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Abstract Using new approach for the deformation pro-
cedure in the case of reducible gauge theories (Lavrov in
Eur Phys J C 82:429, 2022), it is shown that in the model
of massless spin 3 fields and a real scalar field local cubic
vertices invariant under initial gauge transformations do not
exist while local quartic gauge-invariant vertices can be con-
structed.

1 Introduction

The Batalin—Vilkovisky (BV) formalism [1,2] being the
most powerful covariant quantization method plays the very
important role in solving the deformation problem which
is considered as a way in construction of suitable interac-
tions among fields. The reason is related with embedding the
problem into solutions to the classical master-equation of
the BV-formalism. Standard approach [3,4] operates infinite
number of equations appeared in expansion of the solution
with respect to the deformation parameter. Then the system
of these equations is analyzed in each order with respect to the
deformation parameter using cohomological methods. Quite
recently, the new method to find solutions of the deformation
procedure within the BV-formalism has been proposed [5—
7].! The method is based on the invariance of the classical
master-equation under anticanonical transformations acting
in minimal antisymplectic space of the BV-formalism. The
anticanonical transformations (for recent developments see
[12,13]) by itself present an effective tool in studying prin-
cipal properties of general gauge theories. So, the gauge fix-
ing procedure and the gauge dependence of Green functions
can be described in terms of special anticanonical transfor-
mations observed firstly in [14]. Moreover, the anticanonical
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1" Analog of this approach in canonical formalism for dynamical sys-
tems with constraints within the Batalin—Fradkin—Vilkovisky formalism
[8-10] is known as well [11].
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transformations admit to describe the renormalization proce-
dure of general gauge theories [14] that, in its turn, allowed
to introduce new understanding the renormalization problem
beyond the usual index arguments [15]. Here, we meet with
anew face of anticanonical transformations in the solution of
the deformation problem, which make it possible to represent
solutions in an explicit and closed form.

In the present paper, we apply the new method [5-7] to
construct suitable interactions between massless spin 3 and
scalar fields as the result of deformation of initial free action.
The initial action is sum of the Fronsdal action for massless
spin 3 fields [16] and the action for a free real scalar field. The
choice of initial model allows to use the BV-formalism and
the method [7] directly because the model belongs to the class
of reducible gauge theories. In the case of massless integer
spin s > 3 fields, the direct application of the BV-formalism
is impossible due to the traceless conditions on fields. For-
tunately, the situation is not so hopeless because there exist
unconstrained formulations for higher spin fields [17-19]
which make possible application of the BV-formalism and
new method in high spin theory. In the case under consid-
eration we study cubic and quartic vertices containing one
spin 3 field and two or three scalar fields using special anti-
canonical transformations acting non-trivially in the sector of
spin 3 fields only. It is shown that the gauge algebra does not
deform under proposed transformations. It has the follow-
ing consequence: (a) the cubic vertices appearing as a local
part of the deformed action disappears under requirement
of the gauge invariance, (b) the local quartic vertices invari-
ant under the gauge transformations do exist. In particular, it
means appearance for the first time in quantum field theory
an explicit and consistent local gauge model of interacting
fields with spin s > 2.

The paper is organized as follows. In Sect. 2, a short pre-
sentation of new approach to the deformation procedure in
the BV-formalism for reducible gauge theories is given. In
Sect. 3, the Fronsdal action for spin 3 fields as a gauge action
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of the first-stage reducible theory is discussed. In Sect. 4,
deformations of free model of massless spin 3 and scalar
fields responsible for local cubic and quartic vertices are stud-
ied. In Sect. 5, we summarize the results.

We use the DeWitt’s condensed notations [20] and employ
the symbols £(A) for the Grassmann parity and gh(A) for
the ghost number respectively. The right and left functional
derivatives are marked by special symbols “ <« and “—
respectively. Arguments of any functional are enclosed in
square brackets [ ], and arguments of any function are
enclosed in parentheses, ( ). The partial right derivative of a
function F (A) with respect to field A' is denoted as Fi(A).

2 Deformations in BV-formalism

In this section, we consider in short main statements of
the new approach [5-7] in solving the deformation problem
within the BV-formalism. Starting point of the BV-formalism
is a gauge theory of the fields A = {A’} with Grassmann par-
ities (A’) = &; and ghost numbers gh(A’) = 0. The theory
is described by an initial action So[A]. It is assumed that the
action is invariant under the gauge transformations?

