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Abstract. I did present here a possible way of creating spacetime from
just information from wave function.
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1. Wave function

Wave function is basics of all quantum physics. I will instead of trying to add
gravity effects to it, create a spacetime model out of wave function information
alone. I will start be defining a wave function [1], as a sum of four complex
vector fields:

ψ (x) =
n∑

α=1

⟨xαeα|eαψα⟩ =
n∑

α=1

⟨xα|ψα⟩ (1.1)

Now it’s easy to define it’s complex conjugate function [2], that will be equal
to:

ψ∗ (x) =
n∑

α=1

⟨ψαe
α|eαxα⟩ =

n∑
α=1

⟨ψα|xα⟩ (1.2)

Each vector here is a vector field but I skip writing that it depends on all
coordinates and will reserve writing it just to wave function so scalar field.
Now to explain basis vectors eα, eα are key in creating spacetime distance
formula, as distance is fully dependent on them:

ds2 (x) =
n∑

α=1

⟨xαeα|eαxα⟩ =
n∑

α=1

⟨xα|xα⟩ (1.3)

It means that for four dimensional spacetime it’s total sixteen equations that
contribute to spacetime distance and wave function consists of sixteen inde-
pendent parts. Now when taking probability of wave function following a given
path I need to assume that it follows all geodesic paths that start at each point
of space and probability of following given collection of paths is equal to sum
of those paths. I can denote it:∑

all paths

∫
P

ψ∗ (x)ψ (x) ds = 1 (1.4)

Where each path is a geodesic [3] in this spacetime so I can write path equation:∑
all paths

δ

∫
P

ds = 0 (1.5)

Where again I sum over all possible geodesic paths that start from all possible
points of space. It means that wave function does not collapse after measure-
ment, It just follows a given path, when I do measurement again it can follow
a another path with probability given by this equation:∫

P

ψ∗ (x)ψ (x) ds = ρ2 (x) (1.6)
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2. Spacetime interval

I can use parametrized curve that is path in spacetime , to expand geodesic
equation into integral [4], where I use parameter λ as it’s path in spacetime
and time is a dimension, where x (λ) denotes path in interval from a to b Now
geodesic equation takes form:

δ

∫ b

a

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ = 0 (2.1)

Now I can define proper path sum as all possible sums so all possible intervals:∑
a∈C

∑
b∈C

δ

∫ b

a

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ = 0 (2.2)

I can do same thing but now with probability of given path:∑
a∈C

∑
b∈C

∫ b

a

ψ∗ (x (λ))ψ (x (λ))

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ = 1 (2.3)

Spacetime interval can be expressed same way, for given path that is solution
to geodesic equation:

s (x) =

∫ b

a

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ (2.4)

For all possible paths this expression is a sum of all possible complex paths
that are solution to geodesic equation:

s (x) =
∑
a∈C

∑
b∈C

∫ b

a

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ (2.5)

Spacetime interval is a real, but it’s expressed in form of complex numbers,
to be more precise complex vector fields that are multiply by it’s complex
conjugate with transpose so they will always give a real number as result.
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3. Field equation

Field equation will state that there is equality between change in wave func-
tion and it’s energy. I can write field equation with two operators D̂α

α that is
differential operator [5] equal to:

D̂α
α = −Gl

2
P

c4

n∑
α=1

|∂α⟩ ⟨∂α| = κ

n∑
α=1

|∂α⟩ ⟨∂α| (3.1)

Now second operator is energy value operator, first I define operator itself then
how it changes when adding index to it:

Ê =

E1
1 ... E1

n

... ... ...
En

1 ... En
n

 (3.2)

So for four dimensional spacetime there is exactly sixty four functions of that
energy operator, for each index α there are sixteen. Its components can be
written as Eiα

jα
= Êα

α . I will write field equation:
n∑

α=1

⟨xαeα| D̂α
α |eαψα⟩ =

n∑
α=1

⟨xαeα| Êα
α |eαψα⟩ (3.3)

n∑
α=1

⟨xα| D̂α
α |ψα⟩ =

n∑
α=1

⟨xα| Êα
α |ψα⟩ (3.4)

That can be expanded components wise:
n∑

α=1

xiαD
iα
jα
ψjα =

n∑
α=1

xiαE
iα
jα
ψjα (3.5)

It’s n2 equations for n dimensional spacetime. It says how j component of
wave function changes in i direction and it’s equal to Ei

j energy component.
Where there are n equations like this each representing one possible space-
time direction. Where overline means complex conjugate. Same equation for
complex conjugate of wave function is equal to:

n∑
α=1

⟨ψαe
α| D̂†

α

α |eαxα⟩ =
n∑

α=1

⟨ψαe
α| Ê†

α

α |eαxα⟩ (3.6)

n∑
α=1

⟨ψα| D̂†
α

α |xα⟩ =
n∑

α=1

⟨ψα| Ê†
α

α |xα⟩ (3.7)

n∑
α=1

ψjαD
jα
iαx

iα =
n∑

α=1

ψjαE
jα
iαx

iα (3.8)
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4. Quantum spacetime

