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1. Introduction

Last three decades have seen interesting evolution of the Lagrangian description of free
massive higher spin fields in flat space and on anti de Sitter background. In the original
works of Singh and Hagen [, f] a massive spin—s boson was described in terms of a
totally symmetric traceless tensor field of rank—s, while a massive spin—(n + %) fermion was
represented by a totally symmetric vy-traceless spin-tensor of rank—n. A peculiar feature of
the Singh-Hagen formalism is that, in order to derive correct equations of motion from a
Lagrangian, one needs to introduce auxiliary fields, the fact anticipated by Fierz and Pauli
long ago in [f]. The auxiliary fields are traceless and enter the Lagrangian with specific
number coefficients. The procedure of fixing the number coefficients is tedious and their
final form is very complicated. The aforementioned trace conditions imply that the theory
is given in terms of off-shell constrained fields.

The formulations proposed in [, f] (for a related work see [, []) provide an interesting
alternative to the Singh-Hagen formalism and generalize the latter to the case of anti de
Sitter background. The principal new ingredient is the gauge symmetry of the massive
higher spin field Lagrangian which facilitates computation of the Singh-Hagen coefficients.
Auxiliary fields play the role of Stueckelberg fields which can be gauged away leaving one
with a single massive spin—s mode. As the gauge invariant formulations are constructed
starting from the massless higher spin theories [B, P, they share with the latter the trace
constraints on physical and auxiliary fields as well as those on gauge parameters [, f.
Thus, these formulations are also given in terms of off-shell constrained fields.

A completely unconstrained description for massive higher spin fields in flat space and
on anti de Sitter background was achieved within the universal BRST approach [[Ld]-[[L3]
(see also the review [[Ld]). Here a spin—s field is represented by a vector in an appropriate
Fock space and the conditions which determine an irreducible massive representation of
the Poincaré group or the anti de Sitter group come about as operators annihilating the



state. Treating these operators as constrains one can derive the canonical BRST charge.
The action functional is then constructed in terms of the BRST charge with the use of a
special technique (see [[JJ-[[[§] for more details).

Although the BRST approach produces Lagrangian formulations in terms of uncon-
strained fields and gauge parameters, it is very general. A lot of auxiliary fields enter the
formulation. The resulting gauge theory is reducible and in the case of massive higher
spin fermionic fields the order of reducibility grows with the value of spin. Besides, for
an arbitrary value of spin an explicit form of the action functional in terms of space-time
fields (not the Fock space vectors) has not yet been derived.

Quite recently, the geometric approach to unconstrained description of massless higher
spin fields developed in [[[7]-[20] was generalized to the case of massive higher spin bosons
in flat space and on anti de Sitter background [1], BJ]. The resulting formulations are either
nonlocal or involve higher derivatives acting on auxiliary fields. In principle, the higher
derivative terms can be eliminated by introducing extra auxiliary fields. For massless higher
spin bosonic and fermionic fields in flat space and on anti de Sitter background this was
demonstrated in [RJ] (see also [B]] for the case of massless bosons in flat space).

The purpose of this work is to construct an easy-to-handle unconstrained gauge in-
variant Lagrangian formulation for free massive higher spin fields in flat space of arbitrary
dimension which unifies in a nice way the advantages of the BRST formulation and the ge-
ometric approach. It can be viewed as a consistent truncation of the Lagrangians obtained
within the BRST method which aims to keep a number of auxiliary fields at a reason-
able minimum. At the same time, from the very beginning, it possesses all the standard
attributes of a classical field theory like locality, the absence of higher derivative terms etc.

For massless higher spin bosonic and fermionic fields in flat space and on anti de Sitter
background such a formulation has been constructed recently in [BJ] (see also [B]] for
massless bosons in flat space). It relies upon the so called triplet of fields [[§, [[9, P4 (for a
frame-like description of the triplets in flat space and on anti de Sitter background see [27]).
The triplet naturally accommodates higher spin gauge symmetry with an unconstrained
gauge parameter. It describes a chain of irreducible spin modes and admits a simple
Lagrangian description [[[§, 4]. In [RJ] unconstrained Lagrangian formulations for massless
higher spin fields in flat space and on anti de Sitter background were systematically derived
from the triplets by finding an appropriate set of gauge invariant constraints which extract
a single spin-s mode from the chain of irreducible representations contained in the triplet.
In order to write the constraints without spoiling the unconstrained gauge symmetry, one
has to introduce an additional compensator. Ultimately, one arrives at a simple Lagrangian
formulation, which is local, free from higher derivative terms and uses a quartet of fields
for an unconstrained description of any value of spin.

