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Klein Gordon equation:
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Klein Gordo
0= 0 (p(0™Sq))

2MQ = (0"5q)(0mSq) — M

o N 0" Omyp
- 2M \/p

Define momentum:

dx™
m _ £\
p ds

Cquation of motion:*
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d-x™
. = 0"(Q)
Benjamin Koch % 82 *H. NikolicFound. Phys. Lett. 17, 363; 9 /22
*H.NiKOlic, Found. Phys. Lett. 18, 123




0= 09 (p(0™5q))

2MQ = (0750) jl(féﬁn Gordo

h 00

Benjamin Koch




Geometrical Toy
-_—— Model

0 = 01 (p(0™5)

2MQ = (0™SQ)(0mSq) — M*
_ 0" Om/p

Benjamin Koch



Geometrical Toy
-_—— Model

0 = 01 (p(0™5)

= (0™8S0)(0mSo) — M?
hi 0" Om/P
VP Action:
m_ 29" om
p —M ds 8 SQ
d?2 ™

M—s=0"Q S = /d4ﬂf |§‘(é_|_&ZM)

Describes matter in a curved space-time

Benjamin Koch



Geometrical Toy
-_—— Model

0= 0 (p(97S0))

— (amSQ)(amSQ) — M?
ho 0™ O0m+\/p
o Action:
S -
p"t =M p 0" So
d?z™

M— 5 =09"Q S:/d4ﬂf |§‘(ﬁ—|—/{ZM)

Describes matter in a curved space-time

Curvature: - Metric q
- Ricci scalar R

Benjamin Koch




Geometrical Toy
-_—— Model

0= 0m(p(0™S5q))
2MQ = (0™Sg)(0mSo) — M*

R 9P .
B Action:

g = /d% BI(R + ki)
Describes matter in a curved space-time

Curvature: - Metric
- Ricci scalar

g
R

Matter: - Coupling K
- Lagrangian Ly,
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0 = O ((0™50))
- (amSQ)(amSQ) — M?

G Conformally flat action:
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Interaction with external em-field

Klein-Gordon

in dBB picture Toy model

Canonical momentum
(classical)

O — Om + 1€A,, /h pt — H = —(é“SQJrefl“)

Minimal coupling

74
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No go theorems for deterministic QM:

Bell inequalities: Do not apply because
dBB is a non-local theory

Kochen-Specker theorem:

Does not apply because
dBB is a contextual theory
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-The dBB theory is only consistent with QM

if it includes the multi particle case.
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Multi particle KG /&
& . = h.' ; ;;f.i_ '
- in dBB -

Important because:

-The dBB theory is only consistent with QM
if it includes the multi particle case.

- Single particle interpretation of KG fails,
multi particle description first step towards QFT

Benjamin Koch
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Multi particle KG
_— in dBB

n-particle wave function:

(X, .. L) = % < 0|®(xzq1)...P(xy)|n >

Benjamin Koch *S. Schweber, An Introduction to 27 /22
Relativistic QFT, Dover Publications, 1961



Multi particle KG
_— in dBB

n-particle wave function:

Ps
V!

n-particle KG equation™:

?7@(513‘1;...;33”) <O|(I)(ZE1)

X)) =0

Benjamin Koch *S. Schweber, An Introduction to 27 /22
Relativistic QFT, Dover Publications, 1961



Multi particle KG

- e

=

Benjamin Koch *H. Nikolic, Found. Phys. Lett. 17, 363; 28/22
*H. Nikolic, Found. Phys. Lett. 18, 123



Multi particle KG

- e

=

Same splitting:
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Multi particle KG
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Same splitting
v(xy;. .. = /p(z1;...;20) exp(iSo(z1;. .. 2,)/R)

Same momentum definition™:

p}n — _8;nSQ(x1§~--§a7n)

Benjamin Koch *H. Nikolic, Found. Phys. Lett. 17, 363; 28/22
*H. Nikolic, Found. Phys. Lett. 18, 123



Multi particle KG
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Same splitting:
Y(@is . 20) = V(@55

Same momentum definition™:

p;t = —=07"Sq(x1;...;2p)

<+  Set of equations

Benjamin Koch = *H. Nikolic, Found. Phys. Lett. 17, 363; 28/22
o *H. Nikolic, Found. Phys. Lett. 18, 123
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_— Toy model

Action for one particle in 4n-dimensional space-time

S(gan) = /dm4n\/§{}?+%2M}sym
Coordinates:

A0 A1 22 ,\3)

o o 733’}17 .CI?T“ a’;n, a,;n
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_— Toy model

Action for one particle in 4n-dimensional space-time

S(QAA) - /daj4n \/E{R + %Z:M}sym

o

0

/\1 A2 A3
xnaxn,gp )

(53(1) il 22 4840 n

SymmetﬂZatIOn \ /

Benjamin Koch



- Toy model

Action for one particle in 4n-dimensional space-time

S(gan) = / 0" SR + KLt Yoy

Coordinates:
AA_(A 20 3L 52 33)

L = \T s Loy Loy L

n? n»=n

Symmetrization: \ /

Equations of motion + conservation of 742
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Toy model

Action for one particle in 4n-dimensional space-time

S(gan) = / 0" SR + KLt Yoy

Coordinates:

PN = (20,2142 4% a0 4

0, 3h32.39)

Symmetrization: \ /

Equations of motion + conservation of T4
= Set of equations
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,Running® coupling of the geometrical toy model
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