


1 Introduction

The main problem in the description of the higher spin particles is removing of un-
physical degrees of freedom from the theory. As was shown in [1}, the corresponding
lagrangian must have some invariance, which generalizes the gauge invariance of the
electromagnetic field not only in the free case, but for interacting fields, as well.

On the free level such lagrangians was constructed both for massive and for
massless particles of any spin as well as for massless supermultiplets [2]-[10]. In some
sense the masstess case is simpler and, hence, more investigated than the massive
one. The hope is, that with the help of some Higgs-type effect some of the interacting
particles acquire nonzero values of the mass.

In general the lagrangians for higher spins include additional fields. Some of
them are auxiliary, others can be gauged away. The main role of these fields is
to ensure, that only physical degrees of freedom are propagating ones. It means,
that the basic field describes irreducible representation of the Poincare group - it is
traceless, transverse and satisfies mass shell equation.

Naturally higher spin particles arise after quantization of classical extended ob- '
jects such as string, relativistic oscillator {11)- [12], discrete string [13] etc. Physically
they correspond to exited levels of the system and belong to Regge trajectories, each
including infinite sequence of states with a spin linearly depending on the square of
the mass. There are infinite number of Regge trajectories in the string and relativis-
tic oscillator models and only one such trajectory in the discrete string model due
to existing of additional second-class constraints. Such subdivision of all higher spin
particles on Regge trajectories leads to the consideration of these Regge trajectories
as independent objects for which it would be interesting to construct the Jagrangian
description.

One of the most economic and straightforward method of construction of la-
grangians for systems with constraints is the method using BRST charge of the cor-
responding firstly quantized theory. With the help of BRST-charge the lagrangians
for the free field theory for particular values of spins [16] and for infinite tower of
massless higher spin particles were constructed [15]. The analogous consideration for
the massive fields is hampered by the presence of the second class constraints. The
methods of converting them into the first class constraints with the help of additional
variables were discussed in [17]-[18]. Nevertheless, the strightforward application of
this approach to the massive higher spins leads to the non-local lagrangian [19].

In the second part of the paper we describe the auxiliary Fock space and system
of constraints in it which follow from the consideration of some classical models of
extended objects.

Tn the third part of the paper we describe the massless case of [15] in D + 1
dimensions which is the starting point for the consequent consideration. After that
we fulfil the dimensional reduction from D + 1 dimensional to D dimensional space
time. Formally it locks like some unitary transformation. As a result, the correct
local free field lagrangian for Regge trajectory together with its daughter trajectories
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is constructed.

In the fourth part of the paper we write out as examples the lagrangians for lower
spins S =0,1,2. '

2 Constraints in auxiliary space

To describe all higher spins simultaneously it is convenient to introduce auxiliary
Fock.spa.ce generated by creation and annihilation operators e}, e, with vector Lor
entz index u = 0, 1,2, ...1) — 1, satisfying the following commutation relations

2w at] = —0us Guw = diag(l,—-1,-1,...,-1). (2.1)

In addition thg operators a:,a# can have some internal indices leading to more
complicated spectrum of physical states. For simplicity we consider in this paper
. a},a, without additional indices.
The general state of the Fock space

10y = 3., . (e)al al, - ak ]0) ' (2.2)

depends on space-time coordinates z, and its components @S}:)M;“# {x) are tensor

fields of rank 7 in the space-time of arbitrary dimension .D. The norm of states in
this Fock space is not positively definite due to the minus sign in the commutation

refation (2.1) for time components of creation and annihilation cperators. It means -

that physical states must satisfy some constraints to have positive norm. These
constraints arise naturally in the considerations of classical composite systems [12]-
[13]. The corresponding quantum operators

Ly = =plf- a’a:am Li=pua,, L= pya: = L}, (2.3)
1 1
L2 = Vr?'-a“a,,, L_,Q = EGIGI : Lg‘ (24)

form the algebra

(Lo, Lut) = Fo'Lar [Lo, Lasl = F20'Luy (2.5)
- : (2.6)
Ly, Loa)=~L_y [Loy, Lol= Ly (2.7)
(29)
D
o {Ll N L'__;] = —ppz [Lg . L..g] = .—-a;"'aﬂ -+ 5 = Gor : (29)

The operators Lo, Ly, Lz correspond to the mass shell, transversality and traceless-
ness conditions on the wavefunctions. The operators Ly, L_; and Ly, Lo are of
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second class and in general this system of constraints describes single Regge trajec-
tory [12)-(14].

