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Abstract This study investigates the asymptotic symmetry
algebras (ASA) of Jackiw–Teitelboim (JT) gravity within the
framework of sl(3, R) symmetry. By explicitly constructing
this algebra, we explore how the presence of the dilaton field
influences the structure of asymptotic symmetries and sym-
metry breaking mechanisms at the AdS2 boundary. For the
sl(3, R) model, the dilaton field preserves a subset of the
complete W3-symmetry, restricting the algebra to sl(3, R).
These results provide deeper insights into the role of dila-
ton dynamics in holographic dualities, with implications for
the thermodynamics and geometry of AdS2. The findings
pave the way for systematically exploring extended gauge
symmetries in two-dimensional gravity and their relevance
to higher-rank Lie algebras.

1 Introduction

The holographic principle [1] is known as a fundamental con-
cept suggesting that a d-dimensional theory of gravity can
be equivalent to a (d−1)-dimensional boundary theory. In
this context, the study of AdS2 holography in two dimen-
sions began in the late 1990s [2–5], focusing on the asymp-
totic symmetries of Jackiw–Teitelboim (JT) gravity [6,7] and
dilaton models obtained via dimensional reduction. In recent
years, interest in this subject has been revived by the pro-
posal that JT gravity is holographically dual to the Sachdev-
Ye-Kitaev (SYK) model [8–11]; within this framework,
the Schwarzian boundary action emerges as an intermedi-
ate description [12].

Conformal field theory (CFT) has become a central frame-
work in modern theoretical physics, with applications rang-
ing from string theory to condensed matter systems. Its
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importance largely arises from the strong symmetry con-
straints it imposes, which significantly restrict the form of
physical theories. In two dimensions, conformal symmetry
is especially powerful, giving rise to an infinite-dimensional
structure known as the Virasoro algebra [13]. Over the
years, considerable attention has been devoted to extend-
ing this symmetry to include more general algebras, such
as the Kac–Moody algebra [14,15] and the W -algebra [16].
At the same time, many studies have focused on a deeper
understanding of the Virasoro algebra itself [17–20]. These
symmetry structures also play a central role in the analysis of
two-dimensional dilaton gravity, where the emergence of the
Virasoro algebra at the boundary provides a natural bridge
between CFT techniques and gravitational dynamics.

Two-dimensional pure gravity can be formulated as a
topological theory with no propagating degrees of freedom.
In the AdS2 case, the system exhibits an SL(2, R) isom-
etry group, which also serves as its asymptotic symmetry
group, resulting in a vanishing central charge [21]. How-
ever, introducing a dilaton field renders the system dynami-
cal, leading to models such as Jackiw–Teitelboim (JT) grav-
ity [6,7], where the dilaton couples to the metric and intro-
duces additional degrees of freedom at the boundary [9,22].
In this framework, the asymptotic symmetry group extends
beyond SL(2, R) to the full infinite-dimensional Virasoro
algebra [23], allowing for a nonzero central charge. JT grav-
ity has gained prominence as an effective model for probing
aspects of quantum gravity, particularly in connection with
the SYK model, where the Schwarzian action governs bound-
ary dynamics [21,22,24]. These developments have elevated
two-dimensional dilaton gravity to a central role in explor-
ing holography, black hole thermodynamics, and quantum
information [25–27].

The rich structure of JT gravity lies in its boundary sym-
metries and mathematical formulation. The model is deeply
connected to conformal symmetry via the Virasoro algebra
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and Schwarzian derivatives [28–30], and has been extended
through relaxed boundary conditions and higher-spin gener-
alizations [31–33]. Boundary dynamics can be expressed in
terms of coadjoint orbits, providing insight into symmetry
breaking mechanisms and their physical consequences [34–
42]. While the Schwarzian formalism remains central to the
SYK connection, the analysis of asymptotic symmetries can
proceed independently, for instance via the BF formulation
of JT gravity [43,44]. In this approach, the dilaton acts as a
Lagrange multiplier imposing curvature constraints, and the
resulting asymptotic symmetry algebra can be enhanced-e.g.,
to Virasoro–Kac–Moody-through internal symmetry struc-
tures [45,46]. This flexibility highlights the utility of JT
gravity in addressing low-dimensional gravitational dynam-
ics from multiple perspectives, with or without reliance on
Schwarzian dynamics.

In the context of two-dimensional JT gravity, the
Schwarzian formalism is commonly employed to describe
boundary dynamics and establish a connection with the SYK
model [43,45,46]. However, when the primary goal is to
analyze asymptotic symmetries rather than boundary behav-
ior, this formalism is not essential [43,46]. Analogous to the
treatment of three-dimensional gravity via the Chern–Simons
formulation and Brown–Henneaux boundary conditions, JT
gravity can be formulated as a BF theory in which the dila-
ton acts as a Lagrange multiplier enforcing curvature con-
straints [43,44]. This approach allows for the emergence
of an extended asymptotic symmetry algebra-typically Vira-
soro or even Virasoro–Kac–Moody-through the inclusion of
internal symmetry structures and the application of appro-
priate boundary conditions [45,46]. Coadjoint orbit meth-
ods [45,46] offer a systematic framework for exploring these
symmetries, particularly in cases where symmetry breaking
at the boundary plays a crucial role. Thus, this formulation
highlights the flexibility of JT gravity in addressing holo-
graphic and asymptotic structures beyond the Schwarzian
regime.

Moreover, a natural classification of boundary condi-
tions in AdS2 gravity distinguishes between the most gen-
eral (affine) and the conformal types, each corresponding
to distinct asymptotic symmetry algebras and dual dynam-
ics. The most general conditions are naturally formulated
within the Poisson sigma model framework and allow for
both the dilaton and the boundary metric to fluctuate at lead-
ing order. This leads to an infinite-dimensional asymptotic
symmetry algebra given by a centerless affine sl(2, R) cur-
rent algebra. While the Schwarzian action can be obtained as
a particular projection within this setup, the full theory goes
well beyond it. In contrast, the conformal boundary condi-
tions fix the boundary geometry and induce a Schwarzian
effective action at low energies, capturing the dynamics
of the pseudo-Goldstone modes associated with the break-
ing of reparametrization symmetry. These conformal con-

ditions give rise to an off-shell Virasoro symmetry, spon-
taneously broken to SL(2, R) on-shell, and are known to
provide the gravitational dual of the IR sector of the SYK
model. Together, these two boundary conditions represent
complementary regimes in the study of AdS2 holography,
highlighting the versatility and richness of two-dimensional
dilaton gravity beyond the Jackiw-Teitelboim model.