So,i[AIRy(A) =0,

SA' = RL(AEY, a=1,2,....m

ey

where R, (A) (e(R.,(A)) = & + &y, gh(R.(A)) = 0) are
gauge generators, and gauge parameters £ (¢(§%) = ¢, ) are
arbitrary functions of space-time coordinates. It is assumed
that the fields A = {A’} are linear independent with respect to
the index i however, in general, the generators R’,(A) may be
linear dependent with respect to index «. Linear dependence
of R\ (A) implies that the matrix R (A) has at the extremals

So,j[A] = 0 zero-eigenvalue eigenvectors zgl = ngl (A),
such that
RL(A)ZS (A) = SojIAIKJI(A), ar=1,....m1, (2

and the number &4, = 0, 1 can be found in such a way that
S(Zgl) = &y + &4, . Matrices K,;]l = Ké/, (A) can be chosen
to possess the properties:

Kl = ~(=DKJL oK) = e+ &) + a.
Here, we restrict ourself to the case of first-stage reducibility

when the set of zero-eigenvalue eigenvectors Zg, is linear
independent with respect to the index «.

2 To simplify presentation of all relations containing the right functional
derivative of functional S[A] with respect to field A' we will use the
symbol S ;[A].
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In general, the generators R, (A) satisfy the following rela-

tions
(A)R’(A) - (= l)gaaﬁR’ (A)R’ (A)

——R’ (A)FJy(A) — So,j[A]Mj,ﬂ(A), 3

where FV (A) = (s(F ﬁ) = &g + g+ &y, gh(F ﬂ) =
0) are the structure coefﬁ01ents which may depend on the
fields A'. They obey the following symmetry properties

jﬂ = —(— 1)8a€ﬂFV , and M’f (A) = satlsfy the
condrtrons Mf = —(— 1)81811\4’}’3 = —(— 1)€a€ﬁM” If
MY op = = 0 then the gauge algebra is called closed.

According to main statements of papers [5—7], the defor-
mation procedure for general gauge theories can be described
in terms of the set of generating functions ' (A) of anti-
canonical transformations depending on initial fields A’ only
and having the same transformation properties and quantum
numbers as for A’. The deformed action, S[A], is defined by
the relation
STA] = SolA + h(A)] )
being invariant under the deformed gauge transformation
SiAIR,(A) =0, §A = R, (A", (5)
where ﬁfy (A) are the deformed gauge generators,

J(A + h(A)). ©)

Ri(A) = (M~ (A);R

Here, the matrix (M ~1(A))! j is inverse to
i i i
M (A) =8 + 1’ ;(A), 0

The deformed gauge generators on extremals of the
deformed action are linear dependent,

RL(A)ZE (A) = S ;[AIK] (4), ®)
where the functions Zg;l (A) and Kéf (A) are

72 (A) = Z& (A + h(A)),

KJiA) = =114, Ay
x K& (A + h(A) (—Dfe )
The deformed gauge generators satisfy the relations
R, (A)R’ (A) — (=D)*P RY ;(A)RL(A)
= —RL(A)F,(A) - S,,[A]M” (A), (10)

where FV (A)=F} 5 (A+h(A)) and Mf;,(A)z (M~1(A),

(M~ 1(A))’ ng (A+h(A))( 1)é¢i . Therefore, the deformed
theory looks like as the gauge theory of the first-stage
reducibility similar to the initial one. It is remarkable fact
that the deformation of an initial gauge theory is described
in the explicit and closed form with the help of generating
functions A’ (A) of special anticanonical transformations in



Eur. Phys. J. C (2022) 82:1059

Page3of 7 1059

the BV-formalism. Moreover, all arbitrariness in the defor-
mation procedure is controlled by the generating functions
hi(A) only. Any choice of these functions guarantees that
the deformed action will be invariant under the correspond-
ing deformed gauge transformations.

Deformation of initial action looks like as the shift of argu-
ment A — A+ h(A). Such kind of transformations is trivial
in the case of local function 2 (A). To obtain non-trivial defor-
mations, the function 42 (A) must be non-local. It means the
non-locality of the deformed action. It may happen that there
exists a local sector of the deformed action. If this local part
of the deformed action will be invariant under local part of the
deformed gauge generators then the deformation procedure
creates a consistent local gauge-invariant theory. Namely, in
paper [5] it was exactly shown that the Yang—Mills theory
has been reproduced by special non-local deformation of free
vector field model.

