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Zeros and factorizations of scattering amplitudes 
Author:Nima Arkani-Hamed, Qu Cao(曹趣), Jin Dong(董晋),Carolina Figueiredoe,Song He(何颂)



Surgery construction for 3d theories
Shi Cheng,  Fudan University,  ref: SC 2310.07624, SC & P. Sułkowski 2302.13371  

T[M_3] T[M_3] + matter

Dehn surgery construction

Plumbing graphs, an example:

Dualities <—> Geometric transformations

Dictionary:  3d theories <-> 3-manifolds

Gauge theory:  
ST-moves, superpotentials 

Geometry:  
Kirby moves, handle-slides, 
rational equivalent surgeries  

Please see my poster
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Supersymmetric Cardy Formula & Weak Gravity Conjecture in AdS/CFT
Minseok Cho, Sunjin Choi, Ki-Hong Lee, Jaewon Song JHEP11(2023)118 [2308.01717] and Work in Progress 

The 18th Kavli Asian Winter School

WGC in CFT4

(  counter-examples )∃

Y206    Dec.6 (Wed.)

4d  superconformal index𝒩 = 1 In the Cardy-like limit  ,ω1, ω2 → 0

Target: IR fixed points of 4d  
supersymmetric SU(N) gauge theory


with particular matter fields.

𝒩 = 1

Modified WGC

(  counter-examples )∃
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Weak Gravity Conjecture

(WGC)

For an extremal BH to decay without leaving remnants,

there must be sufficiently light-charged particles that extremal BH can emit.



CODE STRUCTURES OF RATIONAL 

NARAIN CFTS Yuma FURUTA @ RIMS, Kyoto University

arXiv: 2307.04190

Y206, Dec. 6

Construction A

Error correcting code Narain CFT

Weight enumerator polynomial Partition function

What kind of Narain CFT can 

be constructed by a code?

CFT on a torus ℝ𝑛/Λ

We detected the condition for some orbifold 

CFTs to have a code structure.

Useful for 

Averaging!



RIKEN Interdisciplinary Theoretical 
and Mathematical Sciences Program  

• Holomorphic interaction of 2d (0,2) gauge theories is given by J-
and E-terms, each of which is associated with each Fermi multiplet. 

• J- and E-terms that are linear in chiral multiplets turn on the mass 
è A chiral-Fermi pair in the same (or opposite) gauge repre. can 
trigger mass deformations.  

For a pair of (0,2) theories connected by mass deformation-
triggered RG flow, their corresponding Sasaki-Einstein 7-manifold
follows inequality on the minimal volume; .
è The volume quantifies the degrees of freedom in the
corresponding 2d gauge theory.
e.g.  the minimized volume of two SE 7-folds for          and H4 ; 

Mass Deformations of 2d (0,2) gauge theories and Brane Bricks
Sebastian Franco #,♢ , Dongwook Ghim§,  Georgios P. Goulas# and  Rak-Kyeong Seong♧

#Physics Department, The City College of the CUNY, New York, USA          ♢ Initiative for Theoretical Sciences, The City University of New York, New York, USA §Interdisciplinary Theoretical and Mathematical Sciences Program (iTHEMS), RIKEN, Saitama, Japan ♧ Dept. of Mathematical Sciences & Department of Physics, UNIST, Ulsan, Korea

The 18th Kavli Asian Winter School 
@ YITP, Kyoto University (Dec. 5th – 14th)

Reference
[1] S. Franco, D. Ghim, G. P. Goulas, R. -K. Seong, Mass Deformations of Brane
Brick Models, submitted to JHEP [arXiv:2307. 03220].

[3] M. Bianchi, S. Cremonesi, A. Hanany, J. F. Morales, D. Ricci Pacifici and 
R.-K. Seong, Mass-deformed Brane Tilings, JHEP 10 (2014) 27, [arXiv:1408.1957]. 

Volume of Sasaki-Einstein 7-manifold

Brane Brick Models : brane construction

Fig. 1. Brane setup and combinatorial tools for brane brick models

graph 
dual

Brane BrickToric Diagram Quiver Diagram

• World-volume theory of D1-brane whose transverse geometry is a toric Calabi-Yau 4-fold.
• Its T-dual picture is a Type IIA brane construction which we call ‘brane brick’

NS5’s
D4

(2, 3) ⌘ x

(4, 5) ⌘ y

(6, 7) ⌘ z constitutes a 3 torus

NS5 branes wrapping a holomorphic cycle

Table 1. Dictionary between gauge theory 
and combinatorial tools

{arg(x), arg(y), arg(z)}

Toric Diagram (0,2) Gauge Theory Brane Brick

combinations of 
connected edges

chiral multiplets orientable faces
Fermi multiplets unorientable faces

volume vector multiplets bricks
J- and E-terms edges

vertices GLSM fields brick matchings

edges phase boundary

T-dual

[2] S. Franco, D. Ghim, S. Lee, R.-K. Seong and D. Yokoyama, 2d (0,2)
Quiver Gauge Theories and D-Branes, JHEP 09 (2015) 072, [arXiv:1506.03818].

N D1-branes

toric
CY 4-fold

forward 
algorithm
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Klebanov-Witten deformation and its generalization with 
Brane Tilings for 4d N=1 gauge theories 

• Klebanov-Witten deformation = mass deformation from an 
orbifold theory ( ) to conifold theory
= move of vertex in the toric diagram 

• Other mass deformations among 4d N=1 gauge theories    
a. PdP4b to PdP4a theory                 

Fig. 2. Two quiver and toric diagrams of gauge theories 
associated with KW deformation.
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0
ij = Eij

Toric conditions on 
holomorphic interaction
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Fig. 4. (0,2) Chiral-Fermi pair in a quiver Q

<latexit sha1_base64="8wid3CiF6ki1ydiuoICY6UR1cOo=">AAAB+3icbZC7TsMwFIZPuJZyC2VksagQTFWCuA0MFSyMRaJppTaqHNdprTpOZDuIKsqrsDCAECsvwsbb4LYZoOWXLH36zzk6x3+QcKa043xbS8srq2vrpY3y5tb2zq69V/FUnEpCmyTmsWwHWFHOBG1qpjltJ5LiKOC0FYxuJ/XWI5WKxeJBjxPqR3ggWMgI1sbq2RWvl0VM5Ogaeccz7NlVp+ZMhRbBLaAKhRo9+6vbj0kaUaEJx0p1XCfRfoalZoTTvNxNFU0wGeEB7RgUOKLKz6a35+jIOH0UxtI8odHU/T2R4UipcRSYzgjroZqvTcz/ap1Uh1d+xkSSairIbFGYcqRjNAkC9ZmkRPOxAUwkM7ciMsQSE23iKpsQ3PkvL4J3WnMvauf3Z9X6TRFHCQ7gEE7AhUuowx00oAkEnuAZXuHNyq0X6936mLUuWcXMPvyR9fkDONGT7g==</latexit>

Vmin < V 0
min

<latexit sha1_base64="GXxW6Dt/G3P7S60mZjv4RNy5Ego="></latexit>

V C++

min
=

8

27
' 0.296 , V H4

min
=

11 + 5
p
5

64
' 0.347

<latexit sha1_base64="6x10tNXjNlzmTKoCvEoormgLV4U=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBGEQknE17LYjcsK9gFtCJPppB06mYSZSaGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W2vrG5tb26Wd8u7e/sGhfXTcVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wbuR+Z0KlYrF40tOEehEeChYygrWRfNvuR1iPCOZZY+Zn1erMtytOzZkDrRK3IBUo0PTtr/4gJmlEhSYcK9VznUR7GZaaEU5n5X6qaILJGA9pz1CBI6q8bJ58hs6NMkBhLM0TGs3V3xsZjpSaRoGZzHOqZS8X//N6qQ7vvIyJJNVUkMWhMOVIxyivAQ2YpETzqSGYSGayIjLCEhNtyiqbEtzlL6+S9mXNvaldP15V6vdFHSU4hTO4ABduoQ4P0IQWEJjAM7zCm5VZL9a79bEYXbOKnRP4A+vzB0trk3M=</latexit>

C++

<latexit sha1_base64="AC6HlZmSzNctby1yesAsOxy4Jzs="></latexit>

Y12 = Z13 ·X32 �X14 · Z42

Y34 = �Z31 ·X14 +X32 · Z24

Global symmetry of 2d (0,2) brane brick theoriesMass deformations of (0,2) quiver gauge theories

Fig. 3. Quivers of PdP4b and PdP4a theory and the toric diagrams of 
corresponding toric Calabi-Yau 3-folds*[3]

0    1    2    3    4    5    6    7    8    9

Example : mass deformation of C++ theory  

Fig. 6. move of external vertices of toric diagram
under 2d mass deformation

• The toric symmetry constrains the shape of J-
and E-terms è brick matching and its 
correspondence with vertices in toric diagram
• The structure of brick matching and the 

existence of the chiral-Fermi pair è given 
quiver gauge theory is mass-deformable or 
not.
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Tensor renormalization group calculation
for 2-flavor Schwinger model

Hayato Kanno (YITP)
On-going work with Shinichiro Akiyama (U. of Tsukuba),

Kotaro Murakami (Tokyo Tech.), Shinji Takeda (Kanazawa U.)

We calculate 2-flavor Schwinger 
model (a 2d toy model of QCD). We use 
tensor renormalization group (TRG), 
which is a kind of tensor network.

We focus on the 𝜃 dependence of 
Schwinger model. In particular, we 
respect 𝟐𝝅 periodicity of 𝜃 parameter 
in our calculation. We checked first 
order phase transition at 𝜃 = 𝜋.



Correlation functions involving Dirac fields 
from homotopy algebras

Keisuke Konosu
Graduate School of Arts and Sciences, The University of Tokyo

Please visit Y206 !!

Jojiro will present the related  topic on Dec.11!! 



CS+Matter theory is a Slightly Broken Higher Spin Theory. •

Maldacena and Zhiboedov [1204.3882] used this to find,•

However, it was later found by Sachin et al that the odd piece can also be 
obtained from free theory in fact for any CFT!

•

Further, in spinor helicity variables we obtain,•

Anyons!•

Similar analysis for higher point functions desirable. 
More difficult as conformal symmetry does not fix 
their structures.

•

However, by working in Fourier space we were able 
to obtain results such as,

•

We also obtained similar results for arbitrary spin!•
Also extended to the n point case!•

Reference:[2207.05101] P.J, S.J, B.S, D K.S and A.Z 
and references therein

-Dhruva K.S (IISER Pune)Exactly Solving Chern Simons+Matter theories at large N



Fermi gas formalism for 
෡𝐷-type quiver Chern-Simons theory

The partition functions 
of መ𝐴-type quiver theories 
have been studied.

We studied ෡𝐷-type quiver 
theories.

መ𝐴 ෡𝐷 ෠𝐸

ADE classification

Worldvolume theory
of M2-branes

Based on arXiv2312.xxxx : with Tomoki Nosaka

Fermi gas formalism𝑍 ො𝜌

Naotaka Kubo (CJQS, Tianjin Univ.)

A density matrix of an associated Fermi gas system

Hanany-witten transition, 
SL(2,ℤ) transformation

Weyl group of 𝐸𝑛

𝑞-Painlevé equation

3d SUSY Chern-Simons theories

Described by quiver diagram
which determines a gauge group 
and a matter content.

ex)
Duality:
Symmetry:
Integrability:

• We applied the Fermi gas formalism.
• Dualities and symmetries were found.



