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1. Motivation

The problem of construction of complete Higher Spin (HS) Interaction Lagrangian is one
of the tasks with smoldering interest for the last forty years [1]-[7]. From time to time this
complicated and puzzling problem came to a relative center of interest when some even small
progress was observed in interaction construction or when the HS theories start to play some role
in the development of other important fields like AdS/CFT. Moreover, we can say that this task is
interesting in itself due to the complexity and the necessity to develop and use nontrivial computing
techniques even for small advances and achievements.

Even though during the last ten-twelve years we observed significant progress in the under-
standing of construction and structure of cubic interaction in different approaches, dimensions and
backgrounds [8]-[20], our knowledge about quartic one is far from being complete and always
bounded by the idea that this one should be nonlocal in general [21]-[26]. We should mention
also that all these activities supplemented with the parallel development of Vasiliev’s nonlinear
and nonlagrangian theory of interacting HS field equations of motion in AdS background, where
the questions of possible nonlocality beyond cubic level also arose and discussed. Nevertheless, it
seems that in some special cases it is possible to construct some local quartic interactions between
fields with different spins at least as a part of a more complicated covering theory (maybe nonlocal)
including other gauge fields and symmetries.

In this paper, we construct some special local quartic interaction of two scalars and two spin
four fields using standard Noether’s procedure. The interesting points of this special construction
are the following:

* First we see that to close Noether’s procedure we should add additional cubic interaction of
scalar with other spin gauge fields and corresponding HS gauge symmetries.

* Second important point that we constructing quartic vertex we derive fixed linear in gauge
field gauge transformation of our HS field 6§E) and then be able to investigate closure of
commutators of two such a transformation

[65")555)] ~ 65«77’6») + additional terms

and understand whether it leads to nonlocality or not.

We organize our paper in the following way: in the next section, we show spin 2 exercise for
construction similar quartic interaction in spin two cases. Then the essential Noether’s construction
is shown in section two with the final derivation of interaction Lagrangian and first order on HS
gauge field gauge transformation. The last section is devoted to the investigation of the commutator
of two 0 transformations and classification of terms different from the same ¢; with the composed
parameter on the right-hand side. These Notes are based on the long calculations which we
performed using the technique and notation developed in the past in [27]-[32].

2. Illustration: Spin two case

For better understanding how we should construct special quartic interaction in higher spin
case we start first from the following lagrangian for the interaction of scalar with spin 2 gauge field
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in the flat background:

SO = Sy (@) + 851 (D, h?) (1)
where
1
So(®) = 3 / dx0, D D, )
1 v
Si(@,h?) = 5 / ddxh<2>w[—a,,c1>avcb+ ’%aﬂq)aﬂq) (3)

This is a well known minimal coupling of scalar with gravity, linearized in flat background and the
bracket in (3) is the usual energy-momentum tensor for massless scalar field. The spliting of (1)
into the quadratic and cubic parts allows us to formulate the Noether’s equations

51S0(®@) + 5051 (@, h?) =0 4)
where:
Sohyry = duel) = el + o8y )
So® = 0 (6)
5@ = £, (7

The crucial point here that we can discover interacting part (3) solving functional equation (4)
variating known free part (2) in respect to admitting first order diffeomorphism of scalar (7) and
using a zero-order variation of gauge field as an integration rule. Note also that the scalar field has
no zero-order variation being matter field here.

Then we can formulate task for construction of the next order interaction of the two scalars
with two spin two fields in the similar way:

6250(®) + 6151 (®, h'?)) + 60S2(®, h*)) = 0 ®)
admitting that: 6,® = 0 we see that in this case we need to solve again two terms functional equation
5151(®, hP) +6052(@, h'?) = 0 ©)

using the same transformations (5)-(7) and introducing an assumption about the form of first order
transformation of spin 2 gauge field:

sihly = e + 855 (10)

where 1 h,,,, we should find from equation (9) together with S, (®, h?). To show technology of
solution we present variation of S;(®, 2(?) in the following form (after some algebra and partial
integrations)

5181(®, h?)

1 _

/ ddx{ = 30" OS1hy5) = due V0 + 207 e
i I

+ 5a#cpaV«p[aﬂg(‘”h}fﬁ + anggyhgfw]

I _
+ 000050 = 9pe VPR | (1)
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From first line of (11) we can derive that if we define

Sihyzy = 0V n (12)

then last term of first line can be integrated to d¢ [—%(’)"Qavd)hﬁhy n
Then taking into account that

Soh = 2864, (13)
) 1
510 = 20%6 VRG] = 50 [h P h )] (14)

we see that we can immediately integrate second and third line of (11) also and arrive to the
following quartic action:

