connection between holographic entanglement

and complexity of purification L Y TP

] YUKAWA INSTITUTE FOR
THEORETICAL PHYSICS

Mahdis Ghodrati, Xiao-Mei Kuang , Bin Wang , Cheng-Yong Zhang, Yu-Ting Zhou

There are various kinds of correlations among mixed states, mainly entanglement Entropy and
classical correlations. Other forms of quantum correlations such as quantum discord could also exist.

1. Can we examine the contribution for each of these kinds of correlations from holography by
comparing various subregion volumes?

2. If we assume the Ep=EW conjecture, can we also define a notion of complexity of purification —
which is dual to the number of gates needed to purify mixed states? What is the corresponding A -.--/\\
subregion volume in the bulk? Hint: 2>

Vb 1 Vaecp —Va—Vg C D )
CoP(A, B . |
oP(A.B) =516 870( 2 ) oy

3. Where are the qubits and gates are actually located? Do they behave locally or in a non-local way? —
How changing the mass or charge in the bulk region could be connected to correlations among
qubits? Can we use LOCC and bit thread to study this problem? :

Maskawa Hall #5
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UCSB

T

UNIVERSITY OF CALIFORNIA
SANTA BARBARA

Brianna Grado-White
brianna@physics.ucsb.edu

With Donald Marolf & Zicao Fu
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Complexity=Action-CA 2.0

Considering the physical relevance to the holographic duals of quantum

complexity, we propose that the “'complexity=action 2.0"" or CA-2 duality:

I
which implies complexity duals the thermodynamic volume.
We have
. 1 ry
Sh, =PV = -1 /A dxldx2~odx"2/n drv—g Un.

For the black holes without an inner horizon, we have r; = 0. Otherwise, we can

define Sp_ for the inner horizon and find

SA=5\, S =P(V, - V)
1

rv
= — dxtdx? ... dx"? / drv/—g Up,
167TG An_» r_

Minyong Guo (Beijing normal university) Introduction to holographic complexity and circuit com 2018.12.13 14 / 30
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Anomalous Gravitation and its Positivity from Entanglement
Cl-ﬁmg[iang Jiang
University of Bern

Topologically Massive Gravity with CS term in AdS3 CFT2 with gravitational anomaly ( c|_ # cR)

Goal: understand the emergence of spacetime from entanglement in CFT generally

Tool: 1st law of entanglement + Wald-Tachikawa formalism + HEE in TMG

Suee = Length 4+ Twist

* Holographic dictionary of stress tensor

1
Ty = (Htt + ﬁHta: + Qth(Su,l)

e Linearized equation of motion in TMG

5€,, =0

 Holographic relative entropy

S(pBHO_%aC) — HfB (M) - HﬁB (AdS) >0
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Probing nonperturbative structures in gravity with SYK

Mikhail Khramtsov Steklov Mathematical Institute

1. Replica-nondiagonal large N saddle points in the SYK model
e Integrable case g = 2: analytic solutions
e Chaotic case ¢ = 4: numerical solutions

2. Physics of replica-nondiagonal saddle points in 2-replica SYK:
SWJ] = SSYK[¢Laj] + SSYKlevj] + 5int[¢] 5

8 8 N 5
5int[¢]:/0 /0 dTldeiZ;wiL(Tl)Bsinl—d),R(ﬁ)

5(n— 1)

e Integrable case g = 2: phase diagram
e Chaotic case g = 4: phase structure
e Spontaneous symmetry breaking in SYK

3. Towards gravity interpretation of nontrivial saddle points in SYK
SYK large N saddle point expansion VS 2D Gravity genus expansion

Go, Yo) o~ Sp(M—
(Zev(B)M) =3 e NIlGo, XO]ZC )( 0:20) 7 (B M) = 3 e SM-220) 7 (5)

saddles g=0
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Holographic c-theorem of the Entanglement Entropy
Beyond standard RG flows

Chanyoung Park & Jung Hun Lee

Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST), Korea

- How an aAdS deformed by a scalar field is connected to a RG flow (c-function of E.E).

- What kind of the RG flow (sRG, cRG and bRG) can occur depending on the value of parameters.

