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Motivations

Wigner-Bargmann (1939, 1948) classi�cation (1939, 1948, d = 4) of UIRs
ISO(1, d− 1) (d > 4 L. Brink, A. Khan, P. Ramond 2002, A.Isaev, 2024) is
characterized by [(d+ 1)/2] Casimirs
1. P 2 = m2,W 2 = −m2s(s+ 1) - massive Unitary irrep (UIR) with (half)integer spin;
2a. P 2 = 0,W 2 = 0, Wµ = λPµ - massless with (half)integer helicity UIR;

2b. P 2 = 0,W 2 = µ2 - massless continuous (fermionic or bosonic ) spin UIR;
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Interacting vertices (B,B,B), (B,B,B,B); (F,F,B), (F,F,B, B) in SM

Cubic vertices in SM for lower spins (m = ( ̸=)0): (1,1,1), (0,0,1), ( 1
2
, 1
2
, 0), ( 1

2
, 1
2
, 1)

SSM =

∫
d4x LSM , LSM = Lgauge �elds + Lleptons + Lquarks + LYukawa + LHiggs , (1)

Lleptons =
3∑

k=1

[
l̄kLiγ

µ

(
∂µ − i

g

2
Aâ

µτâ + i
g′

2
Aµ

)
lkL + l̄kRiγ

µ (
∂µ + ig′Aµ

)
lkR

]
,

Lquarks =
3∑

k=1

{[
ūk

d̄′k

]
L

iγµ

[
∂µ − i

gs
2
Aα

µλα − i
g

2
Aâ

µτâ − i
g′

6
Aµ

] [
uk

d′k

]
L

+ ūk
Riγ

µ

[
∂µ − i

gs
2
Aα

µλα − i
2g′

3
Aµ

]
uk
R + d̄′kR iγ

µ

[
∂µ − i

gs
2
Aα

µλα + i
g′

3
Aµ

]
d′kR

}
,

d′k = Ukk′
CKMd

k′
, uk = (u, c, t) , dk = (d, s, b) ,

The masses of particles are generated by the Yukawa interaction term

LYukawa = −
1√
2

3∑
k=1

{
fu
k

[
ūk

d̄k

]
L

φuk
R + fd

k

[
ūk

d̄k

]
L

φdkR + f l
k l̄

k
Lφl

k
R + h.c.

}
,

LHiggs =
1

2

∣∣∣(i∂µ + (g/2)Aâ
µτâ +

(
g′/2

)
Aµ

)∣∣∣φ2 − µ2

2
|φ|2 − λ

4
|φ|4 ,
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Cubic interacting vertex

Known results on cubic vertices
metric formalism (gµν(x), ...) F. Berends, J. Van Reisen, NPB164 (1980),
Berends, G. Burgers, H Van Dam, Nucl. Phys. B271 (1986); A. K. H. Bengtsson,
I. Bengtsson, L. Brink, NPB (1983), E.S. Fradkin, M.A. Vasiliev, NPB 291 (1987),
R. Manvelyan, K. Mkrtchyan, W. Ruhl, PLB 696 (2011), [arXiv:1009.1054
[hep-th]], E. Joung, M. Taronna, NPB 861 (2012) 145, arXiv:1110.5918[hep-th],
I. Buchbinder, V. Krykhtin, M. Tsulaia, D. Weissman, Cubic Vertices for N = 1,
NPB 967 (2021), arXiv:2103.08231; NPB 859 (2012) arXiv:0712.3526[hep-th];
within (with algebraic constraints, cov.) BRST approach with incomplete BRST
operator (or constrained BRST approach) for integer spins -R.R. Metsaev, (2013);
in BRST approach with (in)complete BRST operator for irreps ISO(1, d− 1)
bosonic �elds by I.Buchbinder, A.R. (2021-2025) ;
in frame-like (eaµ,ω

ab
µ ,...) approach M. Vasiliev, Cubic Vertices for Symmetric higher

spin Gauge Fields in (A)dSd, NPB 862 (2012) 341 , arXiv:1108.5921[hep-th]
arXiv:2208.02004, M. Khabarov, Yu. Zinoviev. JHEP 02 (2021);

