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There remains ...

the Earth’s

gravitational field
Einstein 

~1906 -> 1916

¿¿?? -> 1937



Gravity

=

Acceleration





WELL

KNOWN !!



The 

EQUIVALENCE

PRINCIPLE

… is it

correct ? 



P.E. Super-OK

☽

Precision of 

3-G coupling

Gravitons



Mercury’s Perihelion advance (post-diction)

GR model of the solar system
Deflection and time-delay of light signals

The standard model of the Universe

(overall + dozens of details)

The orbits of binary pulsar(s)

[the discovery of gravitational waves]

Black Holes

SOLUTIONS to Einstein’s GR equations

Proper working of GPS clocks



Summit of GREY matter

GREY anti-matterE

And its summit !!



+

G.Ws





The 

dream

of 

reason

creates

monsters



Event

Horizon



In 1936, Einstein 

and Nathan Rosen

sent a paper to 

Physical  Review in 

which they claimed 

GWs could not exist



LIGO, Louisiana



LIGO, Washington St.
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ONCE UPON A TIME … 

15 million centuries ago



Orbit
Merger

Ring Down



1 2 3

Time



Most convincing

evidence for the     of

BLACK HOLES

E

BEST TEST of GR in

“STRONG-FIELD regime”… … … …



r < 0.002 ly

Back

to

photons
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“Shadow”

Simulation

Low

Resolution

Higher

Resolution



To give or assume the 

appearance or effect of 

something, often with 

the intent to deceive …

Merriam-Webster

Dictionary (def. 1a)

Simulate (vb):



The ``shadow” of the

Black Hole in M87
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Edwin Hubble



Slipher, Hubble & Lemaître



Best Fit

Hubble plot

Type Ia SNe

Critical <-> 3D flat



G.R.
H.E.P.



How

things

work,

e.g. at

CERN
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Space between distant galaxies 
relative to

Size of a H atom after e + p -> H



Arno Penzias & Robert Wilson, N.J.,

Bell Labs. Satellite Communications



Originally: Quantum Fluctuations





not talk much TODAY

!!! ENERGY OF THE VACUUM !!!

Energy

density



¬

¬ 👀
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“COSMOLOGICAL CONSTANT”

Dark Energy density

of the VACUUM !!

A.E.: His biggest error

????????????? 





CATHEDRALS

OF TODAY





DIFFERENCE
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There remains ...

... the Earth’s

Gravitational Field

There remains ...

the HIGGS field,

Universally Uniform



The VACUUM is

a SUBSTANCE



One can shake it

*The 

Higgs*

LHC = MSV

If the vacuum is a 

substance

Its vibrations are elementary particles 



Higgs => Vacuum Energy Density (   ) 

}



The “STANDARD MODELS”

of the macro- and micro-cosmos 

CLASH



WE DO NOT UNDERSTAND

* GRAVITY AS A QUANTUM THEORY

* THE RELATION BETWEEN GRAVITY 

* AND THE OTHER BASIC FORCES

The vacuum (well enough)

1 Reason for a Higgs factory

What Dark Matter is
1 Reason for yet H(er)EP & etc…

2 Reasons for  > $ of H.E. Theorists

Why Nature is describable with simple laws  

An interesting (meta-)question to ask  
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