In this paper we generalize the quartet unconstrained formulation of 23] to the massive
case. When describing massive higher spin bosons, it proves convenient to use dimensional
reduction. So, in the next section we briefly discuss the reduction mechanism we adhere in
this work. Section 3 is devoted to an unconstrained Lagrangian description of a massive
spin—s boson in a flat space. After the dimensional reduction, each member of the quartet
gives rise to a collection of fields, including Stueckelberg fields. The resulting formulation



is given in an easy-to-handle form and enjoys irreducible gauge invariance. In section 4
we generalize the consideration to the fermionic case, this time without making use of the
dimensional reduction. We summarize our results and discuss possible further developments
in the concluding section 5.

2. Dimensional reduction

In this section we fix the notation and discuss a dimensional reduction mechanism which
will be used below.

Within the metric-like approach a spin—s field is described by a totally symmetric
tensor of rank—s. Throughout the work the vector indices in D 4 1 dimensions will be
denoted by capital Latin letters, while those in D dimensions by small Greek letters.

When analyzing equations of motion and gauge transformations for higher spin fields,
it proves convenient to switch to the notation which suppresses vector indices and auto-
matically takes care of symmetrizations. This is done by introducing an auxiliary vector
variable, say Y4, such that

Daa.(X) & BE(X)Y)=dy, a4 (X) VA YA (2.1)

Here X4 are coordinates parameterizing a (D + 1)-dimensional pseudo-Riemannian space-
time with the metric nap = diag(+, —,+,...,+). Denoting Py = d4 = aXLA and IT4 =
WLA, one has P? for the d’Alembertian, I1? for the trace, (PII) for the divergence and

(Y P) for the derivative of a field followed by symmetrization of indices

P2 oB)(X,Y) & OPy,a,(X),

2 @ (X,Y) & s(s—1)Ppa, 4, ,(X),
(PII) @(S)()Q Y) & saBéBAl...As—l(X)’

1

&

7(6141 <I>A2~~As+1(X) +e 8As+1 q)AL..As (X)) . (2-2)

(YP) ) (X,Y) o

In passing from D + 1 to D dimensions, we follow a conventional recipe (see e.g. [R]).
Both the physical and auxiliary coordinates are split

X4 = (z,at), Y (yo,y"), (2.3)

such that a tensor field of rank s in D41 dimensions turns into a collection of fields of ranks
s,s—1,...,0in D dimensions. The metric in D dimensions reads 7, = diag(—,+,...,+).
The dependence of a resulting composite field on the Kaluza-Klein coordinate xg is fixed

imxo

by the factor e
(X, Y) = (e () - 4" oy iy e () gy g+
F Oy oopia () Y YT Y iy s () Yy g ) =
= (¢ (z,y) + iV (x,y) - yo + 6D (2, y) - y2 + i (x,y) - yp + ... )M, (2.4)

where the real parameter m is interpreted as the mass of each single component in D dimen-
sions. Notice that in our notation odd powers of the auxiliary variable yg are accompanied



by the extra factor 7. It turns out that such a choice leads to reasonable real equations
of motion for the component fields and yields a real Lagrangian. In what follows, we use
capital letters in order to designate composite fields like in (P.4)). Small letter are reserved
for the components.

9

Denoting p, = 0, = Sy T = Ty = 8%0, one can easily transport various

o)
yis
operators from D + 1 to D dimensions. For example,

P? —  p?—m?, 112 — 7T2-|-7T(2],

(PII) —  (pm)+immo, YP) —  (yp)+imyo . (2.5)

When constructing Lagrangians, it proves convenient to deal with a conjugate field
(operator). This is obtained from (R.4) by changing y* — 7, yo — mo, which is followed
by complex conjugation of the components

N 1 _
) (X, II) = _'e—zm:co (P (&) - Ty oy — G (E) Ty T 0+
s!

F @2 () T T — AR () T T ). (2:6)

The extra factor % is taken for further convenience. The auxiliary variables yo and y*

disappear form the expressions like ®(*)(X, II)¥(®)(X,Y") which provide building blocks for
unconstrained Lagrangians to be discussed below.