C.V. in N = 2 harmonic SUSY in matter hypermultiplet interacting with N = 1
gauge super�elds (Buchbinder, E.Ivanov, N.Zaigraev 2022-24)

Covariant Cubic vertex for irrep half-integer HS �elds not found (in BRST
approach with (in)complete Q(c)), e.g. to �nd new approach to DM problem due
to SFT spectrum properties
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Contents

Interaction vertices in the gauge theories: deformation procedure

BRST approach with incomplete BRST operator Qc for irreducible

free integer and half-integer higher spins on R1,d−1;

Deformation procedure with Qc for interacting higher-spin �elds;

General solution of BRST equations for cubic vertices for constrained
of helicities (n1 + 1/2, n2 + 1/2, λ3) HS �elds

1 BRST-closed linear on oscillators operator L(i);
2 BRST-closed cubic on oscillators operators Z ≡ Z111;
3 BRST-closed zeroth and �rst orders operators K(1,2), F (3);

Cubic vertex for massless HS �elds with helicities

(n1 + 1/2, n2 + 1/2, s);

On Cubic vertex for (ir)reducible �elds within BRST with incomplete

Qc in the �rst order formalism
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Interaction vertices in the gauge theories: deformation procedure

Noether's procedure (G.Barnich, M.Henneaux 1998, A.R. L > 1 2021):
Gauge theory of 0th -stage reducibility in de Witt condensed notations

S0[A]− classical action of fields Ai, i = 1, ..., n, ε(Ai) = εi = (0, 1),

δ0S0 = 0, δ0A
i = R0

i
αξ

α, α = 1, ...,m,=⇒
←−
∂ iS0R0

i
α = 0, δ

(0)
0 ξα = 0

Deformation of k, [k = N2 − 1 in SU(N)] copies of LF for �elds Ai(p), p = 1, .., k

with quadratic
∑

p S
(p)
0 [A(p)] of free �elds Ai(p) (maybe [i(p1)] ̸= [i(p2)]) with rank

condition∣∣∣N =
∑

p(n
p −mp) where rank∥

←−
∂ i
−→
∂ jS

(p)
0 ∥←−∂ iS0=0

= np −mp
∣∣∣

Sint =
∑k

p=1 S
(p)
0 [A(p)] + g1S1 + g2S2 + . . . grSr,

∣∣degASr = r + 2
∣∣ ,

δ[l]A
i(p) = δ0A

i(p) + gδ1A
i(p) + . . .+ glδ1A

i(p) = R[l]
i(p)

α(t)
ξα(t),

∣∣∣degARl
i(p)

α(t) = l
∣∣∣ ,

initial condition R0
i(p)

α(t) ≡ R0
i
αδ

p
t .
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Interaction vertices in the irreducible gauge theories: deformation
procedure

Noether's identities as system in powers of g from δΣSint = 0:
∣∣δΣ ≡∑∞

l=0 δl
∣∣

g1 : δ0S1 + δ1S0 = 0, (2)

g2 : δ0S2 + δ1S1 + δ2S0 = 0, S0 ≡
k∑

p=1

S
(p)
0

for the cubic vertex for irreducible GTh

Sint =
∑3

p=1 S
(p)
0 [A(p)] + g1S1,

∣∣degAS1 = 3
∣∣ ,

δ[1]A
i(p) = δ0A

i(p) + gδ1A
i(p) = R[1]

i(p)

α(t)
ξα(t), (3)

The equations (2) pass to

g1 : δ0S1 + δ1
∑3

p=1 S
(p)
0 = o(g), N-A Gauge algebra [δ[1], δ[1]] ∼ δ[1] (4)

In 4d for spins (0, s1), (0, s2), (0, s3)... in light-cone formalism, �rst classi�cation :

