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Plan

1) Fermionic massless and massive continuous spin
field in Rd,1

2) Fermionic continuous spin field in AdSd+1

3) Computation of partition function

of continuous spin field. Modified De Donder gauge
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Lagrangian for continuous massless spin

bosonic in R3,1

Schuster and Toro 2014

fermionic in R3,1

X.Bekaert, M.Najafizadeh, M.R.Setare, 2016
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Continuous spin field via deformation

of tower decoupled Fang-Fronsdal fields

method by Zinoviev 2001
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Field content

Totally symmetric triple-traceless field in Rd,1

ψa1...an , n = 0,1, . . .∞

γaψabba4...an = 0

Lagrangian for decoupled Fang-Fronsdal fields

L =
∞∑
n=0

Ln

Ln - Fang-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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|ψ⟩ =
∞∑
n=0

υnαa1 . . . αanψa1...an|0⟩

(Nα −Nυ)|ψ⟩ = 0

Nα ≡ αaᾱa Nυ = υῡ
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gauge transformation parameters

ξa1...an , n = 0,1, . . .∞

|ξ⟩ =
∞∑
n=0

υn+1αa1 . . . αanξa1...an|0⟩ .

gamma-traceless

γaξaa2...an = 0
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Lagrangian for massless fields in Rd,1

iL = ⟨ψ|E|ψ⟩

E = EFF

EFF ≡ ∂/ − α∂γᾱ− γαᾱ∂ + γα ∂/ γᾱ

+γαα∂ᾱ2 + α2γᾱᾱ∂ − α2 ∂/ ᾱ2

α∂ = αa∂a α2 = αaαa

γα = γaαa
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massless in flat: gauge transformations

δ|ψ⟩ = α∂|ξ⟩
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massive in flat

iL = ⟨ψ|E|ψ⟩

E = EFF + E(0)

E(0) = (1− γαγᾱ− α2ᾱ2)eΓ1

+(γα− α2γᾱ)ē1 + (γᾱ− γαᾱ2)e1

δ|ψ⟩ = (α∂ − e1 + γαeΓ1 − α2ē1)|ξ⟩
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δψa1...an = ∂(a1ξa2...an)

+ e1ξ
a1...an

+ eΓ1γ
(a1ξa2...an)

+ ē1η
(a1a2ξa3...an)

deformation procedure Zinoviev 2001
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massive in flat

eΓ1 = m

e1 = eυῡ ē1 = υeυ

eυ =
√
Fυ

Fυ = (s−Nυ)m
2

0-



Continuous massless in flat

eΓ1 = κ0

e1 = eυῡ ē1 = υeυ

eυ =
√
Fυ

Fυ = κ20
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Continuous massive in flat

eΓ1 = κ0

e1 = eυῡ ē1 = υeυ

eυ =
√
Fυ

Fυ = κ20 − µ0

(
Nυ +

d− 1

2

)2

κ0 and µ0 − dimensionfull parameters
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Classical unitarity

1)

iL = ⟨ψ| ∂/ |ψ⟩+ . . .

2)

L = L†

2) =⇒

2a) eΓ†1 = eΓ1 e†1 = ē1

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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µ0 = m2

κ0 ̸= 0

µ0 = 0 massless continuous unitary

µ0 > 0 massive continuous - nonunitary

µ0 < 0 tachyonic continuous - unitary
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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 =⇒

κ0
2 = (s+

d− 1

2
)2µ0

Fυ = (s−Nυ)(s+ d− 2+Nυ)µ0
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|ψ⟩ = |ψ0,s⟩+ |ψs+1,∞⟩

|ψM,N⟩ ≡
N∑

n=M
υnαa1 . . . αanψa1...an|0⟩

L(ψ) = L(ψ0,s) + L(ψs+1,∞)
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µ0 > 0

ψ0,s − classically unitary

ψs+1,∞ − classically non-unitary
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Fermionic continuous spin field in
(A)dSd+1
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iL = ⟨ψ|E|ψ⟩

E = EFF + E(0)

E(0) = (1− γαγᾱ− α2ᾱ2)eΓ1

+(γα− α2γᾱ)ē1 + (γᾱ− γαᾱ2)e1

δ|ψ⟩ = (αD − e1 + γαeΓ1 − α2ē1)|ξ⟩
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eΓ1 = κ0

e1 = eυῡ ē1 = υeυ

eυ =
√
Fυ

Fυ = κ20 − µ0

(
Nυ +

d− 1

2

)2
− ρ

(
Nυ +

d− 1

2

)4

ρ = −1/R2 for AdS

ρ = +1/R2 for dS
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Analyse Fυ(n) ≥ 0

For dS there are NO classically unitary solution

many solutions for AdS
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reducible cases

One root

Fυ(s) = 0

=⇒ massive+ infinite comp. fields

two roots

Fυ(s1) = 0, Fυ(s2) = 0

=⇒ massive+ partial massless

+infinite component fields
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Partition function

Partition function of fermionic

continuous spin is equal to 1

Z = 1
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Z−1 =
∞∏
n=0

Z−1
n

Z−1
n =

Dn−1(M
2
n−1)Dn−1(M

2
n−1)

Dn(M2
n)Dn−2(M

2
n−2)

Dn(M2) =
√
det n(−�/ +M2)

�/ ≡ D/D/

M2
n ≡ µ0 + ρ

(
n+

d− 1

2

)2

D on space of gamma-traceless fields
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Modified de Donder gauge condition

C̄mod|ψ⟩ = 0

C̄mod ≡ C̄ − (γᾱ+ γαᾱ2)eΓ1 + ᾱ2e1 −Πē1

C̄ ≡ ᾱD −
1

2
αDᾱ2

Π ≡ 1− α2
1

2(2Nα+ d+1)
ᾱ2
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Simple equations of motion

(�/ −M2 + ρα2ᾱ2)|ψ⟩ = 0

M2 ≡ µ0 + ρ(Nυ +
d− 1

2
)2
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Left-over gauge symmetry of EOM

(�/ −M2
ξ)|ξ⟩ = 0

M2
ξ ≡ µ0 + ρ(Nυ +

d− 3

2
)2
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Decompose physical field into γ-traceless fields

|ψ⟩ = |ψI⟩+ γα|ψΓ⟩+ α2|ψII⟩

γᾱ|ψτ⟩ = 0 , τ = I,Γ, II
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(�/ −Mn
2)ψa1...anτ = 0

(�/ −Mn
2)ξa1...an = 0
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