1 1
Sy (D, h?) = / ddx{ia#q>avq>h,<f“h§}—Za%avqm}fﬁhﬁf)“

12 @ap;,® , 1 2 2y, ()p
S0P 0h DR + 010, 0n b } (15)
with expected Lie derivative as a solution for first order variation of spin two fluctuation:

8\ hyzy = £W10,n7) + 0,6 VR + 0,6V = £ ahgl) (16)
with standard algebra
[5§,7), 653)]hl(123 — (5§<<g’n>>)h/(123 (17)

where composite parameter is the usual Lie commutator of vectors:
<<mE>>= [n(l)’g(l)]ﬂ - n(l)Vavg(l)/l _ g(l)Vavn(l)/l (18)

Note that one can work with restricted external field also. As an example we can choose at once
traceless 4(?#” supplemented with the corresponding constraint on gauge parameter 8ﬂs(]) H=0.
This means that in expression (11) survive only first line and first term of the last line. Then we see
from (12) and (14) that §; hﬁz is not traceless but can be integrated. So we arrive to the first and
third terms of interaction (15) describing interaction of h(z),mhle)v with traceless part of current
I = 6,00,.

3. Spin four case

setup

Our main task is to construct similar quartic interaction for spin 4 using prescriptions developed
in the previous simple spin 2 case. In our previous articles [27], [28] we prove that in both AdS
and flat backgrounds after corresponding field redefinition interaction of even spin s gauge field
with spin s current constructed from scalar and derivatives should be supplemented with the whole
tower of invariant actions for couplings of the same scalar with all gauge fields of smaller even spin.
So the starting lagrangian for our task we take from [28] rewriting all terms in the flat background:

SO (@, B n W) = Sy(®) + S1 (D, k) + S, (®, h?), (1)
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where So(®) , S (P, h?) are defined in (1)-(3) and
1
Si(®,hY) = 1 / dxh DY PB[§,0,D 4 Ip® — 11,1,0007 DI, ] 2)

From now on to avoid cumbersome notation and overlapping with symmetrization brackets
we reserve notation & and varepsilon for gauge field for spin four 4(4) and corresponding gauge
parameter £3) except cases when we do not explicitly write out indices. In the case of other spin
(rank) fields and parameters, we use these letters with exact indication of rank.

The action (1)is invariant with respect to the gauge transformations of the spin four field with
an additional spin two field gauge transformation inspired by the second divergence of the spin four
gauge parameter!

S10(x) = &N(x)0,0,0,P(x), 3)
Soht WP = v ) = gV 4 gV P 4 GAHVP 4 GP gtV 4)
Sohty = aWe”, (5)
€ = 0q0p8"P. (©6)

For further simplification in calculation of quartic terms in spin four case we will use physical
traceless and transfer gauge for our external spin four field:
O = 0 )
A
P =0 ®)

which leads to the corresponding restrictions on already traceless spin four gauge parameter:

0ae™ = 0 ©)
9,07e®PY = DY =0 (10)

Note that because in our gauge the gauge parameter is transfer, we should get decoupling of spin
two mode from spin four due to degeneration of the additional gauge transformation (5). Another
convention is that from now on we will admit integration everywhere where it is necessary. So we
work with a Lagrangian as with action and therefore we will neglect all d dimensional space-time
total derivatives when making a partial integration.

variation of cubic term

So we arrive to the following simplified task: Starting from a single cubic term due to (7)-(10)?

Ly ~ h*"%3,0,®0,0,® (11)

and using known variation:
§1® = £P70,050,® (12)
Soht* W = glHgr W) (13)

Note that the spin two part of our action continues to be invariant in respect of usual linearized reparametrization
2As usual in our articles we widely use Lagrangian instead of Action performing Noether procedure admitting
possibility for partial integration
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we try to solve functional equation:
S1L1(®,hY) + 6oL (@, hY) =0 (14)

and construct unknown quartic interaction and first order gauge variation of spin four field 6, A##* 4.
Duing that and taking into account that according to (7) and (9) «, 8,y derivatives commute with
¢ and u, v, A, p derivatives commute with s and after long manipulations and multiple partial
integrations we arrive to the following important variation:

51 (h*% 3,0, D0,0,D)

1
301 (h”"”pjl(l‘? ) = 017" 0,8,00,0,®

+ i [Sﬂ(aﬁathﬂp) _ 3ﬂ8(aﬁyhv/lp)#] J©

50 vApafy
1
+ < [00e" B0, 0,00 = 5,0,6 P 9| I8
2 a ap] 7@
v = |0adp0, 0 BT — 52875, 050, | I,
1
+ 51040, 0000y Y ~ 0,0,0,6° 1040?1717 )
1
+ ga,,,avaﬂapg“ﬂmahﬂ“f’fg? (15)
Here J(©,J® J? are symmetrized currents:
J© 00,020,005 ® = 8,010, dgd @, 10terms = —— = - (16)
vApafy (v0a0p a0pUy) vU(aYp a0p0y)™, 31312 3|2"
@ _ 43
J/w/lp = 0(u0,90,0,)® = 0,0, DP,0,)P, 3 terms = T AR TIT (17)
15 = 9,00, 1 term (18)

