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Abstract

In the context of constructing consistent cross-couplings in D = 8 between a
topological BF model with a maximal field spectrum and a massless tensor field
with the mixed symmetry (5,1) by means of the deformation of the solution to
the classical master equation it is shown that all the terms from the first-order
deformation depending on the ghost with maximum pure ghost number from the

(5,1) sector can be eliminated for inconsistency reasons.
PACS: 11.10.Ef

1 Introduction

Topological BF field theories [1] are important in view of the fact that pure three-
dimensional gravity is just a BF theory and, moreover, in higher dimensions general
relativity and supergravity in Ashtekar formalism may also be formulated as topological
BF theories with some extra constraints. On the other hand, tensor fields in “exotic” rep-
resentations of the Lorentz group, characterized by a mixed Young symmetry type [2]-[5],
held the attention lately on some important issues, like the dual formulation of field the-
ories of spin two or higher [6]-[9], the impossibility of consistent cross-interactions in the
dual formulation of linearized gravity [10], or the derivation of some exotic gravitational
interactions [11, 12].

In this context the couplings between topological BF theories and certain dual formu-
lations of linearized gravity is a topic of real interest [13]-[17]. One of the most efficient
approaches to the problem of constructing interacting gauge field theories is based on
the deformation of the solution to the classical master equation in the antifield-BRST
setting [18, 19] by means of the local BRST cohomology [20]-[22]. The purpose of this
paper is related to the construction of consistent cross-couplings in D = 8 between a
topological BF model with a maximal field spectrum and a massless tensor field with
the mixed symmetry (5,1). The free model describing a massless tensor field with the
mixed symmetry (5, 1) is known to be dual to linearized gravity exactly in D = 8. More
precisely, under some standard hypotheses from field theory (such as spacetime locality),
it is shown that a special class of terms from the first-order deformation involving the
ghost of maximum pure ghost number belonging to the (5, 1) sector can be eliminated via
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inconsistency arguments. This result is important in view of studying new interactions in
gravity and supergravity theories whose field spectrum includes these two types of fields.

2 The free theory

The starting point is a free theory in D = 8, with the Lagrangian action written as the

sum between the action of a topological BF model with a maximal field spectrum [two
] [m+1]
sorts of forms (A B ),,—53) and that of a massless tensor field with the mixed symmetry

(5,1) tp,. psla [antisymmetric in its first 5 indices and fulfilling the identity t(,,. ;o) = 0]

gt
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m—+1

The overscript between brackets signifies the form degree [A is a m-form and | é ] a
(m 4+ 1)-form]. The notation [uyus ... p,] means complete antisymmetry with respect to
the indices between brackets, with the convention that the minimum number of terms is
always used and the result is never divided by the number of terms. In this paper we work
with the Minkowski metric of ‘mostly plus’ signature o, = 0" = diag (— +---+) and
with the Levi-Civita symbol e#t#s defined according to the convention €7 = —gy; 7 =
—1. The tensor F),, o from (1) displays the mixed symmetry (6,1) and reads as

= gh6® ) (2)

Furonsla = Opntuspller Flurops 15 i

The overall field spectrum, denoted by ®“°, contains the two types of form fields from the
BF sector together with the tensor field with the mixed symmetry (5,1)

] e 11t
{5

Action (1) is invariant under a generating set of gauge symmetries of the form

,tm...u5|a}- (3)

m=0,3

0] [m] 1] _
5Qa1A = O, 5Qoq Ammum 3““ € (m,0) 2. ptm] ) m = 1, 3, (4)

[m+1]#1--~ﬂm+1 [erQ]PMl Hm+1 L
(59(11 B = — (m + 2) 8p f (m+1,0) s m = 0, 3, (5)
59a1tu1---u5\a = a[mxuz---usl\a + a[ulem---us}oc + 500buy...p5- (6)

The gauge parameters were collectively denoted by 2%, with €’s and &’s from the BF
sector and x together with 6 from the (5,1) sector. All these parameters are bosonic
and completely antisymmetric [where applicable], excepting Xy, .. u,ja, Which displays the
mixed symmetry (4, 1). Related to the BF gauge parameters, the overscript represents the
form degree, while the other two lower indices between parentheses signify the form field
to which a certain gauge parameter is associated with and respectively the reducibility
level. The above gauge transformations are Abelian and off-shell, 6-order reducible. The
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free theory under study is a usual linear gauge theory [its field equations are linear in the

fields], whose generating set of gauge transformations is 6-order reducible, such that we

can define in a consistent manner its Cauchy order, which is found to be equal to 8.
According to the BRST method, we introduce the field/ghost and antifield spectra

4 = {Cbao, {1 }os {ﬁal“}z:ﬁ} , I = {@207 {n*"* }izos; {77;;+1}105} o (7)

where @ are the antifields corresponding to the original fields (3)

. [m}*l"l-n,um [erl}*
(I)ao = {(A ) B #1~-~#m+1)

The ghosts and antifields associated with the gauge/reducibility parameters from the BF
sector, {n“+'},_g5 and {n“+'},_g5, are organized as

{az+1} = {[ml_l_l] } {[m—g—ﬂ] } (9>
n 1=02 = m m'=1+1,3 (m+1,0) m=0,3 ) , ’

s, 0

m=0,3

=0,2
N [m +1+42]
a6 = { C (m”+1,l)} - , (10)
m"=0,6-1} |_35
. [m/—1—1]* [m+142]"
{77al+1}z:0,2 = { n (m',Z)}m,ZTMa{ C (m+1,l)}m:ﬁ 17027 (11)
. [m" +1+2]"
{nocl+1}l:3,6 = {{ c (m"+1,l)} ,/_061} , (12)
=R ) =36

while those from the (5, 1) sector [{*+'},_55 and {ﬁzm} ] are structured like

1=0,5

{ﬁaH'l }l:0,3 = {g(l)/u.../m—l\a? C(l)m--.u5—l }l:@’ 77&5 = C(4)u1a (13)

— - KUy | AET s s
{naHl}l:@ - {g(l)l - ;C(Z)l g l}l:(] 3 9 na5 = C(ill)l (14)

*U1 . pa—i o

The tensor fields Gqyu,..p, o and Q(l) display the mixed symmetry (4 —1, 1), while

Caypr..pis, and Cz‘l’)““'%’l are completely antisymmetric. In addition, G),,je and gg‘;'“

represent some symmetric tensors [Gs)juija] = G3)uile — G3)alw = 0]
Since both the gauge generators and the reducibility functions are field-independent,
it follows that the BRST differential, s, reduces to

s=0+, (15)

where § is the Koszul-Tate differential and v the exterior longitudinal derivative. The
Koszul-Tate differential is graded in terms of the antighost number [agh, agh(d) = —1,
agh(y) = 0] and enforces a resolution of the algebra of smooth functions defined on the
stationary surface of action (1), C* (%), X : §S¥/§®* = 0. The exterior longitudinal
derivative is in this case a true differential, graded in terms of the pure ghost number [pgh,
pgh(v) = 1, pgh(d) = 0] and correlated with the original gauge symmetries of the action
via its cohomology in pure ghost number zero computed in C'* (X)), which is isomorphic
to the algebra of physical observables for this free theory. The overall degree that grades
the BRST complex is named ghost number (gh) and is defined like the difference between
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the pure ghost number and the antighost number, such that gh (§) = gh (y) = gh (s) = 1.
These two degrees of the BRST generators from (7) are valued like

peh (97) = 0, agh (2,) = 1. (16)
pgh (°+1) = 1+ 1 = pgh (7%+1), agh(n,, ) =142 =agh(7,, ), (17)
pgh(IT}) =0, agh (II") = 0, (18)

while their Grassmann parities are given by

5(770”“) =(+4+1) mod2= 5<ﬁo‘l+1>, (19)
e(11%) = ((I1*) + 1) mod 2. (20)

