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We investigate the worldsheet symmetry of bosonic brane theories and its quantum consistency in the tensionless limit.
We find that the residual worldsheet symmetry after specific gauge fixing is generated by a novel algebra, denoted as g(p)

λ
.

To achieve full quantization of the tensionless brane, we introduce a bc ghost system and derive the overall BRST charge.
Moreover, we calculate the quantum anomaly of the g(p)

λ
algebra for general parameters p and λ within the framework

of canonical quantization. After demanding that this quantum anomaly vanishes, we derive the critical dimensions of the
bosonic brane theories. In particular, we obtain nontrivial solutions for the tensionless string: D = 14 spacetime dimensions
when λ = −1 and D = 26 spacetime dimensions when λ = 1. We also note that the quantum anomaly automatically
vanishes after Riemann zeta function regularization for p > 1. This is consistent with the mathematical fact that there is no
scalar central extension of the algebra g(p)

λ
for p > 1.
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1. Introduction

For a theory of p-brane (string) living in a flat background
with Minkowski metric ηµν , there is a Nambu–Goto action

S = Tp

∫
dd

σ

√
|Gαβ |, (1)

where Gαβ is the induced metric

Gαβ = ηµν ∂α X µ
∂β Xν , (2)

and the worldsheet coordinates are given by σα = (t,𝜎) and
𝜎 = {σ i|i = 1,2, . . . , p}. (In this paper, the Greek letters µ,ν

varying from 0 to D− 1 with D being the spacetime dimen-
sion. And the Greek letters α,β ,γ, . . . vary from 0 to p, and
the Latin letters i, j,k, . . . vary from 1 to p. The total dimen-
sion of the p-brane worldsheet is d = p+1. In the main body
of this paper, we sometimes express the spacetime vector as
𝑋 ≡ X µ ∂µ and the worldsheet vector as ε̂ ≡ εα ∂α for sim-
plicity.) Furthermore, this action is classically equivalent to
the Polyakov action

S = −
Tp

2

∫
dd

σ
√
−hhαβ

∂α X ·∂β X

+
(p−1)Tp

2

∫
dd

σ
√
−h, (3)

with hαβ being the auxiliary metric on the worldsheet. It is
usually easier to quantize the theory from the Polyakov ac-
tion. In the p = 1 case of string theory,[1] the metric hαβ has
three independent components. None of them are dynamical
variables because of the two-dimensional worldsheet diffeo-
morphism and the one-dimensional Weyl invariance of the ac-
tion, which renders the equations of motion (EoM) of string
theory fully linear. After classical covariant gauge fixing, the
residual worldsheet symmetry is generated by the Virasoro al-
gebra. Then we can obtain the critical dimension by requir-
ing the quantum anomaly of the Virasoro symmetry to vanish.
However, such a strategy does not work for p > 1 brane theory
due to the intrinsic non-linearity. There, the auxiliary metric
is a symmetric (p+ 1)× (p+ 1) tensor, and there is only a
(p+ 1)-dimensional diffeomorphism such that hαβ has non-
trivial dynamics, and the total system is highly non-linear.

There has been long-standing interest in studying p >

1 brane theory. In the mid-1980s, by including a Wess–
Zumino–Witten term in the membrane action, it was shown
that supermembranes[2,3] should live in the 11-dimensional
background.[4–7] Still, it is very difficult to deal directly with
the quantum consistency of worldsheet diffeomorphism and
fermionic Siegel symmetry, and to the best of our knowl-
edge, one can only work under the light-cone gauge.[8] Efforts
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to perform quantization of the supermembrane include.[9–11]

Later on, researchers turned to explore the non-perturbative
aspects of supermembranes by using matrix models[12] and
found that the supermembrane is unstable.[13] In the 1990s,
the discovery of mysterious M-theory[14] rekindled interest in
membranes,[15] matrix models,[16] and M5-branes.[17]

In this work, we would like to investigate higher-
dimensional branes in the tensionless limit, and we start from
the bosonic case. In the tensionless limit, the theory gets
linearized: the second term in Eq. (3) effectively vanishes,
and the first term can be well described by an ILST-type
action,[18] which is linear. For the p = 1 case, the tensionless
(super)string[19–23] has already been explored for some years;
see Ref. [24] for a nice review. It has been shown[25] that the
residual worldsheet symmetry of the tensile string gets mod-
ified from the Virasoro algebra to bms3 (or g

