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1 Introduction

It is well known that many physical systems are invariant with respect to nonlinear sym-
metries. As the most known examples one can mention the Kepler motion of the planets
or the hydrogen atom. Though the general classification of nonlinear algebras does not ex-
ists, the examples of such algebras, as well as the description of physical systems in which
they act, one can find in the literature. Some references and rather detailed investigation
of the so called finite W-algebras see in [1].

The very interesting class of nonlinear symmetries arises in the description of the
higher spin fields in the AdS space-time. They depend on the type of the corresponding
Young tableaux([2] and become more complicated when the number N of raws is growmg
The simplest of these symmetries is connected with the Young tableaux with N =
and describes the totally symmetric fields of higher ranks which correspond to unltary
representations in the AdS space-time of arbitrary dimension.

Starting from a given physical system with known nonlinear symmetry one can con-
struct the explicit expressions for the generators of the symmetry transformations, usually
in terms of the harmonic oscillators connected with the physical observables. In the case at
hand the generators are constructed in terms of a space-time derivatives and N additional
harmonic oscillators, which describe spin degrees of freedom and can be viewed as some
internal distances in the classical models of composite particles like a discrete string[3],[4].
No doubt that this representation of the algebra generators is not unique. The question
arises, how one can construct other representations of nonlinear algebras? Moreover, the
knowledge of such new realizations of the algebras can help in the search of physical
systems having these algebras as a symmetries. It can also help in the investigations of
mathematical properties of these algebras.

In the present paper we propose the regular method of construction of realizations
for nonlinear algebras. We begin with the description how the method works in the
case of linear algebras, [5],[6], and after that generalize it for the simplest case (N = 1)
of totally symmetric fields describing the higher spins in the AdS space-time. For this
goal we construct the Verma module for this nonlinear algebra. The representation of
the algebra generators is constructed in terms of some auxiliary harmonic oscillators as a
result of establishing the one-to-one correspondence of the Verma module vectors with the
vectors of the Fock space generated by these oscillators. In conclusions we mention some
interesting mathematical problems connected with the construction and some possible
developments.

2 Construction of the Fock space realizations in the
Lie algebra case

In this section we describe the method, based on the construction given in [5],[6]. Let

Hi, (i =1,...,k) and E* be the Cartan generators and root vectors of the algebra with
the following commutatlon relations
[, E°] = a(i) E°, (2.1)
[Bo, E°] = Y- ol Y, (2.2)
[Be, B = No# frotb. (2.3)
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Roots (i) and parameters of, N are structure constants of the algebra in the Cartan
Weyl basis.
Consider the highest weight representation of the algebra under consideration with
the highest weight vector |0)y, annihilated by the positive roots

E*0)y =0 (2.4)
and being the proper vector of the Cartan generators
H|0)y = Ai|0)y. (2.5)

The representation which is given by (2.4) and (2.5) in the mathematical literature is
called the Verma module [7]. Following the Poincare — Birkhoff -~ Witt theorem, the basis
space of this representation is given by vectors

[n1,n2,. ..y Rp)y = (E7O)M(E72)™2 | (E~%)™"|0)y, (2.6)

where o4, oy, . .. @, is some ordering of positive roots and n; € N.
Using the commutation relations of the algebra and the formula

AB" = é (:) B"¥[[...[4,B)],B]..

one can calculate the action of all generators on arbitrary vector of the Verma module.
In [5] it was shown that, making use of the map

(N1, Mg, o M)y — [Ny, ) (2.7)
where |ny, ng, ..., n,) are base vectors of the Fock space
Iy, e = ()™ ()™ .. (3™ ]0). (2.8)
generated by creation and annihilation operators bf,b; i = 1,2,...,r with the standard
commutation relations

the generators of the algebra in the Fock space can be written as polynomials in creation
operators.