From (15) we see several differences from spin two case:

* From second line of (15) follows that we cannot integrate Noether’s equation without intro-
duction of the cubic interaction with a gauge field of spin 6 coupled to the spin 6 current:

vadpafy 7(6)

h(6) lepaﬁy (19)

* From third and fourth lines we see that J¥ terms arose with different weight % and %

But we will see below that they should come with same weight to complete integration for
interaction terms.

« In last two lines we have three unwanted J® terms. We should discover way to get rid of
them.

To remove these three obstructions we note that there are several connections between our parts
in (15) leading to a redefinition of the initial cubic interactions. In another words we can modify
our initial interaction with higher spin currents adding gradients of lower spin currents with some

coeflicients:
(6) _ (6) 4) ©)
Jaﬁﬂwlp => J(tﬁywlp + Aa((,aﬁpr) + Bc')((,('iﬁc?”@v]/lp) (20)
(4) _ 4) @)
Jﬂmp => J#Mp + Ca(,ﬁv]/lp) 201
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And it works! Hiding all details of derivations we present final variation we obtained by tuning
procedure (20) instead of (15):

1
51 (W% 8,0,80,0,D) gal(hﬂ”wlﬁ‘” ) = 61" 8,0,0,0,P

vAp

1 o
+ % [s“("ﬁéﬂhw’l") _ 5ﬂ8(w,37hvdp)u] J)(/i)paﬁy

1 A A )
+ < [Baa"”(ﬁ[)ﬂ@vhy p)a _ aﬂavga(ﬂyaah P)HV] J/lpﬁ7

1
+ < |0y BT — 5770, 50, m | 1)

uvap
(22)
where modified J(© is
#6)  _ 1(6) 1 ) 1 2)
‘]wlpaﬁy - lepwﬁy + 66(aaﬁ‘lyy,1p) + ga(va/lapall‘]ﬁy) (23)

Supplemented by traceless Stueckelberg like transformation of the spin two gauge field from linear
coupling with J® current:

SUHY ~ 0y 028, 0o . (24)
Integration and interaction

Now we can start to integrate the last three lines of expression (22). Doing that and hiding
again long but straightforward calculations we finally obtain quartic interactions:

1 ~
SZ((I),]’I( )) - / d X{—lohﬁ yhv p’uJV/lpaﬁ)/

2, ap Ao @ 1o e o _Loas A 7@
_§hZ 7800t prlpy + Eavh;f Y0 h*” pJ/lpﬁy - Z&“hﬂzaah’”’ pJ/lpﬁ'y
_aBpay uvap 7(4) l B1Y apuvdp 74 _ l BY 1 lpuv 4) }
O hyy O h Jappy + 38 h 0% Joapy 4h,u,,h BT sy (25)
and linear on spin four gauge field transformations fixed by Noether’s procedure:
61h761;/la,37 — Sp(aﬁaphyyvd) + a(asgyhyvd)p (26)
A ) laB| A |l A 1
S1 W ~ 79,00, 1 + 0W ey 00 0ph" Y + 0W Y e 1 Du ' PY + 018”8 s 0, h P
(27
Sy ~ 0uBy 028,87 0o (28)
4. Commutator of 6| transformations for spin four
In this section we investigate the structure of linear in gauge field transformation (27)
5 hyyap = €PY 8030, h B(u&™ 0|4 0ph 8(u0y8P7 B0 h
1 Muvap =€ aOp0yiuvip + O(u€ laOBhy|vap) + O(uOve la1By|1p)
+0(10y 028 PY M) ay (1
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The structure of this expression is similar to linear transformation obtained in [29] where nonlinear
curvature for spin three case is considered. Following the ideas of spin three case after some
straightforward manipulations with derivatives we can rewrite (1) in the following form:

(5%8) huvap = gaﬂyraﬁw,uwlp(h) +0(ulvap) (€, h) @

1
Avap(g, h) = gaﬁyaaaﬁhwlﬂ + 2 [6("saﬁyalahﬁylﬁp) - 3“576(V8|(,h/37|,lp)]

1 1
+ 3 a(va/l‘g”ﬁyhp) apy T saﬁya(vaﬂhp) aBy — Ea(vgrlﬁyaﬂhp)aﬁy 3)
where
r® (h) = 0a050,h Lo as00, r o 8000h
afy,uvap aVBUytuvap 3 <a0B0(u"vap)y> 3 <aO(uOvap)py>
= 0(u0v0rhp) apy )

is the third for spin four gauge field (last before Curvature) Christoffel Symbol in deWit-Freedman
hierarchy of connections defined in [32]

The key point of the splitting (2) is the simple form of zero order on field gauge transformation
of connection (3):

5(()S)FS/)37;Nvﬂp(h) = —40,0,010p€ apy )

So we see that expressions (1)-(5) is really looks like higher spin generalization of the gauge
transformation (16) (Lie derivative) and usual Christoffel symbol for linearized gravity?