In contrast to the well-studied sl(2, R) formulation of JT
gravity, where the boundary symmetry is governed by the
linear Virasoro algebra, the sl(3, R) extension provides a
natural setting for exploring richer, nonlinear structures such
as the W3 algebra. This choice is not arbitrary but arises
from the desire to investigate higher-spin generalizations of
dilaton gravity and their implications for boundary dynam-
ics. In particular, the inclusion of spin-3 fields leads to a
deformation of the asymptotic symmetry algebra, where the
dilaton fields not only extend the symmetry but also induce
controlled symmetry breaking. This framework offers new
insights into the behavior of two-dimensional gravity under
generalized boundary conditions and contributes to ongoing
efforts to connect higher-spin JT gravity with holographic
duals such as SYK-like models. Moreover, sinceW3 symme-
tries naturally arise in large-N limits of matrix models and
certain generalizations of the SYK model, our framework
may provide a useful holographic dual for such deformed
CFT1 theories. We comment on the implications for bound-
ary correlators and charge algebras in Sect. 5.

While the sl(2, R) JT model features a reduction from
the infinite-dimensional Virasoro algebra to SL(2, R) due to
boundary dilaton fluctuations, our extended model exhibits
a similar mechanism for the breaking of the W3-algebra.
The dilaton and higher-spin fields serve as dynamical stabi-
lizers that constrain the asymptotic gauge transformations,
effectively reducing the full W3-symmetry to its SL(3, R)

subalgebra. This provides not only a consistent truncation
but also a pathway to study symmetry breaking in higher-
spin holography within a BF-theoretic framework. Here and
throughout this work, the SL(3, R) subalgebra expresses the
extended form of the affine sl(3, R)k or conformal sl(3, R)

W3-algebra due to the dilaton.
In this study, we focus on the extension of the asymp-

totic symmetry algebra induced by symmetry breaking mech-
anisms, particularly within the sl(3, R) extension of the
JT model. This allows for a detailed examination of how
the algebraic structure is modified and what implications
arise for the underlying dynamics. Previous studies have
shown that although a Virasoro algebra can be recovered
in two-dimensional dilaton gravity [40], non-integrability
of the associated charges posed limitations for establish-
ing a consistent AdS2/CFT1 correspondence. This issue was
later addressed by incorporating dilaton-dependent charges
and relaxing the requirement of Casimir conservation [35],
thereby enabling the emergence of a full Virasoro algebra
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and enhancing the CFT interpretation. These developments
underscore the importance of extended boundary conditions
in AdS2 gravity and open new directions for analyzing its
holographic properties.

In conclusion, this study aims to thoroughly examine the
interactions of two dimensional dilaton gravity with bound-
ary conditions and symmetries, filling gaps in the existing lit-
erature. The potential and symmetric properties of JT gravity
offer new perspectives on how these theories can be utilized to
understand holographic dualities. In this context, two dimen-
sional gravity theories have become one of the significant
areas of theoretical physics, and this research will illuminate
future studies.

Related Work and Context: The relation between
two-dimensional dilaton gravity and SYK-like models has
received renewed attention in recent years. In particular,
the work [47] proposes a deformed SYK model as a holo-
graphic dual to generalized JT gravity, suggesting that mod-
ified boundary terms and higher-spin structures can encode
new aspects of the dual theory.

In parallel, studies such as [48–50] have investigated
higher-spin extensions of AdS2 gravity, emphasizing the
role of extended symmetry algebras-especially W-algebras-
in organizing asymptotic dynamics. Our approach aligns with
these developments by realizing an sl(3, R) extension of
JT gravity within a BF-theoretic framework, which accom-
modates symmetry breaking and coadjoint orbit structures.
This provides a concrete realization of generalized boundary
dynamics that fits naturally within the broader higher-spin
gravity landscape.

This paper is organized as follows: Sect. 2 discusses the
fundamental aspects of the quantum W3 algebra, including
its conformal structure and its extended version with specific
conformal spin properties. Section 3 explores the sl(2, R)

holographic dictionary and examines JT dilaton gravity as
a two-dimensional BF theory. Furthermore, connections to
sl(2, R) BF theory are established, and various boundary
conditions, particularly affine and conformal boundary con-
ditions, are analyzed in detail. Section 4 focuses on sl(3, R)

higher-spin dilaton gravity, where the effects of higher-spin
theories on boundary conditions are explored, and the roles
of affine and conformal boundary conditions in this context
are evaluated. Section 5 provides a comprehensive discus-
sion of the results, emphasizing both theoretical and practical
implications. Finally, Sect. 6 includes acknowledgments to
contributors and supporting institutions.

2 The quantum W3-algebra

We begin with a brief review of the fundamental aspects of
the quantum W3-algebra. This section does not aim to pro-
vide an exhaustive discussion; rather, it highlights the essen-

tial properties that are most pertinent to our study. Originally
introduced by Zamolodchikov [16], the quantumW3-algebra
extends the Virasoro algebra in a non-linear fashion, naturally
incorporating higher-spin symmetries.

2.1 Conformal structure of the quantum W3-algebra

The structure of the system involves two fundamental fields:
a single spin-3 field, denoted as W (z), and a simpler spin-
2 field, represented by T (z). These fields follow the con-
ventional mode expansions: T (z) = ∑

n Lnz−n−2 , and
W (z) = ∑

n Wnz−n−3 . The non-trivial operator product
expansions that characterize the quantumW3-algebra adhere
to the standard non-linear structure,

T (z1)T (z2) ∼ c

2

1

z4
12

+ 2T

z2
12

+ ∂T

z12
, (2.1)

T (z1)W (z2) ∼ 3W

z2
12

+ ∂W

z12
, (2.2)

W (z1)W (z2) ∼ c

3

1

z6
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z4
12

+ ∂T

z3
12
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z2
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(
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15
∂3T

)

. (2.3)

where z12 = z1 − z2,� =: T T : − 3
10∂2T ,b2 = 16

5c+22
and c is the central charge.

2.2 Extended W3-algebra with conformal spin-(�, 1 − �)

In this section, we extend the quantum W3-algebra with con-
formal spins � = 2 and � = 3, as introduced in the previ-
ous subsection, to construct the extended W3-algebra. This
is achieved by incorporating two additional fields, referred
to as the dilaton fields, X and Y , which possess confor-
mal spins 1 − � = −1 and −2, respectively. All hav-
ing the standard mode expansions X (z) = ∑

n Xnz−n+1 ,

and Y (z) = ∑
n Ynz

−n+2 . Using Thielemans’ Mathemat-
ica package [51], one can show that the resulting extended
W3-algebra with non-zero operator product expansions is
obtained as follows:

T (z1)T (z2) ∼ c

2
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z12
, (2.4)
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)
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+ 1

z12

(

b2∂�(z2) + 1

15
∂3T (z2)

)

, (2.6)

T (z1)X (z2) ∼ − X (z2)

z2
12

+ ∂X (z2)

z12
, (2.7)

T (z1)Y (z2) ∼ −2Y (z2)

z2
12

+ ∂Y (z2)

z12
, (2.8)

W (z1)X (z2) ∼ −2Y (z2)

5z4
12

+ ∂Y (z2)

5z3
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− 1

z2
12

(
32TY
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+ (c + 4)∂2Y

10(c − 28)

)

+ 1

z12

(
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5(c − 28)2 + 192∂TY

(c − 28)2

+ (c2 + 24c − 16)∂3Y

15(c − 28)2

)

, (2.9)

W (z1)Y (z2) ∼ − X (z2)

z2
12

+ 2∂X (z2)

z12
. (2.10)

This extended quantum W3-algebra version will be com-
pared with the classical version that will be calculated at the
end of Sect. 4.