There exist some different possibilities in consideration of general system of con-
straints (2.3)-(2.4). The truncated system Lo, L describes Regge trajectory fo-
gether with its daughter trajectories. The operators I41 in this system are of second
class as before. We describe the BRST - quantization of this system in the third
part of the article. :

The limit @ = 0 of the system (2.3) corresponds to the massless infinite tower
of spins with a single state at each value of the spin. In this case only the operators
Lo are of second class, The BRST - quantization of this system as well as general
system (2.3)-(2.4) will be given elsewhere. '

The simplest system of first-class constraints

fro = _sz y Ly (2-10)

corresponds to the massless tower of spins infinitely degenerated at cach value of spin.
The BRST - construction for this system of constraints was described in [15]-[16].

3 Massless case and dimensional reduction’
In this section we consider the system with constraints
Lo = —p,? —aafa, + o, In =puty, L.1=puc), (3.1)

where parameter o plays the role of intercept for Regge trajectory. In some sense
this system is intermediate between the systems in [15] and (14] because it describes
the Regge trajectory together with all daughter trajectories (due to the absence of
the constraints Ly;). The commutation relation [Ly , L] = —p,” means that Li;
are the second class constraints . To construct the BRST - charge we can try to
convert them into the first class constraints following the prescription of [17] - [18].
We introduce new operators b and &t with the commutation relations [6,6t] =1 and
modify the constraints to the following expressions:

Ly = —py2 — a’a:au + g + &'b¥, (3:2)

fl_l = L.+ P,,;zb+7 i (3'3)
In = Li+y/p, ' (3.4)
{1, L] =0, {Lo, La) = —o'Ly, Loy L] = Of'f:ﬁl- {3:5)

All of the modified constraints are of first class and BRST - charge construc-
tion is straightforward [19]. Nevertheless, the corrresponding lagrangian is not sat-
isfactory one. Indeed, it is non-local due to presence of /p,? In the definitions
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of constraints Lyy. The natural way out of this difficulty is to replace y/p,? by

\/—a"af;aJu + g + e'b+b, having new system of constraints with rather nontrivial
commutation relations due to such complicated dependence from creation and anni-
hilation operators. :

The simplest way to construct BRS'T - charge with corresponding constraints is
as follows. Firstly we consider massless case in D + 1 dimensions with constraints

Ly = _pi+P2D» p=0,1,..,D-1, (3.6)
Ly = pya,—ppep, (3:7)
L, = ppaf; - PDaB- ' ‘ (3.8)

Following to the standard procedure we introduce additional set of anticommuting
variables 5o, 71,77 having ghost number one and corresponding momenta Py, P, Py
with commutation relations:

{m,Po} = {m,P{}={nf, P} =1 _ (3.9)
The nilpotent BRST - charge has the following form:
Q =nolo+ 1y L1+ mLE +mnf Po - {3.10)

Consider the total Fock space generated by creation operators ai‘,aB,nf,Pf. In

addition each vector of the Fock space depends linearly on the real grassmann variable
no (Po considered as corresponding derivative Pg = 8/81m0)

IX) = Ix1) + nolxz)- ' (3.11)

~ Ghost numbers of |x1) and |x2) are different if the state |x) has some definite one.
The BRST - invariant lagrangian in such Fock space can be written as '

L= [ dn(xiQl). (3.12)

To be physical, lagrangian L must have zero ghost number. It means that vectors
Ix) and |x1) have zero ghost numbers as well. In this case the ghost number of [a2)
is minus one. The most general expressions for such vectors are

Ixi) = 151) + 9 Pi1Sa), (3.13)
X2} = P7ISa), (3.14)

with vectors |S;) having ghost number zero and depending only on bosonic creation

+ 4t
operators a;, ap

. |S’> = Eqbzx.mw-un(m)a:xa:z“‘aIn(aE)'nlo)' (315)

R o W —

Integration over the 7o gives the following expression for the lagrangian in terms
of |5;)

L = (Silp.215) = (Salpu®|Sa) —~ (SallSs) + (3.16)
(S1|LF183) + (SslLi|S1) — (SalLa|Ss) — (SalLF]Sa).

