
Independent Wavefunctions

Abstract

In the following text I continue developing the independent wavefunction (IW) theory
introduced in [3, 4, 5]. Studying interaction of matter and electromagnetic field in more
detail I gradually come to a new version of quantum electrodynamics following from basic
physical laws valid for IW.
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1 Creation and annihilation operators

1.1 Illustrative example

Let us begin considering 2 distinguishable particles p1, p2 in electromagnetic field. The
electromagnetic field are photons belonging to one IW - IW1, and the particles belong
to another one - IW2 (system with 2 IWs). We are going to restrict ourselves to the
case, when the particles absorb 2 photons from the field. As we know from the first
article [3] absorbtion of the 2 photons means that both particles are going to belong to
the IW1.

To describe the situation mathematically, we are going to use the multiparticle
(Fock) space (see [2]). The situation would be completely described using tensor prod-
uct of2 multiparticle spaces for each of the IW (and possibly other additional to take
into account wave-function collapse effects). Problem of system time evolution is not
relevant now, so we are going to ignore it. The state after the 2 photon absorbtion then
is

Îψp1
1 ψp2

2
|∅〉 = Iψp2

1 ψp2
1
(|ψp11 〉|ψp22 〉+ |ψp22 〉|ψp11 〉). (1)

The equation is understood as follows. The amplitude of probability of event “IW1
absorbs particles p1 and p2 in states |ψp11 〉 and |ψp22 〉 respectively” is Iψp2

1 ψp2
1

. The states
|∅〉, |ψ1〉|ψ2〉 are in the Hilbert space of the IW1, which gets the particles (the “photon”
IW) without photon part of the Hilbert space. Before the interaction, the IW1 is in
a vacuum state |∅〉 (again ignoring the photon part of the Hilbert space). After the
two photon absorbtion of the 2 particles of IW2, the IW1 contains two particles in
states |ψp11 〉|ψp22 〉, and this hapens with amplitude of probability Iψp1

1 ψp2
2

. This transition

is described by the interaction operator Îψp1
1 ψp2

2
. The one particle states |ψp11 〉 of the

particle p1, and |ψp21 〉 of the particle p2 are normalized to 1, and different final states
|ψpji 〉 are orthogonal. Let us assume for simplicity that the base of the one particle
hilbert space is discrete with ortonormal basis |i〉 so∑

i

|i〉〈i| = 1̂, 〈ψp11 |ψp11 〉 = 〈ψp22 |ψp22 〉 = 1. (2)

Restricting ourselves to the case of 2 particle absorbtion to IW1 we normalize the
probability of the IW1 to be in one of the two particle states to unity∑

ψp2
1 ψp2

2

|Iψp2
1 |ψp2

2
|2 = 1 (3)

∑
ψp2
1 ψp2

1

|Iψp2
1 ψp2

1
(|ψp11 〉|ψp22 〉+ |ψp22 〉|ψp11 〉)|2 =

∑
ψp2
1 ψp2

1

2|Iψp2
1 |ψp2

1
|2 = 2. (4)

It is important to realize that this was all for distinguishable particles. Let us
know consider the same thought experiment, this time with indistinguishable parti-
cles, more concretely 2 bosons. In this case we have to use the amplitude summation
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law [3]. Taking two distinguishable particles to state |ψp11 〉|ψp22 〉 or |ψp21 〉|ψp12 〉 are different
final states so the amplitudes do not add up. But taking indistinguishable particles
the two processes end up in the same final state so according to the mentioned sum-
mation law we have to add up the amplitdes of probability. The appropriate amplitude
of probability should be Iψ1ψ2 + Iψ2ψ1. Therofore we change our equation to

Îψ1ψ2|∅〉 = (Iψ1ψ2 + Iψ2ψ1)(|ψ1〉|ψ2〉+ |ψ2〉|ψ1〉). (5)

The only change in the thought experiment is the distinguishability, we can consider
the Iψ1ψ2 numerically the same as in the first example. The amplitudes add up, be-
cause the particles are bosons [1] (for fermions they would substract).

The probability of the system to be in one of the two particle states should be again∑
ψ1ψ2

|Iψ1ψ2 + Iψ2ψ1|2 = 1. Calculating∑
ψ1ψ2

|(Iψ1ψ2 + Iψ2ψ1)(|ψ1〉|ψ2〉+ |ψ2〉|ψ1〉)|2 = 2
∑
ψ1ψ2

|Iψ1ψ2 + Iψ2ψ1|2 = (6)

2
∑
ψ1ψ2

(|Iψ1ψ2|2 + |Iψ2ψ1|2 + 2Re(Iψ1ψ2I
∗
ψ1ψ2

)) = 2[2 +
∑
ψ1ψ2

2Re(Iψ1ψ2I
∗
ψ1ψ2

))],

we can see that we have to change the normalization of the interaction operators to
get the correct result. Let us believe without more detail discussion that the sum over
interference terms is 0. Then to get the correct normalization, we renormalize the
interaction operator as follows

Îψ1ψ2|∅〉 = (Iψ1ψ2 + Iψ2ψ1)
(|ψ1〉|ψ2〉+ |ψ2〉|ψ1〉)√

2
. (7)

After that we have the normalization set up correctly.