(1)
1 in our lan-

guage). Its T-duality partner, the Carrollian string, has also
been studied broadly.[26–29] For higher-dimensional cases, the
quantization of the null brane was studied in Ref. [30,31] and
was recently explored in the light-cone gauge in Ref. [32]. An-
other recent work[33] studying brane models demonstrates an
enhancement of symmetry algebras in the tensionless limit.
Our study will focus on the quantum consistency of the world-
volume symmetry.

The remaining parts of this note are organized as fol-
lows. In Section 2, we show that after some gauge fixing,
the residual worldvolume symmetry is generated by the alge-
bra g

(p)
λ
∼= Vect(T p)nλ C∞(T p), where λ is a free parame-

ter and different λ s correspond to different gauge transforma-
tions. Furthermore, we construct the generators of the algebra
g
(p)
λ

in terms of the modes of matter fields in the formalism of
canonical quantization. In Section 3, we consider path-integral
quantization of the tensionless brane, and thereafter introduce
a bc ghost system. We obtain the BRST charge of the ghost
system and the g

(p)
λ

generators for the ghost fields. In Sec-

tion 4, we calculate the quantum anomaly of the algebra g
(p)
λ

for general p and λ . Finally, we obtain the critical dimensions
of the tensionless branes in Section 5. We also give some com-
ments on the conclusions and future directions concerning the
novel algebra g

(p)
λ

.

2. The worldsheet symmetry of the tensionless
brane: g(p)

λ

The direct tensionless limit of the Nambu-Goto action (1)
is ill-defined. The action of the tensionless brane (string) is
actually given by the ILST action,[18] shown as

S =

(
1

2π

)p ∫
dd

σ
1
2

V αV β
∂α𝑋 ·∂β𝑋, p≥ 1. (4)

The action has a reparameterization invariance (diffeomor-
phism) given by

δε̂𝑋 =−ε
α

∂α𝑋,

δε̂V α =−ε
β

∂βV α +V β
∂β ε

α − 1
2

∂β ε
βV α , (5)

and a local Weyl-like invariance given by

δχ𝑋 =−∆

d
χ𝑋, δχV α =+

∆

d
χV α , (6)

with χ = χ(σ) satisfying V β ∂β χ = 0. If the diffeomorphism
ε̂ also satisfies

V β
∂β (∂α ε

α) = 0, (7)

then we can linearly combine the two local invariances above
by setting χ = ∂β εβ . Under such a combined local transfor-
mation, the fields transform as

δε̂𝑋 =−ε
α

∂α𝑋−
∆

d
∂α ε

α𝑋,

δε̂V α =−ε
β

∂βV α +V β
∂β ε

α −
(

1
2
− ∆

d

)
∂β ε

βV α , (8)

where the parameter ∆ labeling the conformal dimension of
the matter field X can be chosen arbitrarily due to the condi-
tion Eq. (7).

The vielbein V α serves as the geometric structure of the
tensionless worldsheet. We can choose a gauge V̂ = V̂(0̂) ≡
(1,0). Under this gauge, we find a solution (but not the most
general solution) to the condition Eq. (7)

ε̂ = f i(𝜎)∂i +(h(𝜎)t +g(𝜎))∂0, (9)

which is a subset of the Carrollian diffeomorphism.∗ The dif-
feomorphism that preserves the gauge V̂(0̂) ≡ (1,0) is the as-
sociated global symmetry, which is

δ
ξ̂
V α |V̂=V̂(0̂)

= 0. (10)

Its general solution is

ξ̂ = f i(𝜎)∂i +
(

λ∂k f k(𝜎)t +g(𝜎)
)

∂0, λ =
1
2 −

∆

d
1
2 +

∆

d

. (11)

It is a special case of Eq. (9) with h(𝜎) set to λ∂k f k(𝜎). For
simplicity, we consider the spatial manifold of the tensionless
worldsheet to be a torus T p. Then the functions f i(𝜎),g(𝜎)
can be expanded in modes e−imkσk

