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Wigner-Bargmann classification (1939, 1948) of UIRs I.SO(1,d — 1) is characterized by
[(d+ 1)/2] Casimirs (A.P. Isaev)

1. P2=m? W? = —m?s(s + 1) - massive Unitary irrep (UIR) with (half)integer spin;
2a. P2 =0,W? =0, W* = AP* - massless helicity UIR;

2b. P2 =0,W? = 1? - massless continuous spin UIR;
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Lower Spin refers to consistent classical field theories (s < 2)
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Higher Spin (HS) stands for problematic construction (s > 2)
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BRST approach with complete Q for HS fields on R4~!

We consider theory of higher spin (HS) (m = 0 & m # 0) fields as natural candidates
for possible new particles: matter (s = n + 1/2); interactions (s = n); for DM & DE
HS fields related to (Super)SFT (E. Witten, 1986) and revealed at HE after Big Bang
due to tensionless limit : = for string BRST operator Q (d = 26, 10) for

(o/ — 00): (G.Bonelli (2003), A. Sagnotti, M. Tsulaia, (2004)) now (Vd).
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=—=Q — Q. :{oojmany HS fields ¢,(x),..,Pu)(7) in string spectra

There are 100's results on free dynamics for HS fields, and 10’s on cubic and n— rtic
interactions for HS fields on Minkowski and AdS spaces To derive it many approaches
exist for free and interacting dynamics dividing on metric-like, frame-like (Lorentz
frame) formulations; superfield approach

E. Wigner, M. Fierz, W. Pauli; V. Ginzburg; E.Fradkin; L.Singh, C.Hagen, C. Fronsdall,
J.Fang, M. Vasiliev, R. Metsaev, Labastida. Yu. Zinoviev, D. Francia, M. Taronna, R.
Manvelyan, Joung, K. Mkrtchyan, E. Ivanov, |.Buchbinder, A.Pashnev, V.Krykhtin
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AKSZ model (Alexandrov.Kontsevich, Schwarz, Zaboronsky 1997
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Cubic interacting vertex

Known results on cubic vertices

@ metric formalism F. Berends, J. Van Reisen, NPB164 (1980), Berends, G. Burgers,
H Van Dam, Nucl. Phys. B271 (1986); A. K. H. Bengtsson, |. 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;
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(2021), arXiv:2103.08231;

@ (half)integer spin for ISO(1,d — 1) in the light-cone R.R. Metsaev, NPB 759
(2006) hep-th/0512342, NPB 859 (2012) [arXiv:0712.3526[hep-th]]; 4d
[arXiv:2206.13268[hep-th]] ;

@ within (with algebraic constraints, cov.) BRST approach with incomplete BRST
operator (or constrained BRST approach) for integer spins -R.R. Metsaev, (2013);

A. Reshetnyak (Tomsk) Covariant Consistent Cubic Vertices Fradkin Conference, Moscow 4 /35



Cubic interacting vertex

Known results on cubic vertices

@ metric formalism F. Berends, J. Van Reisen, NPB164 (1980), Berends, G. Burgers,
H Van Dam, Nucl. Phys. B271 (1986); A. K. H. Bengtsson, |. 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;

@ (half)integer spin for ISO(1,d — 1) in the light-cone R.R. Metsaev, NPB 759
(2006) hep-th/0512342, NPB 859 (2012) [arXiv:0712.3526[hep-th]]; 4d
[arXiv:2206.13268[hep-th]] ;

@ within (with algebraic constraints, cov.) BRST approach with incomplete BRST
operator (or constrained BRST approach) for integer spins -R.R. Metsaev, (2013);

@ first, in BRST approach for reducible reprs I.SO(1,d — 1), SO(2,d — 1)
I.L Buchbinder, A. Fotopoulos, A. Petkou, M. Tsulaia, PRD 74 (2006) 105018,
[arXiv:hep-th/0609082];

@ in frame-like approach M. Vasiliev, Cubic Vertices for Symmetric higher spin
Gauge Fields in (A)dS,, NPB 862 (2012) 341 , arXiv:1108.5921[hep-th]
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@ Cub. vertex in BRST approach with (in)complete Q. for irrep HS fields not found
- __________________________________________________________________________________________¢
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@ Interaction vertices in the gauge theories: deformation procedure

o Differences of BRST approaches with complete @2 and incomplete Q.
BRST operators to Lagrangians for free HS fields on RL4~1;

e BRST-BV approach with complete BRST operator to Lagrangians for
free HS fields on R4 1;

@ Deformation BRST-BV procedure for interacting higher-spin fields;

@ General solution of BRST-BV equations for cubic vertices for
unconstrained of helicities A1, Ao, A3 HS fields

© BRST-closed linear on oscillators operators /.Z,(fi);
@ BRST-closed cubic on oscillators operators Z;

© BRST-closed trace operators U;fi);
@ Cubic vertex for massless HS fields with helicities (0,0, s);

@ General solution of BRST-BV equations for cubic vertices (0, A1) —
(0, A2) =(m, s3)
@ Cubic vertex for irreducible fields within BRST with incomplete Q.
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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 1 -stage reducibility in de Witt condensed notations

So[A] — classical action of fields Ai,i =1,..,n, E(Ai) =g, =0,
8080 = 0, 80A’ = R4, &%, ap = 1,..., mo, =>

— )
(9iSoR0’;0 =0 (5((30)5060 = Zoﬁ‘fg‘“ tap =1, ...,m < mo,
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Interaction vertices in the gauge theories: deformation procedure

Noether’s identities as system in powers of g from 0%.S;,; = 0:
gl : 0051 + (51?0 =0, (1)
k
92 : 0052 + 0151 + 52?0 =0, go = Z Sép)

p=1
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BRST-BFV approach with complete @ for HS fields

In BRST-BFV approach developed (S. Ouvry, J. Stern, A. Bengtsson, A. Pashnev,

M. Tsulaia, I. Buchbinder, V. Krykhtin, A.R.)

instead of direct problem for generalized canonical quantization of ConstDS by the aim
inverse problem - is an construction of Gl LF for HS fields with (m, s)

irrep conditions Eil (super)algebra{os(z)} : H
ISO(1,d-1), SO(2,d-1)[ "|[or, 00} = fE (0)or + Aub(go)

v
i}
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BFV

BRST t :Q'(:
I.B.,E.Fradkin, G.V., M.Henneaux RST operator {OI} Q (I)

Q' =C'0; + SC'CYFyPk + more
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instead of direct problem for generalized canonical quantization of ConstDS by the aim
inverse problem - is an construction of Gl LF for HS fields with (m, s)

irrep conditions Eil (super)algebra{os(z)} : H
ISO(1,d-1), SO(2,d-1)[ "|[or, 00} = fE (0)or + Aub(go)

v
i}

conversion O[ — o; + ()/I . H ®H/
E. Fradkin, A.Pashnev, I.Buchbinder, A.R.
[OI'/ O]} - FII‘(](O/7 O)OK

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

BRST operator {O;}:Q'(z)
Q' =C'0; + SC'CYFyPk + more

Q" =Q+ (9o + h+more)Cy + ... : Q|5xy=0 = 0
wr_ |mass-shell : Q|x) = 0,gh(]x)) = 0 = action: S = [dno(x|KQ|x)
spin: (g0 + more)(1x), 1A, ) = —h(1x), IA), )
gauge symnetry: 0lx) = QIA),d]A) = QIAL), .