The actions of the differential § on the above generators read as

S =0 & (60 =0, on™+ =0 =67+, [>0), (21)
[m}*m---um [m+1]PM1---Mm L
5 A —0, B . m=03 (22)
[m—1]*H1Hm—1 [7’/"L]>k)‘ﬂl”'l“”_1 o
0N (mo) = —mdy A , m=1,3, (23)
[m—i— 2]*“1 Hm—i—2 . ) [m_i_l]*)\ul...um,i,g
o (m,i+1) = (_)Z<m -t 1)(9)\ N (m) , m=23, (24)
[m+1]* [m] _
(m+1,—D) 1 fimg1 m+18[u1 A#2--~Mm+1]’ m = 0,3, (25)
[m41+2]* [m4i+1]*

l JE—

o C

(m4+L,D)p1 . o ti+2 = (_) 8[,ul C (mA4+1,I-1)p2... o ti142]?

[with ¢ = 0,m — 2 in (24) and respectively [ = 0,6 —m in (26)] and

Sy h 1
SpEtnsla - 0’D|8 = _aTul---us|a7 (27)
H1...p5|c .
59*#1...u4\a = ) (Btmele _ prmneel) AC " = —60 ot el (28)
_. a KA. g | k1 alA 1 2
(5g M paile (_)l+la>\<(5—l)g(l,ul) pa—i ( )5 lg(lul M4 )7 1=1,3, (29)
56;};;1...#54 = —(6-1)0 (g;ﬂll 5 z|a+( )6 15— lc*lauf) 5 z> 1=1,4. (30)

The tensor T#1-#5l% from (27) is involved in the field equations from the (5,1) sector

L,t
5SO’D=8 — lT“l'"”5‘a
ot

5! ’ (31)

B1..psla
displays the mixed symmetry (5, 1), and can be expressed in terms of F*1-*61% from (2)

TVl---V5‘0¢ _ auFuul...V5\o¢ + OE Vs O_a[ylaqug...ug,]u

_ a‘uFuVl...Vﬂa . O_a[ulaﬂFyg...yg;u]‘ (32)
The actions of the differential v on the above generators read as
V) =0 < (v®), = W]ZZH =0= W_]Zm’ [ >0), (33)
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[0] [m] [m—1] [0] S
7‘4 = 07 fYAHI-nHm = a[m n (m,0)p2...tm]" 777(m,m—1) = 07 m = 17 37 (34)

[m—i—1]

[m— B ——
Yon (M8t et —i—1 = 8[#1 n (myit+1) 2. hm—i—1]? m = 27 37 1= 07 m — 2a (35>
[D]Ml---us [m+l+1]M1---Mm+l+1 [m+l+2]pu1---um+z+1
YCmir6-m) =0, v C (yry-y =—(m+1+2)9, C 4y (36)

[with m = 0,3 and [ = 0,6 — m in (36)] and

Vur.sla = s G(0)uz-islla T O C0)z.psla + 50aCiopus...us (37)
VS Wu1patle = O G4z sl

0 Cs1)pigepaia + (=) T4 = DOaClirtypn sy (38)

Vst = 5100 Cat sy 19@ila = O Claya); (39)

Yz = 50 Cayals Vel = 0, (40)

(36)

we used the supplementary conventions

[m+1}ﬂ1~~-/—Lm+1 [m+l}”1"'”7”+1 L
[mt-1)" [mt-11" _
B U141 = O (m—l—l,—l),ul..‘,uerl? m = 07 3 (42>

Without entering further technical details, in what follows we briefly address the gen-
eral expression of the nontrivial representatives of H(7) [the cohomology of the exterior
longitudinal derivative «y computed in the space of local functions]. An element a from
H(7) simultaneously homogeneous with respect to the pure ghost and antighost numbers
satisfies the conditions and the equation

va =0, pgh(a)=1>0, agh(a)=j>0. (43)

From the actions of v on the BRST generators, given by definitions (33)—(40), it can be
shown that H(7) in the space of local functions is generated by the antifields IT% and
their spacetime derivatives, by the quantities

_ [0] (1] 2] (3] (1] [2]H1H2
FA :{A =, a[#lAuz}v 0[M1AM2#3]7 a[#lA#wsM]’ amB ] aﬂlB )
[3]#1#2#3 [4}#1---#4
amB ) amB ) Km..-uelaﬁ} (44)

together with their spacetime derivatives, and also by the undifferentiated objects [all
their spacetime derivatives are trivial in H ()]

I O NN R
n = {77(1,0)> M1 132)> Cuz), Ciay, Cas), Cae, FIH°, C&)}- (45)

In (44) the tensor K,  ,4ap defines the curvature tensor of the (5,1) sector, given by

Kys..piglap = a[ultmv--%]\[ﬁ,a] = aaa[ultmmue]lﬁ - 856[H1tu2v--#6]\a7 (46)

with f, = 0,f. This tensor displays the mixed symmetry (6,2), so it is separately
antisymmetric in its first six indices and respectively last two indices and satisfies the
Bianchi identities

K[;u---ua\a]ﬁ =0, a[me---mHaﬂ =0, Km---ual[aﬁﬁ] =0. (47)
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We can also express (46) in terms of F}, .5 as

Kyy..piglap = aaFm---uelﬁ - 85Fu1---u6\a' (48)

The object F,,. ., from (45) is endowed with the pure ghost number equal to one and is
constructed from the first-order derivatives of the ghost C(g) belonging to the (5, 1) sector

Fureons = O Cl0)uz.ue] - (49)

In order to simplify the computations, it is more convenient to work with the Hodge duals
of the various ghost fields associated with the BF sector [denoted by C, defined like

[8—p]"t 8P (7l _
@ = He”l"'”S*P“l"'“pwmmup, p=0,8. (50)
0l
According to (50), the objects {C(mﬂﬁ_m)} __present in (45) are dual to the ghosts

m=0,3
[S]ﬂl -8

C } .
{ (m+1,6—m) m=03

In what follows we are mainly focused on the general representatives of H () of ghost
number 0. Putting together the information exposed so far, we conclude that the expres-
sion of the most general, nontrivial element from H(7) of gh = 0 takes the form

a = ZOU ([H*A]v [FA]) eJ(ﬁfy)v (51)

with agh(ay) = J and pgh(e’) = J. By €/(777) we denoted the elements with pure ghost
number equal to J of a basis in the space of polynomials in the objects (45). The notation
f([g]) means that f depends on ¢ and its spacetime derivatives up to a finite order. The
quantities vy ([II%], [Fx]) stand for the most general representatives of the cohomology
H(7) in pgh = 0 [denoted by H°(v)]. They are called invariant ‘polynomials’ and are true
polynomials in all the arguments excepting the undifferentiated scalar field ¢, in terms
of which they may be series. The cohomology H°(7) is an algebra also known as the
algebra of invariant ‘polynomials’. A generic invariant polynomial decomposes along the
antighost number into a finite number of (homogeneous) terms.