In section 4 we will consider fermionic massive higher spin fields. All the components
will carry an extra Dirac spinor index. In this case the definition of the conjugate composite
field (P.6) should be modified so as to include the conventional g standing on the right.

3. Massive spin-s boson in flat space

We begin by considering a quartet of fields ®), C¢—1) D(E=2) E(=3) and two Lagrange
multipliers A®=2) $(-4) in D 41 dimensions which are subject to the following equations
of motion [R3]

2
P20t — (yp)Ct-b 4 %MH) =0, CCV—(PI)®®) (Y P)DE2 =,

(2 () (s-3) 2 (2) (s-3)
D) - 8l0) 4 (v P)ECD =, DU - (PIEC =,

P2DE=D_(PI)CE=D4AG=2)_y 2560 —, (PI)AC2 (Y P)sE=Y =0. (3.1)

1
2
This system holds invariant under the gauge transformation

2
60C)=(y P)YCY | 0t N=p2r-1  spE-2—(pr)Ti—1), spte=3 L1 (3.2)

2
with an unconstrained local parameter T(*~1). As was demonstrated in [B3], equations (B-1)
can be derived from a Lagrangian. Moreover, ®(®) describes a massless spin—s boson
after eliminating the auxiliary fields C*=1 D=2 E(=3)  The Lagrange multipliers
AG=2) (=49 prove to vanish on-shell.



2 T+ 2
L] |p*|yp| pr PGrEm] ] a2
p2 of 0 0 0 0 0
(yp) | 0] o —p? o —up| —pr
(pm) 0 p2 0 yp o 0
y_; 0| O|—yp 0 _y2 _(yw—é—ny)
M 0|yp|—pm y? —r2
= [ olpn| o|EEEA[ 2] g

Table 1: The algebra of the Weyl-ordered operators quadratic in (p, y, )

Let us apply the dimensional reduction mechanism outlined in the previous section to
equations (B.1). According to the prescription (R.4), each member of the quartet and each
Lagrange multiplier yields a chain of fields in D dimensions

&) _ ((25(8)7 (25(5—1)7 e d), o= (c(s_l), 6(8_2), co0),
DEP (@A ), BTV o (Y e,
AC=2D L AEDNE ), 2 (o0 oY g (3.3)

The corresponding equations of motion for the components are derived from the set

(* = m?)®®) — (yp + imyo)CY + %(zﬂ +y) At =0, (34)

O — (pr + immo)@®) + (yp + imye) DY =0,  (3.5)

D — %(H + 72 + (yp + imyo) B =0, (3.6)

%(ﬁ + 72)DE2 — (pr 4 imme) B3 = 0, (3.7)

(p? — m*) D2 — (pr + immg) O™ 4 A2 — (32 4 42)n=H = 0, (3.8)
%(pw + ’im7T0)A(8_2) + (yp + imy0)2(5_4) =0 (3.9)

by collecting the terms at each given power of yq.
The gauge transformation (B.3) takes the form

§) = (yp + imyo) T, 5CtY = (p? — m?) YY),
6D~ = (pr + immp) YY), OB = %(”2 + )T, (3.10)
where the gauge parameter T~ is to be understood as a composite object like in (B4
T (6(5_1),5(5_2),...,6) . (3.11)

With the use of the commutators displayed in the table above one can readily verify that
equations (B.4)-(B.9) are invariant under the transformation (B.10]).



From the first line in (B.1() one concludes that the components (gb(s_l), o= . ,0)
entering the composite field ) can be gauged away and, as thus, are Stueckelberg fields.
Let us demonstrate that the highest component #'%) describes a free massive spin—s bosonic
field, while all the remaining fields vanish on-shell.