Q - for the 1-st class constraints {On} C {O;r} without invertable go. on 2-3 stages

appears gauge and Stuekelberg fields
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BRST approach with complete Q for HS fields on R?~!

Talk devoted to (off-shell) covariant general Lagrangian (cubic: got' ™" ¢4 (*2) p2(+3))
vertices for irreducible HS fields on R~ (AdS,). We developed a concept of
deformation Noether's procedure of free GTh on a base of BRST-BFV = BRST &

BRST-BV approaches with complete BRST operator (J.Buchbinder, A.Pashnev,
M.Tsulaia, V.Kryhktin, A.R. 1998-2023).
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BRST approach with complete Q for HS fields on R4~!

Talk devoted to (off-shell) covariant general Lagrangian (cubic: got' ™" ¢4 (*2) p2(+3))
vertices for irreducible HS fields on R~ (AdS,). We developed a concept of
deformation Noether's procedure of free GTh on a base of BRST-BFV = BRST &

BRST-BV approaches with complete BRST operator (J.Buchbinder, A.Pashnev,
M.Tsulaia, V.Kryhktin, A.R. 1998-2023).

particle (m,s) : (0”8,,—1—7712, ot 77”1”2)¢H(S) = (0,0,0)
(l(], ll, llﬁl-, go — d/2)‘qb> = (0,0,07 é)‘d))
(+,—, ..., —), String-like vector |¢) € H, operators lo, l1, l11, go are:

?2° s -
) = > 50" [T a0}, lav. @) = =,
: =1

s>0

—

diagn"” =

(lo, I, l11,90) = (8”8V+m2, —1a" 0y, ta*a,, —1{a}, a"}).
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BRST approach with complete Q for HS fields on R4~!

Talk devoted to (off-shell) covariant general Lagrangian (cubic: got' ™" ¢4 (*2) p2(+3))
vertices for irreducible HS fields on R~ (AdS,). We developed a concept of
deformation Noether's procedure of free GTh on a base of BRST-BFV = BRST &

BRST-BV approaches with complete BRST operator (J.Buchbinder, A.Pashnev
M.Tsulaia, V.Kryhktin, A.R. 1998-2023).

particle (m,s) : (0”8,,—1—771 o', ") ¢,y = (0,0,0)
(l(]v lla llﬁh go — d/2) ‘¢> = (07 Oa 07 é)‘d))
diagn*” = (+, —, ..., —), String-like vector |¢) € H, operators lo, 1, l11, go are:

|6) = ZS,W‘S’Ha*IO [av, 4] = =N,

s>0

—

(lo, I, l11,90) = (9" Ay +m?, —1a"d,, tatau, —i{a}, a"}).

complete - - —~ —~ incomplete
=mnolo +nf Iy + m + i mPo+ni L+ L = Qe +T,
2 2 _
Q=0 @ |0(|X)S,IA> )=o =0

Sotl6, 61,1 = So10:] = [ dm (K@) 6(10ss 18).) = Q1)+, [47):)

with trace En dual) L, selecting ISO(1,d — 1) irreps with integer s spin operator o'
A. Reshetnyak (Tomsk)

Fradk}n Conference, Moscow 9 /35
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BRST approach with complete Q for free HS fields on R4~!

Q =nolo + 0l + [T + L + Lma + mi mPo
{7707,P0} =1 {nhtpi‘_} = {ﬁr,Pl} = {7]11,73;'_1} = {nrlv,Pll} = 1.
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BRST approach with complete Q for free HS fields on R4~!

Q = nolo + il + Iy m +nf Lux + Ly + mi mPo
{no,Po} =1, {nm,Pi}={n{,Pi}={m,Ph}={n,Put =1
extended trace constraints
(lev Eﬁ) = (Lus +mPr, Liy +Pin). (5)
Lin =l + Wb+ h)b—1/2d°, LT, =1, + b —1/2d">
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BRST approach with complete Q for free HS fields on R14~!

Q = nolo + il + Iy m +nf Lux + Ly + mi mPo
{no;Po} =2 {m, P} ={n",Pri}={mi, P} = {n{,,Pu} =1
extended trace constraints
(Eu., Eﬁ) (Lir +mPy, L, +Pinf). (5)
Lin =l + Wb+ h)b—1/2d°, LT, =1, + b —1/2d">
Algebra of Iy J1=11+md, fi" = li*' +md", L1, Lll, Go:
o, {71 =0, [1,[{]=10 and [Li1, L] = Go, [Go, Lf;] = 2L,
[, L] = =1, [h,Gol=h
with extended number particle operators
Go=go+2bTb+d*d+h, (b, b",d,d"): [b,b"]=1[d,d"]=1

- auxiliary conversion oscillators generating auxiliary Fock space H'. conversion
parameter i = h(s) = —s — 9. for Verma module for so(1,2)
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BRST approach with complete Q for free HS fields on R14~!

Q = nolo + il + Iy m +nf Lux + Ly + mi mPo
{no;Po} =2 {m, P} ={n",Pri}={mi, P} = {n{,,Pu} =1
extended trace constraints
(Eu., Eﬁ) (Lir +mPy, L, +Pinf). (5)
Lin =l + Wb+ h)b—1/2d°, LT, =1, + b —1/2d">
Algebra of Iy J1=11+md, fi" = li*' +md", L1, Lll, Go:
o, {71 =0, [1,[{]=10 and [Li1, L] = Go, [Go, Lf;] = 2L,
[, L] = =1, [h,Gol=h
with extended number particle operators
Go=go+2bTb+d*d+h, (b, b",d,d"): [b,b"]=1[d,d"]=1

- auxiliary conversion oscillators generating auxiliary Fock space H'. conversion
parameter i = h(s) = —s — 9. for Verma module for so(1,2) spin operator o:

o =Go+nPr—mPy +20n,Pu—nuPfh), a(lx)s, [A)s, [AY)s) =

A. Reshetnyak (Tomsk) Covariant Consistent Cubic Vertices Fradkin Conference, Moscow 10 /35



BRST approach with complete BRST operator to Lagrangians for

HS fields on R1:4-1

a(1x)s, [A)s, [AT)s) = (0,0,0), (@)

with periodic Z2 € and decreasing Z ghu (0,0), (1,—1), (0, —2) respectively.
All operators act in total Hilbert space Hiot = H ® Hgn, @ H' with inner pr.

