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Where are the rest of the symmetry? Do they gone for goo



How boundary affects the gauge symmetry?

Edge mode Is the advent of physical degrees of freedom on the
boundary which was originally the gauge redundancy in the bulk.

Thus, It Is also called as would-be-gauge mode.



Gravitational edge mode in JT gravities

Part l. Bosonic JT gravity

Part ll. ./ = | supersymmetric JT gravity
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Part |l. Bosonic JT gravity



Gravitational Edge Mode in Asymptotically AdS,
: JT Gravity Revisited

Euihun Joung® Prithvi Narayan® Junggi Yoon®%*¢ arXiv: 2304.06088

 Revisit the derivation of the Schwarzian action

» Alternative description for the gravitational edge mode from the
metric fluctuation with the fixed boundary

 Make connection with the description with wiggling boundary
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* Exactly solvable and non-perturbative contributions are also comprehensible
* Describes low-energy sector of Sachdev-Ye-Kitaev (SYK) model: Schwarzian theory

* Describes near-horizon region of near-extremal higher-dimensional black holes



Classical solution of JT gravity

~Dilaton

Integrateout ) = R = —2

The remaining degrees of freedom are all on the boundary.



Two descriptions for the edge mode in JT gravity

I. Wiggling boundary
With fixed proper boundary length

Il. Metric fluctuation

With fixed asymptotic boundary condition



I. Wiggling boundary
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Il. Metric fluctuation
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Fefferman-Graham (FG) gauge
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Which coordinate transformation map
still satisfy FG gauge condition?
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From two descriptions of gravitational edge mode, we equivalently have
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I. Wiggling boundary Il. Metric fluctuation

Exact AdS, metric Fluctuating AdS, metric

with fluctuating boundary with fixed boundary




Isometry of exact Poincare disk metric

Poincaré upper half plane Poincaré disk
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Gauge symmetry of Schwarzian

Exact Poincare disk 2(ia—b+c+id) —a+i(b+c)+d
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Boundary isometry is redundant one

that maps into the SL.(2,[R) gauge
symmetry of Schwarzian theory




Part ll. ./ = 1 supersymmetric JT gravity
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Superconformal gauge
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Matching the proper boundary length

Bosonic Supersymmetric
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Super extrinsic curvature
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Metric fluctuation

Asymptotic boundary condition (~FG gauge condition)
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Superconformal transformation
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Superconformal transformation
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Asymptotic solution of F, ¥ in the order of (1 — r) can be found as
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One more step to get the super-Schwarzian
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Two descriptions to derive the gravitational edge mode dynamics

Confirmed the derivation of the ./ = 1 super-Schwarzian from super-JT
gravity

We directly derived the finite temperature super-Schwarzian action
without relying on the transformation from the zero temperature one.

We also worked out the derivation of the /' = 1 super-Schwarzian action
from the BF theory with supergroup OSp(2,1).



Gravitational edge modes...

on the manifold with nontrivial topology?
on non-AdS geometry?
at finite boundary?

In higher-dimensional gravity?






