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Plan

1) Massless and massive continuous spin field in Rd,1

metric-like formulation in terms of double-traceless fields

2) Metric-like formulation in terms of traceless fields

3) BRST-BV formulation (+ interrelation with metric-
like approach)
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BRST Lagrangian for continuous massless
spin in R3,1

L ̸= ⟨Φ|Q|Φ⟩
L = ⟨Φ|Q|Φ⟩+Λ|Φ⟩ A. Bengtsson (2013)

Metric-like Lagrangian for continuous
massless spin
bosonic in R3,1 Schuster and Toro (2014)

fermionic in R3,1

Bekaert, Najafizadeh, Setare, (2016)

bosonic and fermionic massless and mas-
sive in Rd,1 (and AdS too)
RRM, (2016,2017)
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Metric-like approach

Continuous spin field via deformation

of tower decoupled Fang-Fronsdal fields

method by Zinoviev 2001
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Field content

Totally symmetric double-traceless field in Rd,1

ϕa1...an(x) , n = 0,1, . . .∞

ϕaabba5...an = 0

Lagrangian for decoupled Fang-Fronsdal fields

L =
∞∑

n=0
Ln

Ln - Fronsdal Lagrangian for spin n-field
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[ᾱa, αb] = ηab , [ῡ, υ] = 1

ᾱa|0⟩ = 0 ῡ|0⟩ = 0
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|ϕ⟩ = ϕ(x, α, υ)|0⟩

ϕ(x, α, υ) =
∞∑

n=0
υnαa1 . . . αanϕa1...an(x)

(Nα −Nυ)|ϕ⟩ = 0

Nα ≡ αaᾱa Nυ = υῡ
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gauge transformation parameters

ξa1...an(x) , n = 0,1, . . .∞

|ξ⟩ =
∞∑

n=0
υn+1αa1 . . . αanξa1...an(x)|0⟩

traceless

ξaaa3...an = 0
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Lagrangian for massless fields in Rd,1

L = ⟨ϕ|(1−
1

4
α2ᾱ2)�|ϕ⟩

+ ⟨L̄ϕ|L̄ϕ⟩

L̄ = α∂ −
1

2
α∂ᾱ2

α∂ = αa∂a α2 = αaαa

ᾱ∂ = ᾱa∂a ᾱ2 = ᾱaᾱa
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massless in flat: gauge transformations

δ|ϕ⟩ = α∂|ξ⟩
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massive in flat

ϕ(x, α, υ) =
s∑

n=0
υnαa1 . . . αanϕa1...an(x)
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L = ⟨ϕ|(1−
1

4
α2ᾱ2)(�−m2)|ϕ⟩

+ ⟨L̄mϕ|L̄m|ϕ⟩

L̄m = L̄+∆L̄m

∆L̄m = (1− α2 1

2(2Nα + d)
ᾱ2)ēm

+ ᾱ2em
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δ|ϕ⟩ = G|ξ⟩

G = α∂ − em + α2ēm
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δϕa1...an = ∂(a1ξa2...an)

+ emξa1...an

+ ēmη(a1a2ξa3...an)

deformation procedure Zinoviev 2001
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massive in flat

em = fῡ ēm = υf

f =
√
Fυ

Fυ = (s−Nυ)m
2
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Continuous massless in flat

em = fῡ ēm = υf

f =
√
Fυ

Fυ = κ2
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Continuous massive in flat

em = fῡ ēm = υf

f =
√
Fυ

Fυ = κ2 −Nυ(Nυ + d− 3)m2

κ and m− dimensionfull parameters
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Classical unitarity

1)

L = ⟨ϕ|�|ϕ⟩+ . . .

2)

L = L†

2) =⇒

2a) e†m = ēm

2b) Fυ ≥ 0
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All previously known classically unitary

systems turns out to be associated

with unitary representations

of space-time symmetry algebras
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κ2 > 0 massless continuous

unitary and irreducible

κ2 > 0 , m2 < 0 tachyonic continuous

unitary and irreducible
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conjecture

massive classically unitary continuous spin
field

is associated with

tachyonic UIR of Poincaré algebra
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reducible case

Fυ(s) = 0 =⇒

κ2 = s(s+ d− 3)m2

Fυ = (s−Nυ)(s+ d− 3+Nυ)m
2
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|ϕ⟩ = |ϕ0,s⟩+ |ϕs+1,∞⟩

|ϕM,N⟩ ≡
N∑

n=M
υnαa1 . . . αanϕa1...an|0⟩

L(ϕ) = L(ϕ0,s) + L(ϕs+1,∞)
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m2 > 0

ϕ0,s − classically unitary

ϕs+1,∞ − classically non-unitary
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Metric like formulation in terms of
traceless fields

ϕa1...as = ϕ
a1...as
I ⊕ ϕ

a1...as−2
II

double-traceless = traceless⊕ traceless

|ϕ⟩ = |ϕI⟩+ α2|ϕII⟩
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L = ⟨ϕI|(�−m2)|ϕI⟩ − ⟨ϕII|(�−m2)|ϕII⟩