3 Fronsdal action for massless spin 3 fields

The Fronsdal action for massless spin 3 fields has the form

Solel = / dx [@’”p (O 8@up (x)
=300 9" ()00 pos (x)
3
_E(puvkﬂlwa)\aa(paﬂynﬂy
—3phP? (x)auav§0vpa (x)
+6n,0"" (x)apa"wpas(x)] (11)
where ¢*"* is completely symmetric third rank tensor, [J is
the D’ Alembertian, L = 9,,0", and 7, is the metric tensor

of flat Minkowski space of the dimension d. The action (11)
is invariant under the gauge transformations’

Bl = 90g™ = RyMEP (12)

when gauge parameters £V are subjected to the traceless
condition,

nlwflw =0. (13)
The gauge generators, Rhe" = 8(“8;8?, do not dependent
on fields. They are symmetric in lower indices, Rﬁ(',’A =
RY Zk, and, therefore, satisfy the relations
R Z)7 =0, z)°=-Z]", t=1,2,..., &2_1),
(14)

3 The symbol (- - -) means the cycle permutation of indexes involved.

with antisymmetric matrices Z;* which are linear indepen-
dent with respect to index £. We assume that Z f  are Lorentz
second-rank tensor with respect to upper indices. Therefore,
in the BV-formalism we have to consider the case s = 3
as a gauge theory with first-stage reducible algebra speci-
fied by additional restrictions, Fgﬁ(A) = 0, M;jﬂ(A) =

0, Ké/l (A) = 0. The zero-eigenvalue eigenvectors, Z/, do
not depend on fields. In particular, it means that they do not
change in the deformation process.

4 Deformations of initial action

We are going to study a possibility in construction of inter-
actions of massless spin 3 fields with a real scalar field
¢ = ¢(x). We assume that the initial action has the form

Sole, ¢1 = Sole] + Sol#], 15)

where So[¢] is defined in (11) and Sp[¢] is the action of a
free real scalar field,

1
Solg] = / dx— [0, 8¢ —m?¢?] (16)

The action (15) is invariant under the following gauge trans-
formations

o = 91E™ | 8p =0, nuE" =0, (17

and, therefore, belongs to the class of first-stage reducible
theories. Relations with notations used in the Sect. 2 are

Al = (9", ¢), RL(A) = (RI*,0),
Zgl (A) = (Zpos 0)1 EU( = (S,OU’ 0)3 FOZg(A) = 01

My (A) =0. Ki(A)=0. (18)

Now, we consider possible deformations of initial action
using the procedure which is ruled out by the generating func-
tions 4! (A). Here, we restrict ourself by the case of anticanon-
ical transformations acting effectively in the sector of fields
@"* of the initial theory. It means the following structure of
generating functions i/ (A) = (h*"*(¢, ¢), 0). In construc-
tion of suitable generating functions A*"* = (h*"* (@, ¢),
we have to take into account the dimensions of quantities
involved in the initial action Sp[¢, ¢],

dim(¢"**) = dim(¢) = “ ; 2’

dim(E") = #

dim(aﬂ) =1, dim(d) =2. (19)
VA

The generating function 2#"* should be symmetric and non-
local with the dimension equals to (d —2) /2. The non-locality

@ Springer
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will be achieved by using the operator 1/[1.* To construct
cubic vertices ~ @@, the h*'* should be at least quadratic
in fields ¢. The tensor structure of 2*"* is obeyed by using
partial derivatives d,, and the metric tensor 7,,,,. The minimal
number of derivatives equals to 3. Therefore, the more gen-
eral form of h*V* = h*V*(¢) satisfying requirements listed
above reads

1
P = aoi(claﬂa"a% ¢+ 203" Mo

+e3n™ 0N ¢ ¢ + calp Mg

+esn oM ag ¢ 97 ¢). (20)
where ay is the coupling constant with dim(ag) = —d /2 and
ci, 1 = 1.2,...,5 are arbitrary dimensionless constants.

