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1. Introduction

In the last section of previous paper,! I wrote
Tt -t >=E<t't >=< t|t >'=0. (1)

This expression is verified by rewriting this in the matrix form.”

The purpose of this paper is to give the proof of this expression (1).

In section 2 the matrix representation of field operators is given. In the final section
a speculation about the implication of expression (1) is given.

2. The orthogonal relation of state vectors

We define the extended ket vector |vy > with its components vy as a column
vector. That is

lvk>: v

”

where the line ”—” inside the parenthesis is the center line .

There are two center components vy on both sides of the center line and the number
of components of this ket vector is even, although it is infinite. The componets of
this vector extend both upward and downward limitlessly.

The corresponding bra vector < v| is defined by

<Uk|=(“' Vog V-1 Vg | Vyo U1 Vo )7

where the line ”|” inside the parenthesis is also the center line .
Thus, for example, the scalar product of |u; > and |v; > is written as

l”

00 )
< 'U,j"l)k >= Z (5jkujvk = Z U;v; =< vk]uj >,

k=—00 j=—00
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where we must take j, k¥ = F0 into account.

The state vectors and the field operators are defined for two cases. (We express these
confining themselves for the case of one degree of freedom. The generalization to the
arbitrary degrees of freedom is obvious. )

1) The operators of boson
The n-particle state of boson |n >, (|n’ > ) in Fock space (in counter Fock space) is
as follows.

0 0

: 1

0 :

_10 rw_ |0
|n >= ol |n' >'= 0
: 0

1 :

0 0

, where

v:{ 0 (if j<~0) v.,z{éjl,_n: (i
T O (if52+40) 7 '

respectively, and dg; is Kronecker’s delta.
Then we define the number operator N(N') in Fock space (in counter Fock space) by

Nin >=alaln >=n|n >, N'|n’ >'= aal|n’ >'=n'|n' >'. (2)
That is,
aln >=nln—1>, alln >=vVn+1ln+1>, (3)
and
alln’ >'= V'in' —=1>') aln’ >'= Vo + 1|0’ +1 >". (4)

Hence, a|0 >= 0, af|0 >'= 0.
Thus we can get immediately

<" |n>=<n|'n >=<nln’ >'=0. (5)
From this expression it follows straightforwardly

<t|'t >=<t|t >'=0. (6)



Quantum Field Theory of Dual Fock Space I — The Orthogonal Ralation of State Vectors — 71

However before we conclude this, we must define the field operators explicitly to
establish the formalism completely.
To begin with we define the quadrants of a extended matrix M, in such a way that
they are represented as the following expression.

That is,
M= ( The third quadrant | The second quadmnt)
The forth quadrant | The first quadrant |~
The destruction (the creation) operator a (a') of boson is represented by
0 v3 0 0[0 0 0 O
0 0 v2 0[{0 0 0 O
0 0 0 1170 0 O 0
0= 0 0 0 0|0 0 O 0
0 0 0O 0|0 1 O 0 ’
0 0 0 0|0 0 v2 0
0 0 0 0[0 0 0 3
V3 0 0 0[0 0 0 0
0 v2 0 0|0 0 0 0
of = o 0 1 00 O 0 O
o 0 0 0|0 O 0 O
o 0 0 o001 O 0 0
0 0 0 0|0 v2 0 0
0 0 0 0[]0 0 3 0
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Thus,

+1
+1
+1

(All the elements in the second and the forth quadrant of this matrix are zeros, and
the off-diagonal elements in the first and the third quadrant of this matrix are all
zeros. ) where, [a,a']_ = aa! — a'a, and we have (2), (3), (4).

2) The operators of fermion

In this case the state vectors |0 >,]0 >’ or |1 >,|1 >' whose occupation number is
zoro or one are represented by

|0 >= , |0 >'=

o oo
o ol~ o

or

1>=

1
0
0
0

respectively.
The destruction and the creation operators b and b' for the state vectors [0 > and
|1 > are

respectively.
These operators are also the creation and the destruction operators for the state
vectors |0 > and |1 > respectively.
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Hence,
1 0'0 0
0 1({0 0 I|0
[b,0"]+ = bb" +b'd 00l 0 _< l )__I,
0 0/0 1
and,
b’ =0, bf2=0;

[b,0); = bb+bb=0, [bf,b1]; =bibt + b6l =0;

b|1 >= 0>, bj0>=0, b0>'=|1>', bl >'=0;
bf|1 >'=10>', bt|j0 >'=0, bf|0>=|1>, bi|l >=0.
Thus the expession (6) was proved explicitly.

3. Discussion

We interpret about the implication of the expression (6) that it means that the
positive(the negative) energy particle does not interacts with any negative(positive)
energy particle through the electro-magnetic and any other kinds of interaction except
for the gravitational interaction. Thus we may speculate that we can identify the
negative energy which belongs to the counter Fock space to the dark energy.
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In this paper I would like to present and propose the following three items.
1. The extended matrix as the expression to represent field operators.
2. Fock space and counter Fock space are orthogonal to each other.
3. A speculation that the particles with the negative energy which belong to the
counter Fock space are identified to the substances with the dark energy.