. Finally, we can rewrite
the global symmetry denoted by ξ̂ as −il̂i

{m} and −im̂{m}

l̂i
{m} =−ie−imkσk

∂i−λmit e−imkσ k
∂0,

m̂{m} =−ie−imkσ k
∂0, (12)

∗The Carrollian diffeomorphism is defined in Ref. [34,35] as t→ t ′(t,𝑥) and 𝑥→ 𝑥′(𝑥). The associated infinitesimal diffeomorphism xα → xα + εα (x) is
ε̂ = f i(𝜎)∂i +g(t,𝜎)∂0. Under such a diffeomorphism, the Carrollian structure {∂0, gi jdxidx j} remains intact.
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which forms the g
(p)
λ

algebra

[l̂i
{m}, l̂

j
{n}] = m j l̂i

{m+n}−ni l̂
j
{m+n},

[l̂i
{m}, m̂{n}] = (λmi−ni)m̂{m+n}, (13)

where the set {m} is a short notation for {m1,m2, . . . ,mp} and
{m+n} is defined to be {m1 +n1,m2 +n2, . . . ,mp +np}. For
λ = 1, this algebra g(p)

λ=1 and its possible central extension have
been discussed in Ref. [30,31]. For p = 1,λ = 1, it is just the
bms3 algebra that appears in the usual tensionless string the-
ory. In fact, the parameter λ is responsible for the anisotropic
scaling symmetry in the Electric Carrollian free scalar. The
isotropic scaling symmetry is the special case λ = 1

p . For

p = 1, the algebra g
(1)
λ

with general λ has already been dis-
cussed in Ref. [36] with slightly different notations. For p = 1
and p = 2, similar algebras involving s-supertranslations in
Ref. [37] could be related to g

(p)
λ

by λ ∼ s
p . For p > 1 and

λ = 1
p , one can consider the subalgebra within Eq. (38)

[Li
m,L

i
n] = (m−n)Li

m+n,

[Li
m,L

j
n] = 0, (i 6= j),

[Li
m,Mn] =

(
m
p
−n
)

Mm+n, (14)

where

Li
m ≡ Li

{mi=m,m j 6=i=0}. (15)

This is an extension of BMSp+2 symmetry.
Next, we perform canonical quantization of the fields 𝑋

under the gauge V̂(0̂)≡ (1,0). Solving the equations of motion,
we have the mode expansions

𝑋 = ∑
{m}

(i𝐴{m}+𝐵{m}t)e imkσk
. (16)

Its canonical momentum is

𝛱 =

(
1

2π

)p

∂t𝑋 =

(
1

2π

)p

∑
{m}

𝐵{m} e imkσk
. (17)

From the canonical commutation relation

[X µ(t,𝜎),Π ν(t,𝜎′)] = iηµν
δ

p(𝜎−𝜎′), (18)

we have

[Aµ

{m},B
ν

{n}]

= η
µν

δ{m+n} ≡ η
µν

δm1+n1,0δm2+n2,0 . . .δmp+np,0. (19)

The Noether current associated with the global symmetry is

jα =
∂L

∂∂α𝑋
·δ

ξ̂
𝑋−Lξ

α . (20)

By substituting ξ α ∂α with −il̂i
{m} and −im̂{m}, the Noether

charge Q =
∫

dpσ j0 can be expressed as

Li,(X)
{m} = ∑

{n}

(
1+λ

2
mi−ni

)
: 𝐴{m−n} ·𝐵{n} :,

M(X)
{m} =−

1
2 ∑
{n}

𝐵{m−n} ·𝐵{n}. (21)

Here we introduce the normal-ordering operator ::, placing all
the creation operators to the left of the annihilation operators.
The exact meaning of its definition depends on the choice of
vacuum. We will address this issue in Section 4. From the
commutation relations Eq. (19), we can calculate the algebra
generated by these conserved charges. The result, regardless
of the quantum anomaly, is

[Li,(X)
{m} ,L

j,(X)
{n} ] = m jL

i,(X)
{m+n}−niL

j,(X)
{m+n},

[Li,(X)
{m} ,M

(X)
{n} ] = (λmi−ni)M

(X)
{m+n}. (22)