As an explicit example of the construction given above let us consider the represen-
tations of the algebra, which can be used for the description of the higher spin fields
in the flat space-time. This algebra is linear and its generators LT, L3, Ly, Ly, Gy, Lo,
which single out the irreducible representation of the Poincare group have the following
commutation relations

(LY, L] = =Lo, [L{,Lo]=~Li, [LF,L1)=—LT,

(Lo, L1] =0, [Lo,Ly] =0, [Lf,LF]=0, (2.10)
(L, Lo) =0, [Li,Lo) =0, [Ly,Ly)=0,

[Go, Ly] = — Ly, [LT,GO} = —L'f', [LO,GO] =0,

with the so(2,1) subalgebra
[Go, Lg] = —2L2, [L;, Go] = —ZL;-, [L;, Lg] = —Go. (211)
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The defining relations for the highest vector of the Verma module are:
L1|0)v = 0, Ly|0)y = 0, Go|0)v = h|0)y, Lo|0)v = e|0)y.
As the base of the representation space one takes the following vectors
In1, n2)v = (L3)™ (L3)™(0)v (2.12)

and after the simple calculations one obtains

Lny,na)y = |ni+ 1,ng)y

Llny,no)y = |ni,ne+ 1)y

Golny,na)y = (1 + 2ng + h)|n1, na)v

Lolni,na)y = elni, ma)v (2.13)
Lilni, o)y = nalny +1,n2 — 1)y + eni|ny — 1,np)y

Lylni,no)y = mna(h+mny +ny — 1)|ng,ng — 1)v+ew|n1 - 2,n9)y.

Consider the auxiliary Fock space generated by the annihilation and creation operators
by, by, b, b3 . If one takes the vectors in the Fock space

In1,ma) = (6)™ (65)"10) (2.14)

in one-to-one correspondence with the vectors (2.12) in the Verma module, it can be seen
that the action of the following operators in the Fock space

Lf = b

L = bf

Go = bfb+2bjbo +h (2.15)
Ly = e

Ly = btby+eby,

Ly = (bfb +bfby + h)by

is identical to the expressions (2.13) for the Verma module. So, (2.15) gives realization of
the algebra in the Fock space.

3 Construction of the Fock space realization in non-
linear algebra case

In the AdS space-time the algebra (2.10) is modified by terms proportional to the para-
meter 7 which is the square of the inverse radius of this space. When 7 # 0 the algebra
is nonlinear and have the following nonzero commutation relations [2]

[Li’-le] = _LO) [LT7L2] = _L1> [Lg—yLI] = "—L-l*—?

[Lo, Ll] = —2TL1 + 47’G0L1 - BT‘LTLQ,

[Li", LO] = —2"‘L-f + 47‘LTGO - 87‘L;L1,

[Go,Ll] = _Lh [LT)GO] = _L-l'—: (31)
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with the so(2,1) subalgebra (2.11). The structure of this nonlinear algebra is simplified
if one introduces new generator C instead of the generator Ly: Ly = C + 2K, where K is
the Casimir operator of the subalgebra so(2,1)

K = 4L;L2 - G()GO + 2G0. (32)

The generator C' commute with all other generators and is the central charge of the
algebra.

It means that we are still able to define the Verma modules as the highest weight
representation of this algebra under consideration with the highest weight vector [0)v,
annihilated by Ly, Lo

L1|0)y =0, Lp|0)y =0, (3.3)
and being the proper vector of the generators Gy, C and, correspondingly, of Gy, Lg
Go|0)y = h|0)v, Lo|0)y = e|0)y. (3.4)
The basis of the representation space is given by vectors
(L) (LF)™[0)y = |1, na)y .

For further calculations we will define the operators K, K, with the help of the following
relations

[Lo,L+] = 27’K1
(Ky, L) = 4Lf Ly — 2(L})? = K,
[K2 +] = 87'L+K1
(K1, L3] =0, [Ks L]=0. (3.5)
It is easy to see that
K1|0) = (1 - 2h)[1,0)
K,|0) = 4e[0,1) — 22,0).
To obtain the explicit form of the representation we need the commutation rules with
(L) L3)"
ColLt)" = (L{)"Go+ n(L{)"
Go(L3)" = (L3)"Go+2n(LF)"

k
iy = @t s CE (L7 Jureant k-
(8r)F(n n-2 -1
- SO (),
)y = a5 O () wr g +
k=1

+
il\g

)k n 2k—1 -1
OE(n e asrm
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Ly(L3)"
Ly(LT)"

Ly(L3)"

I

+

(L3)"Ly +nLi(L3)"

(G Lot (it L+ () 1220+

r)¥ n n—2k-2/ 5 +\k—1
> &L (0 e w,

k=1
(LH"Ly +n(LF)" ' Gy + n(n — 1)(LH)" . (3.6)

With the help of these formulas we obtain explicitly the Verma module representation

Lt|ny, no)v
L3 |ny, no)y

)

)
Golni, na)y

)