A. Bengtsson, I. Bengtsson, L. Brink, NPB (1983), A. Bengtsson, I. Bengtsson, N.

Linden (1987)
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BRST approach with incomplete BRST operator Qc

due to tensionless limit (d = 26, 10 SFT, M.Green, E.Witten, C. Thorn,
1989; W. Taylor, B. Zwiebach,hep-th/0311017): QG problem [r < 10−15m]
(G.Bonelli (2003), A. Sagnotti, M. Tsulaia, (2004)) now (Q2

c = 0 ∀d).∣∣∣=⇒Q α′→∞−→ Qc :{∞}many HS fields ϕµ(x), .., ϕµ(s)(x) in string spectra

∣∣∣
Sstr = −(2πα′)−1

∫
d2σL(X(σ)) In BRST approach with incomplete Qc (S. Ouvry,

J. Stern, A. Bengtsson, 1987, G. Barnich, M.Grigoriev, A.Semikhatov 2004, A.R. 2018)
instead of direct problem for generalized canonical quantization of Constrained Dyn.S.
by the aim inverse problem - is an construction of GI LF for HS �elds with (m, s)∣∣∣∣ irrep conditions

ISO(1,d-1), (SO(2,d-1))

∣∣∣∣ SFT−→∣∣∣∣(super)algebra{oI(x)} = {∂2+m2; a+iµ∂
µ, aiµ∂

µ; oa, o
+
a }

{oI(x)} : H, [oI , oJ} = fK
IJ(o)ok

∣∣∣∣
BFV−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

I.B.,E.Fradkin, G.V., M.Henneaux

∣∣∣∣ BRST operator {oI}:Qc(x)

Qc = CAoA + 1
2
CACBFD

ABPD(−1)ε(oA)+ε(oD)

∣∣∣∣
LF−→

∣∣∣∣∣∣∣∣
Q2

c = 0, [Qc, σc} = [Qc,Oa} = 0, [Oa, σc} ∼ Oa

EoM:Qc|χc⟩ = 0, gh(|χc⟩) = 0⇒ action:Sc=
∫
dη0⟨χc|Qc|χc⟩ ∼ ϕµ(s)(∂

2 + ...)ϕµ(s)

spin: (g0 +more)(|χc⟩, |Λc⟩, ...) = (s− d/2 + ...)(|χ⟩, |Λ⟩, ...)
gauge symmetry: δ|χc⟩ = Qc|Λc⟩, δ|Λc⟩ = 0, ..., constr: Oa(|χ⟩, |Λ⟩, ...) = 0

∣∣∣∣∣∣∣∣
Qc - for 1-st class constraints without holonomic ones with auxiliary �elds on 2 stage
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BRST approach with incomplete Qc for HS �elds on R1,d−1

Talk devoted to (o�-shell) covariant general Lagrangian (cubic: gψ
Aµ(s1)
1 ψ

Aν(s2)
2 ϕ

ρ(s3)
3 )

vertices for irreducible HS �elds on R1,d−1. We developed a concept of deformation
Noether's procedure of free GTh on a base of BRST-BFV ≡ BRST (Becchi, Rouett,
Stora, Tyutin, 1975) approach with incomplete BRST operator & holonomic constraints.

particle (m, s) :
(
∂2+m2, ∂µ1 , ηµ1µ2

)
ϕµ(s) = (0, 0, 0) ⇐⇒(

l0, l1, l11, g0 − d/2
)
|ϕ⟩ = (0, 0, 0, s)|ϕ⟩.

diag ηµν = (+,−, ...,−), String-like vector |ϕ⟩ ∈ H, operators l0, l1, l11, g0 are:

|ϕ⟩ =
∑
s≥0

ıs

s!
ϕµ(s)

s∏
i=1

a+µi
|0⟩, [aν , a

+
µ ] = −ηµν ,(

l0, l1, l11, g0
)
=

(
∂ν∂ν+m

2, −ıaν∂ν , 1
2
aµaµ,− 1

2

{
a+µ , a

µ
})
.

complete

Q = η0l0 + η+1 ľ1 + ľ+1 η1 + ıη+1 η1P0 + η+11L̂11 + L̂+
11η11 ≡

incomplete

Qc +Tr,∣∣∣∣∣∣S0|s[|χc⟩] =
∫
dη0s⟨χc|Qc|χc⟩s ∼

∫
ddxϕµ(s)

[
(∂2+m2)ϕµ(s) + ϕ1µ(s−1)+ ...

