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Special Relativity Matters: 
Acceleration Frontier

 Special Relativity Introduction

 Lorentz-FitzGerald Body Contraction

 The Aether aka: Quantum Structured Vacuum

 Does Acceleration Exist and if so, how big is it

 Probing limits of validity of SR+EM: Acceleration Frontier  
Contex: 3rd Andean School on Nuclear Physics

QCD, Quark Gluon Plasma and HI Collisions
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Relativity
Einstein 1905: Inertial Motion 

(a consistent framework)

Problems with 

Bodies and Forces: 

Matter+Electromagnetism

F=e(E+v x B) Lotentz F

 1916 Einstein 
Included Force of 
Gravity by allowing 
curved space-time

NOT topic of today

 GR : consistent 
“General” Relativity

 SR: Incomplete
“Special” Relativity
Works since acceleration 

negligible “nano-forces”
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(Special) Relativity evolves 

Text pdf available for free  if your library subscribes to 
Springer Physics
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Issues Teaching Special Relativity  
Professors: If you 

need to use words 
“paradox”, “not 
real”, you do not 
know what you are 
teaching

Students: choose 
sources carefully, 
lots of bad stuff 
around (many 
false prophets)

MixUp:  SR bigger 
but unfinished theory 
compared to GR  and 
yet GR in minds of 
many distorts 
contents of SR  

Wrong context: 
evolving concepts 
presented 1905 way

Wrong explanations: 
body contraction, 
time dilation

Wrong Message: 
SR “complete” 
while it is 
unfinished 
(acceleration)
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I like asking students
What is Lorentz contraction: = (1 – v2/c2)-1/2 

Some will space is contracted. Can this be true?
Other say this is distance contraction. What is this?
A few admit this is “apparent” body contraction. Apparent?

After in the decade after 1905 claiming  that since Lorentz 
transformation can undo body contraction, thus it is 
“apparent”, Einstein wrote a response explaining that body 
contraction is real (just like kinetic energy and momentum 
of a car is real even if it is zero for the driver, jr). 
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What is Lorentz-Fitzgerald 
body contraction?

Since time is not absolute but ticks in each material body in a different 
way (proper time) we must define how a body is observed: we 
measure body size with an apparatus in laboratory that sizes up the 
body at equal time in lab  frame of reference. This means that two 
different points of a moving body are observed at different proper 
times of the body if it is not at rest with respect to the lab frame. 
Therefore a laboratory observer always sees direction of motion 
contraction of a moving body. Once it is specified in which reference 
frame the measurement is at equal time the outcome is unique and 
impossible to alter or make “apparent”. 
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Is a passenger on a relativistic 
rocket aware she is “contracted”
A. Einststein 1911: never, since there is no absolute 

reference frame in the Universe and thus an 
inertial observer does not know her velocity. 

J. S. Bell 1976: advocates “physical reality” view of 
relativity (begins around 1959): use accelerated 
motion to move from one inertial frame to another. 
The history of the shift between frames of reference  
allows to construct a clock for Lorentz contraction. 
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Two  views on SR and the Aether
Einstein 1905:

Only inertial motion 
Lorentz transformations 

between different observers
 Unsolved:  EM forces.

Bell 1976:
Use acceleration to move 

between different inertial 
observers. Each object 
“knows” if it is accelerated!

Aether and later the structured quantum vacuum: 
Einstein 1920: aether carrier of physical laws

Larmor, Lorentz: allows local recognition of acceleration
Higgs, Weinberg etc: mass of matter, nature of interactions
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The word aether  in Homeric Greek 
means ``pure, fresh air" or ``clear 
sky",  pure essence where the gods 
lived and which they breathed. The 
aether was believed in ancient and 
medieval science  to be the substance 
that filled the region of the universe 
above the terrestrial sphere. Aristotle 
imposed aether as a  fifth element 
filling all space. Aether was hence 
also called quintessence (from quinta 
essentia, "fifth element"). The 
"luminiferous aether" (light carrying 
aether)  is  the “substance”  believed 
by Maxwell,  Larmor, Lorentz to 
permeate all the Universe. Einstein 
introduces relativistic aether.
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How can the laws of physics be known in all 
Universe?