What is key to build a quantum spacetime model is some invariant property
of it. And in case of quantum spacetime it comes from field equation, field
equation changes with respect to basis vectors , wave function and energy
states but always gives same result. Let me consider two wave functions and
their field equation energy solutions:

ψ (x) =
n∑

α=1

⟨xα|ψα⟩ ϕ (x) =
n∑

α=1

⟨yα|ϕα⟩ (4.1)

Now invariant property of those functions is that basis vectors cancel out with
energy states, so more energy system has shorter it’s basis vectors are and vice
versa. It means that If I expand solutions to field equation I will arrive just at
probability functions:
n∑

α=1

⟨xαeα| Êα
α |ψαeα⟩ =

n∑
α=1

⟨xα| Êα
α |ψα⟩

n∑
α=1

⟨yαeα| K̂α
α |ϕαeα⟩ =

n∑
α=1

⟨xα| K̂α
α |ϕα⟩

(4.2)

n∑
α=1

⟨xαnα| Îαα |ψαnα⟩ =
n∑

α=1

⟨xα| Êα
α |ψα⟩

n∑
α=1

⟨yαnα| Îαα |ϕαnα⟩ =
n∑

α=1

⟨xα| K̂α
α |ϕα⟩

(4.3)

n∑
α=1

⟨nα|xiαψiα |nα⟩ =
n∑

α=1

⟨xα| Êα
α |ψα⟩

n∑
α=1

⟨nα| yiαϕ
iα |nα⟩ =

n∑
α=1

⟨xα| K̂α
α |ϕα⟩

(4.4)
It means that wave function shrinks or expands it’s coordinate vectors in agree-
ment with it’s energy. It means that action of energy operator or differential
operator gives only raw probability functions:

n∑
α=1

xiαψ
iα =

n∑
α=1

⟨xα| D̂α
α |ψα⟩

n∑
α=1

yiαϕ
iα =

n∑
α=1

⟨xα| D̂α
α |ϕα⟩ (4.5)

n∑
α=1

xiαψ
iα =

n∑
α=1

⟨xα| Êα
α |ψα⟩

n∑
α=1

yiαϕ
iα =

n∑
α=1

⟨xα| K̂α
α |ϕα⟩ (4.6)

This statement can be expressed other way using outer product of basis vectors
being equal to energy operator:

n∑
α=1

|eα⟩ ⟨eα| = Êα
α (4.7)

So I can re-write field equation solutions:
n∑

α=1

⟨xα| D̂α
α |ψα⟩ =

n∑
α=1

⟨xα|eα⟩ ⟨eα|ψα⟩
n∑

α=1

⟨yα| D̂α
α |ψα⟩ =

n∑
α=1

⟨yα|ϵα⟩ ⟨ϵα|ϕα⟩

(4.8)
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5. Probability and many system field equation

Probability of following all possible paths in spacetime is equal to one. I can
rewrite probability equation from before:∑

a∈C

∑
b∈C

∫ b

a

ψ∗ (x (λ))ψ (x (λ))

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ = 1 (5.1)

Probability of given paths collection will be define same way but with using of
some set of complex numbers that represent starting and ending point of that
path, where I denote that set as A:∑

a∈A

∑
b∈A

∫ b

a

ψ∗ (x (λ))ψ (x (λ))

√√√√ n∑
α=1

〈
dxα (x (λ))

dλ

∣∣∣∣dxα (x (λ))

dλ

〉
dλ = ρ(x)

(5.2)
When I do measurement it means that wave function had to follow a given
path in spacetime. But it does not change quantum state. It has to work this
way in order to keep gravity field in place and not vanish with measurement.
I will start by many systems wave function, that is just a tensor product of
many wave functions:

ψ (x1, ...,xk) =
n∑

α=1

⟨xα1 | ... ⟨xαk
|ψα

1 ⟩ ... |ψα
k ⟩ =

n∑
α=1

⟨xα1 , ..., xαk
|ψα

1 , ..., ψ
α
k ⟩

(5.3)
This leads to rather straight forward expression of field equation:
n∑

α=1

⟨xα1 , ..., xαk
| D̂αk

αk
|ψα

1 , ..., ψ
α
k ⟩ =

n∑
α=1

⟨xα1 , ..., xαk
|eα1 , ..., eαk ⟩ ⟨eα1 , ..., eαk

|ψα
1 , ..., ψ

α
k ⟩

(5.4)
Where differential operator is now defined as tensor product:

D̂αk
αk

=

(
−Gl

2
P

c4

)k n∑
α=1

|∂α1 , ..., ∂αk ⟩ ⟨∂α1 , .., ∂αn| = κk
n∑

α=1

|∂α1 , ..., ∂αk ⟩ ⟨∂α1 , .., ∂αn|

(5.5)
From it follows definition of energy operator:

Êαk
αk

=
n∑

α=1

|eα1 , ..., eαk ⟩ ⟨eα1 , ..., eαk
| (5.6)

That re-writes field equation:
n∑

α=1

⟨xα1 , ..., xαk
| D̂αk

αk
|ψα

1 , ..., ψ
α
k ⟩ =

n∑
α=1

⟨xα1 , ..., xαk
| Êαk

αk
|ψα

1 , ..., ψ
α
k ⟩ (5.7)
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