Thermal one-point functions: CFT’s with fermions, large d and large spin

Srijan Kumar, IISc Bangalore.

OPE: 〈ψ†(x)ψ(0)〉β ∼
∑
O C

ψ†ψO|x|
∆O−2∆ψ 〈O〉β

Thermal CFT

2-point function
OPE Inversion Formula

Thermal 1-point function

of higher spin currents

For bosons: O[n, `] ≡ φ∂µ1 · · · ∂µ`∂
2nφ.

For fermions: O+[n, `] ≡ ψ†γµ1∂µ2 · · · ∂µ`∂
2nψ,

O−[n, l] ≡ ψ†γµ∂µ∂µ1 · · · ∂µ`∂
2nψ,

O0[n, `] ≡ ψ†∂µ1 · · · ∂µ`∂
2nψ.

For Critical Gross-Neveu model, We find that the 1-pt

functions of three different classes of fermionic operators

are related to each other, e.g.,

〈O0[0, l]〉 =
mth
`
〈O+[0, l]〉

where mth =thermal mass,

Even though no obvious equation of motion relates them.

Critical Gross-Neveu model at d = 2k + 1 dimensions:

At large spin(`), d =fixed, At large d , `=fixed,

rf =
O+[0,`]|critical
O+[0,`]|free

→ 1 rf =
O+[0,`]|critical
O+[0,`]|free

→ 0
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Critical O(N) model at d = 2k + 1 dimensions:

At large spin(`), d =fixed, At large d , `=fixed,

rb =
O[0,`]|critical
O[0,`]|free

→ 1 rb =
O[0,`]|critical
O[0,`]|free

→ 0
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Poincaré invariance of binary dynamics in the post-Minkowskian
Hamiltonian approach

Hojin Lee(SNU)
based on 2305.10739, 2307.05626 w/ Sangmin Lee(SNU) and Kanghoon Lee(APCTP)

• We constructed two-body Poincaré-symmetry covariant Hamiltonian

and Boost Generator at 1PM exact all order in spin and 2PM without 

spin using Scattering Amplitude techniques

• The two-body dynamics in GR is one of the most interesting 

and challenging problem and is only investigated in COM frame



UV

IR

2d N=(2,2) GLSM

…

NLSM1
(Ret>0) 

NLSM2
(Ret<0) 

ConicalY X

BraneTransport in CY3

Ban Lin(林般)       YMSC   

Analytic continuation in moduli

Db(X)Db(Y)

Window(0) from 
convergence of ZB

Window(1):
monodromy

Imt+2𝜋
winding

Classical moduli(R):

Ret

Quantum moduli(C*):

Ret

Imt

Conical

Conical

“Talkable between sides”

Continue with
my poster!

UV unification of SCFTs

Freezing
gauge



Effective gravitational couplings of  higher rank supersymmetric gauge theories 
Sujoy Mahato, HRI, Prayagraj, India

When one places a topologically twisted Supersymmetric theories on a curved background, it couples  
gravitationally to the background spacetime which are topological in nature.

        

   �

Euler number �  and signature � , two topological invariants of the background manifold.

Z ∼ ∫ [ . . . ] A(u)χB(u)σ

χ σ

Motivation: These two functions !  are related to the SCFT central charges ! .(A, B) (c, a)

!

 For generic  !  gauge theories, based on the symmetry arguments,  the general form of the gravitational couplings 
!  is conjectured to be,

               

  !                  

! : gauge invariant coordinate on the coulomb branch and ! : discriminant of the Seiberg-Witten curve.

N = 2
(A, B)

A = α (det
dui

daj )
1/2

and B = βΔ1/8

u Δ

One can verify the above relation by using two popular methods used to study these theories
1. Seiberg- Witten Solutions 

2. Supersymmetric Localisation

Goal: Find the constants !  for different supersymmetric gauge theories.(α, β)

The 18th Kavli Asian Winter School on Strings, Particles and Cosmology, Yukawa Institute for Theoretical Physics, Kyoto University
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SAIKAT MONDAL ,  ARJUN BAGCHI, RUDRANIL BASU, ARITRA BANERJEE, MINHAJUL ISLAM

CARROLL FERMIONS AND FLAT BAND

• We will focus on Carrollian theories and wish to build towards an understanding 
of fermions in Carroll spacetime. 

• Carroll group arises from the Poincare group in the                                        
 limit. [Levy-Leblond, 1965]  [Sen Gupta, 1966] 

• We propose that Carroll Clifford algebra is given by                                         

• We construct two different actions for Carroll fermions and study their properties.  

• We have argued how Carrollian symmetry is connected to flat-band physics such 
as 1d chain and Twisted Bilayer Graphene (TBG)…

c → 0

Interested ! Find Saikat Mondal @Y306 on Dec 6

𝒮1 = ∫ dtdd−1x Ψ̄ γ̃0 ∂t Ψ 𝒮2 = ∫ dtdd−1x Ψ̄ ( ̂γ0 ∂t + ̂γi ∂i)Ψ

{γ̃μ, γ̃ν} = 2hμν , { ̂γμ, ̂γν} = 2Θμν

Based on arXiv: 2211.11640 (JHEP 03 (2023) 227)

Gong Show talk at 18th KAWS,YITP                                             IIT KANPUR, INDIA



Tensionless Tales of Compactification
A. Banerjee, R. Chatterjee, Priyadarshini Pandit*
Indian Institute of Technology Kanpur, India (2307.01275)

Objective:   We study the circle compactifications of tensionless bosonic string theory

Tensionless Strings
• These are the extended analogues of massless 

point particles.             [Schild '70s]

• Free string theory is characterized by the tension 

of the string.

 𝑇 =
1

2𝛱𝛼′   where 𝛼′ = 𝑙𝑠
2

• 𝑇 → ∞ :  point particle limit (Classical gravity) 

• 𝑇 → 0 :  stringy limit (ultra Quantum gravity)

• It can be realised in terms of worldsheet 

coordinates (τ, σ) scaling as {𝜏 → 𝜖𝜏, 𝜎 → 𝜎} with  

𝜖→  0.

Why Tensionless Strings?
• The string scattering amplitudes becomes simpler 

revealing a larger symmetry in this regime. 

• Closed string becomes tensionless when it falls on 

the event horizon of a Schwarzschild black hole.

• A novel closed-to-open transition was discovered 

in this limit.

• Recently these have been used to build a quantum 

model of black holes in 𝐴 ⅆ𝑆3.

Under this scaling, the two copies of  Virasoro 

algebra scales to 𝑩𝑴𝑺𝟑 algebra. 

Y306, Dec 6



Non-perturbative studies of superstring theory:
Emergence of expanding universe

Numerical approach Monte-Carlo method + other techniques

Yuhma Asano (U. of Tsukuba), Jun Nishimura (KEK, SOKENDAI), Worapat Piensuk (SOKENDAI), Naoyuki Yamamori (SOKENDAI)

This work

Emergent spacetime is Euclidean and complex
Mass term was introduced

• Analytical approach
• Derive all classical solutions at N=2
• Discuss the emergence of spaces

Spacetime emerges
dynamically

(classical solutions with 
expanding behaviour)

IKKT matrix model non-perturbative construction
of superstring theory

Y306



Quantitative Results
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Mandelstam 𝑠 (GeV)

Differential Cross-Section for 𝜋!𝜋! → 𝜋"𝜋"/ 𝜋!𝜋! → 𝜋"𝜋"

Differential Cross-Section for 𝜋!𝜋" → 𝜋!𝜋"Differential Cross-Section for 𝜋!𝜋" → 𝜋#𝜋#

Mandelstam 𝑠 = 1

Mandelstam 𝑠 = 10

Mandelstam 𝑠 = 50

Scattering Angle 𝜃 = 𝜋/6

Scattering Angle 𝜃 = 𝜋/5

Scattering Angle 𝜃 = 𝜋/4

Differential Cross-Section for 𝜋!𝜋! → 𝜋"𝜋"/ 𝜋!𝜋! → 𝜋"𝜋"

Figure 2. Differential cross-section for the selected two-to-two 𝜋 𝜋 → 𝜋 𝜋 processes, where Mandelstam 𝑠
values were fixed. The symmetry of the differential cross-sections in the first and third graphs around the
scattering angle 𝜃 = 𝜋/2 above is an extension of the presence of identical particles in initial or final states.

Mandelstam 𝑠 (GeV)

Scattering Angle 𝜃 (radians)
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Figure 1. Differential cross-sections for the selected two-to-two 𝜋 𝜋 → 𝜋 𝜋 processes, where the scattering
angle values were fixed. Here, the 𝜋 mesons are treated as massless, and the high-energy limit was applied.
Numerical analysis (not demonstrated herein) shows that the results obey to the constituent counting rules.

Mandelstam 𝑠 (GeV)

Scattering Angle 𝜃 (radians) Scattering Angle 𝜃 (radians)

Current Results

High-Energy Behaviour

q To describe two-to-two meson scattering,
we insert a Veneziano-like amplitude
into the PS prescription

q Meson wavefunctions and other details
are taken from the hard-wall model [1]

q Apply the high-energy fixed-angle limit

q Simplify to find the expected behavior

Background Material

The Polchinski-Strassler 
Prescription: Statement

q The Polchinski-Strassler (PS) proposal
argues that a stringy amplitude can be
used to approx. a gauge theory amplitude

q The prescription states that in the high-
energy fixed-angle regime we have

q Rescaling the stringy amplitude
recovers the hard scattering behaviour in
the high-energy fixed-angle regime [2]

q Here, 𝜓𝑖 are the wavefunctions of the
states being scattered

Meson Scattering in Holographic QCD via the Polchinski-Strassler Prescription
Bartosz Pyszkowski

Kyoto University, Yukawa Institute for Theoretical Physics

Synopsis of the Project
q Outline: using the hard-wall model [1], we study 𝜋 and 𝜚meson scattering in the high-
energy fixed-angle regime via the Polchinski-Strassler prescription [2]

q Aim: develop predictions for the non-perturbative scattering of low-lying mesons, and
further test our understanding of the gauge/string duality

q Results and Prospects: results qualitatively agree with QCD and provide further
quantitative data (to be verified); we also aim to extend the proposal to a1meson scattering

The Polchinski-Strassler 
Prescription: A Simple Example

q Consider the following action with a
diagonal spacetime metric 𝑔!" = 𝑔!"(𝑧)

q Take the following mode expansion for Φ
(with a suitable wave equation for 𝜙𝑛)

q In the high-energy limit, the two-to-two
𝜑($) scattering obeys the PS proposal

Acknowledgements

The project presented herein is carried out in equal collaboration with Adi
Armoni, Dorin Weissman, and Shigeki Sugimoto. BP would also like to thank
Kenya Ikeda and Zongzhe Du for helpful discussions.
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Relevant Insights From
QCD and Holographic QCD

q In the high-energy fixed-angle regime,
the constituent counting rule states that
amplitudes of low-lying hadrons scale as

q In our holographic QCD setup, open
strings are treated as dual to mesons

q At low-energies, holographic modelsmimic
QCD, but deviate at high-energies due to
the large 't Hooft coupling of the string dual

Dual via the
Polchinski-Strassler 

proposal

𝑛 is the no. of hard constituents 
taking part in the scattering

Differential Cross-Section for 𝜋!𝜋! → 𝜋"𝜋"/ 𝜋!𝜋! → 𝜋"𝜋"



Marginal deformation of N = 2 SCFTs & Spin-2
spectrum

Sourav Roychowdhury

Indian Association for the Cultivation of Science, India

Collaboration with Dibakar Roychowdhury (IIT-Roorkee), India

Based on arXiv : 2301.12757 , JHEP

Kavli Asian Winter School 2023

Yukawa Institute for Theoretical Physics, Japan

Dec 6, 2023

Sourav Roychowdhury (IACS) Deformation and spectrum Kavli 2023, YITP 1 / 3



Overview

We study spin 2 spectrum associated with marginal deformation of
N = 2 SCFTs in 4d holographically (Gaiotto-Maldacena
background).