<XW’> :/dd$<O|X*(a:b§7717731’7711:7311)7/1(a+7b+§77;—a77f_7771~_1apf_1)|0>-
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BRST approach with complete BRST operator to Lagrangians for

HS fields on R1:4-1

a(1x)s, [A)s, [AT)s) = (0,0,0), (@)

with periodic Z2 € and decreasing Z ghu (0,0), (1,—1), (0, —2) respectively.
All operators act in total Hilbert space Hiot = H ® Hgn, @ H' with inner pr.

<XW’> :/dd$<O|X*(a:b§7717731’7711:7311)7/1(a+7b+§77;—a77f_7771~_1apf_1)|0>-

Operators @, o supercommute and Hermitian (e.g. I.L. Buchbinder, A. Pashnev,
M. Tsulaia, PLB (2001), I. Buchbinder, A. R., NPB (2012) arXiv:1110.5044)

Q* = niimo, @, 0} =0; (8)
Q70" K = K(Q,0), K = Z )"[0)(0[b" H(i + h(s)),
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BRST approach with complete BRST operator to Lagrangians for

HS fields on R1:4-1

a(1x)s, [A)s, [AT)s) = (0,0,0), (@)

with periodic Z2 € and decreasing Z ghu (0,0), (1,—1), (0, —2) respectively.
All operators act in total Hilbert space Hiot = H ® Hgn, @ H' with inner pr.

<XW’> :/dd$<O|X*(a:b§7717731’7711:7311)7/1(a+7b+§77;—a77f_7771~_17p1+1)|0>-

Operators @, o supercommute and Hermitian (e.g. I.L. Buchbinder, A. Pashnev,
M. Tsulaia, PLB (2001), I. Buchbinder, A. R., NPB (2012) arXiv:1110.5044)

Q2 = 7];177110'7 [Q? U} = O (8)
n—1
(QF,0")K = K(Q,0), K= Z )" [0)0[b™ TT (0 + h(s)),
=0
Field |x)s, gauge parameters |A), |[A'); (as the result of spin condition):
X)s = [@)s + i (7’1+|¢2>572 + Pl [d21)s-3 + 771+17’1+731+1|¢22>sf6) 9)

+nh (771+|¢31>573 + 731+1|¢32>sf4) + 1o (7)1+|¢1 Yoot + Pilé11)s—2
+ PP [Uﬂ¢12>s74 + 77Ir1|¢13>s75]>7

A. Reshetnyak (Tomsk) Covariant Consistent Cubic Vertices
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BRST approach with incomplete Q. for HS fields on R14~1

[A)s = P1€)om1 + Piilén)e—z + PE PR (1 JEun)s—as
+77?>1|£12>575) + 0Py Pii[€o1)s—3,

AN = PIPhIE ) ams.

with |¢. ). = [¢(a™,bT,dT). ). . [P)s| b+ —a+—0) = |#)s
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BRST approach with incomplete Q. for HS fields on R14~1

[A)s = P1€)om1 + Piilén)e—z + PE PR (1 JEun)s—as

+171+1|§12>S,5) + 0Py Pri[€o1)s—3,
A%)s = PLPLIE s,

with |¢> = |¢(a+7b+7d+)-~->m: . |q)>8|(b+:d+20) = |¢>é
After gauge-fixing procedure for Sp|s[|x)s] it follows LF in the single vector form with
s — 1 auxiliary fields

SCis (8,.) = (@] (lo = I Ty — (IF)* T — T = Ty (lo + 1Y)l ) | @),

§|®)s = I[E)s—1 and 1 ((a]®@), |E)) = (0,0),
LF has smooth massless limit for m = d*) = 0 resulting to Fronsdal formulation (1978)
in the form of single field ’¢>s = |<I>>s|d+:0 with (0, s).

From 87, it follows Singh-Hagen formulation for ungauge s traceless fields with
physical |¢)s. (2023)
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BRST approach with incomplete Q. for HS fields on R14~1

For the approach with incomplete BRST operator Q. with off-shell
holonomic constraints (Barnich, Grigoriev, Semikhatov, Tipunin 2004;
Alkalaev, Grigoriev, Tipunin, 2008) & R.Metsaev, PLB (2013) The

Lagrangian formulation (LF) is irreducible GTh for HS field (m = (#)0, s)
includes trace condition (l11|¢)s = 0) in the form of BRST-extended constraint £11
([Qec, £11] = 0, [Qc, 0] = 0) imposed on |x.), |A2)
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BRST approach with incomplete Q. for HS fields on R14~1

For the approach with incomplete BRST operator Q. with off-shell
holonomic constraints (Barnich, Grigoriev, Semikhatov, Tipunin 2004;
Alkalaev, Grigoriev, Tipunin, 2008) & R.Metsaev, PLB (2013) The

Lagrangian formulation (LF) is irreducible GTh for HS field (m = (#)0, s)
includes trace condition (l11|¢)s = 0) in the form of BRST-extended constraint £11
([Qec, £11] = 0, [Qc, 0] = 0) imposed on |x.), |A2)

Sojsllxe)] = [ dnos(xelQelxe)s,  dlxe)s = QelAc)s,
L (Pxe) 1A) = (10 = 128 + mPr) (Ixe) [AD) = (0.0), ¢ b =1/2a"a,

(Ixehss 1A2)) = (19)s = P {mol1)sm1 + 0 1@2)s-2}, P IE)i1);
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BRST approach with incomplete Q. for HS fields on R14~1

For the approach with incomplete BRST operator Q. with off-shell
holonomic constraints (Barnich, Grigoriev, Semikhatov, Tipunin 2004;
Alkalaev, Grigoriev, Tipunin, 2008) & R.Metsaev, PLB (2013) The

Lagrangian formulation (LF) is irreducible GTh for HS field (m = (#)0, s)
includes trace condition (l11|¢)s = 0) in the form of BRST-extended constraint £11
([Qec, £11] = 0, [Qc, 0] = 0) imposed on |x.), |A2)

Sopsllxe)] = [ dnos(XelQelxc)s, dlxc)s = QelAe)s,
Lo (Ixe: [A2) = (= 1/2d° + Py ) (Ixe). [AD) = (0.0). € I = 1/2a"a,

(‘XC>57 ‘A?>s) = <|(I)>s - 7’1+{U0|‘1’1>s—1 + 77#‘(1)2%72}: ’Pl+|E>S,,71>§
An equivalence of the LFs with incomplete & complete BRST operators for any irrep

with discrete spin on R~ is (cohomologically) established in A. R, JHEP (2018)
1803.04678, but for interacting theory of the same HS fields it has not yet been solved.
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BRST approach with incomplete . for HS fields on R4~!

