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Abstract

Starting from the triplet equations of Fraucia and Sagnotti, we introduce an
auxiliary field and find gauge invariant constraints that single out the spin-s mode
and allow one to construct simple unconstrained Lagrangian formulations for higher
spin fields.

Recently, the issue of constructing an uncoustrained Lagrangian formulation for mass-
less higher spin fields in flat space and on (anti) de Sitter background was intensively
studied. By the term ”unconstrained” one means a Lagrangian formulation such that
off-shell higher spin gauge fields and gauge parameters are not subject to any trace con-
ditions. All the necessary constraints intrinsic to the conveutional approach of Fang and
Fronsdal [1,2] arise as equations of motion, possibly after partial gauge fixing, and follow
directly from a Lagrangian.

By now there are two approaches leading to consistent unconstrained Lagrangian for-
mulations for massless higher spin fields. The first approach, known as the BRST ap-
proach (see [3]- [5] and references therein), automatically yields Lagrangian formulations
in terms of completely unconstrained fields. However, the number of auxiliary fields, i.e.
the fields which should be either gauged away or eliminated with the use of their (alge-
braic) equations of motion in order to reproduce the constrained formulations of Fang and
Fronsdal [1,2], grows with the value of spin. The second approach, called the geometric
approach, relies upon a modification of the original Fang Fronsdal equations [6]- [9]. Here
the trace constraints on Lthe gauge parameter intringic Lo the conventional formulations
of [1,2] are forgone at the price of allowing nanlocal terms in the equations of motion. A
local version of the geometric approach was proposed in [8] which incorporates the trace
condition on the higher spin gauge field as the constraint. However, the minimal local
Lagrangians of [8], [9] involve higher derivative terms.

The purpose of this work is to construct a modified formulation, which is local, free
from higher derivative terms and uses equal number of auxiliary fields for an unconstrained
description of any value of spin.

We shall use the notation, which suppresses the vector indices and automatically takes
care of symmetrizations. Conventionally, this is done by introducing an auxiliary variable
y* such that

d’m it (1) - ¢(S) (:c,y) = ¢u1 s (J') s, (1)

Denoting p, = 32, T, = 52, one has n? for the trace, (pr) for the divergence and (yp)
for the derivative of a field followed by symmetrization of indices. In this notation the
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Fronsdal equations (1] which describe a massless spin—s boson read

(p2 ~ (yp)(pm) + (yp)(yp)ﬂ;) ¢ (z,y) =0, w’n%P =0. (2)

These are invariant under the gauge transformation
8¢ = (yp)et—Y, w2 =0, (3)

In order to put the equation of motion and the gauge transformation in an uncon-
strained form let us introduce an auxiliary field (*~%) whose gauge transformation law is
related to the Fronsdal constraint on the gauge parameter (in this respect see also [6]- [8])

2
6a(s—-3) — %6(3—1)- (4)

Then we consider two more auxiliary fields C¢=1, DG-2) and impose the equations of
motion, which reproduce the Fronsdal formulation, when the compensator a(*=3) is gauged
away

P — (yp)Ct D =0,  COD — (pm)¢® + (yp) D =0,
2 2
ey _ %d)(s’ + (yp)at= =0, %D("z’ — (pm)a*=¥ = 0. (5)

One can easily verify that the system holds invariant under the gauge transformation
accompanying (4)

841 = (yp)et™), 8GN =pel7V, SDE = (pm)el Y, (6)

with an unconstrained e*~1). For our subsequent discussion it proves convenient to display
the differential consequence of eqs. (5)

p*DED — (pm)Ce = 0. (M

Let us take a closer look at the system (5), (7). An important observation is that
omitting the second line in (5), i.e. the trace conditions, one gets precisely the bosonic
triplet of [7,10]. As is well known, the triplet describes a chain of spins s,s — 2,...,0
or 1 depending on whether s is even or odd. Thus, the restrictions that comprise the
second line in (5) can be viewed as gauge invariant constraints that single out the spin—
s mode from the chain of fields described by the triplet. Notice that the first of the
constraints appeared previously in [7,10]. The observation suggests that in order to build
an unconstrained Lagrangian formulation for a massless spin-s boson it suffices to start
with the Lagrangian density corresponding to the triplet (see e.g. [10]) and enforce the
second line in (5) by introducing two Lagrange multipliers X6=2) ) A6=% In component
form the action reads