Multiplying (B5), (B-8), (B-1) by —1 (7 + n3), (pm +immo), (yp + imyo), respectively,
and taking the sum, one gets

1
(p? —m?)EE3) — 5(712 +a2) et =0, (3.12)

This equation is then used to extract from (B.4)-(B.g§) the following restrictions on the
Lagrange multipliers

1 — S— S—
1T+ T AT = AT = (i 4yt (3.13)
(72 4 A — (42 meY) = 0. (3.14)

Before analyzing equations (B.13) and (B.14), it is worth stopping for a moment to
discuss a technical issue. Consider the equation

(7 +m0) (v + y3)A® =0, (3.15)

where A(®) is an arbitrary composite field as in (2:4). Taking into account the identities

1 1 1
5507 0] = 50+ D)+ o

1 1
[5(772 +7T(2]),§(D+1) —|—y7r—|—y07ro] =12 42, (3.16)

where D is the dimension of space-time, and the fact that A(®) is a homogeneous function
of degree s in y*1 ... y“S*k(yo)k

(ym + yomo) AL = sAC) (3.17)

one concludes that A(®) is proportional to (72 4 72)A®). Acting by the operator (72 +73)
on (B13) and using (B:19), one can demonstrate that (72 4+ 72)A() is proportional to
(7% + 72) (7% + 72)A®). Clearly, this process can be continued. However, since Al®) is a
polynomial of the finite order in yg and y*, it terminates at some step. Going backward
one gets

AB) =0 . (3.18)

Let us turn back to equations (B.13), (B.14). Being combined, they imply
(P +7)@ + 7))+ AP =0 - (@ +a)AED =0, (3.19)
Then the last line and the condition (B.14) yield

ne= =0, (3.20)



which on account of (B.13) gives
A2 =0 . (3.21)

Thus, the Lagrange multipliers A®=2) and £~ vanish on-shell.

As was mentioned above, the gauge symmetry (B.10) allows one to gauge away all
the components in the composite fields ®®), but for the highest component ¢(*). In our
condensed notation the corresponding gauge choice reads

m®® = 0. (3.22)
Then successive multiplication of (§.4) by o, 7r8 and higher powers of 7wy allows one to
relate CC~Y to mpCCE~ 1C=1) to W%C(S_l) etc. However, since C*~1) is a polynomial
of the finite order in yg, one concludes that

ctb =g, (3.23)
Clearly, equations (B.H), (B.§) can be treated in the same way and yield the result

D=2 =9, EGC =0, (3.24)

Thus, in the gauge chosen, all the component fields entering the system (B.4)-(B.9)
vanish, but for ¢(*). The latter is constrained to obey the equations

P -m”)e® =0,  (pme¢") =0, ¥ =0. (3.25)

Eliminating the auxiliary variable y*, one gets the well known equations describing a free
massive spin—s boson in a flat D-dimensional space

(O =m)bus (@) =0, P Gprp 1 (@) =0, oy (@) =0 (3.26)

Finally, we give an action functional which reproduces equations (B.4)—(B.9)

s= [ d%{éw (1~ m)2) — 560 (yp -+ imyo) O~ — ZsCleDOO
~5(s = Oyt imyo) DO — (s~ 1)DOD ) D
+AG=2) <% (2 +72)®) —s(s—1) D=2 - %s(s— 1)(8—2)(yp+imy0)E(S_3)>
—1—2(8_4)(%S(S—l)(wz—l—wg)D(S_z)—%s(s—1)(8—2)(p7r—|—im7r0)E(S_3)>}. (3.27)

A formulation in terms of conventional tensor fields, i.e. components, can be easily read
off from (B.27) by substituting the explicit form of the composite fields and taking the
derivatives with respect to the auxiliary variables y*, yo. We would like to emphasize that,
when passing to components, all the coefficients in the action (B.27) have a very simple
form. This is to be contrasted with the constrained formulation in [[I].



That the action (B.27) is invariant under the gauge transformation
1
50 = (yp + imyo) TEY, 5CCTY = —(? —m?)r ey,

1 1
5D(8_2) — . T(S_l) 5E(8_3) — 2 2 T(S_l) 92
S(S_l)(pﬂ—i-zmwo) , Y P (m°+75) , (3.28)
and yields (B-4)—(B.9) as the equations of motion!® is readily verified with the use of the
table 1 and the identities

BE-D7240) (5 — 1)AD2BED | BED1240 (5 — 1) A0 2B
sA®) (yp)BED = _BED (pr) A®) sA®yBE—D = _ Bl A()
AV BG) — B6) A6) (3.29)

The latter are valid for arbitrary composite fields A and B with real components. Notice
that the leftmost equation entering the second line in (B.29) holds modulo a total derivative
term which can be discarded under the integral (B.27).

