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Abstract. We construct the energy operator for particles obeying infinite statistics
defined by a g-deformation of the Heisenberg algebra.

The aim of this paper is to construct the energy operator for particles which
obey the so-called infinite statistics defined by the g-deformation of the Heisenberg
algebra. This topic was studied in the previous article [1], where a conjecture was
formulated concerning the form of the energy operator. Our main result is a proof of
this conjecture in a slightly modified form (cf. Remark 1).

We will essentially use the same notations as in [1]. Thus, 77, will denote the
particular elements of G,, which send [1, 2, ..., n]Jto [k, 1, ..., k=1, k+1, ..., n],
ie.

k,  ifi=1;
Tixr@=<1i1—-1, if 1<i<k;
7, if k<i1<m;

and G, ,, will represent the following subsets of &,,:
Gn,p = {0’ € 6,, with ¢ =T1k1T1k2, ceey lep, 1<k <...< k‘p < n},

for 1 <p<n-—1and &, = {1}. (This differs from the definition of &, , in [1].)

In [1] an n! X n! matrix A, (7, 0), 7, 0 € &,, with coefficients in Z[q] was studied
and shown to be invertible for |g| < 1. As in [1], we will work with the group algebra
C[&,,] rather than its matrix representation, so we have elements

an=Y An(e,Do =Y ¢'"@0, o' =D Al De. 1)
0€G, 0€6G, 0€G,

Let & be the energy operator of particles obeying infinite statistics, defined by the
commutation relation (1) in [1]. & acts on #(g) and each z; is an eigenvector of &
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satisfying the eigenvalue equation

Eal(ln)...a )|0) = Y El)al(ln)...a' )]0, 2)

=1
where E(l;) is the energy of a particle with momentum ;.
Theorem. The energy operator & has the form
E=D %
n>1
with
n
= Y DY cilq, ™) Elhi)al (kegmy) . ..l kny)alky) ... alkn),  (3)
Kiyo ko TEG i=1

where the coefficients c;(q, ) are given by

> anqu,vr)xi*w

TeGy 1=l
=a;'(1 - ¢XTp)(1 — ¢ XTi3)...(1 — "' XT,) € CIX][Gn]
or, explicitly,
cilgm) = (1" Y AN @) An@)(7, 1),
TEGR i1
forallme &,, 1 <1< n.

Remark 1. The theorem agrees with Zagier’s conjecture in [1] except that he has
E(k;) instead of E(kx(;)). Thus the formulas agree if (and only if)

Ci(q, ‘R') = cﬂ'(i)(q, ﬂ-) )

forall 1 <i<n, € &,. This is true for n < 4, but we do not know if it holds in
general.

Remark 2. Although & contains an infinite sum, when applied on a given n-particle
state, only the first n terms will give a nonzero contribution.

Remark 3. For ¢ = 0 this agrees with the results of Greenberg [2], who gave an
expression for the energy operator of the form

E =Y &@)n),

where the number operator n(z) is given by

n@) =Y Y al(k)...al(ks)al()a)a(ks). .. alky),

520 ki, .., ks

with obvious notation.

To prove this theorem we need some preparation. We know from [1] that the
Hilbert space of states .7 (q) splits into an infinite direct sum of finite dimensional
blocks. Each block is determined by the unordered m-tuple {k; ...k}, whereas a
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particular state in it is specified by an ordered version of that n-tuple. In other words,
we identify the Fock space states with ordered sets K = [k; ... k,]. For such a finite
ordered set A we denote by s(A) and [(A) respectively the smallest and the largest
element of A. Ordered sets can be concatenated, e.g., if we consider two disjoint
ordered sets A; and A, we can form a new ordered set A; Ll A,, such that if a; € A;
then a; < a,. Also, if B is a subset of an ordered set A, one can form the ordered set
A — B. Moreover, we can invert the order of a given set, the new one being denoted
by A.

The permutation group &,, acts naturally on the ordered sets of n elements; and
this action extends to an action of the group algebra C[&,,] on the vector space %
of formal linear combinations of such sets. If A is a given ordered set and o € &,,
we define T4(cA) = I(0).

We conclude these general considerations by introducing a linear evaluation map
£ acting on £[X] and defined by

E@AXY = E(0A)()cA.

In order to be able to determine the coefficients ¢;(g, ) in (3), we have to under-
stand how the energy operator & and, in particular, each &, acts on an arbitrary state.
For that we will need two steps.

Proposition 1. The action of the p-particle term of the energy operator on given n-
particle state K is given by

&K = s(X"—P 3 I E-DUDE  T) U Ry(q, X>J>, @)
JCK
[J|=p
where v
Rp(q, X)=0p ¥ Y cilgm X 'm, (5)

TEGH =1
forall1 <p<n.
Proof. To begin with, let us consider the case p = n. We have ([1], §2)

a(ky)...alkn)al(l) ... @I0) = D ¢" D8k, - Bkntyr10) -

o€Gp

Thus, applying &, on an n-particle state we obtain

EBE= Y Y ¢ ce,nE(onK)@()orK

o,meS, i=1
n
= 5( Z Z q"ey(q, W)Xi_lmrK>
o,7eG, i=1

= {(Rn(q, X)K).