3. The bc ghost system
To fully quantize the tensionless brane, we need to con-

sider the partition function in terms of the path integral

Z =
∫

DV̂ D𝑋 e iS(V̂ ,𝑋)

=
∫

DV̂ D𝑋 e iS(V̂ ,𝑋)
∫

Dε̂δ (V̂(ε̂)−V̂(0̂))det(δε̂V̂(ε̂)). (23)

If there is no anomaly for the Carrollian diffeomorphism, we
have DV̂(ε̂)D𝑋(ε̂) = DV̂ D𝑋 . As a result

Z → Z
/∫

Dε̂

=
∫

DV̂ D𝑋δ (V̂ −V̂(0̂))det(δε̂V̂ )e iS(V̂ ,𝑋)

=
∫

D𝑋 det(δε̂V̂ )e iS(V̂ ,𝑋)|V̂=V̂(0̂)
. (24)

The determinant det(δε̂V̂ ) in the path integral can be expressed
as the path integral of a bc ghost system

det(δε̂V̂ )|V̂=V̂(0̂)
=
∫

Db̂Dĉe iS(b̂,ĉ), (25)

with

S(b̂, ĉ) = i
(

1
2π

)p ∫
dd

σcα

[
−δ

β

α V γ
∂γ +∂αV β

+

(
1
2
− ∆

d

)
V β

∂α

]
bβ

∣∣∣∣∣
V̂=V̂(0̂)

= i
(

1
2π

)p ∫
dd

σ

[(
1
2
+

∆

d

)
c0

∂0b0 + ci
∂0bi

−
(

1
2
− ∆

d

)
ci

∂ib0

]
.

For convenience, we rescale the component b0 to be( 1
2 +

∆

d

)−1
b0. Then the action of bc ghost fields becomes

S(b̂, ĉ) = i
(

1
2π

)p ∫
dd

σ
(
c0

∂0b0 + ci
∂0bi−λci

∂ib0
)
. (26)
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Solving the equations of motion, we have the mode expansions

c0 = λ∂icit + ∑
{m}

c0
{m} e imkσ k

, ci = ∑
{m}

ci
{m} e imkσk

, (27)

b0 = ∑
{m}

b0,{m} e imkσk
, bi = λ∂ib0t + ∑

{m}
bi,{m} e imkσk

. (28)

Performing canonical quantization gives

{cα(t,𝜎),bβ (t,𝜎
′)}= (2π)p

δ
α

β
δ

p(𝜎−𝜎′),

{cα

{m},bβ ,{n}}= δ
α

β
δ{m+n}. (29)

In the rest of this section, we are going to discuss the con-
tribution to the g

(p)
λ

generators from the ghost system using
the BRST method. We first determine the BRST charge of
the whole system. The ghost field cα takes the place of the
diffeomorphism parameter under the BRST transformation

δBcα = i{cα ,QB}= cβ
∂β cα ,

δB𝑋 =−i[𝑋,QB] = cα
∂α𝑋+

∆

d
∂α cα𝑋. (30)

It is not hard to check that δ 2
Bcα = δ 2

BX = 0. To satisfy these
BRST transformations, the BRST charge must be of the form

QB =
∫

dp
σ

[(
(2π)p

2
c0𝛱2 + ci

∂i𝑋 ·𝛱+
1−λ

2
∂ici𝑋 ·𝛱

)
− i
(2π)p (c

α
∂α cβ bβ )

]
. (31)

In terms of the mode expansions, the BRST charge QB can be
expanded as

QB = −∑
{m}

(
c0
{−m}M

(X)
{m}+ ci

{−m}L
i,(X)
{m}

)
+ ∑
{m},{n}

(mk−nk)
(

λc0
{n}c

k
{m−n}b0,{−m}

+ck
{n}c

0
{m−n}b0,{−m}+ ck

{n}c
j
{m−n}b j,{−m}

)
. (32)

Another way to derive this expression is to write the matter
part of the BRST charge first, and the ghost part is determined
uniquely by the nilpotency of the BRST charge, regardless of
the quantum anomaly, Q2

B = 0. In BRST quantization, the gen-
erators of the g(p)