Let us make a few comments on the structure of the formulation (B.27). First of
all, the fields in the Lagrangian and the gauge parameters do not obey any off-shell con-
straints, i.e. one has a completely unconstrained formulation. Then, as is obvious from
equations (B-4)—(B-9), the composite field C=1 is purely auxiliary. It can be removed
from the consideration by solving the corresponding algebraic equation of motion (B.3).
The collection of fields (d(3_2),d(3_3), ...,d) contained in the composite field DG=2) g the
analogue of the auxiliary fields underlying the constrained formulation by Singh and Ha-
gen []. Solving (B.G) for D=2 is also feasible. This would lead to a higher derivative
formulation in the spirit of 3. The more general BRST approach leads in this case to a
Lagrangian which involves more auxiliary fields [I].

Thus, the version containing two auxiliary composite fields D=2, EG=3) and two
Lagrange multipliers AG~2 264 can be viewed as the minimal unconstrained gauge
invariant Lagrangian formulation for a massive spin—s boson in a flat D-dimensional space.?

Before turning to fermionic fields, let us look at the system (B.4)—(B.9) from a different
angle. Consider the first four equations in (B4)-(B.9) with the Lagrange multipliers
being discarded

(p* = m?)®) — (yp + imyo)C = 0, (3.30)

O™V — (pr + immo) @) + (yp +imyo) D) = 0, (3.31)
1

DU — (a4 m3) @) + (yp + imyo) EC) = 0, (3.32)

%(H +72)D¥2) — (pr + immg) EC™3) = 0 . (3.33)

!To be more precise, equations (@)7(@) follow from the action ( after the trivial field redefinition
sCC™ o 0L g(s—1)AC™D o ACTD g(s—1)DE7D - D=2, %3(3—1)(3—2)]5(573) — EGTY),
1s(s—1)(s —2)(s — Yt  ne=

2A possibility to describe massive higher spin bosons in flat space in terms of a quartet of fields was
discussed in [@] This formulation is given in terms of operators acting in a Fock space and is applicable

to the case s > 4. We thank M. Tsulaia for calling our attention to [@]



It is easy to see that they are gauge invariant and describe a massive spin—s boson. The
fifth equation

(p> — m?)D¥2 — (pr + immo)CCY =0 (3.34)

proves to be a consequence of (B.30)-(B.39). Equations (B.3(Q) and (B.31) can be derived
from a Lagrangian, while, in order to get (8.33) and (B.33) from an action functional, one

is forced to introduce two Lagrange multipliers A2 $(5=%)_ Then the system (B-4)-(B-9)
can be viewed as an appropriate modification of (B.30)—(B.34) such that what were
previously identities among (B.30)—(B-34) turn into restrictions on the Lagrange multipliers
which constrain them to vanish on-shell. This method does not appeal to a massless theory
living in D+ 1 dimensions and proves to be particularly convenient for describing fermions.

4. Massive spin-s fermion in flat space

Having constructed an unconstrained Lagrangian formulation for a massive higher spin
boson in flat space, let us discuss massive higher spin fermions. In this case, the dimensional
reduction turns out to be less instructive because a naive reduction of Dirac matrices from
D + 1 to D dimensions does not yield a reasonable equation of motion. So, we choose to
properly modify the analysis in [2J).
Consider a f i ) o= ph=2)  pn-2) i

quartet of composite fields V7, C)~ 7, D~ 7, E, which now carry

an extra Dirac spinor index A. We impose the following equations of motion®

(vp — im) W™ — (yp — imye)C" Y =0, (4.1)
CD — (ym 4 m0) U™ + (yp — imyo) B2 = 0, (4.2)
D) 4 L (p+im) B 4 (v — mo) O = 0, (43)
(v + o)D) — (pr — immo) B = 0, (4.4)
which hold invariant under the gauge transformation
SO = (yp — imyo) T sCY = (yp —im) Y
§D"2) = (pr — immo) YD | SEM™ = (yr + mo)Y"D . (4.5)

As in the bosonic case, the gauge symmetry allows one to gauge away all component fields
entering U™ but for the highest component which we call () (z). In our condensed
notation the gauge choice reads

U™ =0 . (4.6)

Subsequent analysis goes along the same line as in the bosonic case. Acting by the
operator my on ([.]]) one can relate C=1) to 7oC=D 10D o WSC(”_I) etc. which
yields the result

cnt =9, (4.7)