]
, δ|χc⟩s=Qc|Λc⟩s

L11

(
|χc⟩, |Λ0

c⟩
)
=

(
l11 − 1/2d2 + η1P1

)(
|χc⟩, |Λ0

c⟩
)
= (0, 0), c l11 = 1/2aµaµ

∣∣∣∣∣∣ ,(
|χc⟩s, |Λ0

c⟩s
)

=
(
|Φ⟩s − P+

1

{
η0|Φ1⟩s−1 + η+1 |Φ2⟩s−2

}
, P+

1 |Ξ⟩si−1

)
;
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BRST approach with incomplete Qc for integer HS �elds on R1,d−1

{η0,P0} = ı, {η1,P+
1 } = {η

+
1 ,P1} = 1.

Note, o�-shell holonomic constraints in BRST approach: (Barnich, Grigoriev,
Semikhatov, Tipunin 2004
Generating equations for LF with Qc for irreducible HS �eld:∣∣[Qc,L11] = 0, [Qc, σc] = 0, [L11, σc] = 2L11

∣∣
with |Φ...⟩... ≡ |Φ(a+, d+)...⟩...: . |Φ⟩s|(d+=0) = |ϕ⟩s

Resolution of traceless constraint and algebraic EoM ⇒ LF with single vector with s− 1
auxiliary �elds

Sm
C|s (ϕ, ...) = s⟨Φ

∣∣ (l0 − ľ+1 ľ1 − (ľ+1 )
2 ľ11 − ľ+11 ľ

2
1 − ľ+11(l0 + ľ1 ľ

+
1 )ľ11

) ∣∣Φ⟩s,
δ
∣∣Φ⟩s = ľ+1 |Ξ⟩s−1 and ľ11

(
ľ11|Φ⟩, |Ξ⟩

)
= (0, 0),

LF has smooth massless limit for m = d(+) = 0 resulting to Fronsdal f. (1978) (0, s)

LC|(s)(ϕ) = (−1)sϕ(ν)s
[{
∂2ϕ(ν)s − s∂νs∂

µϕ(ν)s−1µ+ s(s− 1)∂νs∂νs−1ϕ(ν)s−2µ
µ
}
(5)

− 1
2
s(s− 1)ηνsνs−1

{
∂2ϕ(ν)s−2µ

µ + 1
2
(s− 2)∂νs−2∂

ρϕ(ν)s−3ρµ
µ
}]
,

δϕ(µ)s = −
s∑

i=1

∂µiϵµ1...µi−1µi+1...µs , ηµ1µ2ϵ
(µ)s−1 = ϕ(µ)s−4µν

µν = 0 (6)

From Sm
C|s it follows Singh-Hagen formulation for ungauge s traceless �elds with

physical
∣∣ϕ⟩s. (2023)
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BRST approach with incomplete Qc for half-integer �elds on R
1,d−1

In A. R, JHEP (2018) 1803.04678 such LF was derived

particle (0, n+ 1/2) :
(
ıγµ∂µ, γ

µ1
)
ψAµ(n) = (0, 0) ⇐⇒(

t0, t1, g0 − d/2
)
|ψ⟩ = (0, 0, n)|ψ⟩.

{γ̃µ, γ̃ν} = 2ηµν , {γ̃µ, γ̃} = 0, γ̃2 = −1, so that γµ = γ̃µγ̃,

|ψ⟩ =
∑
n≥0

ın

n!
ϕµ(n)

n∏
i=1

a+µi
|0⟩, [aν , a

+
µ ] = −ηµν ,(

t0, l0, l1, t1, g0
)
=

(
ıγ̃ν∂ν , ∂ν∂

ν ,−ıaν∂ν , γ̃νaν ,
1
2
aµaµ,− 1

2

{
a+µ , a

µ
})
.