Local part of the deformed action has the form

Stocle, ¢1 = Sole, @1+ St iocle, @] 21

where S1 10c = S110cl@, @1,

S| 1oc = 2a0 / dw,m[claﬂa“a% é+ 203 Vg

—(c1 +e3d + D)™™ 0M e ¢
—(c2 + cald + 1)) 30 n*aM ¢
—@er+es@+ D)Mo 9 970] 22)

corresponds to possible cubic vertices. Due to the special
structure of generating functions i’ (A) = (h*'*(¢), 0), the
matrix (M ~1(A)) ; can be found in the explicit form

VA v <
(Mfl(A))l] — <El€)0')/ —ht* )Ll((p) 8¢> , (23)

where E ﬁ;; are elements of the unit matrix in the space of
third rank symmetric tensors. Therefore, the deformed gauge
generators coincide with initial ones, R, (A) = R’ (A).

Consider the variation of Sj .. under the gauge transfor-
mations (17). We have

381 10c = ~6a0 [ dxts] = (€1 4+ 2a(d + D)D"0* ¢
—2¢c4(d + 108" 9*¢
+(c1 — 3cy — 2¢5(d + 1))0"0" 9" ¢ 0,9
—2(c2 +¢s5(d +1))0"0"¢ 9,0"¢
—(e2 4 2¢4(d + 1)0p 8”8)‘¢]. (24)

4 It seems quite natural to control non-locality with the help of operator
1/00 because the kinematic part of free models contains terms ACJA.
Existence of other forms of the non-locality leading to a local part of
the deformed action remains open.

@ Springer

The system of algebraic equations appears

c1+2c3(d+1)=0, ¢y —3c)—2c5(d+1) =0,
c4(d+1) =0, (25)
ca+ces(d+1)=0, c24+2c4d+1)=0 (26)

as consequence of requirement §51;, = 0. This system has
the solution

¢ =0, i=1,2,...,5, (27)
which leads to the important conclusion

Stioclg, 91 =0. (28)

Therefore, we have proved impossibility in the theory of
massless spin 3 and scalar fields to construct cubic vertices
@¢¢ being invariant under original gauge transformations
17).

In connection with the obtained result, a natural question
arises: Do gauge invariant quartic vertices ¢¢¢¢ in the theory
under consideration exist? Repeating the main arguments that
led to the construction of the generating function (20) of the
anticanonical transformation, the most general form of the
generating function #*"* with three derivatives responsible
for the generation of quartic vertices reads

1
hliv)» — ali[clauava)\(p ¢2 _,’_Cza(llvav(p 8)\)(]5 ¢

+c30"¢ "¢ 07 ¢ + can oM 0 ¢
+esn™ Mo, ¢ 37¢ ¢ + con' V¢ 3,0 37

+er0¢ 0N ¢ ¢], (29)
where a; is a coupling constant with dim(a;) = —(d—1) and
ci, i =1,2,...,7 are arbitrary dimensionless constants.

For the local addition, S270c = S210cl@, @], to the initial
action (15), we obtain

S5 10 = 2a, /dxgom [cla“a“a*qs ¢ + 20" 9V 9P

¢ P+ c30"¢ 0V p 3¢

—(c1 + ca(d + D)oY O ¢

—(2c2 +esd + 1)) oM .0 379 ¢

—(c3+co(d + 1)) aM¢ 3,0 37

~(2+ er(d + 1)TP 707 ¢ (30)
Notice that as in previous case, the gauge generators do not

transform under anticanonical transformations generated by
functions (29).
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Omitting the algebraic manipulations, we find the varia-
tion S o under gauge transformations (17) in the form

882 10c = 601/dx§ux[(61 + 2¢4(d + 1))8"8*0¢ ¢*
—(2c1 = 3¢2 —2¢5(d 4+ 1))3°0"0%¢ 9,0 ¢
+22¢1 + 2c4(d + 1) + c7(d + 1)08%¢ 8% ¢
+2(c2 + c5(d +1)379"¢ 9950 ¢
+(c2 +2¢7(d + 1))8"0*¢ o ¢
+2(c2 4¢3 + (c5 + 2c6)(d + 1))0° "¢ 0" 356
—(c2—2¢3—2c6(d + 1)) "¢ 3,639
—(e3—2c2—2¢7(d+1)0¢ 3°¢ a*¢]. (31)