3In what follows we keep spinor indices implicit. " denote the standard Dirac matrices which obey
{(v", 7"} = =20, """ = diag(—,+,...,+). We use a representation in which (’yo)Jr =0, (’yo’y“)+ =0k,



Similarly, equation ([.3) gives
EM=2 =0, (4.8)

Then equation () constrains D(™~2) to vanish
D= —q . (4.9)
Thus, in the gauge fixed form equations (f.1))-([£4) read
(yp—im)p™ =0, (ymp™ =0 — ()™ =0, (4.10)
or, eliminating the auxiliary variable y*,
(770, — im)phr-Fn(z) = 0, Ayttt (z) =0, Gpin-i(z) =0.  (4.11)

As is well known, equations ({.11]) describe a massive spin s = n + % fermionic field in a
flat D-dimensional space.

Notice that at this point equation (fl.4) may seem redundant. However, it will come
into a scene later on when we shall extend ([L.1))-([£4) so as to get a Lagrangian system
of equations.

In order to construct an action functional reproducing equations (f.1)-(f4), let us
introduce three Lagrange multipliers (composite fields) A= 5(=2)  (=3) which will
accompany the constraints (f.4)-(4) in a resulting Lagrangian. It is assumed that the
new fields are inert under the gauge transformation ([.5).

Then we consider two differential consequences of equations (f.1))—([£.4)

(vp + im)C ™Y 4 (pr — imarg) ™ — (yp — imyo) D2 =0, (4.12)

(vp — im)D™™2 — (pr — imm)C"™Y = 0 (4.13)

and modify the resulting redundant system by including the Lagrange multipliers A1),
»(n=2) Q=3) in the following way

(yp — im) W™ — (yp — imyo)C" Y + (yy + yo) A"V

1
~(yy—yo) ="

)
(vp+im)C "D (pr—imamo) U —(yp—imyo) D2 + A + +3 )
(vp — im)D"™?) — (pr — imm) OV + 2072 4 (yy + o)
CY) — (v + mo) U™ + (yp — Zmyo)E(n 2
D=2 4 %(’Yp +im)E™2) 4 ;(’Yﬂ' — mp)C"™
(ym 4+ m0) D" — (prr — immg) B2 =0.(4.14)

Notice that the constraints (f.2)-(#.4) remain unchanged.

The idea behind the modification (§.14]) is to convert what were previously identi-
ties among (L.1))-(E4) and (E19), (E.13) into restrictions on the Lagrange multipliers.
Indeed, from equations (§.14) one readily finds conditions which involve only the
Lagrange multipliers

1
S = m0)(vy +yo) AT = —(ACTY 4 o

5 (vy — y0)2"72) (4.15)

— 10 —



— n— n— 1 n—
207 4 (yy +y0) 2" = (v + mo) (AT 4 Sy — 90)="7), (4.16)
(7= 7o) (E72)+ (34 10)2 ) = 0. @.17)

Taking into account the identities

(ym — 7o) (vy +vo) + (vy — yo)(ym +mo) = —(D + 1+ 2(ym + yomo)) ,
(ym +70)(vy — vo) + (¥ +yo)(ym — mo) = —(D + 1+ 2(ym + yomo)) ,
(vym)(vy) + (yy)(ym) = —2(ym) — D (4.18)

and the homogeneity condition (B.I7) which is valid for an arbitrary composite field, one
can demonstrate that all the Lagrange multipliers vanish on-shell.
The proof is similar to the bosonic case and goes as follows. Acting by the operator

(ym — 7o) (ym + o) on (f.15) and taking into account ({.16), (F.17), ({.18) one gets

(yr—mo) (ym+m0) (yr—70) (Yy+30) A" =0 = (yw—mo) (ym+mo) ATV = 0. (4.19)
The last line along with (£10), (.17) yields
(v —m) (v +m) (v — )P =0 = (yw—m)R" P =0 (4.20)
which, in view of (f17), constrains Q=3 to vanish
(v —m)(yy +y0)2" M =0 — oI =o. (4.21)

At this point (1) allows one to express X("~2) in terms of (ym 4 m)A™~1) which after
substitution in (f.15) yields

AP = — w02 _g, (4.22)

Thus, the extended system ({.14) is equivalent to equations (f.1))—([E4) and, hence, de-
scribes a massive spin s = n + % fermionic field in flat space.