In the sequel we address the local cohomology of the Koszul-Tate differential in
antighost number J, H; (0|d), and also the local cohomology of Koszul-Tate differen-
tial in antighost number J computed in the algebra of invariant ‘polynomials’, H'™ (§|d)
[both in pure ghost number zero|. The model under study is a linear gauge theory of
Cauchy order 8, so the general results from the literature [20]-[22] allow us to state that

Hy(8|d) =0, J>S8. (52)

Moreover, it can be shown that if an invariant ‘polynomial’ oy, with agh (o ;) = J > 8,
is trivial in Hy (d]d), then it can be taken to be trivial also in H'} (6|d). This result
together with (52) ensures that

H™ (§|d) =0, J>S8. (53)
Using definitions (22)—(30), we can show that H'™ (§|d) and H; (§|d) are spanned by
H™ (8]d) {Pureons (54)
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. 8"
HE (31d)  { Purs Clampmns | (55)
inv m* [8] *
Hg™ (4]d) {Pm...uea Covp.pr CEnum. s C(4)a}7 (56)
. [6]" [7* 8]* RS
H5 (5|d> {Pm---usv 0(2,3);“...#67 C(3,3)u1...u7’ 0(4,3);11...“87 g(g) }7 (57>
inv o* 2 6" i’ /*mmlla
H4 (5|d> {Pul---uzu 71(3,2)5 0(2,2);“..#57 0(3,2)#1...%’ C’(42);11 7 g }’ (58>
inv o o U 1]
H3™ (0]d) {Pmuzuaa N1 M31) 0(2,1)%..#47 C(3,1)p1...y57
[Cﬁ]v* Pxp o 3| o 59
4,)p1...u6° g(]_) ) ( )
inv O =
Hy™ (d]d) - {Pmum Moy 1200 132 0(2,0)u1u2u37 0(3,0);¢1...H4a
[CS],* Ppu g || o 60
(4,0)pe1. 150 g(o) : ( )

The objects (P

m_,M)j:ﬁ from (54)—(60) are invariant ‘polynomials’ in the antifields cor-

1M1
responding to the 1-form B from the BF sector with the expression

dpll* dip* []*
% (Lj—2pr .y T g3 = T C(l,*l)uj

de
Jj—1 1 .ok
d'P [i1]
+ E:—< E: C (Lir—2)lpar.usy X

l
=2 ng

P

Bty T

1 +12+ +i =7
li2]* [ir]*

X Crip-2) (61)

Hhiy 410 Hiy +ig (Liz—Q)Mi1+i2+~-+il_1+1---Mz‘1+i2+»-~+z‘l]) ’

where P = P(yp) is an arbitrary, smooth function depending only on the undifferentiated
scalar field ¢. The notation (42) for m = 0 was also employed. The ‘polynomials’ defined
in (61) satisfy the properties

5P;¢1--~M = <_)ja[M1PM2mM]> J=18, (62)
dpP I’
PMl = %C(l,—l)m (63)

and can be written in dual notations like

§Prts-s — (_)ja# ]5#1--.#973', j=2,8, (64)
N dpi”
PHuesT  — cepp C(l 1) (65)

The representatives denoted by Gy from H(d|d) and H¥™ (6|d), which appear starting
with antighost number 5 [see (57)—(60)], are due to the (5,1) sector and contain both
kinds of antifields specific to this sector

1=0,3. (66)

g/*ul pa—tlla _ g*ul Ha—i]o + C*Ml 4o

l Y
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They correspond [are canonically conjugated with respect to the antibracket] to the ghosts

gél)mu-mfl\\a = g(l)ul---ﬂzl—zla +(6-1) Comepsar =03

The double bar present in the expression of the primed ghosts/antifields signifies that
these BRST generators are only antisymmetric with respect to the Lorentz indices placed
before, but do not exhibit the mixed symmetry (4 — [, 1) of the non-primed generators.

3 ‘Homogeneous’ solutions

Next, we work in the context of investigating consistent cross-couplings in D = 8 between
a topological BF model with a maximal field spectrum and a massless tensor field with the
mixed symmetry (5,1) as a deformation problem of the solution to the classical master
equation [18, 19] with the help of the local BRST cohomology [20]-[22]. We assume that
the deformed solutions to the classical master equation satisfy some general hypotheses
from field theory: analyticity in the coupling constant, spacetime locality, Lorentz covari-
ance, and Poincaré invariance, combined with the preservation of the number of derivatives
on each field. We strengthen the last hypothesis by requiring that the emerging cross-
couplings are described at the Lagrangian level by interaction vertices containing at most
one spacetime derivative of the fields at all orders in the coupling constant. Let S be the
fully deformed solution to the master equation expanded according to a coupling constant
g, S =8S+gS;+g*Sy+---, so it is compelled to satisfy the equation (S, S) = 0, where (,)
denotes the antibracket structure. In the above S, known as the zeroth order deformation,
signifies the solution to the master equation for the free model under study, described by
action (1) with the gauge symmetries (4)—(6), i.e. the solution to the equation (S,.5) = 0.
We do not discuss here on either the antibracket structure of this model or the concrete
form of S, which can be found in [13, 14], since they will not be needed in what follows.
We only stress that in dual local notations, S; = [ ad®z, the equation for the first-order
deformation, (S1,5) = 551 = 0, is equivalently written as sa = 0,j", with j* a local
current. Despite of satisfying all the working hypotheses, the non-integrated density of
the first-order deformation, a, exhibits the supplementary properties of being bosonic and
displaying the ghost number equal to zero. The previous equation shows that a defines a
bosonic element of the local cohomology of the BRST differential s in ghost number zero,
H'(s|d). Decomposing a as a sum between three components, a = aB g + a%,_g + a5,
where the first is responsible for the self-interactions among the BF fields, the second
for those of the tensor field with the mixed symmetry (5,1), and the third describes
the cross-couplings between the two sectors, it follows that the first-order deformation
equation becomes equivalent with three independent equations, one for each component,
sap g = d,wt, sal,_g = 0,2", and salft g = 9,m".

In what follows we investigate some particular solutions of the first-order deformation
equation responsible for the cross-couplings between the BF fields and the (5,1) tensor.
In view of this we start from the equation

SaiDnt:S = aﬂmu7 (67>

that has been shown in [14] to allow the decomposition [according to the antighost number]

8

ailljltzs = Z a?zt):s» agh(@?lt):s) =1= pgh(a?,llt):s;)a 5(‘1?,]1%:8) =0. (68)
i=0
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In order to describe cross-couplings, every term from a)’ ¢ has to contain al least one
BRST generator from each sector and moreover to satlsfy all the working hypotheses.
Using decomposition (15), result (53), and expansion (68), it can be shown in a standard
manner that equation (67) is equivalent to a tower of equations, ordered according to the
decreasing values of the antighost number into

’VagntD 8 — 0, (69>

5“1% g +ya Lp=s = Oumy,, i=138. (70)

Equation (69) states that the piece of maximum antighost number from the first-order
deformation responsible for cross-couplings, agjﬁ)zs, is y-invariant. Since we are interested
in nontrivial interactions, we consider only nontrivial, bosonic elements of the cohomology
H(v) with pgh = 8 and agh = 8. Following a standard procedure [for instance, see [14]
and [15]-[17]] and taking into account formula (51), we obtain that the component of high-
est antighost number necessarily involves elements from the invariant local cohomology

of the Koszul-Tate differential and takes the general expression
aéntD s = age’(7)), as € H{™(6]d). (71)