° e PEE
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— | =
‘ /I\

Thank you for listening :)
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The Entanglement Contour as a Fine-Grained
Probe of Entanglement Spreading

lan MacCormack, University of Chicago
J. Kudler-Flam, IM and S. Ryu, Holographic entanglement contour, bit threads, and the entanglement tsunami, 1902.04654

IM, M.T. Tan, J. Kudler-Flam and S.Ryu, Probing entanglement spreading after quantum quenches in
non-thermalizing systems, 18XX.XXXXX (In Preparation)

------
-
PAS ~

Svn(A) = fA dzrsa(x) '," Rt \\ .
l A1 AZ A3
1 n
S(4) = 5 ; [S(Ai|A1 U---UA; 1)
+ S(AZ’AH_l U-.--u An)]
1
sa(4i) = 3 [S(Ai|A1 U--UAi)

+ S(AZ|AH_1 U--- UAn)

0
215 -10 -5 0
l |
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N | —
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Holographic BCFT with Dirichlet Boundary Condition

In general, there are more than one consistent BCs for a theory. It is found
that Dirichlet BC works as well as Neumann BC for holographic BCFT.

@ Variation of the gravitational action
Sllg = —/Q\fh (K“ﬁ — (K — T)haﬂ) Shag. (1)
o Takayanagi's proposal: Neumann BC
(K = (K= T)i") |g =0, 2)
@ My proposal: Dirichlet BC

dhagslq = 0. (3)

@ They both give the correct one point functions

Rong-Xin Miao , JHEP 1902 (2019) 025 YITP, June 26, 2019
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It from Qubit School / Workshop, Quantum Information and String Theory 2019

Jackiw-Teitelboim Gravity and Rotating Black Holes

Upamanyu Moitra
Department of Theoretical Physics
Tata Institute Fundamental Research

India

Based on arXiv:1905.10378 [hep-th]: U. M., S. K. Sake, S. P. Trivedi, V. Vishal

Key Results:

e Demonstration of how the Jackiw-Teitelboim model correctly captures the leading
thermodynamic behaviour of nearly extremal black holes, including rotating ones

e Verfication with explicit calculations for rotating black holes i five-dimensional AdS
and rotating, dyonic black holes i four-dimensional AdS; comment on possible
applications to black holes n the sky

. Y - T P Supported by the Department of Atomic Energy, Government of India and the
o

Infosys Endowment for Research on the Quantum Structure of Spacetime ® o
\ tl r ta:ct? mgtltute I
of fundamenta
m"m m m  YUKAWA INSTITUTE FOR . ) C e - ST :
. THEORETICAL PHYSICS Additional Support (Towards Participation) from the Organisers of the Workshop research
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Dmitry Ageev Poster #14, Mascawa hall 1

Holographic description of the operator size and complexity
growth

» There is the correspondence between momentum of
probe(particle or something else) and the operator
size(Susskind)

» Chemical potential disrupts chaos - we show how the
holography describes this. Critical charge in terms of local
butterfly velocities(1806.05574)

» We calculate the holographic complexity of operator
growing at finite temperature 2d CFT (1902.03632)

» What this correspondence can tell us about the
thermalization: collapsing black hole momentum(work in
progress)

» Can we observe the operator support(size) decay
somehow?(work in progress)
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Interface Entropy in 4d N=2 SCFTs

Lento Nagano (Univ. of Tokyo)

based on a work In progress
with K. Goto, T. Nishioka, and T. Okuda

. construct a Janus interface in a 4d N=2 SCFT
. define Its entropy by an entanglement entropy

. compute this entropy via SUSY localization

/ (a particular linear combination of
T T analytically continued Kahler potentials)
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Kento Osuga (17) : Super Airy Structures

20dCaily =~ 7 Apy Structure

Kontsevich-Witten J

JT Gravity recursive formalism for
Topological String many Interesting quantities!!
Matrix Models

Topological Recursion

L

Supersymmetric
od Grav ity 77

Supersymmetry \/

*

' Super Airy Structures !/

UNIVERSITY OF

57 ALBERTA

> Algebraic Geometry

 Gromov-Witten
Mirror Symmetry

Chern-Simons
CohFKFT
KdV Hierarchy

L7

Supersymmetric

A[ge’oraic Geometry 77
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Instituto tWO ].I].t ervals
. Comisin Necons R. Arias, H. Casini, M. Huerta, D. Pontello