QF |c = q0t0 + η0l0 + η+1 l1 + l+1 η1 + ı
(
η+1 η1 − q

2
0

)
P0, [q0, p0] = ı{

T1,L11

}
=

{
t1 − ıη1p0 − 2q0P1, l11 + η1P1

}
,

σ̂c = g0 + η+1 P1 − η1P+
1

Generating equations for LF with QF |c for irreducible HS �eld:

[QF |c, T1] = 0, [QF |c, σc] = 0, [T1, σc] = T1
The second order EoM for �eld vector

QF |c|χ0
c⟩n = 0, δ|χ0

c⟩n = QF |c|Λc⟩n, T1
(
|χ0

c⟩n, |Λc⟩n
)
= 0,
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BRST approach with Qc for half-integer HS �eld on R1,d−1

The corresponding BRST-like second order constrained gauge-invariant action

S(2)

C|n =

∫
dη0n⟨χ̃0

c |QF |c|χ0
c⟩n, |χ0

c⟩n = |χ0
0|c⟩n + q0|χ1

0|c⟩n + η0γ̃|χ0
1|c⟩n,

|χ0
0|c⟩n = |Ψ⟩n + η+1 P

+
1 |χ⟩n−2, |χ1

0|c⟩n = P+
1 γ̃|χ1⟩n−1 =,

|Λ0|c⟩n = P+
1 |ξ⟩n−1,

Note, there exists triplet �rst order LF, which equivalent to Fang-Fronsdal LF, 1978

LC|(n)(Ψ) = (−1)nΨ(ν)n
{
− ıγµ∂µΨ(ν)n+

1
4
n(n− 1)ηνn−1νn(ıγ

µ∂µ)Ψ(ν)n−2µ
µ (7)

− n
(
γνn(ıγ

µ∂µ)γ
µn − (ı∂νn)γ

µn − (ı∂µn)γνn

)
Ψ(ν)n−1µn

− 1
2
n(n− 1)

(
γνn−1(ı∂νn)η

µn−1µn + ηνn−1νnγ
µn−1(ı∂µn)

)
Ψ(ν)n−2µn−1µn

}
,

δΨ(µ)n = −
n∑

i=1

∂µiξµ1...µi−1µi+1...µn , γµ1ξ
(µ)n−1 = γµ1γµ2γµ3Ψ

(µ)n = 0 (8)

An equivalence of the LFs with incomplete & complete BRST operators for any irrep

with (half)integer spin on R1,d−1 is (cohomologically) established in A. R, JHEP

(2018) 1803.04678, but for interacting theory of the same HS �elds it has not yet

been solved.
A. Reshetnyak (Tomsk) Covariant Cubic Vertices (F-F-B) LOMONOSOV-2025, Moscow12 / 18



Deformation procedure with Qc for interacting higher-spin �elds

Aim is to �nd covariant form of cubic vertex for massless fermionic
(n1 + 1/2), (n2 + 1/2) and 1 bosonic s3 �elds.

∣∣V (3)⟩(0)3(s)3
∈ H(1) ⊗H(2) ⊗H(3) found

in light-cone [R. Metsaev, 2007] with preserving the irreducibility for the �elds on the
interacting level for each copy of interacting HS �elds. ( i = 1, 2, 3 enumerating the
copy of �elds, for massless (m)3 = (0, 0, 0) and spins (s)3 = (n1 + 1/2, n2 + 1/2, s3))
Cubic vertex for HS �elds (n1 + 1/2, n2 + 1/2, s3) within BRST approach with
incomplete Qc includes 2 copies of vectors for fermionic |χ(i)⟩ni , |Λ(i)⟩ni , and 1

bosonic |χ(3)
B ⟩s3 , |Λ

(3)
B ⟩s3 with |0⟩i, |0⟩3 and oscillators a(i)µ+..., i = 1, 2, ....