= -—(—l)s/sz{%qu“ o DG — 8By, O CP2be — 35CY,p,_ CFIHs~1 —
—5(s = 1)C)y .y, 0" D¥2Hs=1 — Lg(s — 1D, ., ,ODHHs=2 4
+/\I“ P (%¢y”ﬂl T DI‘I-Nﬂs—Z - %(S . 2)8;11&'[42...[1,_2) &

S b D”umu.u,-« - aua“‘““"‘““) } -
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It is straightforward to verily that the Lagrange multipliers vanish on-shell. It should
he appreciated that, in contrist to other approaches, this formulation is local, free from
higher derivative terms and uses equal number of auxiliary fields for any value of spin. A
coupling of this Lagrangian to anti de Sitter backgronnd was constructed in [11].

An unconstraivod deseription of fermionic higher spin fields is constructed in a similar
wiy, Oue starts with a compensator field ot whose transformation law is related to
the constraint on gauge parameter within the Fang-Fronsdal approach [2]

(50,(11—2) - (’Yﬂ')f(”#l). (9)

Then one introduces two auxiliary spin-tensors C*~1, D=2 and imposes the equations
of motion, which are designed so as to reproduce the Fang-Fronsdal equations {2] when
the compensator a2 is gauged away

(yp)¥™ — (yp)CO D =0, CUY — (ym) TN + (yp)al* =0,
1 1 .
DU — Lom)C) — Lp)al™D =0, (3m)D") — (pr)a"D = 0. (10)

Accompanying the transformation law (9) by
§U™ = (yp)e™h,  5CT Y = (yp)e™ ), §D"V = (pm)e Y, (11)

with an unconstrained gauge parameter ¢!, one can demonstrate that the system (10)
is invariant.

In order to construct a Lagrangian formulation reproducing equations (10), we first
consider their differential consequences

(yp)C™Y — (pr)¥™ + (yp) D™D =0, (yp)D? — (pm)C™ DV =0. (12

An important observation is that, being combined with the first equation in (10), these
give precisely the fermionic triplet considered in [7]. As the triplet deseribes a chain of
half-integer spins [7], the last three equations in (10) can be viewed as gauge invariant
constraints extracting the spin-s mode.

The discussion above also makes clear how to construct an unconstrained Lagrangian
formulation for a massless spin-s fermion. One has to take the Lagrangian density de-
scribing the triplet (see e.g. [7]) and enforce the last three equations in (10) by introducing
the Lagrange multipliers A(®=1), A\(»=2)  \(n=3)

S = /de{'i‘i’m...un (a YHrbn i Ohzedin 4 pak )\F’Z'-#u) 4 inC_'m‘,,,‘,,_, (‘9 Ottt _

—8"\11 P1obin-1 g ('n _ l)alllDFZ"-ﬂn—-l Y i %(n . 1),)#1 K2 ~vl‘n—l) +

(TL - 1) B T (_a D#1tn-2 = 6"0‘/#1--%—2 — AHieftn-2 (n _ 2),),;&1/\#2-..#"4) +

( — 1)0[#‘”.“"_2 (_%p AHLobn=2 4 GV ) Hlobn-2 _ (n - 2)3#1)\;12--u,._z) 3
+m)—\m it (C#l cHa—t _ ”\I/ Hiobn-t (n_ 1)6”‘0#2'””"") 2

(n _ 1) i (D‘“ Hn-2 _ %'y"C,,“"""“‘Z _ %a a#l...[x"_z) =S

in(n = 1)(1 = 2) Xy g (D=0 = Py i) |,
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The Lagrange multipliers prove to vanish on-shell. The coupling of this model to anti de
Sitter background was constructed in [11].

To summarize, in this work we have constructed simple nnconstrained Lagrangian
[ormlations for free massless higher spin fields in Hat space. The Tormulations are local,
free from higher derivative terms and use equal nnmber of auxiliary fields for an nneon-
stradned deseription of any value of spin. In this setting an irvedncible vepresentation of
the Poineard gronp is described in terms of a quartet of fields. The models oceupy an
intermediate position between the geometrie formulations of (6] (9] and the BRST models
of (3] [5] and enjoy all the standard features of a conventional classical field theory. Our
considerations also highlight the important role of the hosonic and fermionic triplets |7, 8]
in higher spin gange theory.
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