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Gravity 

In 1687, Sir Isaac Newton published Principia, 

which hypothesizes the inverse-square law of 

universal gravitation

M1 and M2 = 10 kg
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https://en.wikipedia.org/wiki/Isaac_Newton
https://en.wikipedia.org/wiki/Philosophi%C3%A6_Naturalis_Principia_Mathematica
https://en.wikipedia.org/wiki/Inverse-square_law


Defects in Newton theory

•Newton didn’t know what caused gravity 

•One of two objects depend on other at through the distance  

so it not depend on other masses

•The Instantaneous effect of the force. 

•It does not predict the precession of Mercury’s perihelion, 

nor does it explain it



General Relativity

.
•General relativity is the extension of special relativity

•According to Einstein, massive bodies cause a curvature in             

space-time, Gravity feels strongest where space time is most curved

so

"matter tells space-time how to curve, and curved space-time 

tells matter how to move"

•According to Einstein, gravity It’s an effect caused by the 

curvature of space-time by massive bodies.



Testing relativity



Force In Nature

According standard model  



Graviton

Is a hypothetical elementary particle that mediates the force of Gravity

If it exists, the graviton is expected properties to be according standard model

1. massless 

2. Spin = 2

3. charge = 0 e

In the SM, there is a so-called “Hierarchy Problem” about different energy 

scales , namely the question why the weak force is stronger than gravity by 

large scale

•Possible explanations: SUSY, Extra Dimensions or Randall–Sundrum models



Kaluza-Klein theory 

It added a fifth dimension to the general relativity 

Kaluza & Klein tried to unify gravity and 

electromagnetism in five-dimensional general 

relativity that contains both Einstein’s four-

dimensional theory of gravity and Maxwell’s theory of 

electromagnetism 

The problem in this theory that it suppose gravity only 

could propagate in the 5th-dimension



The Randall-Sundrum Model 

A five-dimensional geometry is assumed, in which the fifth dimension is 

compactified with length of the Extra dimension

There is two branes WeakBrane and GravityBrane



Collider Signals 

The KK excitations of the gravitons are strongly coupled at the weak 

scale with a mass gap of  ∼ TeV size. They can be produced resonantly 

at the Tevatron through quark-antiquark annihilation or gluon-gluon 

fusion, and would subsequently decay to pairs of SM fermions or 

bosons. For example, the Feynman diagrams for virtual graviton 

exchange in the Dielectron and Diphoton channels considered in this 

analysis



Tevatron



Quark-antiquark annihilation dominates the cross section for graviton masses above 200 

GeV, since the gluon-parton distribution function f(x) is smaller than that of the valence 

quarks for the larger values of the momentum fraction x that are required to produce heavy 

gravitons.

The contributions from quark-antiquark annihilation and 

gluon-gluon fusion at the Tevatron proton-antiproton collider
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Graviton at Tevatron

Production cross-

section for 700 GeV 

RS graviton at the 

Tevatron with coupling 

constant 1, 0.7, 0.5, 0.3 

and 0.1, from top to 

bottom.

The graviton signature is a series of heavy resonances, Kaluza-Klein excitations with 

separation among each other of order TeV the first excitation of 700 GeV as would be seen 

at the Tevatron