λ
algebra can be defined through the anticom-

mutation relations between the antighost modes and the BRST
charge

M{m} =−
{

b0,{m},QB
}
, Li

{m} =−
{

bi,{m},QB
}
, (33)

where M{m} = M(X)
{m}+M(gh)

{m} and Li
{m} = Li,(X)

{m} +Li,(gh)
{m} are the

total generators. Under this relation, the ghost parts of the
generators are given by

Li,(gh)
{m} = −∑

{n}
ni : cα

{n}bα,{m−n} :−∑
{n}

mk : ck
{n}bi,{m−n} :

−λ ∑
{n}

mi : c0
{n}b0,{m−n} :,

M(gh)
{m} = −∑

{n}
(λnk +mk)ck

{n}b0,{m−n}.

4. Quantum anomaly of g(p)
λ

In this section, we calculate the quantum anomaly of the
algebra g

(p)
λ

for the matter fields 𝑋 and the bc ghost fields
for general p and λ with respect to a set of vacua |{h}〉 =
|h0,h1,h2〉,{h} ⊂𝑍. The vacuum |{h}〉 is defined by

𝐴{m}|{h}〉= 0 with ∑
i

mi ≥ 1−h0,

𝐵{m}|{h}〉= 0 with ∑
i

mi ≥ h0,

c0
{m}|{h}〉= 0 with ∑

i
mi ≥ 1−h1,

b0,{m}|{h}〉= 0 with ∑
i

mi ≥ h1,

ci
{m}|{h}〉= 0 with ∑

j
m j ≥ 1−h2,

bi,{m}|{h}〉= 0 with ∑
j

m j ≥ h2. (34)

It is natural to choose h0 = 0 since 𝐵{0} is the momentum
operator and 𝐴{0} is the position operator. But we have no
reason to set h1,h2 in advance. Any two different vacua with
the same h0 but different h1,h2 can be related to each other.
For example, the vacuum |{h′}〉 with h′1 = 0 is related to the
vacuum |{h}〉 with h1 = 1 by

|{h′}〉= ∏
{m}∈Set

b0,{m}|{h}〉, Set =

{
{m}

∣∣∣∑
i

mi = 0

}
. (35)

This relation is realized by the nilpotency of the fermionic-
mode operators, i.e. b2

0,{m} = {b0,{m},b0,{m}}/2 = 0. In string
theory (p = 1), the right-hand side of Eq. (35) is composed
of a finite number of mode operators acting on the vacuum.
Thus, |{h′}〉 and |{h}〉 belong to the same module of a highest-
weight representation. But when p > 1, the expression above
involves an infinite product of mode operators, and its conver-
gence is not guaranteed, implying that they may belong to dif-
ferent modules of the highest-weight representations of g(p)

λ
.

The quantum anomaly arises from the normal ordering
associated with these vacua. For p = 1, the g

(1)
λ

algebra

[Lm,Ln] = (m−n)Lm+n +A(m)δm+n,0,

[Lm,Mn] = (λm−n)Mm+n, (36)

has a finite anomalous term

A(X)(m) =
D
6

[
3λ 2−1

2
m2−6h0(h0−1)−1

]
m,

A(gh)(m) = −1
6

[
(6λ

2 +6λ +14)m2

100201-4
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−6h1(h1−1)−6h2(h2−1)−2
]

m. (37)

The algebra g
(p)
λ

for p > 1 must be of the form

[Li
{m},L

i
{n}] = (mi−ni)Li

{m+n}+Ai
1({m})δ{m+n},0,

[Li
{m},L

j
{n}] = m jLi

{m+n}−niL
j
{m+n}

+Ai j
2 ({m})δ{m+n},0 (i 6= j),

[Li
{m},M{n}] = (λmi−ni)M{m+n}. (38)

Thus, we may calculate the anomalous terms
Ai

1({m}),A
i j
2 ({m}) by[

Li
{m},L

i
{−m}

]
|{h}〉= Ai

1({m})|{h}〉[
Li
{m},L

j
{−m}

]
|{h}〉= Ai j

2 ({m})|{h}〉 for j 6= i.

