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Bogdan Wojtsekhowski, Jefferson Lab	


On Measurement of the Isotropy of ���
the Maximum Attainable Speed 

	


•  Motivation 	

•  Experimental tests of Lorentz invariance	

•  A new proposal	
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Einstein’s postulates of physics 	

The laws by which the states of physical systems 	

undergo change are not affected, whether these 	


changes of state be referred to the one or the other of 	

two systems of coordinates in uniform translatory motion.	


	

Any ray of light moves in the “stationary” system 	

of coordinates with determined velocity c, whether 	


the ray be emitted by a stationary or by a moving body.	


Einstein, Ann. d. Physik 17 (1905)	
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Experimental tests	


§  The speed of light is said to be isotropic if it has the same	

   value when measured in any/every direction. 	

	

Postulates:	

 1. The laws by which the states of physical systems undergo 	

change are not affected, whether these changes of state 	

be referred to the one or the other of two systems of 	

coordinates in uniform translatory motion.	

2. Any ray of light moves in the “stationary” system of 	

coordinates with determined velocity c, whether the ray 	

be emitted by a stationary or by a moving body.	
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A concept of the speed of light 	


	

The constancy of the one-way speed in any given inertial 	


frame is the basis of the special theory of relativity.	

	


One-way speed and two-way speed: What is the difference? 	

	


What is experimentally investigated most often is	

 a round-trip speed 	


(or "two-way” speed of light) 	

from the source to the detector and back again.	
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Experimental tests	


§  The speed of light is said to be isotropic if it has the same	

   value when measured in any/every direction.	
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Coordinate system	


!�
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Experimental tests	


§  The speed of light is said to be isotropic if it has the same	

   value when measured in any/every direction.	


< 1/14 of the predicted value	


�c
c < 10�5 for two-way speed	


B. Wojtsekhowski	
 March 13, 2015,  LEPP Journal Club	




11	


Recent experiments	
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Tests of Lorentz Invariance	


•  Two-way speed via cavities: Δc/c < 10-18	

•  Doppler effect via atomic beam, ion storage ring	

	

•  One-way speed via asymmetric optical ring (2015)	

•  One-way speed via laser-backscattering (2010)	


Δc/c < 10-14	


At what level could we expect a LI violation?	
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Tests of Lorentz Invariance	


•  Two-way speed via cavities: Δc/c < 10-18	

•  Doppler effect via atomic beam, ion storage ring	

	

•  One-way speed via asymmetric optical ring (2015)	

•  One-way speed via laser-backscattering (2010)	


Δc/c < 10-14	


MZ/MPl ⇠ 10�17

At what level could we expect a LI violation?	
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Theory of LI violation framework	
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Theory of LI violation framework	
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Coordinate transformations 	


x
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System 1	


System 2	


The assumption is that transformation is linear; 	

space-time is homogeneous and isotropic.	
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Coordinate transformations 	
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Coordinate transformations 	
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Lorentz factor	


� = cp
(c�v)·(c+v)

When the value of the speed v is fixed,	

a tiny variation of c in the direction	


 of motion leads to a large variation of γ, 	

which provides a powerful enhancement	

of sensitivity to a possible variation of c.	


	
��
� = �2 · �c

c
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Measurement of the Lorentz factor	


dp
dt = e

�
E + v⇥B

c

�

could be done with high relative accuracy 	

for an electrically charged particle	
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Tests of Lorentz Invariance	


•  Two-way speed via interferometers, cavities	

•  Doppler effect via atomic beam, ion storage ring	

	

•  One-way speed via asymmetric optical ring	

•  One-way speed via laser-backscattering	

 	

•  One-way speed via a beam deflection by a magnet	
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A concept of a new LI test	

Ø  A difference of (v-c) values at opposite directions of motion	

Ø  Very small initial value of (v-c)/c ~ 10-9	

	


The method     (BW, EPL, 108 (2014) 31001) 	

 	

	


•  Momentum measurements at the opposite sides of the arc:	

        - Ratio of the momenta provides the measure of Δc/c.	


- The momenta ratio has a double value of the signal  	
 	
     
	
 	
            and strongly suppresses the systematics:	

	
 	
- beam energy variations;	

	
 	
- magnetic field calibration and common variation;	

	
 	
- BPM locations drift.	