Lo|ny, na)y

Lyi|ny, na)y

La|ny, na)v

|TL1 + 1,TL2>V
[n1,m9 + 1)y
(m + 2n9 + h)]nl, ’nz)v

elnl,nz V+ Qh)z 4 ( )|n1—2k+2,n2+k—l)v+

) (8r)*

k= 4
ng|ny 4+ 1,mp — L)y + enyfng — 1, no)y +

<2k> (4 [n1 — 2k, g + k)y — 2|0y — 2k + 2,09 + k — 1)V)

(1 —42h) Z(8r)'° (;;) [ni —2k+1,n0 +k— 1)y +
e (8r)F (2k )|n1 2k —1,ne + k)y —
k=1
1 k
5%(87‘) <2k+1)|n1 2’C+1,Tl2+k—].)v
-1
na(h +mn1 +ng — 1)|ny,ng — 1)y +e%|n1 —2,n9)v +
(1 - Qh) k 0 _ _
1 kgl(g’l') 2k+1 |n1 2k,n2+k 1>V+
e (8r)* ( >|n1 2k —2,ny + k)y —
L) g 42
1 YR
Ekz::l(ST) <2k N 2) |ny — 2k, ng + k — 1)y . (3.7)

Now again if we use the operators by, by, b, b we obtain the Fock space realization of the

algebra (3.1)

L = of
Ly = by

— k(e 2r(2h-1) 4r 22 gk
fo = ICZ;)(ST) <(2k)! (2k 4+ 1) bib - (2k + 2)! 7 (6] )07 ) 3% (87)



o . e  2r(2h-1).,. 4r 1232 | P2kl pk
Li = biba+ > (8) ((2k+1)! @k+2) 0 T @Ry ) b e )
Ly = (bfby +b3by + h)by +
5 e 2@2h-1), 4r +12p2 | p2k+2(p\k

The infinite sums in this expressions are rather simple. For example, first of them can be
written in terms of the formal variable z = /87b?b, as

(8r)*
¢ ,?4:3 (2k)!

All the other sums can be also written in terms of the cosh z and sinh z.

b (b5 )*F = ecosh z.

4 Conclusions

In this paper we have generalized the method of constructions of Fock space representa-
tions for nonlinear algebras, developed for linear algebras in [5],[6]. The method uses the
notion of the Verma module for an algebra under consideration. Taking as an example the
very important physically case of higher spin fields in the AdS space-time we constructed
the Verma module, as well as the Fock space representation for the generators of the
corresponding nonlinear algebra.

From the mathematical point of view the construction of the Verma module gives the
possibility to analyze its structure and search for the singular vectors in it. The general
procedure will then help to construct the finite dimensional representations of considered
nonlinear algebra. It would be interesting to carry out investigations along this line,
as well as make the generalization on the case of more complicated nonlinear algebras
connected with irreducible unitary representations in the AdS space-time of arbitrary
dimensions, described by the Young tableaux with more then one raw.
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Bypmux Y., Haspatun O., [amHeB A. E2-2002-46
O peanmnsauuu B npocTpancTBe Poka HEMHEHHBIX anredp,

OIMCHIBAIOIIUX IT0JI BBICIIMX CIIHHOB

B IIPOCTpaHcTBe aHTU-Ie CutTepa

Meron noctpoenus peanusauuii anrebp JIu B npocrpanctee ®oka 06061eH
Ha HeJIMHeHHbIe anre6psl. PaccMoTpeH mpuMep HelMHHEeHHOH anreOpbl CBA3€EH, OIH-
CHIBAIOLUMX TIOJIHOCTBIO CHMMMETPHYHBIE IOJSA BBICIIMX CIHMHOB B NPOCTPAHCTBE
antu-ge Currepa.

Pa6ora BeimonHeHa B JlaGoparopuu Teopernyeckoit ¢pusuku um. H. H. Boro-
mo6osa OHSIH.
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Burdik C., Navratil O., Pashnev A. E2-2002-46
On the Fock Space Realizations

of Nonlinear Algebras Describing the High Spin Fields

in AdS Spaces

The method of construction of Fock space realizations of Lie algebras is gen-
eralized for nonlinear algebras. We consider as an example the nonlinear algebra
of constraints which describe the totally symmetric fields with higher spins
in the AdS space-time.

The investigation has been performed at the Bogoliubov Laboratory of Theo-
retical Physics, JINR.
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