The other components, with lower, but strictly positive values of the antighost number,
{a;“f) —s}i=17» can be decomposed into

int ___lint ~int int 1T Q /int ~int _ _vint
a;'p—g = i p_g + Aip_g + 0 p_g, 1 = 1,8, yajp_g#0, va;p_g=0=17a"p_s (72)

We collectively denoted by a}'_g all the terms of antighost number ¢ from the first-order

deformation responsible for cross-couplings that are not v-invariant and by amt _g and
respectively a;n{‘) _g the two distinct classes of possible v-invariant terms. By abuse of ter-
minology in what follows we call both these classes of y-invariant elements ‘homogeneous’

solutions. The ‘homogeneous’ solutions @;",_g ensure the consistency of a}"f,_g in antighost

number (i — 1) [more precisely, are required by the existence of aj**| ,_g as solution to the

equation da,")_g+~ai™, p_g = dyml_, for i = 1,7]. The y-closed pieces denoted by @}"_g
contain only the so-called “potentially independently consistent” ‘homogeneous’ solutions

with antighost number ¢, introduced by having an imposed expression, of the type
i = (), ae H™@ld), i=27. (73)
a'p_s = o ([0, [Fal) e’ (), agh(al) = (74)

where @7, are the antifields corresponding to the original fields (8) The attribute “po-
tentially independently consistent” accredited to the y-closed contributions of the above
form is due to the fact that independent (@;%_g);—77's may generate in principle inde-
pendent components of the first-order deformation descrlbmg cross-couplings, a5t .. We
remark that expression (71) qualifies agﬁjzg also as a “potentially independently Consis—
tent” ‘homogeneous’ solution in antighost number equal to 8.

The declared purpose of this work is to construct all the “potentially independently
consistent” ‘homogeneous’ solutions [in antighost numbers i = 1, 8] and prove that certain
classes are not consistent at the level of the first-order deformation and therefore can be
safely eliminated. In view of this, we need to couple the representatives of H!"V(§|d) given
n (54)-(60) to the basis elements e’(777) constructed from (45) [taking into account that
each term has to effectively mix the two sectors and satisfy all the working hypotheses].
We recall that the pure ghost number of the y-closed objects (45) are valued like

(0] [0]
pgh(n 1) = pgh(F"#°) =1, pgh(n(z,1>) =2, (75)
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[0] [0]

[0] ~ ~ N

pgh(7s2) = 3, pgh(Cug) =4, pgh(Csa)) =5 = pgh(Cly)), (76)
9 0]

Pgh(c(2,5)) = 6, Pgh(C(1,6)) =1, (77)

while their Grassmann parities read as

0] 9 0]
e(Meyy) =e(Cas) =e(Cug) =0, (78)

[0 0
0 0] x A "
e(Ma) =e(Ms2) =e(Cra) =e(Cag) =e(F ") =e(Cf) = 1. (79)

In antighost number 8, we start from the general expression (71) and observe that
formula (54) restricts Hi™ (§|d) to involve only generators from the BF sector. Thus, in
order to construct cross-couplings from aiglﬁ)zg one should retain from the basis elements
e3(77) only those objects containing at least one ghost from the (5,1) sector, namely
C(yy or F-*o [the latter defined in (49)]. Moreover, the hypothesis on the maximum
derivative order of the interacting Lagrangian density to be equal to one limits the basis
elements to contain at most one object of the type F*1 6. In view of these observations,
we remain with the following eligible basis elements in pure ghost number equal to 8:

Siainoi7) = { P (BE)CHF 0, S(BF)CG, ¢ (BF)F+ ). (50)
The notation ¢!(BF) from the above formula signifies the elements with pure ghost num-
ber i [where i takes here the values 2, 3, and respectively 7] of a basis in the space of
polynomials in the objects from (45) pertaining only to the BF sector [the first seven
ghosts]. Since all the elements ¢’(BF) are 0-forms, it follows that none of the terms from
the right-hand side of (80) can be coupled in a covariant manner in D = 8 to the generic
representative from HI™ (6]d), given in (54), such that we are compelled to set

agj;)zg = 0. (81)

This is a very important result since it shows that expansion (68) of the cross-coupling
first-order deformation can be safely replaced by one that stops in antighost number 7.
In antighost number 7, we start from the “potentially independently consistent” ‘ho-
mogeneous’ solution (73) particularized to i = 7. With the help of result (55) we notice
that the general representatives of HI(§|d) entirely belong to the BF sector. Reprising
exactly the same arguments as before, we determine the eligible basis elements as

lignno(77) = { € (BE)CE) F, 2(BE)CRy, " (BF)F |, (82)

e'(BF) = {uo},  €2(BF) = {f o} (83)

Analyzing the structure of (55), it follows by covariance arguments that only the first two
elements from (82) may be ‘glued’ to the former representative in Hi™ (4|d)

oin 1000 [0]
a7,§)=8 = _le...mc([i)l]:w ] 1,0 T et MSP?[M...M77(2,1)6(4)#8]- (84)

In the above Py, . and Py, . read as in (61) for j = 7, but they are constructed by
means of two distinct smooth functions of ¢, denoted by P, and respectively P.
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Related to the “potentially independently consistent” ‘homogeneous’ solution (73) in
agh = 6, we remark from (56) that H™(§|d) contains for the first time a representative
specific to the (5,1) sector, namely the antifield Cliyu,- Accordingly, the eligible basis in
pure ghost number 6 will contain also elements strictly belonging to the BF sector

Sianieli17) = {CEF 0, €L BF)CG), ¢ (BF)F-, ¢(BF) }. (85)

On the one hand, the cross-coupling requirement restricts the first three representatives
from (56) to be connected only to the first three classes of elements from (85) and the last
antifield from (56) to be linked just to the last three elements from (85). On the other
hand, the derivative-order assumption forbids the coupling of CE‘4) i O the elements form
(85) depending on F*1-*6. [Indeed, using the actions of § and v on the BRST generators,
it can be shown that, if consistent, such a term would generate in aifftng, via equations
(70), a term that is simultaneously linear in b sl a0d F (and also depends on the
undifferentiated BF fields in a way that is not important here). Further assuming that
equation (70) is also consistent in agh = 0 (for ¢« = 1), the previously mentioned term
would induce in the Lagrangian density a%i’tDZS an interaction vertex generically written
as (0t)(BF fields)0t, which clearly exceeds the maximum derivative order imposed (one).]
Finally mixing in the Lorentz covariance, we remain with the following classes of possible

int

terms 1n agp_g:

i (7"
a}{%:g :{P/"l'"l‘«ﬁ o 65(BF)IV1"'V6, 0(274”“”'#7 o C&)Iul...uﬁ’
(7"
C o < € BFICGY, Clayyy el<BF>C&>}- (36)

The former expression in (83) together with

. w9 o w2
e’(BF) = {0(3,4), 11,0C @3 e s 77(1,0)<77(2,1)> }7 (87)

plus the Poincaré invariance requirement yield in the end

w5 A8 o 9 0
(g, D=8 — 8V Oz + Zvlmmue 77(1,0)0(4,3) = Uspy .o N2,1)73,2)

1 o o [ N 0]
- §U4P41-~/J46 71,00 (2,1) 77(2,1)) FHEe 4 ge M5 C o gy C@yns) M (1,0)

7"

e [0]
— Q10(2,4)#1A..MC([Z;]:M"'M + %QQC(@C@)QU(LO). (88)

The objects Vi, s> Viprwes Uspn.pss and Uy, e read as in (61) with j = 6 and are
constructed with the aid of the smooth functions V(p), Vi(¢), Us(p), and respectively
Us(p). By q, ¢1, and ¢} we denoted three arbitrary real constants.