For the approach with incomplete BRST operator Q. with off-shell
holonomic constraints (Barnich, Grigoriev, Semikhatov, Tipunin 2004;
Alkalaev, Grigoriev, Tipunin, 2008) & R.Metsaev, PLB (2013) The

Lagrangian formulation (LF) is irreducible GTh for HS field (m = (#)0, s)
includes trace condition (l11|¢)s = 0) in the form of BRST-extended constraint £11
([Qec, £11] = 0, [Qc, 0] = 0) imposed on |x.), |A2)

Sopsllxe)] = [ dnos(XelQelxc)s, dlxc)s = QelAe)s,
Lo (Ixe: [A2) = (= 1/2d° + Py ) (Ixe). [AD) = (0.0). € I = 1/2a"a,

(‘Xc>s; ‘A?>s) = <|‘I’>s - 7)1+{’UO|‘I’1>571 + "7#“1’2%—2}, P#‘Eﬂﬁl);

An equivalence of the LFs with incomplete & complete BRST operators for any irrep
with discrete spin on R~ is (cohomologically) established in A. R, JHEP (2018)
1803.04678, but for interacting theory of the same HS fields it has not yet been solved.
Aim is to present deformation procedure (DP):

1. of LF within BRST approach with complete @ for interacting TS
HS fields with integer spins s1, so, ..., Sk}

2. DP within recently proposed BRST-BV approach for minimal
BRST-BV action, encoding gauge algebra; starting from free GTh
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BRST-BV approach with incomplete Q. for HS fields on R"~!

To develop DP we work with BRST & BRST-BV procedures with
incomplete BRST Q. with off-shell holonomic constraints

BRST-BV :SO|SHX9|C>] = \/ d7]08<Xg\c|QC|Xg\C>S

- SO|SHXC>} + f dﬂ05(<Xz\§>0|c\X>s + h.C.), L‘H‘Xg|c>s — 07
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BRST-BV approach with incomplete Q. for HS fields on R"~!

To develop DP we work with BRST & BRST-BV procedures with
incomplete BRST Q. with off-shell holonomic constraints

BRST-BV :SO|SHX9|C>] = \/ d7]08<Xg\c|QC|Xg\C>S

= Soisllxe)] + [ dnos (T oelx)s + hee.), Lulxgle)s =0,

22 22

Xgle)s = [Xmin|e)s + [Xinin[e)s = [Xe)s +1C2)s + [X5)s +1C0)si

1O atio = 1A, 1C0) = PHIC(a™,dH))so1, [C%) = nonf 10 (a*,
Slavnov generator : ?0|C(|XC>S, 1C%),) = Q.(]CY%s, 0),
BRST-like transfs :dp|Xmin|c)s = u?0|clxmin|c>s (& dual ?o\c)-
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BRST-BV approach with incomplete Q. for HS fields on R%4~1

To develop DP we work with BRST & BRST-BV procedures with
incomplete BRST Q. with off-shell holonomic constraints

BRST-BV :SO|SHX9|C>] = \/ d7]08<Xg\c|QC|Xg\C>S

= Soisllxe)] + [ dnos (T oelx)s + hee.), Lulxgle)s =0,

22 22

Xgle)s = [Xmin|e)s + [Xinin[e)s = [Xe)s +1C2)s + [X5)s +1C0)si

1O atio = 1A, 1C0) = PHIC(a™,dH))so1, [C%) = nonf 10 (a*,
Slavnov generator : ?0|C(|XC>S, 1C%),) = Q.(]CY%s, 0),
BRST-like transfs :dp|Xmin|c)s = u?0|clxmin|c>s (& dual ?o\c)-

5BSO\sHXg|c>] =0
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BRST approach with incomplete Q. for inter. HS fields on R4~!

We covariantize the cubic vertices |V(3))EZ)L;3 cHD @ HO @ HO)
found in light-cone [R. Metsaev, 2006] with preserving the
irreducibility for the fields on the interacting level for each copy of
interacting HS fields. ( i = 1,2, 3 enumerating the copy of fields,
masses (m)3 = (my, mg, m3) and spins (s)3 = (s1, 2, $3))
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BRST approach with incomplete Q. for inter. HS fields on R4~!

We covariantize the cubic vertices |V(3))EZ)L;3 cHD @ HO @ HO)
found in light-cone [R. Metsaev, 2006] with preserving the
irreducibility for the fields on the interacting level for each copy of
interacting HS fields. ( i = 1,2, 3 enumerating the copy of fields,

masses (m)3 = (my, mg, m3) and spins (s)3 = (s1, 2, $3))
As compared to the covariant form of the vertices for reducible UIRs obtained with
BRST approach with incomplete BRST operator Q). [R. Metsaev PLB (2013) ],

3
S, x®, x ) ZSOIS + Q/H dngy” (sE<X(€)!VM(3)>(s)3 + h'C-)a
e=1

Sit2 <Xgi+2)|

@ i A ite i
e, = QO —g [ TT™ (oo (A6
=1

+i+10i+2) V)0, [T, 0% L)V ™)), =0/

Inclusion into the system a (I11]|®)=0) equally with the rest differential constraints, in
order to all irrep conditions extracting the particle (m = 0, s); follow from Sp;
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BRST approach with incomplete Q. for inter. HS fields on R4~!

We covariantize the cubic vertices |V(3))EZ)L;3 cHD @ HO @ HO)
found in light-cone [R. Metsaev, 2006] with preserving the
irreducibility for the fields on the interacting level for each copy of
interacting HS fields. ( i = 1,2, 3 enumerating the copy of fields,

masses (m)3 = (my, mg, m3) and spins (s)3 = (s1, 2, $3))
As compared to the covariant form of the vertices for reducible UIRs obtained with
BRST approach with incomplete BRST operator Q). [R. Metsaev PLB (2013) ],

3
S, x®, x ) ZSOIS + Q/H dngy” (sE<X(€)!VM(3)>(s)3 + h'C-)a
e=1

Sit2 <Xgi+2)|

@ i A ite i
e, = QO —g [ TT™ (oo (A6
=1

+i+10i+2) V)0, [T, 0% L)V ™)), =0/

Inclusion into the system a (I11]|®)=0) equally with the rest differential constraints, in
order to all irrep conditions extracting the particle (m = 0, s); follow from Sp;

the interacting theory with complete @ leads to new contributions to the vertex with
additional terms with fewer space-time derivatives of fields, also with multiple traces.
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BRST approach with complete Q for HS fields on R4~!