Bariloche  de Energia Atémica
Centro Atémico Bariloche and Instituto Balseiro

The problem studied The results

(./ Entropy and modular Hamiltonmian for a free chiral scalar n conicer

ot = e For single interval A = (a, b)
A= (a1,b1)U(as,by).
ay by a2 b2 (a1,b1) U (62, b2) > (b—2z)(x —a) 1 b—a
Kjpa=21 | dx ; T(x), S(A) = 5 log .
. —a €
e The theory of (derivatives) of the free chiral scalar field j(z™) “ Oy ¢(x™), with
commutator :
. . . e For two intervals A = Al U AQ — a1 bl U (a9 bg
J(2),i(y)] =id'(z —y), (a1, b1) U (az, ba)
e 1 1 ' o0
Hamiltonian . | I[1(A1,As) = 5 log (1 ) Z;/ ds— h§ log (a(s,m)),
H= | T@ds,  T(0)= @), w2 sinlne h
— 00 ' > t — Ccot
| In(AleQ) _ n —+ 10g< ) I ZTL/ dSCO (TLT('S) CO (778) lOg(Oé(S,n)).
and vacuum state defined through (+ Wick theorem) 12n 1 —mn 2 Jo n—1
o N 1 1 where
(@ —y) ={(2)i[y) = - (x =y — 1072 (b — a1)(bs — az) _ 0.1, a(sn) = 20 (1+is, —is; 1;7)

. . . QFl (1—i8,i8;1;77) .
e For CCR algebra and a gaussian state, the modular Hamiltonian can be ex-

pressed as oas e A Y B
Ka= [ @) Kalwy)ily) dudy. g—
AXA : f
and the eigenvectors of the kernel IC4(x,y) coincides with the eigenvectors of | Iz
(")~ toF. I, Lo
0.05_—
The method ;
eigenvectors of (8') 1o F N —————E T
00 0.2 04 0.6 0.8 1.0
) ]

holomorphic functions S(z) on the complex plane with some specific boundary

conditions on the region A. We also found a analytic expression (up to numerical integration) for the modular

Hamiltonian kernel 4 which is completely non-local.

Discussion

Failure of the equality of the vacuum entanglement entropy for complementary
regions

S(A) #£ S(A").
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David Gross Jorrit Kruthoff Andrew Rolph Edgar Shaghoulian

TT, AdS,and Quantum Mechanics
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The First Law of Complexity

with A.Bernamonti, F.Galli, J.Hernandez, R.Myers, J.Sim on

Circuit Complexity

1
v C(1¥p) = Minj ds F (U(s),Y'(s))
0

[Vr)

1 _ oF
oC =p,o6x° + —op, 6x° with p, =—
s=1 2 s=1 ox¢
V)
AdS/CFT %AdS - %aAdS
Semi-Classical gravity theory Holographic Complexity

AdS + Scalar
C,2) =Ilypy/r.

Vacuum State ——» Coherent State 5C(Z) =1 In

mat :

Shan-Ming Ruan It from Qubit—2019
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“Bulk Reconstruction and Cosmological Singularities”

José L.F. Barbon, Martin Sasieta arXiV:1906.04745

Kasner-AdS state

d—1
> dsipp = —dt’ + ) % da]
j=1

dz* + dstpr

L > ds® =

2

lf-l Instituto de

UAM-CSIC

|. Causal Reconstruction

* The singularity limits causal reconstruction to
region I.

e Cannot solve bulk dynamics due to tidal
singularities.

II. Modular Supremacy

* For specific subregions, the entanglement
wedges enter arbitrarily deep into region |l.

* Modular flow of a proper subalgebra is more
powerful than the Hamiltonian flow of the
whole algebra.

LA
UNIVERSIDAD AUTONOMA
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@ Ryoto Tange, June 26, 2019

Survey on quantum algorithms for Jones polynomials
| from knot theory

(O)=1,

(K) =20 +a (X)),

(JuO) = (e ?=a’)( ). 9 '\;..x;/'f ) B; — U(Q)
) —a O +a (<), braid | Itii*"-i: o1 A Bj : 3-strand braid group
Kauffman bracket \l/ > o5 5 Ao U(2) : unitary group of deg. 2
a & 3"@ _1 @ @ oy o0y oy — ALA AL A,
» ® @ & @ @ @ ‘ quantum algorithm
H®OH® OO ® @@@@ @.@@ e 0 A
: \l/ classical algorithm Hadamardtest D C1 in Q#
Jones polynomial QC1 (in Q#)
Jg=q>—qg'+1-q+¢ - i
) =|0), |1) ) AbAALA,

n-th root of unity g=e N

J(e+) alo) _.n_ﬂ_E E = =
braid index, Arf invarint (n=4), Z al) i —

volume conjecture, topological quantum computing (n=5), etc.