3 The sl(2,R) holographic dictionary

We analyze in this section the framework of two-dimensional
dilaton gravity formulated on AdS2. Our discussion begins
with a brief introduction to the fundamental aspects of dila-
ton gravity, emphasizing elements crucial for establishing
the holographic dictionary. We then proceed with a system-
atic derivation of the asymptotic symmetry algebra in the
context of sl(2, R). Afterward, we delve into the role of
external sources and the associated holographic Ward identi-
ties. These identities serve as essential tools for investigating
higher-spin black hole configurations.

3.1 JT dilaton gravity as a BF theory in two dimensions

This section presents a brief summary of AdS2 higher-spin
gravity within the framework of dilaton gravity. We adopt
the gauge approach to dilaton gravity, treating it as a non-
abelian model. In particular, this formalism is utilized to
explore AdS2 gravity based on the sl(2, R) algebra struc-
ture.

3.2 Connection to sl(2, R) BF theory

Similar to the technical advantages offered by Chern–Simons
theory in the three dimensional framework [52,53], alterna-
tive formulations in two dimensional gravity systems provide

significant simplifications. In this study, we will briefly out-
line the key features of these approaches, focusing specif-
ically on the JT model. Therefore, in two dimensions, the
dilaton gravity action with a negative cosmological constant
can be equivalently formulated over a spacetime manifold
M:

S[X ,A] = k

4π

ˆ
M

tr[XF] + Sbdy, (3.1)

where A denotes a 1-form connection associated with the
field strength F = dA+A∧A, and k represents a coupling
constant. The dilaton field X is an algebra-valued scalar. The
manifold M is assumed to have the topology of S1, with the
radial coordinate extending over the range 0 ≤ ρ < ∞.
Additionally, the Euclidean time coordinate y is periodi-
cally identified as y ∼ y + β, where β corresponds to the
inverse temperature. The term Sbdy is introduced to ensure a
well-defined action principle, enforcing appropriate bound-
ary conditions at ∂M, which corresponds to the asymptotic
boundary at infinite radius. The notation used throughout
the paper, including gauge field components, dilaton vari-
ables, and boundary charges, follows standard conventions.
For clarity, we summarize the main symbols and their roles
in Appendix A.

The fields A and X take values in the gauge algebra
sl(2, R). The trace operation tr provides a metric structure
for the generators of the sl(2, R) Lie algebra. In order to
describe the dilaton gravity system, one employs the gener-
ators Li (i = 0,±1), which satisfy the algebraic structure:
[
Li ,L j

] = (i − j)Li+ j . (3.2)

We choose a matrix representation for its generators,

L−1 =
(

0 0
1 0

)

, L0 = 1

2

(−1 0
0 1

)

, L1 =
(

0 −1
0 0

)

.

(3.3)

Then, the only non-zero components of the invariant bilinear
form are given by tr(L∓1L±1) = −2tr(L0L0) = −1. The
action is invariant under the gauge transformations,

δλA = dλ + [A, λ] , δλX = [X , λ], (3.4)

where λ is also sl(2, R) Lie algebra-valued gauge parameter.
These gauge transformations characterize the residual sym-
metries of the theory that preserve the asymptotic form of
the gauge fields, and also encode how the gauge parameters
generate boundary symmetries within the BF formulation.
These structures form the basis for identifying the asymptotic
symmetry algebra, which in the sl(2, R) case corresponds to
Virasoro, and in the sl(3, R) case extends to the W3 alge-
bra. The inclusion of the dilaton field plays a crucial role in
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controlling which symmetries are preserved or broken at the
boundary. The equations of motion are given by

F = dA + A ∧ A = 0, dX + [A,X ] = 0. (3.5)

More importantly, these gauge transformations determine the
residual symmetries that survive after fixing the radial gauge
near the asymptotic boundary of AdS2. As such, they form the
foundation for identifying the asymptotic symmetry algebra
(ASA). The presence of the dilaton field X plays a crucial role
here: it interacts with the gauge connection at the boundary
and imposes dynamical constraints that restrict the allowed
gauge transformations. This leads to a partial breaking of the
full infinite-dimensional affine symmetry algebra, such as:
sl(2, R)k or W3, down to their respective finite-dimensional
subalgebras: sl(2, R) or sl(3, R). In this sense, Eqs. (3.4) and
(3.5) do not merely define local gauge redundancies, but also
encode the physical mechanism by which symmetry breaking
occurs in the presence of a dilaton.

By employing the radial gauge, the connections in an
asymptotically AdS2 spacetime can be expressed as

A = b−1a (t) b + b−1db, X = b−1x (t) b, (3.6)

where the group element b(ρ), which does not depend on the
state, takes the form

b(ρ) = eρL0 , (3.7)

This representation facilitates a broader class of metrics
incorporating all sl(2, R) charges. Notably, as long as δb =
0, the specific choice of b does not influence asymptotic sym-
metries. This flexibility permits a more comprehensive metric
formulation, necessitating boundary conditions that maintain
this generality in the gravitational setting. Moreover, within
the radial gauge framework, the connection a(t) is a field
valued in the sl(2, R) Lie algebra, remaining independent of
the radial coordinate: a (t) = at (t) dt .

Our analysis focuses on the asymptotic boundary condi-
tions of the sl(2, R) dilaton theory in the affine scenario.
We demonstrate how the methodology developed in [54–58]
can be utilized to examine the asymptotic symmetry alge-
bra. Based on these findings, the most general solution to the
equations governing an asymptotically AdS2 spacetime can
be written in the following general metric form:

ds2 = dρ2 + 2L0 dρ dϕ +
( (

eρL+ − e−ρL−)2

+
(
L0

)2 )
dϕ2 , (3.8)

which is s reminiscent of its AdS3 version [54–58]. The dila-
ton is also,

X = eρ X+ + e−ρ X− . (3.9)

Therefore, it is crucial to define affine sl(2, R) gravity bound-
ary conditions that preserve this form of the metric.

3.3 Affine boundary conditions

The goal of this section is to formulate sl(2, R) higher-spin
AdS2 dilaton gravity at the affine boundary. We carry out
our computations to clarify the asymptotic symmetry algebra
under the loosest set of boundary conditions. We begin by
introducing the sl(2, R) Lie algebra-valued at component of
the gauge connection as:

at = αiLiLi (3.10)

where the coefficients are given by α0 = −2α±1 = 4
k . Here,

we identify three state-dependent functions, denoted as Li ,
which are commonly referred to as charges. The dilaton field
x takes the form:

x = X iLi . (3.11)

This setup similarly leads to three state-dependent functions,
represented as X i . Our objective is to extract the asymptotic
symmetry algebra within affine boundary conditions using a
canonical analysis. To this end, we examine all gauge trans-
formations (3.4) that preserve the affine boundary conditions.