We must now determine how a generic term &, acts on the n-particle state. Its
action can be described in the following way: it chooses a subset J C K, |J| =
p, such that the p annihilation operators of &, will “contract” with the p creation
operators of J, leaving the remaining creation operators of K in unaltered order i.e.,
characterized by the set (K — J). This yields a new n-particle state, characterized
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by the permutation (K — J) L J multiplied by the numerical coefficient incurred in
by repeated application of the commutation relation (1) in [1] and which is given by
¢! x(E=DU)) Clearly, R,(q, X) acts now on J and, because the evaluation map &
is defined on the whole n-particle state, we have to shift the polynomial in X by a
common factor X'5K=J1 = X"P in order to obtain the correct energies. Hence, it
follows that

£ K = g(xn—P 3 I KE=DIN — Ty U Ry(q, X)J) . O

JCK
[J|=p

Proposition 2. The action of the group ring element Ry(q, X) on the ordered set J is
given by

Ry(g, X)J = Y ¢V @ U - D)0, (©)

LcJ
s()¢L

Proof. We shall essentially show that (6) yields the correct energy operator, i.e., that
it satisfies the eigenvalue equation. Therefore, we insert R,(q, X) in the expression
for &, and we compute

JCK LcJ

oK = €<Xn—p Z Z qIK((K—J)I_IJ)+IJ(Z,U(J—L))((K_J)ULU(J_L))(_X)|L|>.
[Jl=p s(DEL

But, obviously,
In(K=DHUu)+I(LuJ—L)=Ix(K —-J)UuLuU((J - L)),
such that we obtain

bk = €< Y DT (—nH g DI (¢ — J)uiu(J_L))Xn—pHu)_

JCK LcJ
|J|=p s(J)¢L

For given J and L, we consider those terms in the sum which are characterized by
{(K — J) > I(L). Then the corresponding set can be viewed in another way, namely,

(K-~ DHULU( ~L)= (K — J)— {(K — DY U UK -~ D}uLyu(J - L),

having now (K — J) — {I(K — J)}) < I({(K — J)} U L) and thus corresponding
to another set which contributes as well to the sum. As one can easily see, these two
terms will occur with identical coefficients but with opposite signs and will therefore
cancel.

Thus, it only remains to discuss the case L = @. If [(K — J) > s(J), then we can
proceed analogously, writing

(K-JHuguJ=(K—-J)—{{K-DHU{l(K-I}uJ,
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such that we obtain the usual cancellation. But if [(K —J) > s, then (K —J)UJ = K,
and we finally obtain

EK =Y &K
p=1
—¢ ( 3OS KUK U an-p>
p=1 JCK
|J|=p
= Z EK)K. O

Now we are ready to prove the theorem stated at the very beginning.

Proof. Let us return now to the usual permutation language. One can easily see that
the permutations of the form LL(J — L), with |L| = s can be written as Ty, ... Tim,,
with 1 <m; < --- <mg < n, so that

n—1
Ru(g,X)=)_ Y (=D7gmDHmrbbtmeb yoq Ty,
s=0 I<m|<--<ms<n
where we used the fact that I(Ty) = k — 1.
Now we only have to identify this expression obtained for R,(q, X) with its
definition (5), and we obtain the desired result; that is, the generating function for the
coefficients c;(q, 7) is given by

n
D0 alemX T r = 0,' (1 — gXTi)(1 = #XTia)... (1 — ¢ X Ty,

€Sy =1

with a,, given by (1).
The coefficients ¢;(g, 7) can be also given in another equivalent form. Using (1),
the right-hand side of the equation above can be written as

( > A, 1>g) (Zn: > (—1>"-1An(7r,1)Xi‘17r>

0€6n, i=1 w6,
n
=Y =0t xt Y AL o, A, Do
=1 oeGy
wE€6, i1

where we made the substitution o = o € &,, and we used the fact that A,,' (o, 7) =
A7Yom~!, 1). Thus, identifying with the left-hand side, we obtain

alg,0) = (=D Y Ao, m) An(r, 1).

m€Gy i1

It only remains to show that the solution obtained is unique. First of all it is
obvious that the form (3) of the energy operator is the most general which can be
assumed for such a system, so that we only need to consider the possibility of having
another set of coefficients ¢ (g, ), such that the corresponding & yields the same



216 S. Stanciu

eigenvalue equation. Hence we must have (¢ — &*)K = 0, VK. If we consider a
1-particle state, we immediately obtain Ac;(g,1) = e1(g, 1) —cf(g,1) =0, forn = 1.
Assume now Ac;(q,7) =0, forall 1 <i<p,mre€S,inall orders 1 <p <n—1.
Then for an n-particle state we will have (¢ — £*)K = (&, — £5)K = 0. But, on
the other hand

(G — EDK = ( > D" e, m Elei) g) K.

0,meGy, 1=1
Taking into account the fact that ¢ and E(o(¢)) are linearly independent we get
Y An(@(,mAci(g,m) =0 Vo€ Gy, 1<i<n.
TESy

Since A, (q) is invertible, it follows that Ac;(g, ) = 0. Hence the energy operator is
uniquely determined. O
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