•  Search for a sidereal variation of the ratio. 	
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A concept of a new LI test	

Ø  A difference of (v-c) values at opposite directions of motion	

Ø  Very small initial value of (v-c)/c ~ 10-9	

	


The method     (BW, EPL, 108 (2014) 31001) 	

 	


•  Momentum measurements at the opposite ends of the arc:	
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Beam in an accelerator	


Hor. displacement  = Dispersion times Momentum deviation 	


x(s) = x� (s) + ⌘(s)⇥ �p
p
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Beam in an accelerator	


as a first-order estimate using the dispersion along the orbit:	


Hor. displacement  = Dispersion times Momentum deviation 	


x(s) = x� (s) + ⌘(s)⇥ �p
p

⌘
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⇠ 1.5m , �
x

⇠ 50µm

A large number of BPMs could be used for	

higher accuracy.	
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Beam in an accelerator	


consider the first term statistics over 100 seconds: 	


x(s) = x� (s) + ⌘(s)⇥ �p
p

�
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Beam in an accelerator	


Hor. displacement  = Dispersion times Momentum deviation 	


How large statistics could be used?	


x(s) = x� (s) + ⌘(s)⇥ �p
p

D. Rubin’s	

data 12/2014	


	

all BPMs	
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Beam in an accelerator	


Hor. displacement  = Dispersion times Momentum deviation 	


How large statistics could be used?	


x(s) = x� (s) + ⌘(s)⇥ �p
p

D. Rubin’s	

data 12/2014	


	

one BPM	
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Beam in an accelerator	


Hor. displacement  = Dispersion times Momentum deviation 	


How large statistics could be used?	


x(s) = x� (s) + ⌘(s)⇥ �p
p
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Beam in an accelerator	


Hor. displacement  = Dispersion times Momentum deviation 	


x(s) = x� (s) + ⌘(s)⇥ �p
p

consider the second term statistics and systematics	


�
time

⌘

⌘
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Beam in an accelerator	

Stability of the measurement: the                 and 	


BMPs  are the main subjects of investigation to do.	

�

time

⌘ /⌘
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Beam in an accelerator	


The e+ e- energy difference is also of 1.2 x 10-7 over 	

a few days/weeks of the experiment. 	


Stability of the measurement: the                 and 	

BMPs  are the main subjects of investigation to do.	


�
time

⌘ /⌘
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Beam in an accelerator	


a short time ~100 s	


A measurement over 24 hours =>                           	

                      a few days’ experiment: δc/c ~ 10-18	


It would be 10,000 times better than the current limit	

for the one-way δc/c. 	


Hor. displacement  = Dispersion times Momentum deviation 	


x(s) = x� (s) + ⌘(s)⇥ �p
p

�
��

� = 3 · 10�10

�
�p

p = 10�8

Back to statistical estimations:	
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CESR lattice	
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An anticipated precision on the level of δc/c ~ 10-16	


It would be a very important proof of the method	

(and 100 times better than currently known).	


Beam in an accelerator	


x(s) = x� (s) + ⌘(s)⇥ �p
p

The currently observed accuracy ~ 50 µm in 2.5 µs	


a one day: 24 measurements of 4 minutes each	

with 2 minutes for e+ and e-	
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The radiation loss is 1 MeV/turn at 5.3 GeV	

or about 1 x 10-4  for 1/2 turn path.	

	

How large is the instability over 120 seconds?	

	

How large is the difference for e+ and e- beams?	

	

Correction for the beam energy variation could be 	

made using data from a short arc section and/or 	

the 90o (orthogonal) diameters.	


	


Beam in an accelerator	


Synchrotron radiation effects	
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Accelerator experiment	

An important feature of CESR is that the electron and 	

positron beams are in the same magnetic arc.	

The RF cavities are localized: A long arc could be used!	

	

The e+, e- beam orbits could be made almost identical, 	

which would allow a cross calibration of the momentum 	

measurement.	

By using one beam at a time (no beam-beam effects) 	

the cross calibration could be done every 120 seconds.	

	

The drift of the dispersion (120 seconds) is ~ 10-10 (?)	

	

Required beam time (for the production run):	

2 x 120s x 24 times per day x100 days ~ 80 hours	

	


The sensitivity would be    Δc/c ~ 10-18	

	


	
 	
 	
         about 25 microns per day	
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Summary	


§   A search for possible anisotropy of the maximum attainable speed 	

	
is proposed using high energy electron (and/or positron) beam 
	
deflections in a magnetic arc.	


	

§   Existing accelerators should allow to reach a significantly tighter limit 	


	
(three-four orders) on a one-way variation of the maximum 	

	
attainable speed than the best currently known of 10-14. 	


	

§  The CESR unique positron/electron beam combination provides 	


	
a natural way to improve the effective stability of a magnetic arc. 	

	
It could open the way to an accuracy of 10-18 (a level of a possible 	

	
onset of the quantum gravity effects).	
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The speed of the light is forever	


 Experiments are diamonds  	