At this point, it is useful to express the gauge parameter
using the sl(2, R) Lie algebra basis:

λ = b−1
[
εiLi

]
b. (3.12)

Here, the gauge parameter involves three bosonic variables
εi , which are arbitrary functions of the boundary coordinates.
Next, we turn our attention to gauge parameters satisfying
(3.4). The corresponding infinitesimal gauge transformations
are given by:

2δλL0 = −k

4
∂tε

0 − L+1ε−1 + L−1ε+1, (3.13)

δλL±1 = k

2
∂tε

∓1 + L0ε∓1 ∓ L∓1ε0, (3.14)

δλX 0 = 2
(X+1ε−1 − X−1ε+1), (3.15)

δλX±1 = ∓X 0ε±1 ± X±1ε0. (3.16)

As a concluding step, we introduce the canonical bound-
ary charge Qa[λ], which is responsible for generating the
transformations described in Eqs. (3.13)–(3.14). Likewise,
we define the canonical boundary charge Qx [λ], which gov-
erns the transformations given in Eqs. (3.15)–(3.16) for the
dilaton field. The infinitesimal variation of these charges [59],
which gives rise to the asymptotic symmetry algebra, takes
the form:

δλQa = k

2π

ˆ
dt tr (λδat ) , δλQx = k

2π

ˆ
dt tr (λδx) .

(3.17)
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By integrating these variations functionally, we obtain the
explicit expression for the canonical boundary charge:

Qa[λ] =
ˆ

dt
(
Liε−i

)
, Qx [λ] =

ˆ
dt

(
X jε− j

)
.

(3.18)

Having established both the infinitesimal transformations
and the corresponding boundary charge, we proceed to derive
the asymptotic symmetry algebra by employing the conven-
tional approach [60]. This structure is determined through
the following relation:

δλ� = {�,Qa,x [λ]} (3.19)

for any phase space functional �. The asymptotic symmetry
algebra is then generated by the charges Li and X i . Ulti-
mately, the operator product algebra can be expressed as fol-
lows:

Li (τ1)L j (τ2) ∼
k
2ηi j

τ 2
12

+ (i − j)

τ12
Li+ j (3.20)

Li (τ1)X j (τ2) ∼ (2i + j)

τ12
X i+ j , (3.21)

where τ12 = τ1 − τ2. The coefficients ηi j = tr(LiL j ) cor-
respond to bilinear forms in the fundamental representation
of the sl(2, R) Lie algebra. An alternative way to present the
operator product algebra in a more concise notation is:

JA(τ1)J
B(τ2) ∼

k
2ηAB

τ 2
12

+ fABCJ
C

τ12
. (3.22)

Here, ηAB represents the trace matrix, while fABC are the struc-
ture constants of the underlying algebra, where indices run as
(A, B = 0,±1) and specifically fi ji+ j = (i− j). Ultimately,
for the most relaxed boundary conditions in sl(2, R) dilaton
gravity, the asymptotic symmetry algebra is identified as a
single copy of the affine sl(2, R)k algebra.

The time-dependent behavior of the dilaton field at the
affine boundary produces a structural effect that extends
the classical ASA of the sl(2, R) JT dilaton gravity. In the
standard BF formulation, the ASA is derived solely from
the gauge transformations of the sl(2, R)-valued connection
field at . However, when the sl(2, R)-valued dilaton field x
is included as a dynamical component, the preserved sym-
metry subspace becomes restricted, giving rise to a richer
physical structure. This extended framework necessitates the
incorporation into the symmetry algebra not only of the
reparametrization modes, but also of new currents sourced
by the dilaton.

As a result, the emerging symmetry structure requires
the inclusion of abelian currents in addition to classical

sl(2, R)k affine algebras. This indicates that the affine bound-
ary dynamics of JT gravity cannot be fully described by the
Schwarzian action alone, but instead calls for a multi-mode,
extended action. Consequently, the dilaton becomes a deter-
mining element not only of the background geometry but
also of the algebraic structure at the boundary.

3.4 Conformal boundary conditions

In this section, our objective is to examine the asymptotic
symmetry algebra for the Brown–Henneaux boundary con-
ditions. This gauge is chosen to explicitly capture the asymp-
totic symmetry structure and simplify the analysis of bound-
ary dynamics. By separating the radial dependence, it isolates
the asymptotic dynamics, facilitating the derivation of con-
served quantities and boundary theories. This gauge plays
a crucial role in preserving the asymptotic symmetry group
and determining effective boundary actions, particularly in
the context of holographic duality. We begin by enforcing
the Drinfeld–Sokolov highest weight gauge condition on
the sl(2, R) Lie algebra-valued connection (3.10) to further
restrict the coefficients. This reduction constrains the fields
as follows:

L0 = 0, L−1 = L, α+1L+1 = 1. (3.23)

where α−1 = α. It is worth mentioning that the confor-
mal boundary conditions correspond to the well-established
Brown–Henneaux boundary conditions formulated in [61]
for AdS2 gravity. Motivated by boundary conditions intro-
duced in three-dimensional gravity [62,63], we propose that
the gauge connection and dilaton take the following struc-
ture:

at = L+1 + αLL−1, (3.24)

x = XL1 − X ′L0 +
(LX

α
+ X ′′

2

)

L−1. (3.25)

Here, α serves as a scaling parameter, whose precise value
will be determined later. We define two functionals: the
charge L and the dilaton X . Upon implementing these con-
straints, we are positioned to derive the conformal asymptotic
symmetry algebra. Based on the implications of the Drinfeld–
Sokolov reduction, the gauge parameter λ is governed by four
independent functions, with (ε ≡ ε+1), taking the form:

λ = b−1
[

εL1 − ε′L0 +
(Lε

α
+ ε′′

2

)

L−1

]

b. (3.26)

The dilaton field x is defined in the same form as the gauge
parameter λ to ensure compatibility with the equations of
motion and the asymptotic symmetry group. This structure
allows the dilaton field to behave as a coadjoint element of
the gauge theory and act as a stabilizer of the gauge symme-
tries. Furthermore, this choice ensures the well-posedness
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of the variational principle and the proper derivation of the
conserved Casimir function C . Consequently, defining x in
the same form as λ is essential for the consistency of the
theory, the preservation of the asymptotic symmetry group,
and the formulation of boundary theories in the context of
holographic duality.

By substituting the gauge parameter λ into the field trans-
formation expressions (3.4), the infinitesimal gauge transfor-
mations take the following form:

δλL = 1

2α
ε

′′′ + εL′ + 2Lε′, (3.27)

δλX = εX ′ − ε′X . (3.28)

For the prescribed boundary conditions, the associated
boundary chargesQa[λ] andQx [λ] remain integrable, allow-
ing us to interpretL andX as conserved charges. These trans-
formations play a crucial role in understanding the structure
of the asymptotic symmetry algebra [64].