Dynamic of free field of helicity (spin) s is determined in the extended configuration
spave with Gl action by ¢, and auxiliary fields ¢1,,(s—1), ... All of them are included

in |x)s described A. Pashnev, M. Tsulaia, MPLA (1998); I. Buchbinder, A. R., NPB
2012, [arXiv:1110.5044]

So1l6,01,-0] = Sar 0] = [ dm. (K@l
So|s[|x)s] invariant w,r.t. reducible gauge transforms
3lx)s = QIA)s, 8JA)s = QIAY)s, 8|AT). =0.

with |A),, |A')s gauge parameter vectors of 0- & 1-levels in Abelian gauge transforms .

A. Reshetnyak (Tomsk)

Covariant Consistent Cubic Vertices

Fradkin Conference, Moscow 16 /35



Including interaction through systems of equations for cubic vertices

Cubic vertex for HS fields (s1,s2,s3) within BRST approach includes 3 copies of vectors
IX)e,, [AD)S,, JADY with |0)* and oscillators VT, i =1,2,3.
Deformed action and gauge transformations

Sji(s)s [X W X ZSO|S JrJ/Hdn( ) N )K((’)}V(d) +h.(;.>,
o x)s, = QWA /Hdn““ oo (ACFVR D | 42 g i2))
. . (3)
+(’L+1<—>’L+2) ’V ><S)3,
2
S| ADY,, = Q<z)’A(z>1>Si - g/ HdnéHE) (sHl(A(iH)lK(ZH)}sHQ (D )
. . ’\<3)
+(’L+1<—>’L+2))|V >(s)3
with unknown |V<3>)(S)3, |1~/(3)>(s)3, {‘7(3))(5)3. obeying x-locality

3 3
V), = H 8 (zy —z) VO T 0§10), 10) = @2110)°,  [i+3~1]

j=1
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Including interaction through systems of equations for cubic vertices

Proposition 1 (generating equations for cubic vertices )

The Noether identities for the cubic deformation (®2) of LF for the particles (m;, s:),
i=1,2,3

g': 60Su(s); + 01 5_; Sojs; =0,
g': (550)50|X(i)>51 + 5(<)O>51’X(i)>sz’) |35[1]=0 =0,

transforms to the local system of equations:
Q(Vg, V:S) _ Z Q(kr)!v(3)>(s)3 + Q(j) <‘V(3)>(s)3 . |V<3>>(s)3> =0, j=1,23.
k=1
QV*, V%) = QUIAV) (), = 0,5 =1,2,3.
which for coinciding vertexes V) = V3 = V® has universal form

i(QM’ TNV, =0, Q=3 Q"

T
k=1

Thus. the vertex should be BRST-closed and composed from
afj”‘,b“”,d“”,n“”,?“” of spin (s1, 52, 83)
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BRST-BV approach with complete Q for free HS fields on R4~!

To formulate BRST-BV action in minimal sector (AKSZ model) -> configuration space
Mmln {®4,, = (A", 0, C*1)} with classical A°, Oth and 1-st-level ghost fields
C*0,C*1, (in condensed notations) and their antifields {®% i, = (Ai,C:;O,C;l)}
organized into respective Fock space vectors |C%)s, |C1)s, |x*)s, |C*%)s, |C*)s

Proposition 2 (BRST-BV minimal action)

The BRST-BV minimal action for the particle (m, s) is given by functional on
Hg|tot = Hg ® th ® Hl

SE) [ @umin, Phain] = Sojsllxg)s] = / dnos(Xg| KQlXg)s,
= Sojs[)s] + / o {+(C1KQIC) s + +(C™|KQIC!)s + huc. |

with Grassmann-even generalized field-antifield vector |x4)s and satisfies to the classical
master equation in terms of Grassmann-odd Poisson (anti)bracket (o, .)(s):
<_
(s) 0 ?
(Sorsllxa)els Sopslxa)s]) ) = 2501ul1xsYe sz 55— Sotsllxadel = 0

min A| min
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BRST-BV approach with complete Q for free HS fields on R4!

Ns 10+ 10 (10)

Xo)s = [Xmin)s + [Xmin)sr  [Xon)s = X"
with 2° independent ghost monomials equal to number of field-antifield component

n0 +71173+71J¢y s) — ,r]n0+1m0d27)+ﬂ1 +n7¢*

vectors, by the rule 7577

n's =0,1 eg. for
XY = m0{ 107 + P (0 193)s-2 + 0y [931)a-a + nif 0y P [932) oo )

+Ph (nf‘(b;l)sf?’ + 771+1|<1>;2>s,4> } + 071D ) st 4 i |®71)

+ i [P 1@12)s-a + PIPTs)ecs]

with antifield vectors in power of a+ d™, bT: with Brucsy N 107)s = 1754+ p+)=0
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BRST-BV approach with complete Q for free HS fields on R4~!

Xg)s = IXmin)s + [Xmin)ss  IXoinds = X7)s £1C0 + 10N, (10)
with 2° independent ghost monomials equal to number of field-antifield component
vectors, by the rule  7);"7) HIIPHZ’Q?)“ $) n(]+1n10d273+m +n7¢*

n's =0,1 eg. for
s =m0 {18} + P (1 195)s 2 + 02 @3) s + 11 P | B0)s o
+ P (7)?\‘1’31%73 + 77E|<I)§2>5,4> } 0 @11 4 M| PT1)s 2
iy [PT1@2)ema + PR I@Ta) e

with antifield vectors in power of a)}, d*, b™: with Brucsy N 10)s = 1754+ p+)=0-
The fields, fields vectors, ghost oscillators !, P; satisfy to the Grassmann parity and
ghost numbers distributions, for (gha + ghr) = ghiot: (€, ghiot)|xg) = (0,0)
BRST-BV action invariant w.r.t minimal Lagrangian BRST-like transformations (with a
Grassmann-odd constant parameter i, (ghm, ghr)p = (0, —1)) for |Xmin)s

0p|Xmin)s = p So\s[\xg%] = nQ(IC%): +1CM)s),

§ (s (X | K)

mln

with constant antifields (as well as for the duals <Xm1n|)
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Deformation BRST-BV procedure for interacting HS fields on R!:4~!

k=1,..,N? —1 (for SU(N)) k > 3 samples of LFs with vectors |X(j)>sj, ghost fields
|C<j)0)sj, \C’(j)l)sj and respective antifield vectors combined in k-copies of generalized
field-antifield vectors |X§j))sj of the form (10) with |0)7 and

Bi‘” = {a,(;j>,b<-7),d(j),n(j)’,”l?;j)}, B((Lj)+ forj=1,..k.
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Deformation BRST-BV procedure for interacting HS fields on R%4~!

k=1,..,N? —1 (for SU(N)) k > 3 samples of LFs with vectors |X(j)>sj, ghost fields
|C<j)0) \C’(j)l)sj and respective antifield vectors combined in k-copies of generalized
field-antifield vectors |X(J))sj of the form (10) with |0)7 and

