How generalized
Minkowski four-force
leads to

scalar-tensor gravity

Gyorgy Szondy
Logic, Relativity and Beyond
2nd International Conference
August 9-13 2015, Budapest



Theories of Gravitation
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Standard
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aradigms assical theories of gravitation - Quantum gravity - Theory of everything
Einstein—Cartan - Bimetric theories - Gauge theory gravity - Teleparallelism - Composite gravity - f(R) gravity - Massive gravity -
Classical Modified Newtonian dynamics (MOND) - Nonsymmetric gravitation - Scalar—tensor theories (Brans-Dicke) - Scalar—tensor—vector -
Conformal gravity - §&a}a #og (Nordstrgm}) - Whitehead - Geomejrodynamics - Induced gravity - Tensor—vector—scalar -
e VN CINELES
o Euclidean quantum gravity - Canonical quantum gravity (Wheeler-DeWitt equation - Loop quantum gravity * Spin foam) -
Alternatives to Quantisation ) ) )
o Causal dynamical triangulation - Causal sets - DGP model
general relativity
Unification ~ Kaluza—Klein theory (Dilaton) - Supergravity a n
I . Noncommutative geometry (Self-creation cosmology) - Semiclassical gravity - Superfluid vacuum theory (Logarithmic BEC vacuum) -
nification an
o String theory (M-theory - F-theory JHeterglidistripgth = 2| st ry _Jype 0 string theory - Bosonic string theory -
quantisation .
Type Il string theory - Little string th y o\l 0 | orff)

Generalisations / s : ) ) } ) ; ) ) )
R Liouville gravity - Lovelock theory - (2+1)-dimensional topological gravity - Gauss—Bonnet gravity - Jackiw—Teitelboim gravity

Pre-Newtonian theories . , X . ) . _ : ] :
Aristotelian physics - CGHS model - RST model - Mechanical explanations (Fatio-Le Sage - Entropic gravity) - Gravitational interaction of antimatter

and Toy models

http://en.wikipedia.org/wiki/History_of gravitational_theory

A lot of results in addition to GR
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Topics

e Special Relativity and Minkowski four-force
e Scalar-Tensor Gravity

* Quantum effects (causing this Scalar field)



c=1

Minkowski (four)-force

p = (E,p) = mOﬁ

mo = EZ—p?

F =ma =

dl_t_
de—

REST MASS is INVARIANT
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Generalized minkowski-force
Karoly Novobatzky in the "50s

Fipi¢0

F=FJ_+F"

_ dp d(mm)  du
F_dr_ dt —mE+u—

m(x) =mg + ¢p(x)

Similar to Higgs-field

bp(x) # P (x)

General 4-force might change rest mass
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Static gravitational field

2
moeC=+/9o0 t
12
1-—=
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0=5 [ m |(gyutw)ds || mGr) = mof o)

dimu;) 1 .
T i @: °

(Brans & Dicke 1961)

_ m(x)c?
- 1 2 2 m(x) = my+/gdoo
2

Scalar-tensor gravity
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Static gravitational field - remarks

2
MoC~+/Yoo
> 1. Light has no rest- mass = same as GR
%
-z
2. —m; represents the Newtonian gravitational
force.

0= 5Jm\/(gijuiuf)ds

3. Mercury perihelion advance can be calculated

d(ZlSui) . %mgjk,iujuk @: 0 from the curvature effects
(Brans & Dicke 1961) 4. B&D in they original paper insisted on the
constancy of rest mass, and used conform
_ m(x)c? transformation to transform their result back
2 2 m(x) = my\/goo to GR and tried to vary the gravitational
\/ 1= c2 constant

Exact transformation between STG & GR
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Conformal transformation applied by
Brans & Dicke

dimu;) 1 .
S oyl uk = —
ds ng]k,lu u x 0
Scalar-Tensor theory: m(x) = f(x)m,
Conformal transformation: gij = 8
dS_‘Z — fzdSZ, ﬁi — f—lui
Getting back General Relativistic m = const

equation of motion:

We use the results of GR in STG

2015.08.09. LRB15 - Szondy: Scalar-Tensor Gravity




How to transform Schwarzscild

solution to Scalar-Tensor gravity
g_ij — fzgij
Schwarschild solution uses standard coordinates

ds” = A(r)dt’ + B(r)dr® Hr>(d@* +sin” 8d¢*)

Coordmatg ﬂ r=p(l+ s )2
transformation 4p

Isotropic coordinates

ds’ =A'(p)dt> + B'(p)(dp” + p>d@° + p”sin” 8d¢*)

2

4
Schwarzschild metric:  ds* =| —*£ dr2+(1+:—gpj (dp® + p2d@* + p’sin’ Gd¢?)
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Understanding Schwarzscild metric

. inisotropic coordinates
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Scalar field - Coordinate independent?

Ricci scalar in isotropic coords
(after conformal transformation)
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Rest mass depends on Ricci scalar
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How can curvature effect Rest-Mass?

Particle model from caracteristic lengths

Schwarzschild-radius

2Gm 6f
r =

S 2
C |

Quantum-radius

k hk
P

= —ﬂ, — m
Q 2 Compton D mnce ///5 1 1.5 2

Rest-mass and size depends on ,k’ qguantum number

Different possible particles
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How can background-curvature
effect Rest-Mass?

Particle model from caracteristic lengths

Background curvature m(q)/mg
1
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q = 7"particle/ Ryniverse

. . . Zl,: . = Tyarticte/ Runi

Modified Schwarzschild-radius 9 = Tparticte/ Runiverse
0.1 0.¢ 0.2 0.4 0.5
1 1 l6Gmg
@) TN T T 2 m = mys (1, Ry) 1, is different for p* and e~
rs\q) =
4q

1 G might be different for different particles?
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Conclusion

* General force field can change rest mass

* |n scalar-tensor gravity Newtonian gravity and
curvature-effects are seperated

e Background curvature changes rest mass
e Rest mass change are due to quantum effects

* Gravitational constant is different for different
elementary particles

Thereis a lot to do
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Thank you for your attention!

Comments & Questions
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