Regarding (73) in ¢ = 5, we start from the eligible basis elements

e 17) = {Cliys ¢ (BE)F", (BF) | (89)

and also from the general representatives of Hi"(§|d), established in (57). Invoking the
cross-coupling and derivative-order hypotheses we are led to the observations that the first
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four representatives from (57) may be coupled only to the first two elements in (89) and
the antifield G, s may be related exclusively to the last object from (89). Moreover,
noticing that the components of the antifield G5, | 5 [defined by formula (66) for j = 5]
can be combined into a symmetric tensor and respectively a 0-form

* 18 _ o
Gymlis = {g< Dlig) ~ Compr 96 = Gapmis0""” = g<3>} (90)

and taking into account the Lorentz covariance, we are led to three classes of terms

. (6] (7"
Clgth:g - {0(273)#1~-~P«6 A 64(BF>‘FV1MV6’ 0(3»3)M1~-u7 AR C&)’ g(*3) < 65(BF>}. <91)

By means of expression (87) and

] 9 o o 0\’
e*(BF) = {0(4,3)7 1,007 3,2) <77(2,1)) } (92)
and requiring the Poincaré invariance of the first-order deformation, we eventually obtain
in 519" g 4 o o 0 [
a5,tD:8 = 60(2’3)“1”'“6 (5“10( 3) T qN1,0)7 3,2 — Wall(2,1)7 (21 )J:M Mo

[7* [0 [0]

¥ P ,[0] =
= 3026 C 3.1 Ctrs) +51G5) ( = 506 + 10,0 Ca
I o (o L o0 o] [0
- 5“377(2,1)77(372) - ZUZU(1,0)77(2,1)77(2,1)>7 (93)

with v, vy, v}, ug, ug, uj, g, and g, some arbitrary real constants.

We pass to constructing the “potentially independently consistent” ‘homogeneous’
solutions in antighost number 4, of the form (73) with ¢ = 4. This is the first time when
the basis elements cannot contain the ghost () from the (5, 1) sector since its pure ghost
number is equal to 5; otherwise they are spanned by two types of objects, namely

hignio(77) = { #(BE)F-, ¢4(BF) |, (94)

Inspecting the structure of Hi™(d|d) [see formula (58)], it follows that its first five rep-
resentatives may be correlated only to the former class of elements from (94), while the
antifield gg;) I solely to the latter class. In addition, the manipulation of the compo-

nents of the antifield QES) )50 defined in (66) for 7 = 4, yields two tensors

* * * B __ o
G@yunuslls = {gfznmmum ~ Coyupapr G = G@puanalis®™” = g(zml}- (95)

Invoking the Lorentz covariance, we find that &ZntD s reduces to a single object

(6]
i,Lml:) 8 — {0(3,2);“...#6 < 63(BF)~FV1-~V6}’ (96>
[0] [0] (0]
¢*(BF) = {77(3,2)7 77(1,0)77(2,1)}~ (97)

With the help of results (96) and (97) and under the assumption of Poincaré invariance
we reach the final expression of the “potentially independently consistent” ‘homogeneous’
solution in antighost number 4

in 516" 0] 0] [o
a4,tD:8 20(3 2) 1.t (U3U(3 2) + U477(1 0) >~7:u1 e, (98)
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with w4 and v} some arbitrary real constants.
In antighost number 3 we start from the eligible basis elements with pgh = 3

igne(17) = {2(BE)F -, ¢*(BE) . (99)

together with the representatives (59) of Hi™(4|d). Using exactly the same arguments
like before, we deduce that dgth:S includes only one class of terms

, [6]"
s = { Clanre © CBE)F-1, (100)

K16

Inserting the concrete expression of €?(BF) from (83) in (100) we arrive at

0
[77}(271)35'“1"'”6, (].0].)

vint

(6]
a3 p=g = gugc(u)m...uﬁ

with u% an arbitrary real constant.
At antighost number 2, the corresponding eligible basis elements reduce to

uanne(i1") = {e (BE)F", 2(BF)}, (102)

while the general representatives spanning Hi"™(§|d) can be found in (60). In principle,
the BF-sector antifields from (60) may be related only to the former element in (102),
while ggg) popial|B solely to the latter, but covariance arguments provide two possibilities

. 2]
% = { Msopn © €L BE)FA, By e M (BF)F 0 (103)
Taking into account the expression of e!(BF) present in (83) we conclude that

in 5,10 0]
az,tDzs = _57/1/77(3,0)u1...p677(1,0)-7:#1"'“6 + &M Py o Fas s (104)

where vf is an arbitrary real constant and P, ,, follows from (61) with j = 2 and P — P,
6)* *
while ['F]](&O) denotes the Hodge dual of the antifield [7]2](3’0), defined according to (50).

At this point we are left only with the “potentially independently consistent” ‘homo-
geneous’ solution in antighost number equal to 1, of the form (74). Since the antighost
number of all the antifields corresponding to the original fields, @, , and of their space-
time derivatives is equal to one, it follows that difj}):,g will be written as a monomial of
degree one in the antifields (8) and their spacetime derivatives. Moreover, using the same
line employed in [15]-[17], it can be shown that the entire dependence of a}"},_g on the
quantities from (44) pertaining to the BF sector and on their derivatives, excepting that
on the undifferentiated scalar field, can be eliminated based on the observation that these
objects are d-exact and thus, even consistent, they would generate only trivial first-order
cross-couplings. At the same time, the dependence of &iﬁ)zs on the curvature tensor
and its spacetime derivatives, [K], is forbidden since it would break the derivative-order
hypothesis [if the corresponding agj})ZB exists, then it will contain at least two spacetime
derivatives]. Putting together all these considerations, we can write that

it = a([@3,] ) (), (105)
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with

- 0
(i) = {[7}(170), ]-"”1“‘”6}, (106)
where the invariant polynomial o is linear in the antifields from (8) together with their
spacetime derivatives. The antifields [t*] cannot be satisfactorily coupled to F*+*¢ [via
a function of ¢] since, if consistent, such terms would generate minimum two spacetime
derivatives in the associated Lagrangian density. Consequently, we are left with two
generic cross-coupling terms

ity = {05l f () & F, [#1£(6) M) ) (107)

Invoking the actions of the operator 0 on the BF antifields ®}, which are linear in the
first-order derivatives of BF fields [see formulas (22) and (25) and also notation (42)],

accompanied by the result OF ~ ~(9t) together with the actions 6t* ~ 90t and 8,\[7%](170) =

1
~vA,, it follows that the Lagrangian density &&“DZS as solution to the equation Miﬂ):s +
~int

Yag'p_g = Oy satisfies the derivative-order hypothesis if and only if the dependence on
(@] and respectively on [t*] of (107) is linear in the undifferentiated antifields

v in * V1. U * [0]
a'p_g = {‘IDBFf(@) o Fr ot el (p) < 77(1,0)}- (108)

Lorentz covariance finally selects only two possible terms, both belonging to the former
class displayed in (108)

OF 6]

dil?ﬁ):S = <P4(90)A(2),u1...u6 + P5(90)B(2)u1...;¢6>‘7:.“1“.“67 (109>

(6] (6] or* o1*
where 121(2) and 3(2) represent the Hodge duals of the antifields [A] and respectively %
and P, together with P5 denote two arbitrary, smooth functions of ¢.