BY) = {69 d9) DI POy BIT for j =1, ..., k. Deformed BRST-BV action
up to p-tic vertices, p = 3,4, ..., e in powers of g with preservation of its homogeneity in

|Xg )s; starting from sum of k copies of BRST-BV actions for free HS fields and then
from cubic, quartic and so on vertices:

S(:L)g)k ng\lsj (]) —i—ngS}T(Lz’)“k[ (Xg)x } (11)
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Deformation BRST-BV procedure for interacting HS fields on R%4~!

k=1,..,N? —1 (for SU(N)) k > 3 samples of LFs with vectors |X(j)>sj, ghost fields
|C<j)0) \C’(j)l)sj and respective antifield vectors combined in k-copies of generalized
field-antifield vectors |X(J))sj of the form (10) with |0)7 and

BY) = {69 d9) DI POy BIT for j =1, ..., k. Deformed BRST-BV action
up to p-tic vertices, p = 3,4, ..., e in powers of g with preservation of its homogeneity in
|Xg )s; starting from sum of k copies of BRST-BV actions for free HS fields and then
from cubic, quartic and so on vertices:

() m, £ g(m)
Sieries), (X 250\5 9 +Zg SEE 1(xa)nl; (11)
where
3
I i) (i (m)
Si\(sz[(xg)k]: Z Hdné'7>( (X (i )K(J)|V(5) ()s —|—hc)(12)
1<ig<ig<ig<k"” j=1 !
Siitar, [0xa)e] = > Hd s ( o OGP E D |y @) (Tf())“ +he),
1<11<12<13<14<k
(m) _ ij (7. ) (i) |1 A( ) (m)( Ye
Se“S)kk[(XQ)k] Z /Hd% Si] TE }V ‘ (8)(i)e +h. c)

1<i1<in<...<ie <k
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Deformation BRST-BV procedure for interacting HS fields on R14~!

Proposition 3 (BV generating equations for cubic vertices )
The preservation of the number of physical d.o.f. determined by LFs for free HS fields

with (my;, s;) follows from the master-equation in total field-antifield space HT*MI(HSRH’C

for (o,o)(s)k =3, (o,o)(sj>:
5 7

(815 (0. S (00D = 255 [t g |

lell(s)k
min

St [0xa)e] = 0

which for the cubic approximation

b (SG [0l STk T0eo)]) o= WSS [(x)e] =0, W? =0

transforms to the local system of equations coinciding with one for BRST approach

[CEED I :5.[, Q=3 Q®

' k=1
v
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Deformation BRST-BV procedure for interacting HS fields on R14~!

Proposition 3 (BV generating equations for cubic vertices )
The preservation of the number of physical d.o.f. determined by LFs for free HS fields

with (my;, s;) follows from the master-equation in total field-antifield space HT*MI(HSRH’C

for (o,o)(s)k = Zj (o,o)(sj>:

e
0 5 S<mn

(e _ 25("1)A e [( )k] -0

(5151 (0. S5 (00D ™ = 255t (Ot e S

lell(s)k
min

which for the cubic approximation

b (SG [0l STk T0eo)]) o= WSS [(x)e] =0, W? =0

transforms to the local system of equations coinciding with one for BRST approach

i 20 V(3)>(s)3 — 6[ Q= ZQ(k)

' k=1
v

The equations for quartic: QWSé‘"(Lz)"k[( o)kl + (S 1@)}; ((xg)x], Si‘r?z)kk[()(g)kt])(S)k =0

and higher vertices have more complicated form and its solutions may be non-local
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Deformation BRST-BV procedure for interacting HS fields on R!:4~!

Cubic deformation of BRST-BYV action (in condensed notations),

ST CAE MM I BENHL S WA CHENEY

J
k

* 12 jc o 1 * apc
+ > [ARRiapa e AT O + §CVObF;gZ/30dC ’ Cﬁod})
b,c,d

(a,b,d =1,..., k) with structural function F;gﬁﬁod leads to the closure the algebra of

deformed gauge transformations at linear approximation in g

5

a0t (4) 550 By, — ((@0d)  (Boc) = —Ropye Flopsyes

for RiY)age(A) = Rija, 00 + gRY) Ade,

llewge,ja
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General solution of BRST-BV equations for cubic vertices for HS

fields of spins s1, s9, s3

We derive 4 types of the cubic vertices in the approach with @, in following different
cases:

° (0 A ) (0, A2) —(m3,53)
@ (0,A1) - (ma2,s2) — (ma,s3) |. Buchbinder, AR, [arXiv:2212.07097]
@ (0,\)

, A1) = (ma, s2) — (mas, s3)

(m2, 52)
(0, A1)
|V(3)>(0m2,m3) _ + .
(A1,82,83) T
(ms, s3)

and derive from known (cubic) vertices for reducible reps of 1SO(1,d — 1) (Metsaev
2013) the ones for irreps in |.L. Buchbinder, A.R, [arXiv:2212.07097]
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General solution for the cubic vertices for HS fields of helicities

S1, 52,83

we seek Q""-BRST - closed solution, (Q'*,c))|V®) ), =0

|V(3)> ~ST1F U;;”Zﬁff: of specific homogeneous in oscillators (linear in 9,,)
operators
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General solution for the cubic vertices for HS fields of helicities

S1, 52,83

we seek Q""-BRST - closed solution, (Q'*,c))|V®) ), =0

|V(3)> ~ST1F U;;”Zﬁff: of specific homogeneous in oscillators (linear in 9,,)
operators )
(1), Qt-BRST- closed forms El(ji), 1=1,2,3, k;=1,...8, & Z

constructed from Q'**-BRST- closed L"), Z in Siegel' R. Metsaev, (2013)
0 —1. 7MW 4@ 4O €)) g o3
where degq+ )L N =L L(Q) ¢M((;)1)¢'/(52)@ﬂ(83) O oyt /(31)/(82)¢ﬁ(*3)’
degat it Z =3 28,0180y Pytag) ™ Oer—1u 0 Ouen1) oty 1y + (1,2:3)
; )\ ki — i k! 1 2 i
[’gi) _ (L()) 2(([/())2_2(]% i 2)' §1)+[273(+ )+2P(+ ) 73((] )}),
L(z) _ (pELH»l) o pELi+2))a(i)u+ _ Z(/Péz+l o P(SL+2))77§L)+’ (2) 7,8

L

7 - L5112)+L(3> +Lg213)+L(1) + Lﬁ1>+L(2).
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General solution for the cubic vertices for HS fields of helicities

S1, 52,83

we seek Q""-BRST - closed solution, (Q'*,c))|V®) ), =0

|V(3)> ~> Hf U;;”Zﬁff: of specific homogeneous in oscillators (linear in 9,,)
operators )

(1), Qt-BRST- closed forms El(ji), 1=1,2,3 ki=1,...,8 & Z

constructed from Q'**-BRST- closed L"), Z in Siegel' R. Metsaev, (2013)