The anomalous terms involve some infinite sums. For exam-
ple, the anomaly from the fields X is

Ai,(X)
1 ({m}) = ∑

{n}∈Set(h0)

(
1+λ

2
mi−mi−ni

)

×
(

1+λ

2
mi +ni

)
, (39)

with

Set(h0) =

{
{n}
∣∣∣−∑

i
mi +h0 ≤∑

i
ni ≤−1+h0

}
. (40)

Denote ∑i ni = N; the range of the sum can be written as a
finite sum times some infinite sums

∑
Set(h0)

=
−1+h0

∑
N=−∑i mi+h0

∞

∑
n1=−∞

. . .
∞

∑
np−1=−∞

∣∣∣
np=N−∑

p−1
i=1 ni

. (41)

For example, assuming i 6= p without loss of generality, the
anomalous terms Eq. (39) can be written as

Ai,(X)
1 ({m})

=
∞

∑
ni=−∞

(
1+λ

2
mi−mi−ni

)(
1+λ

2
mi +ni

)

×
−1+h0

∑
N=−∑i mi+h0

p−1

∏
j 6=i

∞

∑
n j=−∞

1

=

(
∑

i
mi

)(
∞

∑
n=−∞

1

)p−2

×
∞

∑
ni=−∞

(
1+λ

2
mi−mi−ni

)(
1+λ

2
mi +ni

)
. (42)

Note that Eq. (41) only holds for p > 1. If p = 1, it is a finite
sum, and we have

A(X)(m) =
−1+h0

∑
n=−m+h0

(
1+λ

2
m−m−n

)(
1+λ

2
m+n

)
, (43)

which exactly gives the first result of Eq. (37).
Thus, when p > 1, all the anomalous terms can finally be

translated into expressions including at least one factor of the
form

S(l) =
∞

∑
n=−∞

nl . (l is some non-negative integer) (44)

Exploiting the Riemann Zeta function ξ (s) ≡ ∑
∞
n=1 1/ns, we

can regularize the expression above. If l is an odd positive
integer, S(l) = 0 by parity. And if l is an even non-negative
integer, S(l) = δl,0 +2ξ (−l) = δl,0 +2δl,0ξ (0) = 0. Anyway,
the divergent anomalous terms in the form of S(l) are zero af-
ter the Riemann Zeta function regularization.

To make this point more explicit, we illustrate with two
representative cases. For p > 2, the factorized expression for
Ai,(X)

1 contains an overall factor (∑∞
n=−∞ 1) p−2 = [S(0)]p−2,

which is already zero under the zeta regularization, so the
entire anomalous term vanishes irrespective of the remaining
factor. For p = 2, there is no such divergent overall factor;
however, the single sum ∑

∞
ni=−∞(. . .) is a polynomial in ni.

Expanding this polynomial yields a linear combination of S(l)
with l ≥ 0, and each S(l) vanishes under the same regulariza-
tion. The same reasoning extends to the cross-terms arising
from the multiple sums in the decomposition Eq. (41): every
term can be written as a product of factors of the form S(l), and
no finite residual contribution survives the zeta regularization.

This vanishing of the anomalous terms in the p > 1 case
is in accordance with the fact that the Gelfand-Fuchs cohomol-
ogy H2(Vect(T p),C) is trivial,[38] and there is no scalar cen-
tral extension of the algebra involving Li

{m}. We also expect

this for the algebra g
(p)
λ
∼= Vect(T p)nλ C∞(T p) by Proposi-

tion 1 in Section 3 of the papers.[39,40] A generalized Abelian
extension is given in Ref. [41], but that is beyond the scope of
our interest.

5. Discussion and conclusion
For general p and the chosen vacua, we obtain the quan-

tum anomaly with respect to the algebra g
(p)
λ

. The consis-
tency of a quantum gauge system then requires the total central
charge to vanish. When p = 1, the leading term gives the con-
straint

3λ 2−1
2

D− [6(2+λ +λ
2)+2] = 0, (45)

which has two nontrivial and sensible solutions

D = 14 when λ =−1, (46)

D = 26 when λ = 1. (47)

The lower-order term in the quantum anomaly can be absorbed
into the normal-ordering constant (or, equivalently, by redefin-
ing L0→ L0−aL).