Through an analysis of asymptotic symmetries, one can
integrate the variation of the canonical boundary charges,
represented by δλQa in (3.27) and by δλQx in (3.28) , leading
to the expressions:

Qa[λ] =
ˆ

dϕ (Lε) , Qx [λ] =
ˆ

dϕ (X ε) . (3.29)

These canonical boundary charges naturally facilitate an
operator product algebra at the asymptotic boundary. Unlike
two-dimensional CFT, a one-dimensional CFT scenario can
be realized by effectively suppressing one coordinate, setting
z2 to zero in z, and identifying z1 with τ , or simply setting
z = τ : z1 as τ or, more simply, by setting z = τ :

L(τ1)L(τ2) ∼ 3k

2τ 4
12

+ 2L
τ 2

12

+ L′

τ12
, (3.30)

L(τ1)X (τ2) ∼ − X
τ 2

12

+ X ′

τ12
. (3.31)

From these relations, it follows that X transforms as a
vector at the boundary, whereas L corresponds to a spin-two
density. Throughout this work, the explicit dependence on λ

has been removed, as it is no longer a necessity imposed by
the boundary conditions. In essence, the residual symmetries
associated with at and x correspond to diffeomorphisms on
the circle, governed by the vector field ε. It is observed that
the asymptotic symmetry algebra of sl(2, R) dilaton gravity
under conformal boundary conditions is given by a single
Virasoro algebra with a central charge c = 3k.

The conformal boundary behavior of the dilaton field
introduces a structural modification that generically leads
to an extension of the classical ASA in sl(2, R) JT dilaton
gravity as in the affine case. In the conventional BF approach,
the ASA is constructed exclusively from the gauge transfor-
mations associated with the sl(2, R)-valued connection field

at . Once the sl(2, R)-valued dilaton x is treated as an active
dynamical field, the residual symmetry subalgebra becomes
further constrained, resulting in a richer and more intricate
physical framework. This generalized construction implies
that the symmetry algebra must accommodate not only the
reparametrization degrees of freedom, but also additional
currents directly generated by the dilaton configuration.

Accordingly, the emerging boundary symmetry must con-
tain abelian contributions that go beyond the classical Vira-
soro structure. This observation suggests that the Schwarzian
action is insufficient to capture the full boundary dynamics
in the presence of a nontrivial dilaton, and must be replaced
by a multi-component, extended action principle. As a result,
the dilaton field plays a dual role: it governs both the space-
time geometry and the underlying algebraic content of the
boundary theory.

4 sl(3,R) higher-spin dilaton gravity

Building upon the canonical analysis of the sl(3, R) case, we
introduce the extended higher-spin gravity framework rooted
in the sl(3, R) Lie algebra. The structure of this algebra con-
sists of the conventional sl(2, R) generators, denoted as Li ,
along with additional spin-3 generators Wm for indices rang-
ing from −2 to 2. The commutation relations among these
elements are expressed as follows:

[Li ,L j ] = (i − j)Li+ j (4.1)

[Li ,Wm] = (2i − m)Wi+m (4.2)

[Wn,Wm] = σ(n − m)(2n2 − nm + 2m2 − 8)Ln+m (4.3)

Additionally, the non-trivial components of the invariant
bilinear forms are given by tr(L∓1L±1) = −2tr(L0L0) =
−1 and tr(W∓2W±2) = −4tr(W∓1W±1) = 6tr(W0W0) =
−48σ .

4.1 Affine boundary conditions

The aim of this section is to develop an extended higher-spin
AdS2 framework by formulating it as an sl(3, R) dilaton
theory defined on the affine boundary. We carry out our anal-
ysis to determine the asymptotic symmetry algebra under
the broadest possible boundary conditions. As discussed in
the preceding section, we adopt the principal embedding of
sl(2, R) into sl(3, R) as a subalgebra. This allows us to pre-
scribe affine boundary conditions for asymptotically AdS2

spacetimes. To facilitate this construction, we introduce the
gauge connection in the following form:

at = αiLiLi + βiW iWi (4.4)
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where the scaling relations among the parameters are given
by α0 = −2α±1 and β0 = − 3

2β±1 = 6β±2. As a result, there
exist eight dynamical functions: Li and W i , which serve as
the charges. The dilaton field x takes the form:

x = X iLi + Y iWi . (4.5)

In this setting, we obtain eight additional state-dependent
functions, X i and Y i . Our objective is to derive the asymp-
totic symmetry algebra corresponding to the affine bound-
ary conditions through a canonical analysis. To accomplish
this, we systematically examine all gauge transformations
that preserve these boundary conditions.

At this point, it is convenient to express the gauge param-
eter using the basis of the sl(3, R) Lie algebra:

λ = b−1
[
εiLi + ηiWi

]
b. (4.6)

Here, the gauge parameter comprises eight bosonic variables,
εi and ηi , which are arbitrary functions of the boundary coor-
dinates. Next, we proceed to analyze the gauge parameters
satisfying (3.4) and determine the corresponding infinitesi-
mal gauge transformations.

δλL±1 = − 2∂tε
±1

α0
± L±1ε0 ± 2L0ε±1 ± W±2η∓1

± 2W±1η0 ± 3W0η±1 ± 4W∓1η±2, (4.7)

δλL0 = ∂tε
0

α0
− L+1ε−1 + L−1ε+1 − 2W2η−2

− W+1η−1 + W−1η+1 + 2W−2η2, (4.8)

δλW±2 = − 24σ∂tη
±2

α0
± 2(W±2ε0 ± 2W±1ε±1)

± 12σ(L±1η±1 ± 4L0η±2), (4.9)

δλW±1 = 6σ∂tη
±1

α0
∓ W±2ε∓1 ± W±1ε0 ± 3W0ε±1

∓ 6σ(L±1η0 ∓ L0η±1 ± 2L−1η±2), (4.10)

δλW0 = − 4σ∂tη
0

α0
− 2(W+1ε−1 − W−1ε+1)

+ 6σ(L+1η−1 − L−1η+1), (4.11)

δλX±1 = ∓ ε+1X 0 ± ε0X+1 ∓ 6σ(2η±2Y∓1

∓ η±1Y0 ± η0Y±1 ∓ 2η∓1Y±2), (4.12)

δλX 0 = 2(ε−1X+1 − ε+1X−1) − 6σ(8η2Y−2

− η+1Y−1 + η−1Y+1 − 8η−2Y2),

δλY±2 = ∓ 2η±2X 0 ± η±1X±1 ∓ ε±1Y±1 ± 2ε0Y±2

(4.13)

δλY±1 = ±2η0X±1 ∓ 4η±2X∓1 ∓ η±1X 0, (4.14)

∓ 2ε±1Y0 ± ε0Y±1 ± 4ε∓1Y±2

δλY0 = 3(η−1X+1 − η+1X−1 − ε+1Y−1 + ε−1Y+1).