Analytically estimate the spectra for leading order in the deformation
parameter (γ) .

Marginal deformed Gaiotto-Maldacena backgrounds

ds210,IIA = 4f1ds
2
AdS5 + f2(dσ

2 + dη2) + f3dχ
2

+
f3 sin

2 χ

1 + γ2f3f4 sin
2 χ

dξ2

+
f4

1 + γ2f3f4 sin
2 χ

(dβ − γf5 sinχdχ)2 ,

(1)

We get a continuous spectra associated with the breaking of the
spherical symmetry in the internal manifold .

Sourav Roychowdhury (IACS) Deformation and spectrum Kavli 2023, YITP 2 / 3
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Anisotropy in chaotic dynamics
present for two different string

orientations in both String and
Einstein Frame using the

Einstein-Maxwell-dilaton model.
Anisotropic and frame dependent chaos of suspended strings from a
dynamical holographic QCD model with magnetic field
Bhaskar Shukla, David Dudal and Subhash Mahapatra

1 Introduction
• We study the string motion

and its chaotic behaviour in
the presence of a background
magnetic field.

• The string motion is described
by the NG action,

S = − 1
2πα′

∫
dtdℓ
√
−h

2 Chaos of pertur-
bative string

3 Poincaré Sections

3.1 String Frame

3.2 Einstein Frame

4 Lyap. Exponents
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5 MSS bound
Largest Lyapunov exponent remains
below the MSS bound in both
String and Einstein frame.

← Download the paper



End-of-the-world branes from Dimensional Reduction
Yu-ki Suzuki(YITP) collaboration with Shigeki Sugimoto(Kyoto University)

• The end-of-the-world brane (ETW) is a Neumann-like boundary 
condition brane in gravity. 

• We find that through dimensional reduction of the cigar 
geometries the ETW branes are created and we can fix the 
tension of them. 

• We discuss its application to string theory and holography.



(Elliptic) Symbol Integration
Song He (何颂), Yichao Tang (唐一朝) from ITP, CAS, Beijing

I =

Z
F d, DF = HD',

[D ^D'](1,1)
Match

=======
Residues

dµ ^ �w,

S(I) = boundary + S
✓Z

H dµ

◆
⌦ w.



QUANTUM EFFECTS ON NEUTRINO PARAMETERS FROM A 
FLAVORED GAUGE BOSON

GENERATE NEUTRINO MASSES FROM ZERO VIA ONE-LOOP RUNNING!

Lukas Treuer (KEK), in collaboration with Alejandro Ibarra (TUM) 2023/12/05

Effective operator for 
neutrino masses

Loop corrections? Running?
Flavor gauge extensions?

0 5 10 15 20 25

t = ln (µ/100 GeV)

10°11

10°9
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10°5
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10°1

∑
i(
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Running

t§

Running of the Mass Eigenvalues in the U(1)Lµ°Lø Model

∑1(t) ∑2(t) ∑3(t)Special diagram!
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Lefschetz thimble analysis of the Lorentzian IKKT matrix model 
around its classical solutions

Ashutosh Tripathi (KEK/SOKENDAI)
On going work with Y. Asano (U. of Tsukuba), J. Nishimura (KEK), 

C. Y. Chou (KEK), N. Yamamori (KEK) and W. Piensuk (KEK) 

• We numerically investigate the bosonic Lorentzian IKKT matrix model with a mass term.

• complex effective action → model suffers from sign problem (simulations→difficult).

• We employ generalized Lefschetz thimble method(GTM) → to overcome the sign problem.

• Here, we simulate the N=2 case of the above model.

• Results → Surprising properties due to non-compactness of the Lorentz symmetry. 
                         Why is it worthwhile to study the N=2 case numerically?
                         

bosonic action(𝑆!) Lorentz invariant mass term(𝑆")
                 (regulator)

𝐴! - N×N Hermitian matrices

The 18th Kavli Asian winter school (Dec 5th-14th) YITP, Kyto University

(Dec 6 @ Y306)
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DE-type little strings from glued brane webs
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The affine     Weyl symmetry 
corresponds to exchanging external 
parallel NS-charged branes. 

Based on arXiv:2212.07344, Kim, Sugimoto, W, Yagi. Xingyue Wei, UESTC. 
18th KAWS, YITP

Please see my poster for more details. 
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E6

Weyl reflections:

Certain flop transitions:
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IKKT matrix model : Non-perturbative formalism of superstring theory 

Analytical study of the bosonic Lorentzian IKKT matrix model at large D 
Naoyuki Yamamori (SOKENDAI) 

based on collaboration with : Y. Asano (Univ. of Tsukuba), J. Nishimura (KEK,SOKENDAI) W. Piensuk (SOKENDAI)

bosonic Lorentzian model with Lorentz invariant mass term

SO(9,1) symmetry

convergence factor

: N×N Hermitian matrices 

1/D expansion Non-perturbative property of N=2 bosonic IKKT model at large D 
D: the number of bosonic matrices

bosonic action mass term



Toward chaos in string scatterings
Takuya Yoda 

Kyoto University, Japan

Kavli Asisan Winter School@YITP, 05 December 2023

Black hole is chaotic Black hole-string correspondence

Then, is string also chaotic?



Generalised Bismut-Lichnerowicz formulae and quantum corrections in string theory

Based on: [1705.04330] A. Coimbra and R. Minasian 
    [1304.3137], [1912.10974] J. T. Liu and R .Minasian 
    [2312.xxxxx] P. Cheng, A. Coimbra, R .Minasian and YZ

Yi Zhang, Center for High Energy Physics, Peking University

Standard Lichnerowicz formula [A. Lichnerowicz ’63]

Bismut-Lichnerowicz formula [J-M. Bismut ’63]

SUGRA/M-theory as Generalised Complex Geometry [D. Waldram et al.]

String/String duality manifest B-L formula for 16 supercharges [check my poster pls!]



Posters at Y206

on  Dec.11(Mon.)  18:00-



Lattice construction of mixed 't Hooft anomaly 
with ℤ! 1-form symmetry and 𝜃 periodicity

Motokazu Abe (Kyushu U.)
Kavli Asian Winter School 2024@YITP

2023/11/30

arXiv:2303.10977[hep-th] 

☆Motivation : Understand ʻt Hooft anomalies 
in the lattice field theory

Generalized Symmetry

Higher Form Symmetry

ʻt Hooft Anomaly

the mixed anomaly 
between

the ℤ! 1-form gauge and 
𝒯 symmetry in 𝑆𝑈 𝑁 gauge 

theory with 𝜃 term 
at 𝜃 = 𝜋 <latexit sha1_base64="MIM7ZFbLfAacbpeDO2Kb44ZaT04="></latexit>
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A new no-boundary proposal for smooth beginning of spacetime 
Chou, Chien-Yu (Sokendai)


Upcoming work with Prof. Jun Nishimura

To define a consistent path integral for the 
universe to evolve from nothing to a scale qf
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With fixed scale factor on both ends
• Only saddle point with instability contributes
• Obtaining complex geometries

New proposal

• Specify the Wick rotation for 
the beginning of the universe 
by hand
• Keeping fixed scale factor on 
both ends

New models going beyond the two 
restrictions are defined

Detailed results and explanations at Y206
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Reflected Entropy of Conformal Fields in a Black Hole Background

Himanshu Chourasiya

Indian Institute of Technology Kanpur
India

In collaboration with
Debarshi Basu, Vinayak Raj and Gautam Sengupta

arXiv: 2311.17023
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Overview (Y206 - Dec 11)

We compute the reflected entropy (SR) for two adjacent subsystems in BCFT2

defined on a black hole background dual to AdS3 black string geometry.

The reflected entropy is computed after identifying the EE phases.

Page curve of the EE and reflected entropy:

(a) EE Page curve (b) SR Page curve

EE phase transition between phase 2 and 4 and the corresponding SR phase
transition:

(a) Entropy page curve

(b) Reflected entropy page curve
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Deformation
and spectrum

Anirban Dinda Transmission and Reflection through
conformal dynamical Interface

Anirban Dinda

Indian Association for the Cultivation of Science, India

Kavli Asian Winter School 2023

Yukawa Institute for Theoretical Physics, Japan

Dec 6, 2023



Deformation
and spectrum

Anirban Dinda

Overview

We have studied transmission and reflection coefficients
through a dynamical conformal interface.

TL =
cLR

cL

(
2

1 + e
l
β

)
, RL =

cL − cLR

cL
=⇒ TL + RL = 1 −

cLR

cL

(
e

l
β − 1

e
l
β + 1

)
(1)

1 Unlike the static case, here everything depends on the
profile of the states, most importantly where the states are
being created in the presence of the interface.

2 The reflection and transmission coefficients are always less
than one.

3 They will add up to one when we take the temperature
very low (β → ∞).

4 In the high temperature limit(β → 0), there is only
reflection, no transmissions.

5 It means the moving mirror behaving as a semi-permeable
membrane at high temperature



Deformation
and spectrum

Anirban Dinda

Thank You !
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Boundary induced dynamical phase transition via 
inhomogeneous quenches

Dongsheng Ge (Osaka U.)

The question:


           DOES the boundary effects influence the bulk dynamics ?


The answer:


           YES !!! But HOW ?


Holographic interpretation 
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Competition of the two minimal geodesics gives rise to the dynamical 

behavior. 