IBM Q
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Poster Session

Exploring strong-field deviations from general
relativity via gravitational waves

Gabriel Trevifio Verastegui

University of California Santa Barbara

° LlGO/VIrgO Strong-field in GR Inspiral Plunge and Ringdown

@ Are nature’s black holes the black holes -
of general relativity? Y ( > @ //

@ We use a toy model and a tidal Love hm‘ /]/M
number analysis to constraint possible W AV/\\//\\/ ﬂVAVAv e
quantum deviations from GR, in the VVU
description of BHs, using observations Posthawtonian

Techniques (Tidal

Love numbers) relativity perturbation

from gravitational waves

Gabriel Treviiio Verastegui (UCSB) It from Qubit School/Workshop 2019 1/1
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Regenesis in Random Unitary Circuits Shreya Vardhan, MIT

The phenomenon of regenesis

» Holographic dual of traversable wormhole,
argued to exist in generic chaotic systems.

» Two copies of system, in initial state which
evolves to thermofield double at ¢t = 0.

L
Measure | P

x =0

t=0

x/=x

Send signal ¢>le,’§1

*\c\:‘\.

t=t .\’\o\.\’
t=t ‘\'\'\'\.
\
. (]’xLZ ) = Grr(ty, x2; ty, x1) PR

When t > t*, Gz (t,x; —t,x) is 0(1). Signal

can be recovered in L long after it has been
lost due to scrambling in R.

Work with Hong Liu

Setup and results
Within each system, evolution by local random unitaries from Haar

measure. Unitaries in the two systems are correlated.

t=2

t=1

—4—0—0—0 00 ¢ ¢

e Gur(t,x;—t,x) = C(g) F(t,x) for all t, where F(t,x) =1 — f(t, x),
and f(t, x) is the out-of-time-ordered correlator for any two

operators. With fixed x,
F(t, x)

t* t
« Matches general expectation at early and late times.
« Different from chaotic CFT result at intermediate times.
« ((g) takes variety of forms depending on the coupling V5.
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Black holes and large-c BCFTs

David Wakeham (UBC)

m AdS/BCFT: CFT; with boundary = AdS3 with brane
+ Euclidean time evolution = BTZ with brane

bulk EE CFT EE
geodesic twist
lengths correlators

e

m Matching EE: (1) gives microscopic evidence for AdS/BCFT
and (2) constrains holographic BCFTs.


http://hapax.github.io
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Qia ng Wen, Shing-Tung Yau Center of Southeast University

Entanglement contour function quantifies the
contribution from the degrees of freedom in any
subset to the total entanglement entropy

Entanglement contour read from a natural slicing
of the entanglement wedge.

Entanglement contour from the subset
entanglement entropies

Entanglement contour for annuli and spherical
shells

Yau Center, SEU
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Covariant Phase space with Boundaries
Jie-giang Wu (MIT CTP)
In this work, we study the covariant phase space formalism with
more careful treatment of the boundary effect

We keep the boundary terms in Lagrangian density, symplectic
potential and symplectic form

We derive the Hamiltonian from Q[', 55915] = O0H¢

In our formalism, the left hand side is automatically a total derivative
only assuming that the configurations satisfy the equations of motion
and boundary conditions

We study our formalism in different examples and the results are
consistent with previous result obtained by non-covariant formalism

One interesting example is the Jackiw-Teitelboim gravity, where we
can explicitly solve the phase space and compute the symplectic form
which captures all of the classical effect

Open question: edge mode, gravity dressing
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Quantum-Classical Associative Adversarial Networks
Cristian Zanoci and Eric R. Anschuetz, MIT

Model Data

MNIST handwritten digits:
e 28x28 pixel grayscale images

Generative Adversarial Network

D
—
jo?
=
=
=
@
N

Inception Score

CIFAR-10 nature pictures:
B mmmmmmmmm - & e 32x32 pixel colored images

Quantum Boltzmann Machine

e Implementable on near-term quantum device
e Qutperforms its classical counterpart
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