100201-5



Chin. Phys. B 35, 100201 (2026)

For the p > 1 cases, the quantum anomaly vanishes au-
tomatically after Riemann Zeta function regularization. Thus,
there is no constraint on the critical dimension for the brane
theories.

We emphasize that this result only implies that the quan-
tum consistency of the g(p)

λ
algebra does not restrict the space-

time dimension; other potential quantum instabilities of the
brane theory, such as negative-norm states, global anomalies,
or dynamical instabilities, still need to be examined separately.

In string theory, the origin of the parameter λ traces back
to different Ultra-relativistic (UR) limits. The action for the
bc ghost returns to the inhomogeneous case of Ref. [22] when
λ = 1 and to the homogeneous case when λ = 0. In Ref. [22],
the authors claimed that the homogeneous bc ghost does not
admit a BRST charge and therefore does not make sense. This
claim is not correct, as they did not find the correct symmetry
algebra g

(p)
λ=0 there. As shown in this work, the homogeneous

bc ghost corresponds to the Carrollian conformal symmetry
with λ = 0 rather than with λ = 1, the symmetry generators
Lm,Mm should be modified for both the matter sector and the
ghost sector, and the correct BRST charge is constructed as
Eq. (31) in this manuscript. We also note that the result in
Ref. [22] for the bosonic tensionless string is exactly the spe-
cial case p = 1,λ = 1 in this work.

A subtle point concerns the critical dimension D = 14 ob-
tained at λ = −1. Recall that λ is not a free parameter but
follows from the conformal dimension ∆ through λ = ( 1

2 −
∆

d )/(
1
2 +

∆

d ); solving λ =−1 requires |∆ |/d→∞, a limit inac-
cessible for any finite ∆ . Nevertheless, the quantities entering
the quantum theory all remain finite in this limit thanks to a
systematic 0 ·∞ cancellation. From the gauge-preserving con-
dition one finds ε0 = λ∂i f it + g, giving ∂α εα = (1+λ )∂i f i,
which vanishes as λ → −1 and cancels the divergent factor
∆/d in the combined gauge transformation of X . The ghost
field inherits the same structure c0 = λ∂icit + . . ., so ∂α cα =

(1+λ )∂ici→ 0. The BRST charge Eq. (31) contains the co-
efficient 1−λ

2 multiplying ∂iciX ·Π ; this coefficient is not sin-
gular because of the identity 1−λ

2 = ∆

d (1+λ ), which tends to
1 as |∆ |/d→ ∞. Consequently, the BRST charge, the algebra
g
(1)
−1, and the anomaly calculation in Section 4 are all perfectly

regular when evaluated at λ = −1, and D = 14 follows as a
mathematically consistent critical dimension. The obstruction
is not algebraic but lies in the Faddeev–Popov derivation of the
ghost action: before the rescaling b0→ ( 1

2 +
∆

d )
−1b0, the ghost

kinetic coefficients 1
2 ±

∆

d diverge, and the rescaling itself be-
comes an infinite field redefinition whose Jacobian in the path
integral measure is not controlled. Whether λ = −1 can be
physically realized — for instance through a different gauge-
fixing prescription or by treating λ as an intrinsic parameter of
the symmetry algebra — remains an open question.

We note that the algebra g(1)
λ

can be understood as a linear

combination of the standard BMS3 algebra and the Carroll-
Weyl symmetry generators; a detailed analysis of this connec-
tion will be presented in a forthcoming work.

If we consider the tensionless super-brane, we expect
some SUSY g

(p)
λ

algebra as in the string case.[42,43] We hope
to address this in the future. Since we have obtained the
BRST charge for the tensionless brane, discussing its spec-
trum through BRST quantization[29] is also a very interesting
question.

In the string case (p = 1), the action of the Carrollian
string contains magnetic sectors of Carrollian conformal scalar
theory,[44] which are T-dual to the electric sectors in the action
of the tensionless string. From this point of view, the g

(1)
λ

al-
gebra also appears in the magnetic sector when p = 1. For the
higher-dimensional case (p > 1), the action of the tensionless
brane is also composed of the electric sectors of Carrollian
conformal scalar theory, but there is no evidence supporting
the T-duality so far. Thus, whether the magnetic sector or other
models exhibit the g(p)

λ
algebra is another interesting question.
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