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the 20th century 
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Plan… 

• Motivation 

 

• Parity and Parity violation … a fresh look 

 

• CP violation … a brief look 

 

• General Relativity ……. and the Kerr Metric 

 

• The connection … and a prediction 
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Motivation…. 

• Quantum gravity 

 

• String theory 

 

• A gravitational theory of quantum mechanics 

General  

Relativity 

Quantum  

Theory 
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A gravitational explanation for 

quantum theory 

• Aims to explain 

– QM 

– Particle spectrum 

– Fundamental interactions 

• Predictions 

– No graviton (Gravity waves are just classical waves) 

– Spin-half 

–Parity is conserved 
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Doh ! 



Mark Hadley 

Parity is violated - FACT 

All the books say so. The Nobel Prize 

Committee say so. 
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Doh !! Doh!! 
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Where have they gone wrong? 

• Exactly what has been observed? 

 

• Exactly what has been violated? 

 

• What, exactly, is the definition of Parity? 
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Space Inversion 

:
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Inversion = reflection + 180° rotation 

Axial or Pseudo vector 
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Psuedo vectors don’t exist? 

• Angular momentum is a bi-vector: 

• Base vectors: 

𝒅𝒙 ∧ 𝒅𝒚, 𝒅𝒚 ∧ 𝒅𝒛 𝒂𝒏𝒅 𝒅𝒛 ∧ 𝒅𝒙  

• Isomorphic to dx,dy,dz  

• But different transformation properties. 

• 𝐏𝑇𝑂𝑇 = 𝐏𝐿𝑖𝑛 + 𝜅𝐏𝑎𝑛𝑔 is nonsense 

• 𝐿 = 𝐺𝜇𝜈𝐺𝜇𝜈 +
𝜃

32𝜋2  𝜖𝜇𝜈𝛼𝛽𝐺𝜇𝜈𝐺𝛼𝛽 is also 

nonsense 
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Parity in Newtonian Mechanics 

F = ma 

 

 

 

 

E = ½m v2 

 F = m(-a) 

-F = m (-a) 

-F = (-m)(-a) 

 F = (-m)(-a) 

 

(± )E = ½(± m) v2 

Before After 

Parity 

conserved 

 

 
 

 
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P operator is chosen: 

 

1) For simplicity 

2) To conserve parity 

3) Supported by: 

 Special Relativity: (t-component of the energy 

momentum 4-vector) 

 

 General Relativity:  

Parity in Newtonian Mechanics 
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Magnetic field pointing out e- 

e- 

e- 

e- 
e- e- 

Parity in 

electromagnetism 

Start with a 

symmetrical 

state…… 
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Parity in Electromagnetism 

F = q(E + v x B) 

 

Note: 

 

 

 

-F =  q(-E + -v x (-B)) 

-F =  q(-E + -v x B) 

-F = -q(E + -v x B) 

-F = -q(E + -v x (-B)) 

Before After 

Parity 

conserved 

 

 
 

 
ˆq dS  E.n



Parity in Electromagnetism 
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F

In this order 

P operator is chosen: 

 

1) To conserve parity  

2) For simplicity 

 

3) Supported by the 

covariant formulation: 

 

  
𝑑𝐩

𝑑𝜏
= 𝑞 𝐅. 𝐯 



Start with a 

symmetrical 

state 

60Co 

Look for an 

asymmetric 

outcome 

e- 

60Ni + e- +υe 

I(θ)dθ = k (1 + αcosθ )sinθdθ 

θ 



actual result 

I(θ)dθ = k (1 –v/c cosθ )sinθdθ 
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“We see from this analysis that the logical path from the observed 

asymmetry to the inferred nonconservation of parity in β decay 

is considerably more complex than the popular presentations 

would indicate.”  

      L. E. Ballentine: 

 

The assumption that the Cobalt nucleous is 

symmetrical is not only non-trivial - 

it may well be wrong ! 

 



Mark Hadley 

Effect of Parity 
The Parity Operator gives the transformation due to an 

inversion of the spatial coordinates. 

 

We do not have a free choice of P operator. 