Deformed (in second order formalism) action and gauge transformations (n3 ≡ s3)

S[1]|C|(s)3 [χ
(1), χ(2), χ

(3)
B ] =

2∑
i=1

S(2)

0|C|ni
+ S0|C|s3 + g

∫ 3∏
e=1

dη
(e)
0

(
ne⟨χ

(e)
∣∣V (3)⟩(s)3+ h.c.

)
,

δ[1]
∣∣χ(i)⟩ni = Q

(i)

F |c

∣∣Λ(i)⟩ni − g
∫ 2∏

e=1

dη
(i+e)
0

(
ni+1⟨Λ

(i+1)
∣∣
ni+2⟨χ

(i+2)
∣∣

+(i+ 1↔ i+ 2)
)∣∣Ṽ (3)⟩(s)3 ,

δ[1]
∣∣χ(3)

B ⟩s3 = Q(3)
c

∣∣Λ(3)1⟩s3 − g
∫ 2∏

e=1

dη
(e)
0

(
n1⟨Λ

(1)
∣∣
n2⟨χ

(2)
∣∣

+ (1↔ 2)
)∣∣V̂ (3)⟩(s)3

with unknown
∣∣V (3)⟩(s)3 ,

∣∣Ṽ (3)⟩(s)3 ,
∣∣V̂ (3)⟩(s)3 .
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Including interaction through systems of equations for cubic vertices

obeying x-locality∣∣V (3)⟩(s)3 =
3∏

i=2

δ(d)
(
x1 − xi

)
V

(3)
(s)3

(a(i)+, η(i)+,P(i)+)

3∏
j=1

η
(j)
0 |0⟩, |0⟩ ≡ ⊗

3
e=1|0⟩e, [i+ 3 ≃ i]

Proposition 1 (generating equations for cubic vertices )

The Noether identities for the cubic deformation (Ψ(1)Ψ(2)Φ(3)) of LF for the particles
(mi, si), i = 1, 2, 3

g1 : δ0S1|(s)3 + δ1
∑3

i=1 S0|si = 0,

transforms to the local system of equations, which for coinciding Ṽ (3) = V̂ (3) = V (3)

has universal form∣∣∣(Qtot
c , T (a)

1 , L(3)
11 , σ

(j)
c − d−2

2

)∣∣V (3)⟩(s)3 = (⃗0, nj).
∣∣∣ , Qtot

c =

2∑
k=1

Q
(k)

F |c +Q(3)
c · 12[d/2]

Thus, the vertex should be BRST-closed, traceless and gamma-traceless and composed

from a
(i)+
µ , η

(i)+
1 ,P(i)+

1 ,P(i)
0 , q

(a)
0 , p

(a)
0 , a = 1, 2 of spin (n1 + 1/2, n2 + 1/2, s3)

A. Reshetnyak (Tomsk) Covariant Cubic Vertices (F-F-B) LOMONOSOV-2025, Moscow14 / 18



General solution of BRST equations for cubic vertices for HS �elds
of helicities (n1 + 1/2, n2 + 1/2, s3)

We derive 2 types of the cubic vertices in the approach with Qc, in following di�erent
cases:

(0, n1 + 1/2) � (0, n2 + 1/2)�(0, λ3) A.R, (2025) & in progress ;

(0, n1 + 1/2) � (0, n2 + 1/2) �(m3, s3)

(0, n1 + 1/2) � (m2, n2 + 1/2) � (0, λ3)

(0, n1 + 1/2) � (m2, n2 + 1/2) � (m3, s3)

|V (3)⟩(0,m2,m3)

(n1,n2,s3)
≡

(
m2, n2 + 1/2

)
(
0, n1 + 1/2

)

(
m3, s3

)+ . . . . . .