The advantage of the extended version is that it can be derived from the action
functional

S = /dgjp{i\i’(n)((,yp _ Z'm)\lj(n) —n(yp — imyo)c("_l) +n(yy + yO)A(n—l)) .
i GO n(yp + im)COD) + (pr — i) U — il — 1)(yp — imyo) DO +
AT 4 n(n — 1)y — 90)202) — DOl — 1)(3p — im) DO
(

—n(pr — immo)C" V) 4 n(n — IO 4 on(n - 1)(n — 2)(yy + yo) Q") +
HIROD (O — (3 4 7o) U™+ n(n — 1)(yp — imyo) ) +

5= (n(n —1)DM"=2) 4 %n(n —1)(yp +im)E™2) 4 %n(wr — mo)C ) 4

4To be more precise, equations ( arise from the action after the field redefinition nC'*~Y — =1,
n(n _ 1)D(n72) N 'D(n72)7 n(n _ 1)E(n72) N 'E(n72)7 nA(nfl) N A(nfl)7 n(n _ 1)2('”72) N E(n72)7
n(n —1)(n —2)Q"=3 - Q=3
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+i009) (n(n — 1) (yr + 1) D" — n(n — 1)(pr — immo) E"2) +
FECD (Cnn — 1)(3p + im)SC 4 nlpm — imm)A®

—n(n—1)(n - 2)(yp — imyo)2" )| . (4.23)

A formulation in terms of conventional spin-tensors, i.e. components, can be easily read
off from (.23) by substituting the explicit form of the composite fields and taking the
derivatives with respect to the auxiliary variables y*, yq.

That the action is real is readily verified with the use of the identities

7 n n— T 5 n— n 7 n n— T 5 n— n
(nA( )(yp)B( 1)) — _pB( 1)(p7r)A( )7 (nA( )yoB( 1)) — B 1)7T0A( )7

(nA® (y9) BED) = B (3m) A0, (At gy

S

MAM - (4.24)

The leftmost equation entering the first line in (4.24) holds modulo a total derivative term
which can be discarded under the integral ({.23)). The gauge transformation leaving ([£.23)

invariant reads

1

- - n—1)
n

(yp — im)Y" Y
L
n(n —1)

SO = (yp — imye) Y™V sCn=1)

1

n-2) -~
oD n(n —1)

(pr — imm) YD | E(M-2) = (v 4+ m) Y1 (4.25)

Analogously to the bosonic case, we obtained a formulation in terms of unconstrained
fields and gauge parameters with very simple number coefficients in the Lagrangian. Notice,
however, that, in contrast to the bosonic case, elimination of the auxiliary composite field
C(=1) would lead to higher derivative terms. Thus, the formulation above can be viewed
as the minimal unconstrained gauge invariant Lagrangian formulation for a massive spin—

(n+ %) fermion in a flat D-dimensional space.

5. Conclusion

To summarize, in this work we generalized the quartet unconstrained description of massless
higher spin fields [P to the case of massive higher spin fields in a flat space of arbitrary
dimension. Our Lagrangian formulation is given in terms of unconstrained fields and gauge
parameters and has an easy-to-handle form for an arbitrary value of spin. It is local, free
from higher derivative terms and involves a minimal number of auxiliary fields needed
for an unconstrained gauge invariant description of a free massive spin—s field. Explicit
evaluation of the number coefficients in the Lagrangian is very simple and does not require
a complicated procedure as in [fi].

The quartet formulation occupies an intermediate position between the general BRST
formulation of [Id, [[] and the geometric approach of [RI, PJ unifying in a nice way
their advantages and avoiding their disadvantages. It is natural to expect that the quartet
formulation can be obtained from the BRST method by partial gauge fixing and eliminating
some of the auxiliary fields.
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Let us mention a few possible developments of the present work. First of all, it
would be interesting to extend the present consideration to the case of a massive spin—s
particle propagating on anti de Sitter background. Then it is interesting to study whether
the quartet unconstrained massive gauge theory in anti de Sitter space can be obtained
by means of the dimensional degression discussed recently in 7). It is also interesting
to generalize the analysis to the case of mixed-symmetry tensor fields and to construct
supersymmetric generalizations.
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