D1 W) @) B (1) ICI
where deg(q+ ,+) L") = 1: L )¢wr<sl>¢u<sz>@p<ez> Prisr— 19" Pusn) sz

1) 4@ 46 bl (3 K
degiat i) Z =3t 2001810y Potea) = Poes 100 Doy 1) Py -1y T €-(1,2:3)

i i)\ki— i vk;! i
LY = (LN 2((L())2_2(k' I 0 [2PSFY 4 2Pt — P >D,

L(z) _ (pELz+l) _pLi+2))a(i)u+ _ Z(Péz+l o P(SL+2))77§L)+, (Lz 7,8
7 - L5112)+L(3) +Lg213)+L(1) + Lﬁl)+L(2).

to get them we have used momenta conservation law, Z‘:’ 1p,(,> =0, and trace

non-invariance of L : (L{"(L™)2]0) # 0 and also L (L7 T4)2|0) £ 0)

L(lz'li+1)+ _ a(i)‘”raff“” ,P(z)+ (i+1)+ ,P(erl §)
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General solution for the cubic vertices for HS fields of helicities

S1, 52,83

we seek Q""-BRST - closed solution, (Q'*,c))|V®) ), =0

|V(3)> ~> Hf U;;”Zﬁff: of specific homogeneous in oscillators (linear in 9,,)
operators )

(1), Qt-BRST- closed forms El(ji), 1=1,2,3 ki=1,...,8 & Z

constructed from Q'**-BRST- closed L"), Z in Siegel' R. Metsaev, (2013)

D1 W) @) B (1) ICI
where deg(q+ ,+) L") = 1: L )¢wr<sl>¢u<sz>@p<ez> Prisr— 19" Pusn) sz

1) 4@ 46 bl (3 K
degiat i) Z =3t 2001810y Potea) = Poes 100 Doy 1) Py -1y T €-(1,2:3)

i i)\ki— i vk;! i
LY = (LN 2((L())2_2(k' I 0 [2PSFY 4 2Pt — P >D,

L(z) _ (pELz+l) _pLi+2))a(i)u+ _ Z(Péz+l o P(SL+2))77§L)+, (Lz 7,8
7 - L5112)+L(3) +Lg213)+L(1) + Lﬁl)+L(2).

to get them we have used momenta conservation law, Z‘:’ 1p,(,> =0, and trace

non-invariance of L : (L{"(L™)2]0) # 0 and also L (L7 T4)2|0) £ 0)
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BRST-closed cubic on oscillators operators Z

(2), one has new "Trace" 2-, 4- , ..., [s;/2] forms in powers in —
U (T PET) = (ERDOT{ENY) -5 - el PR i=1,2,3.

Z; (instead of Z7 in BRST approach with incomplete Q.) is determined from the
condition to be Q*** BRST closed, e.g. for j = 1

3 3 3 i
@ _ () @) ©)
ZH% _ZH Z h() LH,Z} L }Hl.c{ y
e} o1 P P
p+pe+ ; Ay T
+Z ke = (249, ([0, 2}, LY LY TT 285, s,

j=1
DDVt o) e 1) OV L@V OV TT £O)
- Z kikeko = oy 7 [0 (247, 23, LR O} [T £
i#e#o Jj=1
For j > 1 expression for Z; is deduced analogously
(see A.R. PEPAN (2022) arXiv:2205.00488).
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General (covariant) and partial solutions for the cubic vertices

general solution for covariant cubic vertex preserving irreps of 1SO(1,d — 1) for HS
fields (s1, s2, s3) (thus correct degrees of freedom) when passing to interacting theory
([s1/2]:[s2/2][s3/2])
V) oys = VY (5 + > URDUSDUEI VM) s
(41:32,43)>0
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General (covariant) and partial solutions for the cubic vertices

general solution for covariant cubic vertex preserving irreps of 1SO(1,d — 1) for HS
fields (s1, s2, s3) (thus correct degrees of freedom) when passing to interacting theory
([s1/2],[s2/2],[s3/2])
|V<3)>(S)3 = |VM(3)>(5)3 + Z U}fl)UJSQ)UJ(;:})‘VM(3>>(S)3—2(J')37
(41,92,33)>0

[VME)Y (). a(j)s determined with modified forms respecting trace E(?, Z;

M(3 _ 3 (%)
14 ( )>(s)3—2(j)3 = 2 Zi2qe—20-1 [T £5172ji71/2(572J—k)|0>7

(s,7) (3550 X4di)-

and enumerated by naturals (k, j1, j2, j3) satisfying to the equations

[s —2J —25min <k <s—2J, k=s—2J—2p, pe Ny, 0<j; <[s:/2]]
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General (covariant) and partial solutions for the cubic vertices

general solution for covariant cubic vertex preserving irreps of 1SO(1,d — 1) for HS
fields (s1, s2, s3) (thus correct degrees of freedom) when passing to interacting theory
([s1/2],[s2/2],[s3/2])
|V<3)>(S)3 = |VM(3)>(5)3 + Z U}fl)UJSQ)UJ(;:})‘VM(3>>(S)3—2(J')37
(41,92,33)>0

[VME)Y (). a(j)s determined with modified forms respecting trace E(?, Z;

M(3 _ 3 (%)
14 ( )>(s)3—2(j)3 = 2 Zi2qe—20-1 [T £5172ji71/2(572J—k)|0>7

(s,7) (3550 X4di)-

and enumerated by naturals (k, j1, j2, j3) satisfying to the equations

[s —2J —25min <k <s—2J, k=s—2J—2p, pe Ny, 0<j; <[s:/2]]

General vertex besides modified terms contains new ones. These are linear in trace
Uff") = L) for each field copy
as differed from VM(3)>(S)3_2(j)3 in vertex: b, nﬂH”PﬁH, 1=1,2,3.
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Cubic vertex for massless HS fields with helicities (0,0, s)

r-parameter family of vertices for r = 1, ..., [s/2] with restoring the dimensional coupling
constants ¢, (dimt,=s +d/2 — 3 — 2r, in metric units providing a dimensionless of the
classical action) and with AV (s;) = —sd;3 — (d — 6)/2,

[s/2]

[s/2] [(s—2r)/2]
|Vgg>(‘)05) = Z t7U7(‘s)£237)27 = Z TrUTgs) Z (_I)Z(L(S))sfg(r,.,” )
r>0 >0 =
i n—1
X (p<3))2"7 (s —2r)! (b(3>+)

. C(i,h) = i + h(s
i129(s — 2r — 20)! C(i, h®)’ (@ h) £1@+‘“”
with following decomposition in powers of n( )T for the operators

£ = £ — PP (e = L) @

(3) (3 Z )qu)k—l—Qi(ﬁ(g))Qi k! (b(3)+)i
i12i(k — 1 — 2i)! C(i, h®) "