So far, we managed to construct all “potentially independently consistent” "homoge-
neous’ solutions with the antighost number ranging from 8 to 1 and found that only those
with agh = ¢ and 7 = 1,7 are non-vanishing. Their expressions are listed in formulas (84),
(88), (93), (98), (101), (104), and (109) [according to the decreasing values of i]. The
various pieces composing these solutions can be classified into two broad distinct classes,
according to the generic form of their corresponding cross-couplings, of course assuming
they are consistent at the level of the first-order deformation:

I. terms linear in either F or a single antifield from the (5, 1) sector and with no other
dependence on this sector [the four components from (88) involving the functions V,
Vi, Us, and respectively Uy, the seven pieces from (93) depending on the constants
v1, G, Uy, v, V}, uz, and respectively u/, together with all the terms from (98), (101),
(104), and (109)];

II. terms containing the ghost C(4) and possibly other ghosts or antifields from the (5, 1)
sector [both components of (84), the three pieces from (88) proportional with the
constants ¢, qi, and respectively ¢;, and also the term from (93) involving gs].

In other words, if consistent at order one in the coupling constant, then these two classes
of ‘homogeneous’ solutions are independently consistent. In the next section we will show
that all the terms from class II are inconsistent and can be removed from alff .
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4 Elimination of the terms containing C )

Analyzing the structure of the ‘homogeneous’ solutions from class II [containing the ghost
C(a) from the (5, 1) sector] discussed in the previous section, we observe that they can be
again classified into three subclasses according to their potential of generating independent
cross-couplings: II.1. the term involving the function P; from (84) as well as the pieces
depending on the constants ¢; and respectively ¢; from (88), I1.2. the component built
with the help of the function P, from (84) together with the term linear in the constant g
and present in (93), and 11.3. the piece proportional with ¢ appearing in (88). Due to the
fact that the representatives of the first two subclasses display the same maximum value
of the antighost number, namely 7, we will treat them together and approach separately
only the third subclass.

In order to show that the first two subclasses cause inconsistencies at the level of the

cross-coupling first-order deformation we prove that there is no density a}.- 172 complying
with all the working hypotheses and endowed with the properties
7
ap P =) alptl () = 0, agh(afph) =i = pgh(ap),  (110)
=0
(0] (0]
af!5 % = = PuyrnCl FF 0 1) +5“1"'“8P2m1...m 2Cpus): (111)
7" !
aéID1+82 - q1C(274)M1.--u7C[M1‘/—_W2 ] 20 1 (4)C 10) + (112>
7"
CLE—I){DIISQ = — 3(]28“1-.#80(373)[“1“'”7C(4)M8] + .. , (113)

that satisfies the equation specific to the first-order deformation of the solution to the

classical master equation, sag :1; 2 - d,m™, equivalent to the tower of equations
Jallii —o, (114)
0al 5 +yall\ g = 0umly, i=T1T. (115)

We notice that at this stage aI L. 1+2 is parameterized by two arbitrary, real, smooth func-

tions of ¢ (P, and P,) and three arbitrary, real constants (qi, ¢2, and q).

Equation (114) is satisfied by construction [see (84)]. Inserting (111) in equation (115)
for ¢ = 7, using the actions of § and v on the BRST generators [formulas (21)—(30) and
(33)—(40)], and taking into account condition (112), we obtain the partial expression of

A
11142 _P g [le,u,g...pq] [0] % C [Ml‘/—_'uz...uﬂ
A, p=s = ~ 1l us\ 5Y @) M0 + AunC
1 o 1] [0]
551[1 e %}[‘ﬁplmuﬂes]c(zl) 7 (1,0) + EM.”#SPHMMM ( - 77(2,0);L7C( 4)ug] T 377 2 I)C 3)prps) >
o [é]r C[MII/LQ.../M] 7_‘ lc*ac [ ~T1.142 116
N 24007 (1) + 20‘11 @©C@a 1,0 T s p=s- (116)

In the above Py, ,, and Py, ,, are of the form (61) with j = 6 and P(¢) — Pi(y),

respectively P(¢) — Py(¢). The ‘homogeneous’ solution aéIDHSQ [MéIDH'SQ = 0] has the

~int

same meaning with a;";,_g from (72), namely, it is a nontrivial, bosonic element of H(7)
of both pure ghost number and antighost number equal to 6 that ensures the consistency
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of ag :18+ 2 in antighost number 5. Its concrete expression will be determined during the

next step.
Related to equation (115) for ¢ = 6, initially we act with § on (116) and infer the

expression of the ‘homogeneous’ solution of antighost number 6, &éIDHSQ
~T11+42 2" [3]" (4"
(g, D=8 — _2<P1[#1--~M53u6u7] + Pl[M1-~~M4C(2,O)u5u6M7] + Pl[#lu2usc(2,1)u4---u7]

5" o] m*
(11
P C o ppgcpn) T Prim Caapusnn + 1 10(2,4%...“7)6(4)” et

+ g (t M1...M5|OCP1H1WM5 —+ gzong H4|‘aP1M1-~~M4 — QQI';HMMSH leuzus
i} . 1., o 0]
. QEQ};IMHaPlMMQ + gzgl)ilﬂaplm + 56(4)05P1>C(4) 77(170)7 (117)

which substituted in (116) provides the complete expression of aé,lblig. Then, we employ

this final expression, compute &Lélblig , take into account condition (113), and by means

of equation (115) for i = 6 we partially identify the piece of antighost number 5 of the

first-order deformation a5

1 [0] 1 [
U5p2s = o s Gy M 10 B) [P (TR

2" 3] [4]* [5]"

+ 2<P1[,u1...,u4B =+ Pl[#1u2#30( + Pl[ul,uzc(Z,l)ug...ug + Pl[#10(2,2)

M5 16 2,0) papis e B2 po]

[6]" 1 , .
+ PlC(2,3)[u1.,.u6)] gES)m]H moppe.pr] o [5&517#1...#5 1”[5P1M1~~~M5 + 7 (t P piav | N

10
* v 11 oV sV 0]
+ g/ gt aPrlipons — gf sl ot — gz gl Pl[#l)]gé3)V1|| (1,0)
w ol0] 1 ] 2"
+ 15 Q' PGl N 0) — 5{5351?“1 vl [le--mAud +2(P1u1~-u43u5ue]

[3]* [4]* [5]" [6]"
+ P1“1“2“3C(270)N4M5M6] + Prups 0(2»1)M3-~-u6] + Piyy 0(272)M2--~M6] + p10(273)111--~uﬁ]>]

] . [ « : ]
+ 7'( gt Pl[#l #4A,u5 + g/ p---pa Pl[uwwsAM] gE1¢IM2M3|LP1[M1“2A“3]

. [1} y [ ] N 2]
_ gEQI)“MHaPl[ ol + g/ pall PlAul) }0(4) _ 6#1..#8}32[“1““5 <Au6mc(4)us]