The nilpot.ency. of the BRST - charge leads to the invariance of the lagrangian
(3.12) under the following transformations '

8\) = QIA). . (3.17)

The parameter of transformation must have ghost number —1 and can be written as

-|AY = PT|A), where |A) belong to the Fock space generated by af,af, and depends

from the space - time coordinates.

Using together this invariance and equations of motion for the fields |S;) one
can show , that the lagrangian (3.27) describes the infinite number of higher spin
massless particles with infinite multiplicity at each value of spin [15].

To obtain the description of the Regge trajectory in I dimensions one can make
use of the dimensional reduction procedure to the I} 4 1 dimensional massless la-
grangian. The masslessness condition in ) + 1 dimensions is

Py —Pp =0 (3.18)

After the fixing pp = m with some arbitrary parameter m this equation describes
massive particle. In principle m can depend from the spin of particle, leading to the
Regge trajectory. :

To describe the linear Regge trajectory we fix the following v p dependence of the
Fock space vector |x} in (3.12):

) = eaplivpy/al—afan + abap +mFPs 4 PLm) + ooy ZUN)  (3.19)
The result of the substitution of {3.19) in the expression (3.12) is
L= ——]dm(x']@[,\"), (3.20)
Where

Q = nollo+ (P +Pim)) + (L + P Xmap) +
+(L} + et XPi)i + mni Po o (321)

with the following notations used

Lo = —pt + o/ (—afa, + aban) + o (3.22)
Ly = pua, — \/a'(—a:a‘, +afap)+ o'+ ap ap (3.23)
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Lt = puat - aB\/a’(—afja“ + afap) + o + ag £3.24)

X = —Va (\/—a;‘;au +akbap + %3 +2 - \/~ajay + afap + % -+ 1) - {3.28)
The commutator of constraints {3.23) and (3.24) has rather complicated form:
[f,i,f,f] =ILot o' +ab XL+ LT Xap + o, Xap. (3.26)

The new BRST - charge @ (3.21) is nilpotent due to unitarity of the transformation
Q) = U-'QU. Our choice of square root dependence in the exponent in (3.19) leads,
as we will see later, to the linear Regge trajectory. Replacement of this square root
by any other function consistently gives Regge trajectory with more complicated
dependence between spin and mass. The nilpotency of the BRST - charge evidently
does not depend from the choice of this function.

In terms of |5;) the lagrangian (3.20) has the folloging form:

L= —(Si|Lo|Se) + (Sal(Lo + 20"} S2) + {S1|LF|Ss) + (Ssl £4]S1) —

(Sl(Ly + Xap)|Ss) — (53|U~JT + a5X)|S52) — (53]iS5s). “(3.27) -

The correswponding equations-of motion are:

J39|51) — L}155) =0, (3.28)
(Lo +20)|82) ~ (L1 + Xap)|Ss) =0, (3.29)
1S3) — L1]S1) + (Lf + a5 X)iS2) = 0. (3.30)

The transformation law é{x'} = Q|A) has the following component form:

55y = LD, (3:31)
815 = (I + Xap)A), (3.32)
8155y = (Lo +c)IA). (3.33)

One can show that using together (3.31) and equations of motion for the fields
|5} one can eliminate the fields |S) and |Ss). Firstly we solve the equation

195) + (Fo + )|A} = 0 (3.34)
using decompositions
ESI) il Z(aB)RISin)a |A) = E((‘B)nl/\n)o (335)

The equation (3.34) does not fix parameter |A) completely. There will be residual
invariance with parameter [A’) under the condition

(Lo + & }N) = 0. (3.36)

After the elimination of the field |$,) with the help of the equation |S) + (L1 +
Xap)|X'y = 0, which is consistent with the equations (3.29) and (3.36), the new
parameter | A"} will satisfy two conditions (Lo + /)]A") = (Ii+ Xap)| A"y = 0. With
the help of this parameter all fields | Sy,), except |Sie) can be ellmmated as well. It
means that only |S16) under conditions .