 05.12.2023@ YITP

Boundary induced dynamical phase transition via 
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The answer: 

           YES !!! But HOW ? 
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Holography

Setup: 2D critical system with distinct boundary conditions
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Bootstrapping the form factor with master integrals
Yuanhong Guo, Lei Wang, Qingjun Jin, Gang Yang, arXiv: 2106.01374, 2205.12969, 2209.06816

Institute of Theoretical Physics, CAS, Beijing, China

Form factors of operators:
ℱ𝒪 𝑝1, 𝑝2, 𝑝3, 𝑝4; 𝑞 = 𝑝1, 𝑝2, 𝑝3, 𝑝4 𝒪 𝑞 Ω

Bootstrap Method: solving physical quantities with linear equations

Maximally transcendentality principle: deciphering  the similarity
between different theories via bootstrapping

ansatz constraints result

similarity
ansatz, constraints

result



Aspects of Multi-entropy
Jonathan Harper (YITP) w/ T. Takayanagi and T. Tsuda (To appear)
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<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A

<latexit sha1_base64="xsQMPDCWSQlbKX++h9lTvAdhRa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGV04zK</latexit>

B
<latexit sha1_base64="rPRdCdA0cptJLs37o0imUZ37QeE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHgBdvJmAekCxhdtJJxszOLjOzQljyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo9up33xCpXkkH8w4Rj+kA8n7nFFjpdp9t1hyy+4MZJl4GSlBhmq3+NXpRSwJURomqNZtz42Nn1JlOBM4KXQSjTFlIzrAtqWShqj9dHbohJxYpUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+2nXMaJQcnmi/qJICYi069JjytkRowtoUxxeythQ6ooMzabgg3BW3x5mTTOyt5l+aJ2XqrcZHHk4QiO4RQ8uIIK3EEV6sAA4Rle4c15dF6cd+dj3ppzsplD+APn8weph4zX</latexit>

O

<latexit sha1_base64="2VH7bJdypeyQUsNQURZNfd7iGw0=">AAAB9HicbVDLSsNAFL2pr1pfVZduBotQNyURH10W3LisYB/QhjCZTtKhM0mcmRRq6He4caGIWz/GnX/jtM1CWw9cOJxzL/fe4yecKW3b31ZhbX1jc6u4XdrZ3ds/KB8etVWcSkJbJOax7PpYUc4i2tJMc9pNJMXC57Tjj25nfmdMpWJx9KAnCXUFDiMWMIK1kdy+YqHAXlh98pxzr1yxa/YcaJU4OalAjqZX/uoPYpIKGmnCsVI9x060m2GpGeF0WuqniiaYjHBIe4ZGWFDlZvOjp+jMKAMUxNJUpNFc/T2RYaHURPimU2A9VMveTPzP66U6qLsZi5JU04gsFgUpRzpGswTQgElKNJ8Ygolk5lZEhlhiok1OJROCs/zyKmlf1Jzr2tX9ZaVRz+MowgmcQhUcuIEG3EETWkDgEZ7hFd6ssfVivVsfi9aClc8cwx9Ynz/xvpGK</latexit>

�g(z1)
<latexit sha1_base64="togOtaYK52Gn/sG01xElDKaGbx4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmfHZZcOOygn1AOw6ZNG1Dk8yQZIR2GPwVNy4Ucet/uPNvTNtZaOuBC4dz7uXee4KIUaUd59vKLS2vrK7l1wsbm1vbO/buXkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHgz8ZuPRCoains9iojHUV/QHsVIG8m3DzqK9jnyk8FDcuqmaWnsn5/4dtEpO1PAReJmpAgy1Hz7q9MNccyJ0JghpdquE2kvQVJTzEha6MSKRAgPUZ+0DRWIE+Ul0+tTeGyULuyF0pTQcKr+nkgQV2rEA9PJkR6oeW8i/ue1Y92reAkVUayJwLNFvZhBHcJJFLBLJcGajQxBWFJzK8QDJBHWJrCCCcGdf3mRNM7K7lX58u6iWK1kceTBITgCJeCCa1AFt6AG6gCDMXgGr+DNerJerHfrY9aas7KZffAH1ucPqp6UsA==</latexit>

�h�1(z3)
<latexit sha1_base64="ZHs0eITDLDdYz6NhU7D43LgvGcI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEurAkxUeXBTcuK9gHtDFMppN06MwkzEyEGgL+ihsXirj1O9z5N04fC60euHA4517uvSdIGFXacb6swtLyyupacb20sbm1vWPv7rVVnEpMWjhmsewGSBFGBWlpqhnpJpIgHjDSCUZXE79zT6SisbjV44R4HEWChhQjbSTfPugrGnHkZ9Fddurmw7zy4NdOfLvsVJ0p4F/izkkZzNH07c/+IMYpJ0JjhpTquU6ivQxJTTEjeamfKpIgPEIR6RkqECfKy6bn5/DYKAMYxtKU0HCq/pzIEFdqzAPTyZEeqkVvIv7n9VId1r2MiiTVRODZojBlUMdwkgUcUEmwZmNDEJbU3ArxEEmEtUmsZEJwF1/+S9q1qntRPb85Kzfq8ziK4BAcgQpwwSVogGvQBC2AQQaewAt4tR6tZ+vNep+1Fqz5zD74BevjG3I0lSA=</latexit>

�g�1h(z2)

Today:

• Explicit calculation of low Renyi’s.

• Interesting puzzle for free fermion CFT.

• Generalizations to other finite group symmetry.

• First proposed by [Gadde, Krishna, Sharma] and [Penington, Walter, Witteveen] ’22

• Generalization of entanglement entropy to three regions.

• Measure of multipartite entanglement.

Bulk

• Minimal surface dividing entire bulk in three regions.


• Geometrically related to RT surfaces.


• Multipartite contribution from angle at bulk intersection.

Boundary

• Three-point function of twist operators with  replica symmetry.


• Multipartite contribution controlled by three-point coefficient. 

Difficult to explicitly calculate.

ℤ2
n

<latexit sha1_base64="CGuEVG3rjwaa1HpphpHkeZe7J/k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTio8uCG5cV7APaUCbTSTt0MgkzN2II9VfcuFDErR/izr9xmmahrQcuHM65d+7c48eCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Gbudx+Y0jyS95DGzAvJWPKAUwJGGtrVAbBHyN/JaErkLHNnQ7vm1J0ceJW4BamhAq2h/TUYRTQJmQQqiNZ914nBy4gCTgWbVQaJZjGhUzJmfUMlCZn2snzpDJ8aZYSDSJmSgHP190RGQq3T0DedIYGJXvbm4n9eP4Gg4WVcxgkwSReLgkRgiPA8CTziilEQqSGEKm7+iumEKELB5FUxIbjLJ6+Sznndvapf3l3Umo0ijjI6RifoDLnoGjXRLWqhNqIoRc/oFb1ZT9aL9W59LFpLVjFTRX9gff4AvcSVdQ==</latexit>

1
<latexit sha1_base64="tcDVq+FlglrqXk5UzUEaPP1gvYA=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVRLx0WXBjcsK9gFNKJPppB06mYSZGzGE4MZfceNCEbd+hTv/xmmahbYeuHA45965c48fc6bAtr+NpeWV1bX1ykZ1c2t7Z9fc2++oKJGEtknEI9nzsaKcCdoGBpz2Yklx6HPa9SfXU797T6VikbiDNKZeiEeCBYxg0NLAPHSBPkDxTkZSLPLM9bHMnDwfmDW7bhewFolTkhoq0RqYX+4wIklIBRCOleo7dgxehiUwwmledRNFY0wmeET7mgocUuVlxercOtHK0AoiqUuAVai/JzIcKpWGvu4MMYzVvDcV//P6CQQNL2MiToAKMlsUJNyCyJrmYQ2ZpAR4qgkmkum/WmSMJSagU6vqEJz5kxdJ56zuXNYvbs9rzUYZRwUdoWN0ihx0hZroBrVQGxH0iJ7RK3oznowX4934mLUuGeXMAfoD4/MHq4uYOg==</latexit>

1̄

<latexit sha1_base64="gykKHCsjR7d8W6Nh/sXTf+ARAYQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5IUH10W3LisYB/QhjKZTtqhk0mYuRFDCG78FTcuFHHrV7jzb5ymWWjrgQuHc+6dO/d4EWcKbPvbKK2srq1vlDcrW9s7u3vm/kFHhbEktE1CHsqehxXlTNA2MOC0F0mKA4/Trje9nvndeyoVC8UdJBF1AzwWzGcEg5aG5tEA6APk76QkwSJLBx6WaT3LhmbVrtk5rGXiFKSKCrSG5tdgFJI4oAIIx0r1HTsCN8USGOE0qwxiRSNMpnhM+5oKHFDlpvnqzDrVysjyQ6lLgJWrvydSHCiVBJ7uDDBM1KI3E//z+jH4DTdlIoqBCjJf5MfcgtCa5WGNmKQEeKIJJpLpv1pkgiUmoFOr6BCcxZOXSadecy5rF7fn1WajiKOMjtEJOkMOukJNdINaqI0IekTP6BW9GU/Gi/FufMxbS0Yxc4j+wPj8Aa0RmDs=</latexit>

2̄

<latexit sha1_base64="EFwy+CxmWZReE45Zn4C5fzeJnII=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5L47LLgxmUF+4AmlMl02g6dTMLMjRhCcOOvuHGhiFu/wp1/4zTNQlsPXDicc+/cucePOFNg299GaWl5ZXWtvF7Z2Nza3jF399oqjCWhLRLyUHZ9rChngraAAafdSFIc+Jx2/Mn11O/cU6lYKO4giagX4JFgQ0YwaKlvHrhAHyB/JyUJFlnq+limZ1nWN6t2zc5hLRKnIFVUoNk3v9xBSOKACiAcK9Vz7Ai8FEtghNOs4saKRphM8Ij2NBU4oMpL89WZdayVgTUMpS4BVq7+nkhxoFQS+LozwDBW895U/M/rxTCseykTUQxUkNmiYcwtCK1pHtaASUqAJ5pgIpn+q0XGWGICOrWKDsGZP3mRtE9rzmXt4va82qgXcZTRITpCJ8hBV6iBblATtRBBj+gZvaI348l4Md6Nj1lryShm9tEfGJ8/rpeYPA==</latexit>

3̄

<latexit sha1_base64="c9b9pBjNv2Tu/lt2JGHI4nTMDGs=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JI1S4LblxWsA9oQ5lMJ+3QySTM3IghBDf+ihsXirj1K9z5N07TLLT1wIXDOffOnXu8iDMFtv1tlFZW19Y3ypuVre2d3T1z/6CjwlgS2iYhD2XPw4pyJmgbGHDaiyTFgcdp15tez/zuPZWKheIOkoi6AR4L5jOCQUtD82gA9AHyd1KSYJGlAw/LtJ5lQ7Nq1+wc1jJxClJFBVpD82swCkkcUAGEY6X6jh2Bm2IJjHCaVQaxohEmUzymfU0FDqhy03x1Zp1qZWT5odQlwMrV3xMpDpRKAk93BhgmatGbif95/Rj8hpsyEcVABZkv8mNuQWjN8rBGTFICPNEEE8n0Xy0ywRIT0KlVdAjO4snLpHNecy5rF7f1arNRxFFGx+gEnSEHXaEmukEt1EYEPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+ALAdmD0=</latexit>

4̄

<latexit sha1_base64="LxpqD0ph02iy9zv1qDu04DanruQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT46LLgxmUF+4A2lMl00g6dTMLMjRhC/RU3LhRx64e482+cpllo64ELh3PunTv3+LHgGhzn21pb39jc2i7tlHf39g8O7aPjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/ejP3uw9MaR7Je0hj5oVkLHnAKQEjDe3KANgj5O9kNCVyltVnQ7vq1JwceJW4BamiAq2h/TUYRTQJmQQqiNZ914nBy4gCTgWblQeJZjGhUzJmfUMlCZn2snzpDJ8ZZYSDSJmSgHP190RGQq3T0DedIYGJXvbm4n9eP4Gg4WVcxgkwSReLgkRgiPA8CTziilEQqSGEKm7+iumEKELB5FU2IbjLJ6+STr3mXtUu7y6qzUYRRwmdoFN0jlx0jZroFrVQG1GUomf0it6sJ+vFerc+Fq1rVjFTQX9gff4Av0mVdg==</latexit>