] 0] 6" 1 furosisl - ol
+ 30 206 C@prs] T 67 2, 1)C(2)u6uws]> = 01C 2.3) (116 (gF e C(4)
1 [ | el (Lo a0 g o
= 5% T ) 104 19 1 (29<3>m|| (1,0~ Am%))
7"
- 3(]25;“WMSO(S,S)[M---WC( Hpug] T E{ID1+82> (118)
where we used formula (61) for various values of j together with (63) in which we replaced
the function P by P; or P, and included the vy-closed component aéIDHSQ necessary at the

consistency of aI L 1+2 in antighost number 4.
Regarding equatlon (115) for ¢ = 5, first we act with § on (118) and identify the

concrete expression of aéIDHSQ

2" (3] 47

. 2T
aé,l[)li_gQ = _57! [t b a(Pl[mmusB/m%] + Pl[#luzc( ] + Pl[#lc(

2,0) 3 papts 2,1)p2... 5]
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5" , 2" " i)
+ P 10(2,2>u1...u5> +G0) Moc(P 1o B ugpea) T P C 2,0)apspua) + P 10(2,1»1...#4)

[2]* 3] [2]*
I% [ 1% [
- g(ll)‘1“2“3 (Pl[’“ BMMS] + PlO(2 0 uwws) o g(2§‘11‘2 B #1#2]6,(4

[3]* 4] 5]
e <P2[M1---M4BM5#6M + PQ[M1M2N3O(370)H4-~N7 + P2[”1”20(3’1)“3'““7

[6]" 7" (N
+ Poyn Ca oy i + P 20(3,3>[m...u7)c<4>us —gfh(t el s

*

1 4] . y 2 N
+ g( gl C (2 p1pa QE griatisl 0(20 Juipeps g, o] B“1“2>C(4)' (119)

Second, by inserting (119) in (118) we get the full expression of aéfblig . Computing now

5aéIDl+82 and comparing the emerging result with equation (115) for ¢ = 5, we observe that

the existence of afblig requires the following condition

7! . 7! . (1 . [1] N
2_0q/1gg21;1u2|| (7/1[“1)9 Gl — = [q’lgél;lmlla (3/“14”2) +q (anggl)“m'la)Auz] C

= 0,m"™(q1, q1) — yay' v 23 (a1, ql) (120)

The last equation is satisfied if and only if the constants ¢} and ¢; are related by

¢ = q, (121)

which furnishes the solution afDHSQ(ql, ¢1) to equation (120) in the form

() X
CLA{IDH_SSQ(Ql ql ql) - GZ% 1+2(Q1) %Q1gggflu2!ﬂ[mgé3)“2”| . (122)

Substituting (119) and (121) in (118), we determine the final expression of aéfblig . Third,
we use this expression, compute §aé{'D1:+82, take into account relations (121)—(122), and

consequently find the partial solution afblig to equation (115) for i =5

12 1 : 0 1 1 2"
ailplig = ) l[ul...u4g(1)u5u6m}[ﬁl-’rm 1 N0 + ) [Pl[uluwiAus) + 2<P1[M1M2M3Bu4u5
[3]* 4" 5] / (11 ... 7]
+ Pl[u1M2O(2,O),u3u4,u5 + Pl[ulc(zl)m...m) + P10(272)#1~~M5>] g@)uem}ll 7
1 [Z8% * 1282 * nv
10 [5[5}7#1 -pavi 2]|[ le st 71 (t B 23V 2‘P1[M1M2M3 + ggo,;tlm 1 2\|apl[uw2
Ixp1vival| [0] ' Ixviv || [0]
-9 1#1 - O‘Pl[m)]g( Duvall 1(1,0) T g(2)1 i 1g 2wall 111, 0)
1 (8 o1 ---ps vl 2
10 10 00 I (8 |:P1.“1 #4‘4#5 + 2<P1#w2u33u4u5 + P1#1#2C(2,0)u3u4u5

[4]* [5]" [1]
+ P1#10(2,1) + PlC(Q 2)p1... )} + 7!{t*mwu4yll a [Pl[#wwsAM

B2

2 [3]*
+ 2<P1[“1“2Bu3u4 1[H10(2 O)uopapa T PlC 2,0 muzus)}

Pt prop3v || 2" 3"
+ g [Pl mmAus + 2<P1[mB + PlC 2,0 [uwwgﬂ

H2p3
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(1] (2"

e " (1] o
— QEK”@ 1Hoc (Pl[mAuz + 2plB[u1u2> B gégﬂ 1|°‘P1A[m}}géa)yl]”

2] (3] [4]*
+ 5“1“#8{ -3 [PQ[NL--MA%% + 3(P2[M1M2M3 Bu4u5u6 + PQ[MWC(B,O)#S...%
[5]* (6] 1]
+ PZ[N10(3,1)H2~~,U«6 + PQO(?),?)[M #6>]C(3)N7M8] + 6 Pafuy s 2, O)Msc( 2)pe it ps)

10Py,. ,.C oy _af 1 opa.or]
- 21 pab(Dps..us] 1(2,1) 9~ (22)[p- usg(z)ubmm
[5]"

Ixpa p2| 0] q1 B i1 6]
+ o 1g< P el M0 T 15 [55 F 160 s
*fLo... 13 g | Ixq14...ps| |
+ 7! <t " %‘QC (2,1)[p2...p5 + g(0)3 ° aC(Q:O)[Msmus o 9(1)4 ’ aB[uzws

[6]"
e a
g( psel| A[us)] gzg)%m — 9gget us0(372)[“1_““6@3)”7%] + aiID1+82

We remark that at this point al)’ 1+2

(123)

is parameterized again by the functions P; and P,

but only by two arbitrary, real Constants [¢1 and o] instead of the initial three ones.
Next, we approach equation (115) for i« = 4. In this respect we act with ¢ on (123)

and on the one hand we observe that we can safely take

dII 1+2 =0

(124)

n (123), which completes the form afblig . On the other hand, we identify the partial

solution to (115) for i =4

1 [0] 1 [1] 2]
IT142 / [
a3,D1=+E? - _5Pl[#l#2#3g(0)u4.l.u7]||MF# g a0 — 5 [Pl[M1M2M3AM4 + Q(Pl[ﬂluzB,us/m
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5]
+ 18¢26" 5 C (3 1)y s Cponnis) + 05 ps- (125)

In the next step we employ (125) in equation (115) for i = 3 and, after some tedious
computations, we find three types of results. Firstly, it follows that we can take

a1 =0 (126)

in (125) without affecting the generality of our approach. With this finding in mind,

secondly we show that the existence of aéfbl;“g as solution to (115) for ¢ = 3 implies the

following condition

[0] [0]
_ 105]31#1“2]:#1)\1.‘.)\4‘7/@ Mo 1(10) — 158#1.‘#8p2[m“2f'/13m#8] M)
= 0um"™(P1, Po) = va5 ,25(Pr) = vaz p 55 (Pa). (127)

Since the two terms from the left-hand side of (127) are independent, they must be
separately written as y-exact modulo d objects. Each of them is a nontrivial element of
H(v) in pure ghost number 3 that does not reduce to a divergence, so the existence of

aéfblig requires the vanishing of both terms, which takes place if and only if

dp,. 121" 2Pt
=—*C +—*B B, =0 k=12 (128)

P’Wl“? = dp (1,0)p1 a2 d—@z p1 " 2
From (128) we obtain that (127) is satisfied if and only if the functions P () and Py(p)
reduce to some arbitrary real constants

Pi(p)=p1,  Ple)=p2, prp2eR (129)