8 iy = L ity = €7 TG0 + 8 (87 a) (6)
Fle;)yv = aah,uv - 6(/1}11/)(1 @)
5T, (h) = =20,0,84 ®)

Using representation (2) and transformation rule (5) we can derive the following expression for
commutator:
(60,6 o = ePTE) (6 h) — 4677 8,0,010p Mgy (@, 1)

+ 0(u i) (8,6 h) = (8 & w) 9)

Then taking int account that all symmetrized full gradients in r.h.s we can drop as a trivial dg
contribution from composite symmetric third rank gauge parameter linear in gauge field, we can
first of all drop second line in (9). Then we can put four u, v, 4, p, derivatives in second term of
first line from A,pg, to parameter £%FY and integrate using formula (5) and came to the following
expression

(61, 6\ N hyyap ~ 8T 01 W) +T) (6D AP (8,h) = (8 & w)  (10)

3Note that most common definition of Christoffel symbol Fﬁy(g) = % gP Y(0(u8v)a — Oaguv) for general metric
guv relates with our definition after linearization in the flat background in the following way Fﬁv(nﬂy + hyy) =
1
3P TG ()

auy
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where ~ means an equality up to any ¢ variations with composed field dependent parameter
described above or delta zero variation with usual parameter € or w from any second order on gauge
field tensor. At this point it is worth to note that considering perturbative on linearized gauge field
deformation of the initial gauge transformation regulated by Neether’s procedure

5 hyvap = (859 + 610 +65 + . Ny ap, (11)
for commutator on the linear level on gauge field we obtain:
{[5<‘">,5<6>]hwp}1 = ([64, 6197+ 6065 — 68765 Y hyy ap (12)

So we see that we can factorize in right hand side of our commutator of the first order gauge
transformation two type of trivial terms:

* Symmetrized full derivatives from composed gauge parameter linear in gage fields 9 Mf\,, ap) (&, )=
(g & w).

* The terms which can be classified as a second part of (12):
6(()‘“)6;8) huvap — (¢ < w) and we can throw them out also to understand algebra of two ¢
transformations.

Now following this simple methodology we can present final result for commutator hiding long
and tedious calculation for next journal’s publication:

(w) <(&) S ’ (3)
(61,617 Thuvap ~ [£°7705050qw ™ + T8, 8,0)| T yh 1 (h)
5 @ 9 5 )
+3e Unaaaawaﬁanaﬁy;uvﬂp(h) * Eegna[ wa]ﬁya(‘TRnaﬁy);uwlp(h)
+[Rem] yvap(&, w, h) — (¢ © w) 13)
where:
1 5 7
TP (8, 6.0) = 0TI, ~ 20 et TS Y, 4 20 20550 0
1 1
— 0% TSNy, 4 120670550 1),
(14)
Ri;‘()tﬁy,w /lp(h) here is de Wit-Freedman higher spin curvature [32]:
@ 4y _ @ _1 )
R;]aﬁy;yv/lp(h( )) = 8’7808387}1;11//1;) - 4—16<,7(90(95(9(,uhwlp)7>
! ) 1 ) @
+ 66<77aa6(ﬂavh/lp)ﬁy> - Z(‘)<,,6(#8V(?,1hp)aﬁy> +0u0y0a0ph,, 5, (15)

and the Remainder [Rem] (&, w, h) is Contributions from Gauge Transformation of Spin four
Field with Mixed Symmetry Tensor Parameter.

So we arrived to the statement that all irrelevant contributions to the r.h.s. of our commutator
is an action of the different mixed symmetry higher spin gauge transformation acting on our spin
four gauge field. Therefore when our quartic vertex is constructed from special fields including
scalars this contribution could be zero due to the commutativity of flat space derivatives working
with scalar field and we can solve Noether’s procedure in the framework of a set of symmetric
tensor fields with spin2 < s < 6.
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S. Outlook
Here we just list possible tasks for future investigation. So What can be done
* “Degauging “ and “Off-Shelling” of our quartic interactions constructed for special con-
strained gauge fields
* Generalization for spin higher than four and scalars.
* Inclusion in the game of the generalized Weyl invariance considered in [27] and [28].
* What’s cooking in the case of different spins?
* More special cases?
So we stop here with the hope to continue these investigations.
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