2
<latexit sha1_base64="VZweGTFw0SWSPXF2FjX2bK6RnFU=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclcRnlwU3LivYB7ShTKbTduhkEmZuxBDir7hxoYhbP8Sdf+M0zUJbD1w4nHPv3LnHjwTX4Djf1srq2vrGZmmrvL2zu7dvHxy2dRgrylo0FKHq+kQzwSVrAQfBupFiJPAF6/jTm5nfeWBK81DeQxIxLyBjyUecEjDSwK70gT1C/k5KEyKz9Dwb2FWn5uTAy8QtSBUVaA7sr/4wpHHAJFBBtO65TgReShRwKlhW7seaRYROyZj1DJUkYNpL86UZPjHKEI9CZUoCztXfEykJtE4C33QGBCZ60ZuJ/3m9GEZ1L+UyioFJOl80igWGEM+SwEOuGAWRGEKo4uavmE6IIhRMXmUTgrt48jJpn9Xcq9rl3UW1US/iKKEjdIxOkYuuUQPdoiZqIYoS9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx/AzpV3</latexit>

3

<latexit sha1_base64="34WNnNGJy2/uaDd2kgQlgFg39TU=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTio8uCG5cV7APaUCbTSTt0MgkzN2II9VfcuFDErR/izr9xmmahrQcuHM65d+7c48eCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Gbudx+Y0jyS95DGzAvJWPKAUwJGGtrVAbBHyN/JaErkLLuYDe2aU3dy4FXiFqSGCrSG9tdgFNEkZBKoIFr3XScGLyMKOBVsVhkkmsWETsmY9Q2VJGTay/KlM3xqlBEOImVKAs7V3xMZCbVOQ990hgQmetmbi/95/QSChpdxGSfAJF0sChKBIcLzJPCIK0ZBpIYQqrj5K6YToggFk1fFhOAun7xKOud196p+eXdRazaKOMroGJ2gM+Sia9REt6iF2oiiFD2jV/RmPVkv1rv1sWgtWcVMFf2B9fkDwlOVeA==</latexit>

4

<latexit sha1_base64="e+p4I6p6R233IJY9nro6LD7/CvY=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSsdllw47KCfUAbymQ6aYdOJmHmRgyh/oobF4q49UPc+TdO0yy09cCFwzn3zp17/FhwDY7zba2tb2xubZd2yrt7+weH9tFxR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vZn73QemNI/kPaQx80IyljzglICRhnZlAOwR8ncymhI5y+qzoV11ak4OvErcglRRgdbQ/hqMIpqETAIVROu+68TgZUQBp4LNyoNEs5jQKRmzvqGShEx7Wb50hs+MMsJBpExJwLn6eyIjodZp6JvOkMBEL3tz8T+vn0DQ8DIu4wSYpItFQSIwRHieBB5xxSiI1BBCFTd/xXRCFKFg8iqbENzlk1dJ56LmXtXqd5fVZqOIo4RO0Ck6Ry66Rk10i1qojShK0TN6RW/Wk/VivVsfi9Y1q5ipoD+wPn8Aw9iVeQ==</latexit>

5

<latexit sha1_base64="fGGDGuU2ijDXORC9E3B9R68lKNo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUS0dllw47KCfUAbymQ6aYdOJmHmRgyh/oobF4q49UPc+TdO0yy09cCFwzn3zp17/FhwDY7zba2tb2xubZd2yrt7+weH9tFxR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vZn73QemNI/kPaQx80IyljzglICRhnZlAOwR8ncymhI5y+qzoV11ak4OvErcglRRgdbQ/hqMIpqETAIVROu+68TgZUQBp4LNyoNEs5jQKRmzvqGShEx7Wb50hs+MMsJBpExJwLn6eyIjodZp6JvOkMBEL3tz8T+vn0DQ8DIu4wSYpItFQSIwRHieBB5xxSiI1BBCFTd/xXRCFKFg8iqbENzlk1dJ56Lm1mtXd5fVZqOIo4RO0Ck6Ry66Rk10i1qojShK0TN6RW/Wk/VivVsfi9Y1q5ipoD+wPn8AxV2Veg==</latexit>

6

<latexit sha1_base64="a4Gl6y2VUiMCrmgw8XzjNtfhrsw=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUTUdllw47KCfUAbymQ6aYdOJmHmRgyh/oobF4q49UPc+TdO0yy09cCFwzn3zp17/FhwDY7zba2tb2xubZd2yrt7+weH9tFxR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vZn73QemNI/kPaQx80IyljzglICRhnZlAOwR8ncymhI5y+qzoV11ak4OvErcglRRgdbQ/hqMIpqETAIVROu+68TgZUQBp4LNyoNEs5jQKRmzvqGShEx7Wb50hs+MMsJBpExJwLn6eyIjodZp6JvOkMBEL3tz8T+vn0DQ8DIu4wSYpItFQSIwRHieBB5xxSiI1BBCFTd/xXRCFKFg8iqbENzlk1dJ56LmXteu7i6rzUYRRwmdoFN0jlxUR010i1qojShK0TN6RW/Wk/VivVsfi9Y1q5ipoD+wPn8AxuKVew==</latexit>

7

<latexit sha1_base64="qnRNUZMcHSzAC4tj9hqPSBoj+MI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTio8uCG5cV7APaUCbTSTt0MgkzN2II9VfcuFDErR/izr9xmmahrQcuHM65d+7c48eCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR0lirI2jUSkej7RTHDJ2sBBsF6sGAl9wbr+9Gbudx+Y0jyS95DGzAvJWPKAUwJGGtrVAbBHyN/JaErkLGvMhnbNqTs58CpxC1JDBVpD+2swimgSMglUEK37rhODlxEFnAo2qwwSzWJCp2TM+oZKEjLtZfnSGT41yggHkTIlAefq74mMhFqnoW86QwITvezNxf+8fgJBw8u4jBNgki4WBYnAEOF5EnjEFaMgUkMIVdz8FdMJUYSCyatiQnCXT14lnfO6e1W/vLuoNRtFHGV0jE7QGXLRNWqiW9RCbURRip7RK3qznqwX6936WLSWrGKmiv7A+vwByGeVfA==</latexit>

8
<latexit sha1_base64="eY0TjSteTjwo7x7xW6axGSxTRWE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUR81F3BjcsK9gFtKJPptB06mYSZGzGE+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8SPBNTjOt7Wyura+sVnaKm/v7O7t2weHbR3GirIWDUWouj7RTHDJWsBBsG6kGAl8wTr+9Gbmdx6Y0jyU95BEzAvIWPIRpwSMNLArfWCPkL+T0oTILL3OBnbVqTk58DJxC1JFBZoD+6s/DGkcMAlUEK17rhOBlxIFnAqWlfuxZhGhUzJmPUMlCZj20nxphk+MMsSjUJmSgHP190RKAq2TwDedAYGJXvRm4n9eL4ZR3Uu5jGJgks4XjWKBIcSzJPCQK0ZBJIYQqrj5K6YToggFk1fZhOAunrxM2mc197J2cXdebdSLOEroCB2jU+SiK9RAt6iJWoiiBD2jV/RmPVkv1rv1MW9dsYqZCvoD6/MHyeyVfQ==</latexit>

9

<latexit sha1_base64="j2c4GQML25LJ7FKFGtRKmPAdbAE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KI1S4LblxWsA9oQ5lMJ+3QySTM3IghBDf+ihsXirj1K9z5N07TLLT1wIXDOffOnXu8iDMFtv1tlFZW19Y3ypuVre2d3T1z/6CjwlgS2iYhD2XPw4pyJmgbGHDaiyTFgcdp15tez/zuPZWKheIOkoi6AR4L5jOCQUtD82gA9AHyd1KSYJGlAw/LtJ5lQ7Nq1+wc1jJxClJFBVpD82swCkkcUAGEY6X6jh2Bm2IJjHCaVQaxohEmUzymfU0FDqhy03x1Zp1qZWT5odQlwMrV3xMpDpRKAk93BhgmatGbif95/Rj8hpsyEcVABZkv8mNuQWjN8rBGTFICPNEEE8n0Xy0ywRIT0KlVdAjO4snLpHNecy5r9duLarNRxFFGx+gEnSEHXaEmukEt1EYEPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+ALGjmD4=</latexit>

5̄

<latexit sha1_base64="s0PmtP4qDeXwuihj1TQlupxO+lM=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KI1i4LblxWsA9oQ5lMJ+3QySTM3IghBDf+ihsXirj1K9z5N07TLLT1wIXDOffOnXu8iDMFtv1tlFZW19Y3ypuVre2d3T1z/6CjwlgS2iYhD2XPw4pyJmgbGHDaiyTFgcdp15tez/zuPZWKheIOkoi6AR4L5jOCQUtD82gA9AHyd1KSYJGlAw/LtJ5lQ7Nq1+wc1jJxClJFBVpD82swCkkcUAGEY6X6jh2Bm2IJjHCaVQaxohEmUzymfU0FDqhy03x1Zp1qZWT5odQlwMrV3xMpDpRKAk93BhgmatGbif95/Rj8hpsyEcVABZkv8mNuQWjN8rBGTFICPNEEE8n0Xy0ywRIT0KlVdAjO4snLpHNec+q1y9uLarNRxFFGx+gEnSEHXaEmukEt1EYEPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+ALMpmD8=</latexit>
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Teleportation through charged wormholes
Viktor Jahnke w/ Byoungjoon Ahn, Yichao Fu, Chang-Woo Ji, Keun-Young Kim. (To appear)

Gao-Jafferis-Wall traversable wormhole Charged wormholes & bouncing effects

(M,Q)

(M+E,Q+q)

(E,q)

● bouncing might prevent the teleportation of charged signals;

● we proposed a new protocol where a signal from the left enters the 
black hole, bounces, and then escapes the black hole's interior, 
returning to the left boundary;

● boundary description?



Holographic confining-deconfining gauge theories and entanglement
measures with a magnetic field

Parul Jain, Siddhi Swarupa Jena* and Subhash Mahapatra
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Based on our paper: https://doi.org/10.1103/PhysRevD.107.086016
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Based on our paper: https://doi.org/10.1103/PhysRevD.107.086016

Entanglement Measures

To probe the entanglement structure of con-
fined/deconfined QCD phases, we discuss about various
entanglement measures that have gravity duals.

Entanglement Entropy

A good measure of entanglement for pure states.

S(A) =
A(Γmin

A )

4G(d+1)
, (1)

Mutual Information

For two subsystems (A1 and A2), it reflects the amount of
shared information between A1 and A2

I(A1, A2) = S(A1) + S(A2)− S(A1 ∪ A2) , (2)

Entanglement Wedge Cross

Section

The Entanglement Wedge Cross-section is given by the
minimal area of the division of the entanglement wedge
which connects subsystems A and B

EW (ρAB) = min
Γ
(A)
AB⊂Γmin

AB

[
A(Σmin

AB )

4G(d+1)

]
. (3)
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For a deeper dive into the details, please visit my poster at Y206 on 11th December



Holographic Complexity with Different Gravitational Observables

Hello!  I’m Hong-Yue Jiang  from  LanZhou university

Nice to meet you！

My recent work is some discussion of 
Complexity=Anything proposal.

In our reserch, we observe that the extremal 
hypersurfaces with the maximal generalized volume are 
not fixed. 
The smaller one would “surpass” at a certain moment, 
which is named as the turning time.Both the pink and red solid lines re-

present larger generalized volumes at 
the corresponding boundary time.