Inserting (129) in (111), we notice that the component of highest antighost number (7)

from allF? [see expansion (110)] vanishes

ay'pts = 0. (130)
Consequently, ag :1; 2 exhibit non-vanishing terms of maximum antighost number 6 and
is parameterized now by four arbitrary, real constants (¢i, g2, p1, and py). Moreover,
replacing (129) as well as (121) in the concrete expressions of the components of aly >
determined so far [formulas (116)—(119) and (123)—(126)], we find that all the terms
depending on the constants p; and respectively p, exhibit exactly the same structure like
those involving ¢; and respectively ¢». In order to avoid term duplication and introduction
of unnecessary constants we make the notations

QT2 =q, @t+p=@ (131)

and parameterize ag :18+ % in terms of two distinct real constants only. Introducing (126),

129), and (131) in (125), the full expression of al/1*2 becomes
( 3,D=8

[ 7! (0]
mive 41 ’ [ 1 I @
@3.0=8 = _30(2,1)[u1~~u4g(l)usuem]llﬂlfuz 1+ %QIQUT‘QM agél)#ll‘?%” "(1,0)
+ 2 5[5Fﬂ1~~-ﬂ4l’ll’2]| [él* + 7' t*,ul,ug,u,guluﬂ [éjf* + g/*/JlHQVlVQH %*
100 B~ (21)p1.pa ) a™~’(2,0)[n1p2ps (0) ™ [p1pe
1 /*/1411/11/2H EZ] / « 1 ,u,l...,u,g[g]f* C 1 2
_§g(1) o [#1>:|g(2)1/11/2}|| + 18¢0¢ (3,1) 1.5 (2)poprps] - (132)
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Thirdly, acting with § on (132) we deduce the partial solution to (115) for i = 3

}*

[3 7! [0]
Imi+2 @1 / [ Ip i ] a
055258 = =5 ConpuummGou il 7"+ 550900 " 6G 0l Mo
q1 v1vovs]| [3}* * Vo [2}*
T 5&5}7#1#2#3 10203 [BC(Z,l)uwzus + 7 (t w1 povivevs| aB[mm
1 Ixp1vivovs|| [j{} ! « ul...ug[4]* ~I1.142
+ §g(o) o [m)] G ymrvaws]| © + 3028 C 3.0 juCps.s) T G plg-  (133)

Now, we analyze equation (115) for ¢ = 2. To this aim, we evaluate 5@51')1;82 . From

the resulting expression on the one hand we conclude that we can set
i = 0 (134)
11142

in (133) and on the other hand we obtain that the existence of a;’5g as solution to
equation (115) for ¢ = 2 induces the condition

' 0]

2]
—105¢: B FFHadnAs e Aas (1,00 = aum,f“(fh) - VG{{DIISQ(%)- (135)

A1 2
Due to the fact that the object from the left-hand side of the above condition is a nontrivial
element of H(7) in pure ghost number 2 which cannot be written as a divergence, it results

that (135) is fulfilled if and only if the constant ¢; is vanishing

¢ =0, (136)

Substituting (136) in all the components of ag :18+ 2 computed so far, we find that all the

terms depending on ¢; vanish, so expansion (110) ends at antighost number 5 [we already

established at a previous step that the non-vanishing component of maximum antighost

number was 6 instead of 7] and, more important, that ag :1; 2 is being parameterized by

a single arbitrary, real constant, ¢2. Replacing (134) in (133), implementing (136) in

the resulting relation, and further computing (5a£7[l')1i82 , we partially identify the piece of

antighost number 1 from a2 as solution to equation (115) for i = 2

*

(3]
a{,IDli_SQ = _45q25u1”.MsB[muzugc(o)m...,us] + a{,IDli_SQ (137)

Finally, we apply § on (137) and investigate the consistency of aji-? in antighost

number 0 [the existence of solutions aé,[,jli; to equation (115) for ¢ = 1]. Firstly we infer
that we can take
2 = 0 (139

in (137) and secondly we find that the existence of aé’lbligz imposes the condition

2
152" Ay T

ps...us] = (9Mmg“ - '7aé,]'Dli82' (139)

12
o 2
We analyze (139) taking into account the fact that the 2-form gauge field A is not y-exact

[there are no BRST generators of strictly negative pure ghost number], which further
restricts the quantity F,,. .5 = O, Cio)us...us) t0 be y-exact. This is indeed the case since

Frir s = 7[ - é(iaﬂ”Fm..%m)] , (140)
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where 1/00 denotes the inverse of the d’Alembert operator [J. Due to the fact that the
right-hand side of the last formula is a non-local object, it follows that, even if there exist
solutions aéfbljg to (139), they would be non-local, which breaks the locality hypothesis
imposed on the deformations of the solution to the master equation. Therefore, we remove
these contributions by setting

g2 = 0. (141)
The last result plays a key role since it eliminates all the remaining pieces from (110)
[indeed, we established earlier that ag :1; 2 is parameterized only by g., so the vanishing
of this constant sets al'F? to zero].

All the results presented until now allow us to conclude that the first two subclasses of
“potentially independently consistent” ‘homogeneous’ solutions depending on the ghost
C(ay from the (5,1) sector can be safely eliminated from the first-order deformation re-
sponsible for the cross-couplings in D = 8 between the BF fields and the (5, 1) tensor field
due to inconsistency reasons.

At this stage we only need to show that the third subclass of ‘homogeneous’ solutions
from class II also provokes inconsistencies at the level of the first-order deformation. In
this respect we prove that there is no density alf:3% in agreement with all the working
hypotheses and displaying the properties

6
apts =Y alply, elaliy) =0, agh(ajhy) = i = pgh(alsly), (142)
i=0
11.3 1 ... 48 ul [0]
Qg p=g —4< 0(2,4)[u1...u7c(4)u8] (1,0 (143)

that fulfils the equation governing the first-order deformation of the solution to the clas-

sical master equation, sali-% = d,m'*, equivalent to the tower of equations

a5 s =0, (144)

SalL 470l g = Dl i = TG (145)

1y

Clearly, equation (144) is satisfied by construction [see (88)]. Acting with ¢ on (143) we
partially infer the solution to equation (145) for i = 6 under the form

[6]* [0] (1]
I1. AT
a5 55 = 4" C 23) 1y .o ( — 3CE)urs) M (1,0) — chw)us]) +a5ps, (146)
where af7 ¢ collects the ~-invariant contributions to aj% in antighost number 5 that

ensure the consistency of al’;_¢ in antighost number 4 [the existence of solutions al/;_g

to equation (145) for i = 5]. Computing the action of § on (146), on the one hand we
deduce the expression of a3 g

113 i [5)* (2" [4]* 3]

a5,p=8 = 2qe ( B 0(2:2)[M1~~u5 Bms,u? - 0(2:1)[l/«1~~-M4C(270)H5M6M7>C(4)H8] (147>
and on the other hand we find that the existence of af’; s as a solution to equation (145)
for + = 5 imposes the condition

3" 3"
2qet <a[u10(2,0)u2u3u4) C 2.0pusuonrCms) = Oumy" — ’Va;xl,gg:& (148)
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*

3
The antifield g’ (2,0)p1 papi 15 POsONIC and meanwhile bears an odd number of Lorentz indices,
so we cannot transfer the derivative acting on it to C(a,, [up to a total divergence] in order
to provide a y-exact term [0),,Crayus) = V(3C(3)1p0)]- In consequence, (148) takes place if
and only if its left-hand side vanishes

q=0, (149)
1.3 __

which further yields a5 = 0 and concludes both the proof and the paper since it confirms
that neither the third subclass of ‘homogeneous’ solutions from class II can contribute to
the first-order deformation for the model under study.
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