The field-antifield structure of interacting theory is determined by the generalized
vectors

IX§00 = IXTdo + a5 = (69 (2) + 0 ¢ P(@))[0), XN = [xE)s + IXEE) s
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Cubic vertex for massless HS fields with helicities (0,0, s)

The minimal BRST-BV action 55?23)3 [(xg)3] (12) in the first order approximation in g

2
592 [(xa)s] = /ddxzqﬁmmqﬁuur/dno [s<x‘3>|K(3>Q<3)|x(3)>s
i=1
+{5<X*(3)|K(3)?0|X(3)>s + (OB KB 0|00, ¢ h.c.}] + gSi?()j)a[(xg)s],
3 2
Si?()j)s = /H dné’)({S<X(3)K|o<¢<2)|0<¢<1>|V<3>>§ +ZO<¢*(1)|K§>I|¢(J)>O} + h.c.),
i=1 Jj=1

where, the first line corresponds to classical action for free fields, the second line
contains antifield terms with generator of initial BRST-like transformations for classical
Ix®)s and ghost |C®)%); fields. In turn, the first term in Sﬁg;s means for cubic

interacting part of classical action Si?()f)g[(x)g] and the second one for deformed

generator of BRST-like transformations ;| with generator el

2
01516V = nF1[eP) = —gp / [1and (@K o6 D[V )G 0.4,

i=1

with untouched transformations for |x(*): 51\B|X<3)> =0.
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Cubic vertex for massless HS fields with helicities (0,0, s)

Omitting the details of partial GF procedure and resolving part of EoM

La| @) 4 [@) o = 0, 11| @P)smik =0, k= 1,2, 111]|C2®)s_1 =0,

Soi <|q)>57 q)<13>>5717 ](D(Qg)ﬂfz, ‘02(3)%71) yy (lf,lo.,ll, |Co(s) . (13)
As the result, the interacting part of action S[(I])‘?S will contain 2 terms with fields
¢g:j’())"( *) and qﬁ%l’és ) without b®*-generated fields, so that, it is written as
o8 [N G2 NS (D"
S1i(0.0.6) = /d m[ZtT 22r { Z ul(s — 2r — u)! (14)
>0 u=0

X |:8V0"'8Vu ¢(1):| [8Vu+1 “'81’5—21-(;5(2)} }¢<3)V(S) H s 2(rmp)=1Vs—2(r—p)

p=1

—  (=D*s-2) & @) | ,@r(s—2)
+to{gu!(S_Q(T+1)_u)!(auo.‘ﬁyuqﬁ ) (B 000 )}%‘00 }
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Cubic vertex for massless HS fields with helicities (0,0, s)

and generators of BRST-variations (5 6@ (x2) = —?mcﬁ(l)(351)‘[¢(1>(z1)ﬁ¢<2>(z2)])

—1 v(s—1)
P60 (@1 Z—gto/dd { (s = D! _po@rt=D g

‘ul(s—1—w)! = *
X (&,uﬂ ...81,571¢(2)(m))8yo...&,u }6(d) (x—a1);

jointly with the free action (also with ones for the scalars), for free fields subject to the
traceless constraints (13) may be served as interacting part of BRST-BV action for
irreducible gauge theory in the triplet formulation for the fields in question
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General solution of BRST-BV equations for cubic vertices (0, \) —

(0, \g) —(m, s3)

the parity invariant vertex in multiplicative-like representation

(0.3)
[V E) Qo +o
(A1,22,53)
. (0,X2)
' ([siy /210 7/2/2]&87:3/2])( e < )
(3)\m M(3) s s si M(3)
’V >S)( iy ‘V S)( i)3 + Z U”ll U”zz ’ }V (S)( )3 —2(ri)3>
(riyTigsTig)>0
M(3)|m _ (3) 773 (ijij+1)+\Ti
V(S)(i)g—Q(ﬁ)s - Zpl:p Hj=1 (‘cllllj ) i

s (3 + 1)-parametric family triple (r;;)s respecting for number of traces and p for the
minimal order of 9,

. 1
Ti; = 5(5(1‘)3 — 2T(i)3 *p) — Sijy J = 1,2; T = 5(8(,)3 27’(1-)3 +p) — s+ 2rs,
2
max (0, (s — 2rs) — Z(sij —2r;;)) <p<s—2r3— |si1 — 21 — (81 — 21“1-2)‘,
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General solution of BRST-BV equations for cubic vertices (0, \) —

(0, A2) ~(m, 51)

modified operators

3 >3 b
[’g ) = L(B) - [L§1)7L(3)} h(g) )
~(3 .~(3 3 3 b(3)+
B - (O PP TS

3 S(3)\k ~(3 (3)\k— 3
LY = (L, L5, = L)',

are invariant w.r.t. trace: [LY, £} =0, = Q"*-closed.
One can check the Q'°*~closedness for the mixed-symmetry modified forms

oy iji i piot ~3 i
£§1.7|1]+1)+ _ Lglj 1+ Zw( 0) + 5( Z [L(JO) W( 0) )|0}

(i5154+1)10 B (0) P (i 4
io 10770
y plio)+ plio)+ N Z[E(m) o) ) (b(zo)+)2 )
hGio)  R(io) , 11 0 "0 (iji541)10 h(io) (hlio) 4 1)/’
0
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Cubic vertex for irrep fields in BRST - approach with incomplete Q.

|V(3)> e |VM(3)> not identical: Lgil) |VM(3)> £ 0.
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Conclusion

@ BRST and BRST-BV approaches with complete BRST operator for irreducible
interacting HS fields with integer spins in Minkowski spaces are developed;

@ |t is found general cubic interacting vertecies (off-shell) for irreducible interacting
HS fields with integer helicities A1, A2, A3 on Minkowski RY¢~1 space;

@ |t constructed (off-shell) covariant cubic interaction vertex massless and massive
irreducible HS fields with (0, A\1)- (0, A2)— (m, s3) with (0, A\1)— (m, s2)— (m, s3)
and with (0, A\1)— (mz, s2)— (ma, s3) with some lower spin component examples
within BRST approach. and reproduces new inputs into the vertex with traces and
less numbers of space-time derivatives, including the terms without derivatives;

@ It is suggested BRST-closed traceless cubic vertex in the BRST approach with
incomplete BRST operator for irreducible interacting (massless and massive) HS
fields. It appears by covariant analog of even-parity vertex suggested in the
light-cone formalism [hep-th/0512342];

@ it is found sufficient conditions for superalgebra of QL*, £,
[Qﬁ“t,ﬁﬁ)] =0, Qi"tWéV[(B)) =0, £§?|Vﬁ/1(3>) = 0 to preserve irreducibillity for
interacting HS fields [I.L.Buchbinder, A.R, [arXiv:2304.10358] (2023)] in
BRST-BFV approach.
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Thank you very much
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