+ ⟨L̄mϕ|L̄mϕ⟩

L̄m|ϕ⟩ = L̄I|ϕI⟩+ LII|ϕII⟩
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BRST-BV formulation in terms of

traceless fields
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Oscillators in metric-like approach

αa , υ

Fields in metric-like approach

ϕ(αa, υ)
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Oscillators in BRST-BV approach

αa, υ, θ, η, ρ

Fields and anti-fields in BRST-BV approach

Φ(αa, υ, θ, η, ρ)
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θ −Grassmann odd coordinate

η ρ Grassmann odd oscillators

(creation operators)

{ρ̄, η} = 1 , {η̄, ρ} = 1

η̄|0⟩ = 0 ρ̄|0⟩ = 0
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|Φ⟩ = Φ(αa, υ, θ, η, ρ)|0⟩

(Nα +Nη +Nρ −Nυ)|Φ⟩ = 0

ᾱ2|Φ⟩ = 0 traceless
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|Φ⟩ = |ϕ⟩+ θ|ϕ∗⟩ ,

|ϕ⟩ = |ϕI⟩+ ρ|c⟩+ η|c̄⟩+ ρη|ϕII⟩

|ϕ∗⟩ = |ϕI∗⟩+ ρ|c̄∗⟩+ η|c∗⟩+ ρη|ϕII∗⟩

|ϕ⟩ − fields

|ϕ∗⟩ − antifields

Batalin-Vilkovisky bracket

(ϕ(x), ϕ∗(y)) = δ(x− y)
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BRST-BV Lagrangian Siegel 1986

S =
∫
ddxL

L =
1

2

∫
dθ⟨Φ|Q|Φ⟩

BRST charge

Q = θ(�−M2) +Mηa∂a +Mη +
1

2
Mηη∂θ
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Q2 = 0 =⇒

{Mηa,Mηb} = −ηabMηη

{Mη,Mη} = M2Mηη

[M2,Mηa] = 0 , [M2,Mη] = 0

[M2,Mηη] = 0

{Mηa,Mη} = 0 , [Mηa,Mηη] = 0

[Mη,Mηη] = 0
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δ|Φ⟩ = Q|Ξ⟩

|Ξ⟩ = Ξ(α, υ, θ, η, ρ)|0⟩

(Nα +Nη +Nρ −Nυ)|Ξ⟩ = 0

ᾱ2|Ξ⟩ = 0 traceless
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Mηa = ηgρυᾱ
a +Aaḡηυη̄ ,

Mηη = 2ηη̄ ,

Mη = ηυlρυ + l̄ηυῡη̄ ,

M2 = m2 ,

Aa = αa − α2 1

2Nα + d
ᾱa
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gρυ = (
2Nυ + d− 4− 2Nρ

2Nυ + d− 4
)1/2 ,

ḡηυ = −(
2Nυ + d− 4− 2Nη

2Nυ + d− 4
)1/2 ,

lρυ = f(
2Nυ + d− 2− 2Nρ

2Nυ + d− 2
)−1/2 ,

l̄ηυ = f(
2Nυ + d− 2− 2Nη

2Nυ + d− 2
)−1/2 ,

f = (
1

(Nυ +1)(2Nυ + d− 2)
Fυ)

1/2

Fυ = κ2 −Nυ(Nυ + d− 3)m2
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BRST-BV =⇒ metric-like formulation.

Fields and antifields with nonzero ghost
number = 0

|c⟩ = 0, |c̄⟩ = 0

|ϕ∗I⟩ = 0, |c∗⟩ = 0, |ϕ∗II⟩ = 0

L = ⟨ϕI|(�−m2)|ϕI⟩ − ⟨ϕII|(�−m2)|ϕII⟩

− ⟨c̄∗|L̄I|ϕI⟩ − ⟨c̄∗|LII|ϕII⟩ −
1

2
⟨c̄∗||c̄∗⟩ ,

−|c̄∗⟩ = L̄I|ϕI⟩+ |LII|ϕII⟩ ,
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Siegel gauge, global BRST and antiBRST
transformations

|ϕ∗⟩ = 0 Siegel gauge

L =
1

2
⟨ϕI|(�−m2)|ϕI⟩ −

1

2
⟨ϕII|(�−m2)|ϕII⟩

+ ⟨c̄|(�−m2)|c⟩ ,
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BRST

s|ϕI⟩ = GI|c⟩ , s|ϕII⟩ = ḠII|c⟩

s|c⟩ = 0 s|c̄⟩ = L̄I|ϕI⟩+ LII|ϕII⟩ ,

antiBRST

s̄|ϕI⟩ = GI|c⟩ , s̄|ϕII⟩ = ḠII|c̄⟩ ,

s̄|c̄⟩ = 0 s̄|c⟩ = −L̄I|ϕI⟩ − LII|ϕII⟩

s2 = 0 , s̄2 = 0 , s̄s+ s̄s = 0

(�−m2)|c⟩ = 0
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