1.2 Case of general number of particles

Now we can pass to the more general case, when we have n distinguishable particles.
Using the same argumentation we obtain for the case of distinguishable particles

Îψ1...ψn|∅〉 = Iψp1
1 ...ψpn

n
(
∑
P

|ψpP (1)
1 〉 . . . |ψpP (n)

n 〉), (8)

∑
ψp1
1 ...ψpn

n

|Iψp1
1 ...ψpn

n
|2 = 1, (9)

∑
ψp1
1 ...ψpn

n

|Iψp1
1 ...ψpn

n
(
∑
P

|ψpP (1)
1 〉 . . . |ψpP (n)

n 〉)|2 = n! (10)
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where we sum over all possible permutations P of indices 1, 2, . . . , n. In the same way
as before considering summation of amplitudes we get for the case of indistinguishable
particles

Îψ1...ψn|∅〉 = (
∑
P

IψP (1)...ψP (n)
)(
∑
P

|ψP (1)〉 . . . |ψP (n)〉).

In analogy to preceding case we would come to troubles with normalization∑
ψp1
1 ...ψpn

n

(
∑
P

|IψP (1)...ψP (n)
|2 + interference terms) = n! +

∑
ψp1
1 ...ψpn

n

interference terms, (11)

∑
ψp1
1 ...ψpn

n

|Iψp1
1 ...ψpn

n
(
∑
P

|ψpP (1)
1 〉 . . . |ψpP (n)

n 〉)|2 = n!(n! +
∑

ψp1
1 ...ψpn

n

interference terms) (12)

Taking the sum over interference terms as 0 we come up with the renormalized inter-
action operator

Îψ1...ψn|∅〉 = (
∑
P

IψP (1)...ψP (n)
)
(
∑

P |ψP (1)〉 . . . |ψP (n)〉)√
n!

. (13)

1.3 The operators and the commutation relations

In this section I would like to physically motivate definition of creation operator. For
this purpose suppose difference between n particle interaction operator Îψ1...ψn and n+1

interaction operator Îψ1...ψn+1. Let us try to find opeartor which would act on Îψ1...ψn and
turn it to Îψ1...ψn+1. From the definitions we can see that such an operator should act
in the way that∑

P

(IψP (1)...ψP (n)
)

∑
P |ψP (1)〉 . . . |ψP (n)〉√

n!
7−→

∑
P

(IψP (1)...ψP (n+1)
)

∑
P |ψP (1)〉 . . . |ψP (n+1)〉√

(n+ 1)!
.

The interaction operators depend on all final states ψ1 . . . ψn, but this dependence
comes from photon part of the Hilbert space, so we need an operator which maps
in the way that

In
∑

P |ψP (1)〉 . . . |ψP (n)〉√
n!

7−→ In+1

∑
P |ψP (1)〉 . . . |ψP (n+1)〉√

(n+ 1)!
,

where I is some final state independent factor. Operator acting like this is I times the
so called creation operator â†(ψn+1).

Following [2] we define

|ψ1ψ2 . . . ψn〉 =
∑

P |ψP (1)〉 . . . |ψP (n)〉√
n!

. (14)

The creation operator which adds one particle in state ϕ therefore is

â†(ϕ)|ψ1ψ2 . . . ψn〉 = |ϕψ1ψ2 . . . ψn〉. (15)
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As an example we could write the interaction operator in (13) as

Îψ1...ψn∑
P IψP (1)...ψP (n)

= â†(ψ1)â
†(ψ2) . . . â

†(ψn). (16)

It is shown in [2] that the consequences of definition (15) are the commutation rela-
tions

[â(ϕ1), â(ϕ2)] = 0,
[
â†(ϕ1), â

†(ϕ2)
]
= 0,

[
â(ϕ1), â

†(ϕ2)
]
= 〈ϕ1|ϕ2〉. (17)

In the occupation number representation one gets [2]

â†α|n1n2 . . . nα . . .〉 =
√
nα + 1|n1n2 . . . nα + 1 . . .〉. (18)

In quantum field theory the field operators are in the form

φ(x0, ~x) =

ˆ
d3~kN(~k)[e−i(k0t−

~k~x)â(~k) + ei(k0t−
~k~x)â†(~k)]. (19)

We can say that the part of this expression with â†(~k) corresponds to absorbtion of
the field quantum to some IW. The â(~k) part reflects the interaction symmetry. These
interaction operators thus add one more interaction with quantum of the field.

2 Conclusions and outlook

We have shown what is the physical meaning of creation and annihilation operators
in QFT. It followed from first principles of IW theory why are the creation operators
in field operators defined the way they are defined. Along the way we have met sev-
eral interesting effects connected with normalization. It turned out that interference
effects lead to necessity of renormalizations.

In further work it would be for example interesting to discuss interaction symmetry
in IW theory in more detail, include the IWs and wave-function collapse effects in
QED or to show some examples how under certain conditions the equations become
identical with those known from classical physics.

How will the wave-function collapse effetcs alter QED? Is it possible to explain the
mysterious renormalizations from standard QFT in a similar manner like renormal-
ization in this article? Derivation of the rest of the physics from IW theory is left for
dear reader as a simple instructive exercise.

All the work up to now was done by me. From this and other reasons I keep
considering the possibility that the theory of IW is all wrong, and we actually live in a
duck-pool.

30. 7. 2012
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