(4.15)

As a concluding step, we define the canonical bound-
ary charge Qa,x [λ] responsible for generating the trans-
formations given in (4.7)–(4.15). The variation of these
charges, which governs the asymptotic symmetry algebra,
is expressed as [59]

δλQa = k

2π

ˆ
dt tr (λδat ) , δλQx = k

2π

ˆ
dt tr (λδx) .

(4.16)

Integrating this variation functionally yields the explicit form
of the canonical boundary charges:

Qa[λ] =
ˆ

dt
(
Liε−i + W iη−i

)
,

Qx [λ] =
ˆ

dt
(
X iε−i + Y iη−i

)
. (4.17)

Having established both the infinitesimal transformations
and the canonical boundary charge, we are now equipped
to derive the asymptotic symmetry algebra via the conven-
tional approach [60]. This is achieved using the fundamental
relation:

δλ� = {�,Qa,x [λ]} (4.18)

for an arbitrary phase space functional �. Here, the charges
Li , W i and related dilatons X i , Y i serve as the generators
of the asymptotic symmetry algebra. Ultimately, the operator
product algebra can be expressed as follows:

Li (τ1)L j (τ2) ∼
k
2ηi j

τ 2
12

+ (i − j)

τ12
Li+ j , (4.19)

Li (τ1)W j (τ2) ∼ (2i − j)

τ12
W i+ j , (4.20)

W i (τ1)W j (τ2)

∼
k
2θ i j

τ 2
12

+ σ
(i − j)(2i2 − i j + 2 j2 − 8)

τ12
Li+ j , (4.21)

Li (τ1)X j (τ2) ∼ (2i + j)

τ12
X i+ j , (4.22)

Li (τ1)Y j (τ2) ∼ (3i + j)

τ12
Y i+ j , (4.23)

W i (τ1)X j (τ2)

∼ σ
(−16i+10i3−6 j−a4 j+15i2 j+9i j2+a4 j3)

τ12
Y i+ j ,

(4.24)

W i (τ1)Y j (τ2) ∼ (3i + 2 j)

τ12
Y i+ j . (4.25)
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where τ12 = τ1 − τ2. Here, ηi j = tr(LiL j ) and θ i j =
tr(WiW j ) represent the bilinear forms in the fundamental rep-
resentation of the sl(3, R) Lie algebra. The operator product
algebra can be rewritten in a more concise form:

JA(τ1)J
B(τ2) ∼

k
2ηAB

τ 2
12

+ fABCJ
C

τ12
. (4.26)

Here, ηAB denotes the trace matrix, while fABC correspond
to the structure constants of the respective algebra, with
(A, B = 0,±1,±2), satisfying the relation f

i j
i+ j = (i − j).

Finally, for the loosest set of boundary conditions, the asymp-
totic symmetry algebra of sl(3, R) dilaton gravity is charac-
terized by a single copy of the affine sl(3, R)k algebra.

In sl(3, R) JT dilaton gravity with affine boundary con-
ditions, similar to the case of sl(2, R) JT dilaton grav-
ity under analogous constraints, the asymptotic symmetry
algebra at the boundary is initially given by the infinite-
dimensional sl(3, R)k algebra. However, the presence of the
time-dependent dilaton field reshapes the asymptotic alge-
braic structure; as a result, even the expected preservation of
the SL(3, R) subgroup within the full sl(3, R)k symmetry is
dynamically reduced, and the remaining infinite-dimensional
symmetry components are broken. The dilaton acts as a sta-
bilizer for the sl(3, R) gauge connection and interacts with
the gauge connection through boundary fluctuations, pre-
venting the complete preservation of the infinite-dimensional
sl(3, R)k symmetry. This reduction in symmetry is attributed
to the dilaton field, which influences the free boundary fluc-
tuations. Consequently, the symmetries associated with at , x ,
and y correspond to diffeomorphisms on the circle generated
by a vector field εi and ηi .

4.2 Conformal boundary conditions

In this section, we aim to analyze the asymptotic symme-
try algebra associated with the Brown–Henneaux bound-
ary conditions. To achieve this, we begin by enforcing the
Drinfeld–Sokolov highest weight gauge condition on the
sl(3, R) Lie algebra-valued connection (4.4), thereby fur-
ther restricting the coefficient structure. Consequently, the
Drinfeld–Sokolov reduction leads to the following field con-
straints:

L0 = 0, L−1 = L, α+1L+1 = 1 (4.27)

W±1 = W0, W−1 = W, β+2W+2 = 1.. (4.28)

and introduces scaling parameters α−1 = α and β−2 =
β. It is important to highlight that the conformal bound-
ary conditions correspond to the well-established Brown–
Henneaux boundary conditions originally formulated in [61]
for AdS3 gravity. This approach takes inspiration from
boundary conditions previously proposed in the context of
three-dimensional gravity [62,63]. Consequently, we pro-

pose the gauge connection and dilaton takes the form:

at =L+1 + αLL−1 + βWW−2, (4.29)

x =XL1 − X ′L0 + YW2 − Y ′W1

+
(

αLX + X ′′

2
+ 24βσWY+

)

L−1

+
(

βWX + 7

12
αY ′L′ + 2

3
αLY ′′

+ Y(4)

24
+ α2YL2 + 1

6
αYL′′

)

W−2

+
(

−5

3
αLY ′ − Y(3)

6
− 2

3
αYL′

)

W−1

+
(Y ′′

2
+ 2αYL

)

W0. (4.30)

After carrying out these procedures, we arrive at the thresh-
old of deriving the conformal asymptotic symmetry algebra.
Based on the implications of the Drinfeld–Sokolov reduc-
tion, the gauge parameter λ is characterized by only four
independent functions, denoted as ε ≡ ε+1 and η ≡ η+2,
which are explicitly given by:

λ = b−1
[

εL1 − ε′L0 + ηW2 − η′W1

+
(

αLε + ε′′

2
+ 24βσWη+

)

L−1

+
(

βWε + 7

12
αη′L′ + 2

3
αLη′′

+ η(4)

24
+ α2YL2 + 1

6
αηL′′

)

W−2

+
(

−5

3
αLη′ − η(3)

6
− 2

3
αηL′

)

W−1

+
(

η′′

2
+ 2αηL

)

W0

]

b. (4.31)

By inserting this gauge parameter into the field transforma-
tion equation given in (3.4), we derive the corresponding
infinitesimal gauge transformations:

δλL = kε(3)

4
+ 2Lε′ + εL′ + 2ηW ′ + 3Wη′ (4.32)

δλW = εW ′ + 3Wε′ + 32

15k

(
L2η′ + ηLL′) + kη(5)

120

+ 1

15

(
3η′L′′ + 5η′′L′) + 1

10

(
ηL(3) + 5η(3)L

)

(4.33)

δλX = 1

10

(
η′′Y ′ − η′Y ′′) − 1

15

(
η(3)Y − ηY(3)

)
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− 32

15k

(
YLη′ − ηLY ′) − X ε′ + εX ′ (4.34)

δλY = −Xη′ + 2ηX ′ − 2Yε′ + εY ′ (4.35)

For the prescribed boundary conditions, the boundary charges
Qa[λ] are well-defined and integrable, enabling us to asso-
ciate L and W with the corresponding conserved charges.
Similarly, the boundary charges Qx [λ] are well-defined and
integrable, allowing us to relate X and Y to the conserved
charges. Notably, these gauge transformations shed light on
the structure of the asymptotic symmetry algebra [64]. By
analyzing these asymptotic symmetries, one can determine
the integral form of the variation of the canonical boundary
charges,

Qa[λ] =
ˆ

dϕ (Lε + Wη) , Qx [λ] =
ˆ

dϕ (X ε + Yη) .