Collaborator：Meng-Ting Wang, Yu-Xiao Liu



Phases of quantumfield theories in thermalAnti-deSitter Spaces
AsthaKakkar∗

Department of Physics and Astrophysics, University of Delhi, Delhi - 110007, India
∗ asthakakkar8@gmail.com

Based on: JHEP07(2022)089, JHEP06(2023)009 and [arXiv:2311.06045 [hep-th]] with Swarnendu Sarkar

Motivation: Changes in IR behaviour of theories in AdS lead to deviations from flat space results and are captured
by the Effective Potential. UV behavior however remains the same.

Introduction
Effective action → Principal tool for studying phases of a QFT. Perturbative methods, to leading order, involve
computation of one-loop determinants.

Partition Function on Hd+1/Z
Spectral

form of

propagator

Heat Kernel

[S. Giombi et al., 2008;

J. R. David et al., 2010]

Normal Modes

[F. Denef et al., 2010]

Hamiltonian
Method

[G. W. Gibbons et al., 2006]

Thermal AdS defined in terms of global coordinates by compactifying time circle leads to Hd+1/Z identification
in Poincaré coordinates.
−−→ We present a method for computing one-loop partition functions for scalars and fermions and then utilize
these results to study phases of field theories in AdSd+1 spaces.

Methodology and Basic Setup
Effective potential

Veff (ϕcl) = − 1

Vd+1

[
log Z

(1)
f + log Z

(1)
b

]
+ V (ϕcl) = − 1

Vd+1

[
tr log[��D +Mf (ϕcl)]−

1

2
tr log[−□E + V ′′(ϕcl)]

]
+ V (ϕcl).

log of trace is obtained by integrating the following:

1

2Vd+1
tr

[
1

−□E + V ′′(ϕcl)

]
and

1

Vd+1
tr

[
1

�
��D +Mf (ϕcl)

]

We find the solution for eigenvalue equations corresponding to the respective differential operators.

generalized eigenfunctions in thermal AdS obey respective periodicities under thermal identification

Ψ
k⃗,λ

(x) =
1

N

∞∑
n=−∞

R(γn) ψ
k⃗,λ

(γnx)

Partition Functions: Results for scalars and transverse vectors
ZERO TEMPERATURE:

1

L2
tr

[
1

−□E + V ′′(ϕcl)

]
=

Vd+1

Ld+1

Γ (d/2 + ν) Γ(1/2− d/2)

Γ (1− d/2 + ν) (4π)(d+1)/2

FINITE TEMPERATURE:

log Z =
∞∑
n=1

1

n

e−nβ(d/2+ν)

|1− e−nβ|d

tr

[
1

−OT +M2
v − d + 1

]
=

Vd+1d

(4π)(d+1)/2

[
ν2v −

(
d
2

)2]
Γ
(
1
2 −

d
2

)
Γ
(
d−2
2 ± νv

)
Γ
(
νv − d

2

)
Γ
(
1− νv +

d
2

) log Z
gauge
+ log Z

ghost
=

∞∑
n=1

1

n

de−∆vnβ − e−∆snβ

(1− e−nβ)d

Applications: Phases of Large N O(N) model in AdS2
Effective potential to the leading order in 1/N

Veff

N
= −(M2 −m2)2

8λ
+

1

2
M2(ϕicl)

2 − 1

4π

∫ M2

0

dM2

[
ψ(0)

(
ν +

1

2

)
+ γ

]
+

1

β

∞∑
n=1

1

n

e
−nβ

(
1
2+
√

1
4+M2

)
|1− e−nβ|

(a)

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A: m2 = 1.1, β = 3.5
0.0 0.2 0.4 0.6 0.8 1.0

0.00

0.05

0.10

0.15

B : m2 = −0.1, β = 4.7

0.0 0.2 0.4 0.6 0.8 1.0

0.00

0.02

0.04

0.06

0.08

C : m2 = −0.3, β = 3.0
0.0 0.2 0.4 0.6 0.8 1.0

0.20

0.22

0.24

0.26

0.28

0.30

0.32

D: m2 = −0.4, β = 1.2

Figure:Phases in AdS2 on the β −m2 plane and representative potentials corresponding to different regions (λ = 0.5).

−−→ In finite temperature theory in AdS2 there occurs a symmetry breaking phase, unlike flat space where
Coleman-Mermin-Wagner theorem [N.D. Mermin and H. Wagner, 1966; S.R. Coleman, 1973] prohibits continuous
symmetry breaking. This was also noted for AdS2 in [T. Inami and H. Ooguri, 1985] and for large N O(N) model in
[Carmi et al. ’19 ; T. Inami and H. Ooguri, 1985].

Further Directions of Work
Further research involves other theories of fermion and vectors with Chern-Simons term in thermal AdS spaces.

An interesting exercise would be to consider asymptotically AdS black hole geometry.

Analyse correlation functions at finite temperatures to understand implications on dual boundary theory.

It will be interesting to explore the connections between different methods for computation of partition functions.

Another possible extension of our alternate method is to the case of higher spins.

Acknowledgements: Astha Kakkar acknowledges the support of Department of Science and Technology (DST), Ministry of Science
and Technology, Government of India, for the DST INSPIRE Fellowship with the INSPIRE Fellowship Registration Number: IF180721.



Analysis of Phase Transitions Caused 

by Brane-localized Field
Yukawa Institute for Theoretical Physics, Hiroki Kanda

arXiv:2311:13201Taishi Kawamoto, Yu-ki Suzuki, Tadashi Takayanagi, Kenya Tasuki, Zixia Wei

BCFT + Boundary Field 𝜙
In Euclidean

𝑥

− Τ𝛽 4

Τ𝛽 4

𝜏

𝜙1

𝜙1 + Δ𝜙

BCFT on Strip

AdS + Brane Field on EOW Brane

Gravity Dual has 3 Phases

(i) Δ𝜙 < Δ𝜙∗ (ii) Δ𝜙 = Δ𝜙∗ (iii) Δ𝜙 > Δ𝜙∗

EOW

BCFT

BTZ BH Poincare
Thermal

AdS

How these phases behave in Lorentzian?



Background electromagnetic field and a uniformly 
accelerated observer

❑ Schwinger effect → a sufficiently high background electric field leads 

to pair production and this phenomenon is known as Schwinger 

effect[1]. 

❑ An interesting property of these particles is that they are entangled. The 

entanglement entropy for the vacuum of complex scalar field with 

background electric field in the Minkowski spacetime is studied in [2].

❑ It is also very interesting to introduce the magnetic field and see how it 

interplays with the correlations between particles and antiparticles.

❑ In [3,4], we computed the affect of magnetic field on the particles-

antiparticles created by electric field in the Minkowski and de Sitter 

spacetime. We observed that magnetic field opposes affect of electric 

field.

❑ Unruh effect → A uniformly accelerated detector moving in flat 

spacetime perceives the Minkowski vacuum to be thermal vacuum [5].

❑ The Rindler spacetime → hyperbolic coordinate transformation

between the Minkowski coordinates (τ, ρ, y, z) and (t, x, y, z) leads to

the Rindler spacetime.

ds2 = e2ax (−dt 2 + dx 2) + dy 2 + dz2

❑ We studied aspects of entanglement in the presence of background 

electric and magnetic fields from the perspective of a uniformly 

accelerated observer. 

Shagun Kaushal, IIT Delhi, India

[1] J. S. Schwinger, Phys. Rev. D 82, 664 (1951).

[2]Z. Ebadi and B. Mirza,  Annals Phys. 351, 363(2014).
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Fig. The four Rindler patches R, L, P , and F , with their coordinates.



Half dS Holography
Taishi Kawamoto, YITP, Dec.11th Y206

Based on arXiv:2306.07575

Half dS Holography
Cut 𝑑𝑆𝑑+1 QG = QFT on 𝑑𝑆𝑑 boundary

(Q) Can we discuss dS Holography with usual time?

Properties of the boundary Theory
Naïve replica trick EE computation
→HEE Violates the Strong Sub Additivity
→The boundary theory is highly non-local
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For gravitational system on 
disk, radial diffeomorphism is 
not gauge symmetry anymore 

  Realized as physical d.o.f⇒

Edge mode

Wiggling boundary

Conventional description of 
2D Jackiw-Teitelboim (JT) gravity

�
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�
(r, ⌧)(⇢, u)

gµ⌫gµ⌫ , ✓

Figure 5. The would-be gauge mode is “eaten” by the wiggling boundary via the radial and boundary
di↵eomorphism.

where rh is a constant corresponding to the radius of the black hole that we are interested as

a background. The boundary metric is expanded as

Guu(⇢, u) = ⇢
2
G

(0)(u) +G
(2)(u) + · · · . (3.35)

One can consider a reference AdS2 geometry with the coordinates Y
µ = (r, ⌧) which is

mapped to X
µ = (⇢, u) by radial and boundary di↵eomorphism (See Fig. 5):

r =w(u)⇢+
1

⇢
f
(2)(u) +O

�
⇢
�3

�
, (3.36)

⌧ = ✓(u) +
h
(2)(u)
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�
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Then, while the boundary of the (⇢, u) is the surface of constant ⇢, the boundary of the (r, ⌧)

is wiggling by the radial di↵eomorphism (3.36). One can still demand that the metric gµ⌫ of

the reference AdS Y
µ = (r, ⌧) preserves the Fe↵erham-Graham gauge (3.34)

ds
2 =

dr
2

r2 � r
2
h

+ g⌧⌧ (r, ⌧)d⌧
2
, (3.38)

and that the expansion of the boundary metric g⌧⌧ is truncated.
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2
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(0)(⌧) + g

(2)(⌧) . (3.39)

The condition for the Fe↵erham-Graham gauge (3.34) and (3.38) determines the function
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Find Kyungsun Lee @Y306 on Dec. 11More story about edge mode in super JT gravity?  ⇒

Gravitational edge mode in 2D super JT gravity
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Gravitational edge mode
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Boundary metric fluctuation

Kyungsun Lee (KIAS), Akhil Sivakumar (APCTP) and Junggi Yoon (APCTP) 



Revisit 3D Flat Holography: Causality Structure and 
Modular Flow

Motivation:
1. AdS/CFT holography:  Successful !

Chaos, Island formula, Bulk reconstruction

RT formula, Entanglement Wedge

2. Flat Holography: Two systematic ways
Carrollian holography            Carrollian CFT?

Celestial holography               Symmetry ?

Exploration:   Bulk Boundary

Yuefeng Liu , Peking University,  Based on: 2309.05220 
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Black Hole Complementarity From Microstate Models: 
Encoding Quantum Information Inside Black Holes 
(Kibe, SM, Mukhopadhyay, Swain  JHEP 10 (2023) 096 )

Black Hole Complementarity Principle : Information both inside and outside the horizon, but no 
observer can access both copies simultaneously.