“Recapitulating, we may say that according to the general 
theory of relativity space is endowed with physical 
qualities; in this sense, therefore, there exists an aether. 
But this aether may not be thought of as endowed with 
the quality characteristic of ponderable media, as 
consisting of parts which may be tracked through time. 
The idea of motion may not be applied to it. 

“According to the general theory of relativity space without 
aether is unthinkable; for in such space there not only 
would be no propagation of light, but also no possibility 
of existence for standards of space and time 
(measuring-rods and clocks), nor therefore any 
space-time intervals in the physical sense.”

Albert Einstein, 
Ather und die 

Relativitaetstheorie 
(Berlin, 1920):

TODAY: The laws of physics are encoded 
 in quantum vacuum structure
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Michelson-Morley: No aether wind, no drag
 The Earth moves in space ( today 

we know the speed with reference 
to the big-bang frame of 
reference). Michelson-Morley 
experiment: no aether dragged 
along,  birth of Lorentz-Fitzgerald 
contraction  and relativity. 

 Einstein 1905: who needs 
aether? All inertial observers are 
equivalent (principle of relativity).

Einstein’s view about aether changes drastically by 1920
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Does Acceleration Exist?
 Acceleration not 

inherent to quantum 
mechanics: all quantum 
operators made of x,p

Gravity as deformation of 
space time geometry: 
motion on geodetics 
(generalized straight lines)

However: A  classical “charged” accelerated particle radiates 
demonstrating it “knows” when in state of accelerated 
motion. How is “know” possible?

Mach’s Principle:  Acceleration REQUIRES as reference a 
(set of equivalent) inertial frame(s).
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Mach’s Principle 
Measurement of accleration requires a reference

frame: what was once the set of fixed stars in the 
sky is today CMB photon freeze-out reference frame.

 
To be consistent with special relativity: all inertial 

observers with respect to CMB form an equivalence class, 
we measure acceleration with reference to the CMB 

inertial frame, in other words the Universe, some say the 
structured Quantum Vacuum.

In Einstein’s  gravity alone there is no “acceleration”, all 
observers are in a free fall. Mach’s principle visible in 

presence of other forces 

Ernst Mach
 1838-1916
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Acceleration exists, can be 
measured, so how big is it?

Ultra-Relativistic electron bend by a magnet of 4.4Tesla
aMAX=(e/Me)(v/c)xB=(1.6 10-19  /9.11 10-31 )4.4 =0.77x1022m/s2

Note: energy of electron in LEP accelerator  was 
limited by Larmor radiation loss

Natural “unit-1” acceleration

acr=Mec3/(h/2π)=9.11 10-31 27 1024/1.05 10-34=2.33 1029m/s2

 

This is 30 000 000 larger compared to above aMAX

Therer are elementary processes that allow to reach acr
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CERN  LEP - LHC 

30 km ring is underground
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Radiation-Acceleration Trouble
Conventional SR+Electromagnetic theory is incomplete: radiation emitted needs 
to be incorporated as a back-reaction “patch”: 

1) Inertial Force = Lorentz-force-->get world line of particles=source of fields
2) Source of Fields = Maxwell fields --> get fields, and omit radiated fields
3) Fields fix Lorentz force --> go to 1.
   
So long as radiated fields are small,  we can modify the Lorentz Force to account for 
radiated field back reaction approximately
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Solving LL Equation for a-crit
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Relativistic Nuclear Collisions

Nuclear Collisions at energy E>>Mc2
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To resolve  SR inconsistencies: 
we need a NEW “large acceleration” theory framework

(other than Gravity=GR)  

THEORY Question: How can charged accelerated particles know  to 
radiate, that there is  inertial reference frame telling -- is the Universe 
or is the body accelerating

EXPERIMENT:
High acceleration radiation properties? 

Is there a limit to how fast we can accelerate electrons to ultra high 
energy?

ETC
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Conclusions

After many years of neglect we find ourselves 
already immersed into an encore of SR with 
RHI experiments inadvertently probing critical 
acceleration and future light pulse – relativistic 
electron collisions exploring systematically 
physics at the acceleration frontier. Manpower 
preparation for this COULD BE BETTER
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