 

What are the transformations in beta decay? 
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What is the mirror image of a 

Cobalt atom? 

60Co 
e- 

(not to scale) 

e- 

60Co 

e+ 

Anti 60Co 
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The real parity operation is what we call CP 

 

Particles are intrinsically anti-symmetric. 

 

Parity is conserved in the weak interactions… 

 

 

 

     …….…. almost 

 

 

Claim: 
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CP violation is the real mystery 

 

Can it be defined away? 

 

Could it be an external influence? 
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General Relativity   
Our ONLY theory of Space and time 

• Accepted and understood 

• Non-linear equations 

• Local equations - Does not prescribe the topology 

• Describes a curved spacetime 

• Allows closed timelike curves CTCs  

Curvature of 

Space and Time 

Energy, Momentum 

and Stress Tensor 

)(T8)(G xx 
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The metric 

𝑑𝑠2 = −𝑐2𝑑𝑡2 + 𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2 

 
𝑑𝑠2  = −𝑐2𝑑𝑡2 + 𝑑𝑟2 + 𝑟2 𝑑𝜃2 + sin2 𝜃 𝑑𝜙2  

 

Schwarzschild metric 

𝑑𝑠2 = − 1 −
𝑟𝑠

𝑟
𝑐2𝑑𝑡2 + 1 −

rs

r

−1

dr2 + 𝑟2 𝑑𝜃2 + sin2 𝜃 𝑑𝜙2  

 

General case: 
𝑑𝑠2 = 𝑔𝜇𝜈 𝑑𝑥𝜇 𝑑𝑥𝜈 
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The Kerr metric 

𝑑𝑠2 = − 𝑐2 −
2𝐺𝑀𝑟

𝜌2
𝑑𝑡2 +

𝜌2

Δ2
𝑑𝑟2 

 

+𝜌2 𝑑𝜃2 

 

+(𝑟2 +
𝐽2

𝑀2𝑐2
+

2𝐺𝐽2𝑟

𝑐4𝜌2𝑀
sin2 𝜃) sin2 𝜃𝑑𝜙2 

 

+
4𝐺𝑟𝐽

𝑐2𝜌2
sin2 𝜃𝑑𝑡𝑑𝜙 

Where: 

𝜌2 = 𝑟2 +
𝐽2

𝑀2𝑐2 cos2 𝜃       and          Δ2 = 𝑟2 −
2𝐺𝑀

𝑐2  𝑟 +
𝐽2

𝑀2𝑐2 
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𝑔𝑡𝜙 ≈ 4𝐺𝐽/𝑐2𝑟 sin2 𝜃 

• One component of a second rank tensor 

• Measures the asymmetry. 

• 𝑡 and 𝜙 are symmetry directions (they define killing 

vector fields) 

 

• … but also define an invariant scalar field. 
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Relative magnitudes 

Earth Sun Galaxy 

r 6.3  106 1.5  1011 2.5 1020 m 

J 7 103 2  1041 1066 kg m2 s-1 

gtΦ 3 3 103 1020 m2s-1rad-1 

htx 10-15 10-14 10-9 dimensionless 
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Hypothesis 

• Particles are intrinsically antisymmetric. 

 

• They interact with the asymmetric 

gravitational potential to produce an apparent  

CP violation effect  
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Predictions: 

• CP violation is local, not universal. 

• It varies according to the 𝑔𝑡𝜙  term of the 

metric. 

• There is a sin2 𝜃 variation in the magnitude 

with respect to the galactic plane. 

• Earth based experiments may give 

anisotropic results for CP violation. 
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The Quest 

• Choose a CP violating reaction 

• Collect associated directional 

parameters 

• Correct for the Earth’s rotation 

• Plot on a galactic co-ordinate system 
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Results so far……. 

Lambert projections of the asymmetry amplitude (left) and all meson trajectories (right). 

Northern Hemisphere A(Rho, Phi) Southern Hemisphere A(Rho, Phi) Northern Hemisphere All Events Southern Hemisphere All 

Events 

David Goude. University of Warwick 2012 

Plots of asymmetry vs B0 momentum direction 
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Can you do better? 