LolSi) =0, ILjS1)=0 (3.37)

is a physical field. The second condition kills negative norm states of the Fock space.
The first one - the mass shell condition - fixes the linear dependence between masses
and spins of physical states. ‘

In general the Fock space vectors |x) and |x") have complex vawefunctions. In
the massless case one can impose the following reality conditions consistent with the
equations of motion and transformation law (3.17): the coefficients in 51} and |S2)
are real as opposite to the coefficients in |S3) and |A), which are purely imaginary.
The transformation (3.19), due to its complexity destroys such reality conditions for
the massive case. '

4 Examples

The total lagrangian (3.27) describes all spins from zero to infinity. The maximal
spin at the level m? = ap+na’ is n. Due to luck of the tracelessness constraint, there
are also spins n — 2, n — 4 ... on this level. The part of the lagrangian describing
this level contains fields in |5y}, |Sg) and |53} with n,n -- 2 and n — 1 total numbers
of creation operators a}f and a}. In this chapter we describe three stmplest cases
n=0,1,2
Forn =0 the only field - .

LS1)o = A[0) (4.1)

gives contribution to the lagrangian:
L=—A8,"A — auA® T (4.2)

Obviously it describes spinless particle with m® = ay.
For n = 1 corresponding fields are:

|51y = (Aua} +iAah)|0) and |Sa)o =iCl0) (4.3)
The lagrangian
L=A0"4,— A3 A+ (o + ao)As” — (' + ) A2 —
C? — 2/(e + c0)CA+ COA, — A0, C (4:4)



is invariant under the following gauge transformations

§A, = 8,2 (4.5)
§A = —o@ T aoh (4.6)
§C = (82 +d + o)A (4.7)

leading on mass shell to the equations
A=C=0, 8A, = (B +o +og)Au =0 (4.8)

The corresponding formulas for n = 2 are:

181)e = (Apafal + 21Auafah + Aahak)|0) (4.9)
|S2)e = BIO) S (4.10)
IS5 = (ECua} + Cah)I0) : {4.11)
L = —24,,8,2 A, — A2 + o)Ay’ + 4407 Av + 4(2d + o)A —

2A48,2A — 220/ + ap)A® + B, B + (20" + w)Br - C*+C7
20,8, Avy + 24,,0,C, — 200, A, -+ 24,8,C — 4/ 20 + agC A+
4T T aaCuA, + BB,C, — CuduB +2V20 + ao BC (4.12)

The gauge transformations with the parameter |A) = (iA,af + Aah)|0) give:
for [S1)z

! .

§A,, = 5((jﬂ,\”-élu)\,,,), (4.13)

%A, = —Our— V2 T aoks, (4.14)

§A = —/20 T a0k (4.15)

for |Sa)a:
' Sk §B = —8,A, —V2a' + g, (4.16)
~ and for |Sah: - )

§C, = (8% +2d + o)y, (4.17)

§C = (8 +2 +a)h (4.18)

After the gauge fixing the only nonvanishing field is A, under conditions
(82 + 2o/ + aw0) Ay = 0, BAu = 0. - (4.19)

Such equations describe simultaneously spin 2 and spin 0 particles.

5 Conclusions

In this paper we have applied the BRST approach to the description of the free
Regge trajectory. The corresponding BRST - charge was constructed with the help
of dimensional reduction method, The resulting spectrum contains reducible rep-
resentations of the Poincare group at each mass level due to luck of tracelessness
constraint. It means that daughter trajectories also belong to the spectrum. The
modification of the BRST approach to the single Regge trajectory will be given
elsewhere.
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