Note that the system of algebraic equations

c1+2c4(d+1)=0, 2c1 —3cy—2c5(d+1)=0,
21+ 2¢4(d+ 1) +e7(d+1) =0,

e tesd4+1)=0, cr+2e7(d+1)=0,

c2+c3+ (cs+2c6)d+1) =0,

) —20c3—2¢c6(d+1)=0, ¢3—2c—2c7(d+1)=0

(32)
has non-trivial solution
N B 1 B 2
C2_C3_ C17 C4_ 2(d+l)cl7 CS_ d—l—lC]’
1
= = — . 33
c6 = C7 i i (33)

Therefore, the functional
S5 joc = 2a1/dx<puvk[8“3”8)‘¢ > +20%3"p 0V ¢

+201 99 9*¢ — %77(““3”&15 ¢’
~2 0N e p 07 ¢ — 00N 059 97
~0 007 ¢ ] (34)
is gauge invariant,
82 10c = 0, (35)

and presents the quartic vertices.
The local action

Sle. #1 = Solg. ¢ + S210cl. ¢] (36)

describes the model of interacting ¢*"* and ¢ fields which
is invariant under gauge transformations (17) and belongs to
the class of first-stage reducible theories. In fact, the model
(36) is the first new example of local gauge theory constructed
with using the new method [5—7]. Moreover, in quantum field
theory the action (36) presents the first consistent local gauge
model of interacting fields with integer spin s > 2.

5 Discussion

In the present paper, the new approach [5-7] to the deforma-
tion procedure [3,4] has been applied to construct local cubic
and quartic vertices for massless spin 3 and scalar fields. It
was shown that non-local anticanonical transformations act-
ing non-trivial only in the sector of spin 3 fields forbid exis-
tence of local cubic vertices being invariant under original
gauge transformations while local gauge-invariant quartic
vertices do exist. In fact, for the first time, the new gauge
model of interacting fields including fields with integer spin
s > 2 wasexplicitly constructed. Let us note that reproducing
the obtained result in the standard Noether procedure adopted
for construction of interactions in the theory of higher spin
fields [3,4] is not possible without its essential reformula-
tion. Consider in more details relations between the standard
Noether procedure and the new method. From the standard
Noether procedure, the new method looks formally like as
an explicit summation of infinite Taylor series in powers of
the deformation parameter g. Indeed, the deformed action
S = S[A]and deformed gauge transformation 6: A = R(A)&
are presented as

S=So+gS1+8S+,
6:A=080"A+gs"A+g*8PA+ - (37)

where g is the deformation parameter, S9 = So[A] and
8;0)A = RO (A)& are the initial gauge action and original
gauge transformations, respectively. The standard Noether
procedure to the deformation means the infinite set of cou-
pled relations appearing as consequence of the invariance of
the deformed action under deformed gauge transformations,
8eS =0,

ag”so T ag’) S =0,
8780+ 8¢ 51+, 5, =0, (38)

and so on. In the new approach, firstly, an explicit form
both the deformed action and deformed gauge symmetry
are found and, secondly, arbitrariness in solutions is estab-
lished. It is proved that the deformation is described by spe-
cial anticanonical transformations in the minimal antisym-
plectic space of the BV formalism. The anticanonical trans-
formations by itself are defined by generating function /(A)
in a number equal to original fields A. In terms of 2(A) the
deformed action S = S[A] reads

S[A] = SolA + gh(A)] (39)

while the deformed gauge transformations have the following
closed form

8¢A =M (A)ROV(A+ gh(A))E, (40)

where A/Ifl(A) is the matrix inverse to M(A) = I +
gh(A) 0 4. The evident advantage of new method follows

@ Springer
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from the two above statements. All process of deforma-
tion is controlled by one function h(A) of anticanoni-
cal transformation which is unique arbitrariness appearing
in the new method. For any anticanonical transformation
the deformed action obeys invariance under corresponding
deformed gauge transformation, §¢ S[A] = 0. Now, solutions
to the standard Noether procedure read

SI[A] = So[A]D ah(A),

SH[A] = %SO[A](<8_A)2h2(A),

5V A = —h(A) 5 4RO (A)E + RO (A) D 4h(A),

5P A = (h(A) 9 ) RO (A)E — (h(A) D a)
x(RO(A) 3 ah(4))&

+%R(0)(A)(<8_Ah(A))2§, L (41)