(4.36)

These canonical boundary charges serve as a fundamental
tool in describing the asymptotic operator product expansion
for the conformal boundary:

L(τ1)L(τ2) ∼ 3k

2τ 4
12

+ 2L
τ 2

12

+ L′

τ12
, (4.37)

L(τ1)W(τ2) ∼2W
τ 2

12

+ W ′

τ12
, (4.38)

W(τ1)W(τ2) ∼ k

τ 6
12

+ 2L
τ 4

12

+ L′

τ 3
12

+ 1

τ 2
12

(
32L2

15k
+ 3L′′

10

)

+ 1

τ12

(
32LL′

15k
+ L(3)

15

)

, (4.39)

These operator product expansions define the classical W3

algebra, which extends the Virasoro algebra by incorporating
spin-3 operator W . The operator product (4.38) illustrates
how spin-2 and spin-3 modes interact, while the product
(4.39) includes nonlinear contributions reflecting higher-spin
interactions. As for the dilaton interactions:

L(τ1)X (τ2) ∼ − X
τ 2

12

+ X ′

τ12
, (4.40)

L(τ1)Y(τ2) ∼ − 2Y
τ 2

12

+ Y ′

τ12
, (4.41)

W(τ1)X (τ2) ∼ − 2Y
5τ 4

12

+ Y ′

5τ 3
12

− 1

τ 2
12

(
32YL
15k

+ Y ′′

10

)

+ 1

τ12

(
32LY ′

15k
+ Y(3)

15

)

, (4.42)

W(τ1)Y(τ2) ∼ − X
τ 2

12

+ 2X ′

τ12
. (4.43)

Table 1 Conformal spins for
conformal charges and related
dilatons

Charge � Dilaton 1−�

L 2 X −1

W 3 Y −2

These structures provide a natural language for organiz-
ing asymptotic symmetries in sl(3, R) dilaton gravity and
play a key role in determining the boundary dynamics in the
presence of symmetry breaking. While the above relations
describe the undeformed W3 algebra, the inclusion of dila-
ton fields X and Y in our extended sl(3, R) model modifies
this structure. These fields introduce additional terms in the
algebra via boundary constraints, leading to symmetry break-
ing and a deformation of the standard commutation relations.
The resulting structure retains the core features of W3 while
encoding the dynamical effects of the dilaton sector.

From a physical perspective, the W3 algebra governs
the dynamics of spin-2 and spin-3 boundary currents. The
generator L corresponds to the energy–momentum tensor,
while W represents a conserved higher-spin current of con-
formal weight three. In the holographic context, nontrivial
W3-algebra charges reflect the presence of spin-3 hair at the
AdS2 boundary, leading to higher-derivative deformations
in the dual theory. The inclusion of dilaton fields X and Y
modifies the standard W3 algebra by introducing symmetry-
breaking terms, thus encoding how higher-spin symmetries
are partially broken due to boundary conditions. This defor-
mation mirrors the mechanism seen in the Schwarzian limit
of sl(2, R) JT gravity, now generalized to spin-3 dynamics.

It is clear that X and Y behave as two boundary vectors,
whereas L and W represent spin-2 and spin-3 densities. In
this study, we have reformulated the boundary conditions in
a way that eliminates any explicit dependence on λ. Con-
sequently, the residual symmetries related to at and x cor-
respond to circle diffeomorphisms generated by the vector
fields ε and η. Moreover, for the conformal boundary con-
ditions in sl(3, R) dilaton gravity, the resulting asymptotic
symmetry algebra is given by a single copy of the W3-algebra
with a central charge of c = 3k.

In the context of sl(2, R) JT dilaton gravity, as well as in
its sl(3, R) extension with conformal boundary conditions,
the asymptotic symmetry algebra at the boundary is initially
identified as the infinite-dimensional W3-algebra. However,
the presence of the time-dependent dilaton field reshapes the
asymptotic algebraic structure; as a result, even the expected
preservation of the SL(3, R) subgroup within the full W3-
symmetry is dynamically reduced, and the remaining infinite-
dimensional symmetry components are broken. The dilaton
acts as a stabilizer for the sl(3, R) gauge connection and
interacts with the gauge connection through boundary fluc-
tuations, preventing the complete preservation of the infinite-
dimensional W3-symmetry. Table 1 presents the conformal
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charges along with the corresponding dilaton spin values.
This symmetry reduction once again stems from the fluctua-
tions of the dilaton field at the boundary. As a consequence,
the residual symmetries related to at , x , and y manifest as
circle diffeomorphisms governed by the vector fields ε and
η.

Thus, we identify the asymptotic symmetry algebra as the
extended classical W3 algebra, rather than its quantum ver-
sion. This classical structure arises naturally in our model
and is consistent with the symmetry-breaking mechanism
induced by the dilaton. So far, our discussion has been lim-
ited to this classical realization of the extendedW3 symmetry.
The quantum version, however, has already been discussed in
Eqs. (2.4)–(2.10). One may naturally ask whether the quan-
tum theory also admits a formulation in terms of a classical
WN symmetry or its quantum analog. While these questions
are certainly non-trivial, preliminary indications suggest that
the procedure carries over in a consistent manner.

5 Conclusions and discussion

Two dimensional gravity theories, particularly JT gravity
where the dilaton field plays a dynamic role, are of significant
interest in both theoretical physics and holography. sl(2, R)

JT gravity defines the asymptotic boundary conditions of
AdS2 geometry, enabling the spacetime diffeomorphism
symmetries to extend into an infinite-dimensional Virasoro
algebra. However, the presence of the time-dependent dilaton
field reshapes the asymptotic algebraic structure; as a result,
even the expected preservation of the SL(2, R) subgroup
within the full Virasoro symmetry is dynamically reduced,
and the remaining infinite-dimensional symmetry compo-
nents are broken. This breaking is associated with the fluctua-
tions of the dilaton field at the boundary, which determine the
effective dynamics of physical quantities at the boundary. In
this context, the dilaton’s presence redefines the metric struc-
ture not only as a geometric but also as a dynamic parameter.