(Assumptions: local semi-classical description of horizon + unitarity of evaporation)

1

We demonstrate how black hole complementarity can emerge via a microstate model that 
preserves unitarity and local semi-classical description of the horizon

Microstate model  based on fragmentation instability of near-extremal black holes2 3

Main Result: Information of the infalling quantum matter is encoded in both the late-time quantum 
trajectory of the quantum matter as well as the late-time (non-linear) ringdown of the black hole; 
the latter is a transitory copy, which is transferred to Hawking radiation

2: Kibe, Mukhopadhyay, Soloviev, Swain Phys Rev D (2020) 
3: Maldacena, Michelson, Strominger JHEP (1999)

1: Susskind, Thorlacius, Uglum Phys Rev D (1993)

Please visit my Poster at Y306 on 11 Dec for more details

Sukrut Mondkar (HRI)



Integrability and non-integrability for marginal deformations of 4d N = 2 SCFTs
(Based on JHEP 10 (2023) 173)

Jitendra Pal, IIT Roorkee
jpal1@ph.iitr.ac.in

Introduction
• These new class of γ-deformed backgrounds are obtained following an SL(3, R) transformation in eleven dimensional M-theory background while

keeping γ as a deformation parameter.
• Upon dimensional reduction along one of the U(1) isometric directions, one finds a ten dimensional type-IIA background of the form (Nucl. Phys.

B 943, 114617 (2019))

ds2IIA = α′µ2
[
4f1ds

2
AdS5

+ f2

(
dσ2 + dη2

)
+ f3dχ

2 +
f3 sin

2 χ

1 + γ2f3f4 sin
2 χ

dξ2 +
f4

1 + γ2f3f4 sin
2 χ

(
dβ − γf5 sinχdχ

)2]

B2 =
µ2α′

1 + γ2f3f4 sin
2 χ

(
f5dΩ2(χ, ξ)− γf3f4 sin

2 χdξ ∧ dβ

)
, C1 = µ4

√
α′
(
f6dβ + γ

(
f7 − f5f6

)
sinχdχ

)
,

C3 =
µ6α′

3
2

1 + γ2f3f4 sin
2 χ

f7dβ ∧ dΩ2(χ, ξ) , e
2Φ =

f8
1 + γ2f3f4 sin

2 χ
.

• In the limit γ → 0, the above ten dimensional solution maps into the standard N = 2 supersymmetric Gaiotto-Maldacena background.
• In the expressions of fi and ∆, the dot and the prime of the potential function V (σ, η) can be explicitly written as

f1 =

(
2V̇ − V̈

V ′′

)1
2

; f2 = f1
2V ′′

V̇
; f3 = f1

2V ′′V̇
∆

; f4 = f1
4V ′′

2V̇ − V̈
σ2, f5 = 2

(V̇ V̇ ′

∆
− η
)
; f6 =

2V̇ V̇ ′

2V̇ − V̈
; f7 = −4V̇ 2V ′′

∆
; f8 =

[
4
(
2V̇ − V̈

)3
µ12V ′′V̇ 2∆2

]1
2

,

which satisfies Laplace’s equation of the form

V̈ + σ2V ′′ = 0 .

Basic Setup and Results
• The dynamics of the string is characterised by the Polyakov action

S = −1

2

∫
dτdσ̃

[
ηαβGµν + ϵαβBµν

]
∂αX

µ∂βX
ν .

• To begin with, we consider that the string sits at the center (r = 0) of the AdS5 and wraps the U(1) isometries of the γ-deformed background. We
choose an ansatz of the following form

t = t(τ ) ; σ = σ(τ ) ; η = η(τ ) ; χ = χ(τ ) , ξ = ξ(σ̃) = kσ̃ ; β = β(σ̃) = λσ̃ .

Example I : γ-deformed Abelian T-dual

• The potential function for the Abelian T-dual (ATD) (JHEP 05, 107 (2016))

VATD(σ, η) = lnσ − 1

2
σ2 + η2.

• The associated functions fi(σ, η) take the following form

f1 = 1 ; f2 =
4

1− σ2
; f3 = 1− σ2 ; f4 = 4σ2 , f5 = −2η ; f6 = 0 ; f7 = −2

(
1− σ2

)2
; f8 =

64

1− σ2
.

Figure 1: E = 3, γ = 0.25. Initial
data: σ = 0.1, χ = 0.5, pσ = 0,
pχ = 1.40099.

Figure 2: E = 3, γ = 5. Initial
data: σ = 0.1, χ = 0.5, pσ = 0,
pχ = 1.41835.

Figure 3: Numerical plots of Lya-
punov exponent(s) for γ-deformed
Abelian T-dual background.

Figure 4: γ = 0.25 Figure 5: γ = 5

Example II : γ-deformed Sfetsos-Thompson solution

• For Sfetsos-Thompson (ST) solution (also known as non-Abelian T-dual (NATD) solution) the corresponding potential function reads as (JHEP 05,
107 (2016))

VST(σ, η) = η
(
lnσ − 1

2
σ2
)
+
1

3
η3 . (1)

• The associated functions fi(σ, η) take the following form

f1 = 1 ; f2 =
4

1− σ2
, f3 =

4η2
(
1− σ2

)
4η2 +

(
1− σ2

)2 , f4 = 4σ2 , f5 = − 8η3

4η2 +
(
1− σ2

)2 , f6 = (1− σ2
)2

, f7 = −
8η3
(
1− σ2

)2
4η2 +

(
1− σ2

)2 , f8 = 256(
1− σ2

)2(
4η2 +

(
1− σ2

)2) .(2)

Figure 6: E = 2, γ = 0.25. Initial
data: σ = 0.1, χ = 0.5, pσ = 0,
pχ = 0.0171369.

Figure 7: E = 2, γ = 5. Initial
data: σ = 0.1, χ = 0.5, pσ = 0,
pχ = 0.374738.

Figure 8: Numerical plots of Lya-
punov exponent(s) for γ-deformed
ST background.

Figure 9: γ = 0.25 Figure 10: γ = 5

Example III : Adding flavor branes

• The potential function corresponding to the single kink solution may be written as (JHEP 08 (2021) 030)

V (σ ∼ 0, η) = ηN6 lnσ +
ηN6σ

2

4
Λk(η, P )− ηN6σ

2

4

P + 1

P 2 − η2
,

where we define the above function as

Λk(η, P ) =
(
P + 1

) k∑
m=1

(
1

(2m + (2m− 1)P )2 − η2
− 1

(2m + (2m + 1)P )2 − η2

)
+

P

(2k + 1)2(1 + P )2 − η2
.

• Next, in the case of Uluru space-time, the potential function may be expressed as (JHEP 08 (2021) 030)

V (σ ∼ 0, η) = −ηN6 lnσ +
ηN6σ

2

4
Λu(η,K, P ) +

ηN6σ
2

4(P 2 − η2)
,

where we define

Λu(η,K, P ) =

u∑
n=1

(−1)n+1
(

1

(nK + (2n− 1)P )2 − η2
− 1

(nK + (2n + 1)P )2 − η2

)
.

Figure 11: We show γ-deformation as an interpo-
lation between Sfetsos-Thompson background and
chaotic dynamics of strings.

Figure 12: Plot of a Poincaré section for γ-deformed single
kink profile. Here we fix the energy of the string E = 3 and
choose of the deformation parameter γ = 0.25. Also, we set
η = 7, pη = 0, P = 6 and k = 10.

Figure 13: Plots of Poincaré sections for γ-deformed Uluru
profile. Here we fix the energy of the string E = 3 and choose
of the deformation parameter γ = 0.25. Also, we set η = 7,
pη = 0, P = 6, n = 10 and K = 10.

Summary

• we explore chaotic dynamics for the γ-deformed abelian and non-Abelian T-dual of Gaiotto-Maldacena solutions.
• We examine the integrability of the semi-classical string trajectories in the presence of the γ-deformation as introduced in (Nucl. Phys. B 943,

114617 (2019)).
• In our analysis, we use the standard Hamiltonian formulation and study the Poincaré sections and the Lyapunov exponents for different values of the

deformation parameter (γ).
• We obtain distorted KAM tori and positive Lyapunov exponents for sufficiently large values of γ. On the other hand, we observe an integrable

dynamics for sufficiently small values of γ << 1. This allows us to interpret the γ-deformation as an interpolation between an integrable and
non-integrable dynamics sitting at two different extrema of the parameter space (see Fig.11.)

• A careful analysis reveals that the string hits σ ∼ 1 singularity when the deformation parameter is large enough, γ ≫ 1 (see Fig.5 and Fig.10 ). One
the other hand, the string never reaches the above singularity for small values of the deformation (γ << 1) parameter (see Fig.4 and Fig.9 ). From
the bulk perspective, we therefore argue that the chaotic motion of these semi-classical strings could be an artefact of σ ∼ 1 singularity as seen by
the “extended” string for large values of the deformation parameter (γ >> 1).



Holographic chaos and correlation in presence of backreaction
Sanjay Pant, Shankhadeep Chakrabortty

Department of Physics, Indian Institute of Technology Ropar, Rupnagar-140001, Punjab, India

Introduction and Motivation

We consider a TFD state created by d-dimensional backreacted strongly

coupled field theory at finite temperature. The backreaction is due to the

uniform distribution of heavy static fundamental quarks. This state has a well

defined holographic dual, eternal deformed AdSd+1 black hole.

Holographic entanglement entropy (HEE) is S = Aγ

4Gd+1
N

.

Out of time order correlator (OTOC) can be extracted from chaos commutator

C(t, x) of two Hermitian operators

C(t, x) =< −[Ŵ (t, x), V̂ (0)]2 >→ OTOC =< Ŵ (t, x)V̂ Ŵ (t, x)V̂ >.

It is observed from a large class of spin-chains, higher dimensional SYK-models

and CFTs that for chaotic systems, C(t, x) ≈ e
λL(t−t∗− x

vB
)
.

Using the holographic dual we study the thermo mutual information (TMI) and

address the following: How backreacted system scramble the quantum

information? What is the effect of backreaction on the butterfly velocity vB

and Lyapunov exponent λL?

Backreacted holographic geometry

The solution of Einstein equation Rmn − 1
2GmnR + ΛGmn = 8πGNTµν with,

T µν = −
∑

i

Ti

∫
d2ζ√

|g|
√

−hhαβ∂αXµ∂βXνδd−1
i (x − Xi)

gives the deformed AdS black hole solution,

ds2 = R2

z2

(
−h(z)dt2 + dz2

h(z)
+ dx2

i

)
, h(z) = 1 − 2mzd

R2d−2 − 2bzd−1

(d − 1)Rd−1

b is the deformation/ backreaction parameter due to strings.

The Hawking temperature is

T = 1
4πzH

(
d −

2bzd−1
H

(d − 1)Rd−1

)

Shockwave analysis

In Kruskal coordinate

ds2 = 2A(U, V )dUdV + Gij(U, V )dxidxj, i = j = 1, 2, 3
Taking

U → Û = U + θ(V )εα(x, t), V → V̂ = V and xi → x̂i = xi

dŝ2 = 2Â(Û , V̂ )dÛdV̂ − Â(Û , V̂ )εα̂(t, x)δ(V̂ )d2V̂ + Gij(Û , V̂ )dxidxj

If ∂ÛÂ(Û , V̂ ) = ∂ÛGij(Û , V̂ ) = 0, TÛ Û = 0, at V̂ = 0.
dŝ2 satisfies,

Rmn − 1
2
GmnR + ΛGmn = 8πGN(T m

mn + εT shock
mn ) where,

T shock
mn = E0e

2πt
β δ(V̂ )δ(x̂i)dV̂ 2 is the EM tensor of shock.