;
and derive from light-cone (cubic) vertices for irreducible reps of ISO(1, d− 1)

(Metsaev 2012) the covariant ones
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General solution for cubic vertices massless HS �elds of helicities
(n1 + 1/2, n2 + 1/2, s3)

seek Qtot
c -BRST - closed solution,∣∣V (3)⟩ ∼ Zp ∑∏3

i (L
(i))ki of speci�c homogeneous in oscillators (linear in ∂µ) operators

(1), Qtot-BRST- closed monomials L(i), i = 1, 2, 3 and 3-rd order Z

L(i) = (p(i+1)
µ − p(i+2)

µ )a(i)µ+ − ı
(
P(i+1)
0 − P(i+2)

0

)
η
(i)+
1 , p(i)µ = −i∂(i)µ

deg(a+,η+)L
(i) = 1: L(1)ψ

(1)

µ(n1)
ψ

(2)

ν(n2)
ϕ
(3)

ρ(s3)
7→ ψ

(1)

µ(n1−1)µ∂
µψ

(2)

ν(n2)
ϕ
(3)

ρ(s3)
,

(2)

Z = L
(12)+
11 L(3) + L

(23)+
11 L(1) + L

(31)+
11 L(2)

L
(ii+1)+
11 = a(i)µ+a(i+1)+

µ − 1

2
P(i)+

1 η
(i+1)+
1 − 1

2
P(i+1)+

1 η
(i)+
1 .

deg(a+,η+)Z = 3: Zψ
(1)

µ(n1)
ψ

(2)

ν(n2)
ϕ
(3)

ρ(s3)
7→ψ

(1)

µ(n1−1)µ∂
ρψ

(2)

ν(n2−1)
µϕ

(3)

ρ(s3−1)ρ+c.c.(1, 2, 3)

(3)

K(12) = γ̃µp̂(3)µ − ıq
(1)
0

[
P(3)

0 − P(2)
0 − 3P(1)

0

]
+ ıq

(2)
0

[
P(3)

0 − P(1)
0 − 3P(2)

0

]
,

F =
(
L(3) − 1

2

[
K(12), T (3)

1

]
s

)
, where

T (3)
1 =

(
1− ı

[
q
(2)
0 p

(1)
0 + q

(2)
0 p

(1)
0

])
γ̃µa+(3)

µ + ı
(
p
(1)
0 + p

(2)
0

)
η
(3)+
1 − 2P(3)+

1

(
q
(1)
0 + q

(2)
0

)
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General covariant solutions for the cubic vertices

to get them we have used momenta conservation law,
∑3

i=1 p
(i)
µ = 0

|V (3)⟩(0,0,0)(n1,n2,s3)
≡

(
0, n2 + 1/2

)
(
0, n1 + 1/2

)

(
0, s3

)+ . . . . . .

;

K-vertex in SM (12 ,
1
2 , 0): (ψ,ψ, φ)

V
M(3)
K|(s)3 = K(12)

∑
k

Z
1
2
(s−k+1)

3∏
i=1

(L(i))ni− 1
2
(s−k+1);

F-vertex in SM (12 ,
1
2 , 1): (ψ,ψ, γ

µAµ)

V
M(3)
F |(s)3 = F

∑
k

Z
1
2
(s−k)(L(3))−1

3∏
i=1

(L(i))ni− 1
2
(s−k)

k-parametric family,e.g. for K-vertex: s− 2smin + 1 ≤ k ≤ s+ 1, s =
∑
si
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Conclusion

BRST approachs with incomplete BRST operator for irreducible interacting HS
�elds (in second order approximation) is developed) for Lagrangian covariant cubic
vertices with massless fermionic and bosonic irreducible �elds in Minkowski spaces;

What to do? - one should to reduce the interacting theory into �rst order (for free
fermionic part) formalism, which for d = 4 may be e�ectively done in spinor
formalism (I.Buchbinder, A.Isaev, V. Krykhtin, S. Fedoruk, 2019-2025);

examples of cubic vertices for lower spins ( 3
2
, 3
2
, 1), ... and quantization procedure?

Welcome for collaborations.

Thank you very much
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