For deformation of free models one has the following speci-
fications

SiAI=0, n=3,4,..., ROA)TAh(AE=0, (42)

so that (VA = (h(4)94)"RO(A), n = 2,3,.... For
anticanonical transformations used in the present paper there
exists additional restriction h(A)<8_A = 0 leading to the
absence of deformation for the original gauge symmetry.
From above presentation, it follows evident advantages of
the new method. Note that in recent studies of the high
spin theory expansions of the deformed action and symme-
try are considered not in the deformation parameter but in
fields [21-24]). Relation between such Noether procedure
and new method corresponds to expansion of generating
function & (A) in the above equations (41), (42),

h(A) = ha(A) + h3(A) +-- -, (43)

where hi(A), (k = 2,3,...,) is a function of k-th order
in fields providing then by corresponding reorganization of
Taylor series. In particular, the triviality of deformed gauge
symmetry claimed in [22,23]) when cubic vertices are van-
ished is formulated in the new method as

h(A) D ARD(A)E =0, ROA)Ih(A)E =0,  (44)

without any reference to cubic vertices.

On the first sight, it seems that the obtained result (28)
contradicts with the statement of paper [21]° that the gauge
invariant cubic vertices ¢¢¢ in the theory of massless spin
3 and a pair of scalars ¢>i, i = 1, 2 can be constructed. The
corresponding action Sizin = Sizinle, @] in [21] has the

5 Notice that in [25] N = 2 supersymmetric generalization of cubic
vertices containing in bosonic sector interactions of spin O field with
massless integer spin s fields has been considered.

@ Springer

form
ao ..

Sizin = e puun| —2019°¢1 0, + 20" 0y 09,
1018, ¢ a”¢j]. (45)

Indeed, this action is not invariant under the gauge transfor-
mations (17),

8Sizin = — eV 6| —2070"¢s 9" 0,9; —20"0¢s O
40, a”akqs,-] £0. (46)

But it needs to have in mind that the cubic vertices for the
initial free model of massless scalar fields and massless spin
3 fields were studied using the standard Noether’s procedure
when scalar fields were subjected to gauge transformations
too. Then, the gauge invariance of the theory using action
(45) is supported in the linear approximation only [21]. In
the approach applied in Sect. 4 it corresponds to anticanoni-
cal transformations when the generating function responsible
for change of massless scalar field ¢ (m = 0) is not equal
to zero, h # 0. In its turn, it will lead to non-trivial defor-
mations of scalar fields and gauge algebra. So, there is no
any contradictions between the result of [21] and the result
obtained in the present paper because these tasks are different
in their formulation.

We can analyze the interactions of massless spin 3 field
with the pair of scalars ¢/, i = 1, 2 within the new approach
leading to the cubic vertex which will be anti-symmetric on
them. The most general form of generating function contain-
ing three partial derivatives reads

1 ..
P = a()ie” (c1d™3"3*p; ¢ + 2099 ¢; 3V,

+e3n 00N ¢
+eslOgy n oM@ + csnat o ¢ 37¢;),  (47)

where ay is the coupling constant with dim(ag) = —d /2 and
ci, i = 1.2,...,5 are arbitrary dimensionless constants.
Then, the local addition to the initial action (15) has the form

Stioc = 2a0@unel 140" 091 9 + 20040y 97
—(c1 +e3(d + D)™ OY ¢y ¢,
—(c2 + ca(d + 1))O¢i n*9V g,
— (22 + es(d + 1)) 9" 8, a"qs,-], 48)

Due to the fact that the gauge algebra does not deform
under anticanonical transformations with the generating
function (47), the functional (48) must be invariant under
original gauge transformations, 8810 = 0, 8¢ =
duéviy, Muwé* =0, 8¢; = 0, i = 1,2. Analysis of
this requirement leads to the result S; ;o = 0. We can also
discuss the situation with quartic vertices, ~ @@@@, in the
case under consideration. To construct such interactions, in
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general, one has to use the generating functions 2#* in the

sector of fields ¢*"* and i’ in the sector of fields ¢’ . In turn,
the structure of generating functions should be as follows
hVh ~ eIkgravr g idr and hi ~ e7%3,8,3, 0" ¢ ¢x
that is contrary to the tensor properties for these functions.
Therefore, quartic vertices are forbidden as well.

Quite recently, it was shown that non-trivial quartic ver-
tices describing interactions among massless spin 3 field,
<p’“’*, and massive vector, A,,, and real scalar, ¢, fields of the
form ~ @ A¢¢ can be constructed [26]. These vertices are
invariant under original gauge transformations, similar to the
case considered in Sect. 4.
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