For α the Einstein’s equation gives,

(∂2
x − M 2)α(t, x) = 8πE0Gxx(zH)

A(zH)
δ(x)e

2πt
β , M 2 = 3zHG′

xx(zH)
2A(zH)

for large |x|,

α(t, x) ≈ exp[2π

β
(t − t∗) − Mx] where, t∗ = scrambling time

Chaos: Butterfly velocity and Lyapunov exponent

By comparing α(t, x) with C(t, x) ≈ e
λL(t−t∗− x

vB
)
we get,

λL = 1
2zH

(
d −

2bzd−1
H

(d − 1)Rd−1

)
, v2

B = d

2(d − 1)
− b

(d − 1)2

(
zH(T, b)

R

)d−1

ForR = 1, d = 4 plot of butterfly velocitywith respect to temperature T for various

values of b.

b=0
b=3
b=6
b=10

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 T0.0

0.2

0.4

0.6

0.8

1.0
VB

Figure 1. Left:Butterfly velocity for R = 1, d = 4, Right:Penrose diagram of eternal BH.

� Figure-1 (left) b = 0 butterfly velocity is constant vB ≈ 0.82 at all temperatures

T , while for b 6= 0 it starts increasing from zero and eventually saturates at vB ≈
0.82. The effect of b can only be observed at intermediate temperature where if b
increases vB decreases.

Thermo mutual information (TMI)

Thermo mutual information is defined as,

I(A, B) = S(A) + S(B) − S(A ∪ B)
between two subsystems A and B of a TFD state.

Embedding for γA,B and γA∪B = γ1 ∪ γ2 are,

{t = 0, z, −l/2 ≤ x(z) ≤ l/2, −L/2 ≤ xi ≤ L/2}
{0, z, x = ±l/2, −L/2 ≤ xi ≤ L/2}, i = 2, · · · , d − 1

Finally the holographic thermo mutual information,

I(A, B) =
Ld−2Rd−1

AdS

GN
[
∫ zt

0

dz

zd−1
√

h(z)
√

1 −
(

z
zt

)2d−2
−

∫ zH

0

dz

zd−1
√

h(z)
]

zt is turning point of γ at which x′(z) → 0.
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Figure 2. Left:Effect of b on RT and Middle: wormhole geometry Right:TMI vs width l

� In fig.-2 (left) as b increases RT-surface get modified and it never touches the

horizon even for large l. On the other hand the wormhole surface figure-2

(middle) stretches more for large b since horizon increases with b. Fig.-2 (right)

Up to a critical width lc TMI is zero and start increasing as l ≥ lc. The value of lc
depends on b. For fix T , the TMI increases with increase in b.

TMI in presence of shock

Consider the shock α(t) ∝ exp (2π
β t)

TMI as, I(α) = I(0) − Sreg(A ∪ B; α), where Sreg(A ∪ B; α) is the regularized

entropy.
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Figure 3. Left:Penrose diagram with shock, Middle:I(α)/I(0) vs α, Right:Sreg vs Logα

For Sreg(A ∪ B; α) the embedding is {t, z(t), x = ±l/2, −L/2 ≤ xj ≤ L/2} for

γ1, γ2. Finally we get,

Sreg =
4Ld−2Rd−1

AdS

4G
[
∫ zH

0

dz

zd−1(
1√

h(z) + C2z2d−2
− 1√

h(z)
)+2

∫ z0

zH

dz

zd−1
1√

h(z) + C2z2d−2
]

with conserved quantity C = −
(

RAdS

z0

)d−1 √
−h(z0) and z0 is the turning point of

wormhole surface γ1,2 (shown in fig-3(left)).

The shockwave parameter

α(z0) = 2 exp (ηI + ηII + ηIII) where,

ηI = 4π

β

∫ z̄

z0

dz

h(z)
, ηII = 2π

β

∫ zH

0

dz

h(z)
(1 − 1√

1 + C−2h(z)z2−2d
),

ηIII = 4π

β

∫ z0

zH

dz

h(z)
(1 − 1√

1 + C−2h(z)z2−2d
)

Summary

We calculate the TMI in the dual bulk theory and observed that these

correlation depends on the width l of the entangling region. For a critical

width lc TMI vanishes if l ≤ lc.
For l ≥ lc at constant temperature the TMI increases with backreaction b.
This behaviour indicates the enhancement of two sided correlation due to b.
We conclude that the presence of backreaction makes the system more

chaotic because of the contribution received by the butterfly velocity and

Lyapunov exponent due to backreaction parameter b.
As b increases the correlation in TFD state gets destroyed or scrambled more

rapidly if one gives an early perturbation which grows with time.
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Quantum Corrction to Black Hole Entropy in EMD Models
Gurmeet Singh Punia [IISER Bhopal, INDIA] Based on [arXiv:2210.16230] JHEP 03 (2023) 028

Bekenstein-Hawking formula describing black hole entropy classically at tree-level,

SBH =
AH

4GD
Units: ℏ = c = kB = 1

AH : Area of the event horizon GD: Newton’s gravitational constant
Bekenstein (1974) & Hawking (1975)

Logarithmic correction is the leading and universal quantum correction to
Bekenstein-Hawking formula

SBH(AH) =
AH

4GD
+ C ln

(
AH

GD

)
+ · · ·

We computed logarithmic correction for AdS and flat black holes embedded in
four-dimensional Einstein-Maxwell-Dilaton (EMD) models.

SEMD =

∫
d4x

√
g
(
R− 2Λ− 2DµΦDµΦ− e−2κΦFµνF

µν
)

Φ: Dilaton (a constant scalar) with coupling constants κ = 1√
3
, 1 and

√
3 in string theory

Gibbons, Stronger, Maeda, Garfinkle, Horowitz, Khuri, Orthin, · · ·

EMD are the most ubiquitous building blocks of compactified IR string theory/supergravity
in 4D.

Contrary to the flat black holes, all AdS results are non-topological – providing a wider
“infrared window into the microstates” of black holes.

For more details, Please visit my Poster.
1 / 1



kinematic space

Dec. 11
@Y306  Kakeru Sugiura (Kyoto Univ.)

Based on [arXiv:2212.10065] w/ Daichi Takeda

AdSd+1 metrics can be reconstructed explicitly!

Message

Bulk reconstruction of AdSd+1 metrics
and developing kinematic space

We can use the CFT data to determine                         : 

◆ Correlators → causal structure

◆ Causality & entanglement → conformal factor

Towards reconstruction of more general spacetimes…



Shock waves and delay of hyperfast growth in de Sitter Complexity

Recently, JT de Sitter = DSSYK dual is focused on. [Susskind] 

Important Quantity : Complexity ≈ Geometric volume in bulk
dS spacetime expanding ⇒ Hol Complexity shows ”Hyperfast”

In this poster, we discuss
1. Dictionaries of Complexity in two-dim dS
2. The response of Complexity by perturbation.

CONCLUSION
1. In two-dim dS, CA is better than CV.

2. The growth of Complexity is delayed by small perturbation.
In my poster, there are further details!

Takanori Anegawa(Osaka U)

Work with 
Norihiro Iizuka, Sunil Kumar Sake, Nicolò Zenoni
JHEP 06 (2023) 213, JHEP 08 (2023) 115

Maximal



Complex saddles of three-dimensional 
de Sitter gravity via holography

Yusuke Taki (YITP)

Based on works with Heng-Yu Chen, Yasuaki Hikida, and Takahiro Uetoko

Q. What are the allowable saddles to the 
semi-classical wave functional of universe?

Approach: via dS/CFT with the CFT side being Liouville 
theory with 

<latexit sha1_base64="jw0XaPAjPgA66vg/gZuQ41Jhq/Y="></latexit>

c = i ·1

A. Two complex saddles contribute, as the result of the 
Stokes phenomenon.

<latexit sha1_base64="xbEHsAuDBX4+SvW6snFwF/rL9K0="></latexit>

 [g(bdy)µ⌫ ] =

Z
Dgµ⌫ e

iSgrav[gµ⌫ ]



Kavli Asian Winter School / 2023-12-11 / Takahiro Tanaka(YITP)

On non-invertible symmetry with gravity
・In recent years, the concept of symmetry has been  
　 generalized and new types of symmetry have appeared,  
    such as higher-form symmetry and non-invertible symmetry. 
・I will talk about non-invertible symmetry of 4d QFT in curved  
   spacetime.  
・e.g.   massless QED 
            QCD + QED 
            Axion Yang-Mills



Pseudo Entropy
under Joining Local Quenches

Kotaro Shinmyo, Tadashi Takayanagi, Kenya Tasuki (YITP, KyotoU) [arXiv:2310.12542]

pseudo entropy

entanglement entropy

generalize

reduced transition matrix

reduced density matrix

joining quench subsystem A

Q. What properties does PE possess?

→ positivity distinguishes different quantum phases

holographic CFT

d=2
BCFTs

free Dirac fermion CFT

suggest multipartite entanglement in hol. CFT vac.



Symmetry from homotopy algebras
Jojiro Yoshinaka (Kyoto U.)

on-going work with Keisuke Konosu (U. of Tokyo)

Action in QFT Homotopy algebra

derive some properties of QFT
as algebraic identities

We investigated 
how symmetry is described in terms of homotopy algebra 
and showed 
Ward-Takahashi identity can be derived from homotopy algebra



Carrollian Conformal Field Theories
Yu-fan Zheng

Carrollian conformal 
symmetry

highest weight representation
construction from (𝑑 + 1)-dim Bargmann theory 

GalileanRelativisticCarrollian

0 1 ∞
𝑐

Peking University 1801110091@pku.edu.cn

“Running without moving”
—— Lewis Carroll: Alice Through the Looking-Glass

(global) BMS 
symmetry≅

Carrollian CFT
gravity in 

asymptotic flat 
space

duality

Flat holography Celestial holography

Our works [2112.10514] [2301.06011]

Please see the poster for more information of our work!

Celestial 
CFT

Carrollian 
CFT

What is Carrollian

⇒ 𝑆𝑐𝑎𝑟𝑟
𝑒 = ∫ 𝑑𝑑𝑥 𝜕𝑡𝜙𝜕𝑡𝜙

⇒ 𝑆𝑐𝑎𝑟𝑟
𝑚 = −

1

2
∫ 𝑑𝑑𝑥 𝜋𝜕𝑡𝜙 + 𝑔𝑖𝑗𝜕𝑖𝜙𝜕𝑗𝜙

𝑆𝑏𝑎𝑟𝑔
𝑒 = ∫ 𝑑𝑑+1𝑥 𝜉𝜇𝜉𝜈𝜕𝜇Φ𝜕𝜈Φ

𝑆𝑏𝑎𝑟𝑔
𝑚 = −

1

2
∫ 𝑑𝑑+1𝑥 𝐺𝜇𝜈𝜕𝜇Φ𝜕𝜈Φ

correlation function
algebra 𝐷, 𝑃𝜇, 𝐽𝑖𝑗 , 𝐵𝑖 , 𝐾𝜇

Carrollian boost

𝑐 → 0

light-cone

𝑡 → 𝑡 + 𝑎𝑖𝑥𝑖

𝑥𝑖 → 𝑥𝑖

𝑆-matrix element of gravity
in 𝟒𝒅 asymptotic flat space

source of Carrollian CFT on 
𝟑𝒅 null infinity

operator of celestial CFT
on 𝟐𝒅 celestial sphere

~
~



Thank you !  

Enjoy Welcome Party !
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