The sl(3, R) JT gravity presents a more intricate frame-
work as a natural extension of the classical sl(2, R) the-
ory. This theory incorporates higher-order gauge connec-
tions and a broader structure of asymptotic boundary sym-
metry algebras. The sl(3, R) gauge connections introduce a
new mechanism of symmetry breaking that does not even
fully guarantee the preservation of the SL(3, R) subgroup,
significantly impacting the dynamics at the boundary. The
sl(3, R) structure allows for a wider perspective on holo-
graphic duality, where the effects of extended gauge symme-
tries on boundary quantities like energy, entropy, and other
thermodynamic properties play a critical role in understand-
ing both thermodynamic and holographic consequences of
the theory. Unlike earlier formulations of sl(3, R) dilaton
gravity based on coadjoint orbit techniques or metric formu-

lations, our BF-theoretic framework systematically derives
the full W3 structure and reveals novel dynamical effects
induced by the dilaton fields, which have no counterpart in
the sl(2, R) setting.

The primary distinction between sl(2, R) and sl(3, R) JT
gravities lies in the role of the dilaton field and its influence
on the extension of asymptotic symmetry algebras. While the
sl(2, R) structure suffices to represent the isometric proper-
ties of AdS2 geometry, the sl(3, R) structure offers a more
comprehensive mathematical framework to explore complex
holographic dualities and the evolution of boundary physical
quantities. Specifically, sl(3, R) serves as a starting point for
systematically extending higher-rank Lie groups and Chern–
Simons-based approaches.

The findings presented in this work demonstrate that the
asymptotic symmetry algebra is shaped not only by the struc-
tural properties of the gauge fields but also by the dynamical
configurations of the dilaton field at the boundary. The dilaton
does not constitute an external matter sector; rather, it is an
intrinsic and structural component of the theory, taking val-
ues in the adjoint representation of the gauge algebra. Under
appropriate boundary conditions, the time-dependent com-
ponents of the dilaton become dynamical and contribute an
abelian ideal, formed by mutually commuting modes, to the
asymptotic symmetry algebra. This extension does not result
from the inclusion of an externalU (1) symmetry, but instead
emerges from internal degrees of freedom that become vis-
ible at the boundary. Accordingly, the dilaton-induced com-
muting currents should be regarded as a natural substructure
within the extended asymptotic symmetry algebra, support-
ing a semi-direct sum structure. The boundary behavior of
the dilaton thus plays a decisive role in enriching the alge-
bra while preserving its structural coherence, thereby reveal-
ing the significance of internal gauge dynamics in determin-
ing the asymptotic structure of two-dimensional gravitational
systems.

In conclusion, the presence of the dilaton field signif-
icantly influences not only the physical dynamics at the
boundary in both sl(2, R) and sl(3, R) JT gravities but also
the extension and breaking of asymptotic symmetry alge-
bras. These extended theories provide powerful tools for dis-
covering new symmetry structures associated with boundary
conditions, enriching the concept of holographic duality. In
particular, these theories play a critical role in the detailed
exploration of holographic frameworks such as the AdS/CFT
correspondence and SYK model. Future research into higher-
rank Lie group-based structures could further enhance the
theoretical understanding in this field.
Comparison with related work: As mentioned in the Intro-
duction, several recent works have explored the interplay
between generalized JT gravity and higher-spin extensions,
particularly in connection with deformed SYK models and
extended symmetry algebras. In [47] , a deformed SYK
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model including spin-3 operators is proposed as a potential
holographic dual to generalized dilaton gravity. Our sl(3, R)

construction, with its explicit W3 symmetry structure and
controlled symmetry breaking, provides a concrete realiza-
tion of this duality scenario. Furthermore, [48–50] develop
complementary approaches based on coadjoint orbit meth-
ods, quantization of extended W -algebras, and generalized
boundary dynamics. While sharing similar motivations, our
work distinguishes itself through a BF-theoretic formulation
that systematically derives the asymptotic symmetry algebra
and clarifies the role of dilaton-induced symmetry break-
ing. This perspective contributes to a deeper understanding
of how higher-spin structures can be implemented in two-
dimensional holography.

In our model, the interactions of the dilaton and higher-
spin fields at the boundary lead to the breaking of asymp-
totic symmetries. The initially present infinite-dimensional
W3 algebra is reduced to its SL(3, R) subalgebra due to
the effect of the dilaton. This process bears similarity to the
Schwarzian-style symmetry breaking. However, in addition
to this complete symmetry breaking, the fluctuations of the
dilaton at the boundary also allow for the extension of the
symmetry in some cases. As a result, our model exhibits both
asymptotic symmetry breaking and symmetry extension
occurring simultaneously. See Appendix B for a summary of
boundary theories and their symmetry structures.

At the end, JT gravity as a two-dimensional BF theory
provides complementary frameworks for understanding the
geometric and physical origins of asymptotic symmetries
and Schwarzian dynamics. The gauge symmetries of BF the-
ory, together with the algebraic structure of the target space,
underpin the asymptotic symmetry algebras at the boundary,
while JT gravity serves as a specific realization of these struc-
tures. In both theories, the Schwarzian action emerges as an
effective reduced description of residual symmetries arising
from bulk gauge transformations. However, the Schwarzian
dynamics do not encompass the full gauge freedoms but
instead capture the dynamics of a physically meaningful sub-
set. Thus, BF theory and JT gravity offer a rich and comple-
mentary approach to elucidating the complete structure of
boundary symmetries and their holographic implications.

It remains an open question whether the the sl(3, R)

JT gravity framework presented here admits a well-defined
quantum mechanical dual-perhaps in the spirit of the SYK-
model, possibly incorporating spin-3 operators or deformed
reparametrization modes-and whether it allows for a consis-
tent supersymmetric extension along the lines of osp(N |2)

BF theories, where super-Schwarzian dynamics are expected
to emerge at the boundary [65].
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Appendix A: Notation table

See Table 2

Table 2 Notation table

Symbol Description

Li ,Wi Elements of the sl(2, R) and
sl(3, R) algebras

Li ,W i , X i ,Y i Affine boundary charges and
dilaton components

εi , ηi Affine boundary variation
parameters

L,W , X ,Y Conformal boundary charges and
dilaton components

ε, η Conformal boundary variation
parameters

Appendix B: Summary of boundary theories

See Table 3.
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Table 3 Boundary dynamics
and asymptotic symmetries for
sl(2, R) and sl(3, R) dilaton
gravity with affine and
conformal boundary conditions

Dilaton gravity theory Boundary fields Asymptotic symmetry algebra

sl(2, R)-BF (affine) Li ,X i Extended affine sl(2, R)k

sl(2, R)-BF (conformal) L,X Extended W2

sl(3, R)-BF (affine) Li ,W i ,X i ,Y i Extended affine sl(3, R)k

sl(3, R)-BF (conformal) L,W,X ,Y Extended W3
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