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Why???Why???



Penrose

Three levels of reasoning 

1: Twistor theory

2: Conformal symmetry 
& space time singularities

3: Gravitational induced  
quantum state reduction
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(Twistor) Spinor Theory 

6 dim. Lorentz group

10 dim. Poincare group

15 dim. Conformal group
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Twistor Theory 

( )A
'A twistor ,   T(4-complex dimensional twistor space, SU(2,2) acts on twistors and 

is a 4 to 1 representation of  the conformal group) .

There is no direct relation to space-time points (not eve

AZα ω π= ∈

A '
'

'

n to points on the light cone) but there are 

planes in (complexified campactified) M defined by the twistor incidence relation:
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M the resulting line is a null geodesic and Z  is called null . 

To define a point inside the light cone of (real) M we need a pair of twistors.

This point is now automatically (nonlocally) related to a

α

ll geodesics through this point and 

its identification has a gauge freedom closely related to the gauge symmetries of the standard model. 



Twistor Theory 

Natural objects in twistor theory are also non-null twistors:

For Z  non-null we can get a visualization of the twistor by drawing the null geodesics corresponding 

to null twistors that are  "orthogona
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Robinson congruence: visualization of a (non-null) twistor: 



E field lines                           Bfield lines orthogonal

KNOTS OF LIGHT
A.F. Ranada and J.L. Trueba, Phys. Lett. 232 A, 25 (1997).

William Irvine and Dirk Bouwmeester, Nature Physics, September 2008
J.W. Dalhuisen and Dirk Bouwmeester, submitted



Twistor theory

Space-time is a secondary concept and has:

• naturally 1 time- 3 space  coordinates

• intrinsic fermionic properties

• intrinsic quantum mechanical properties

• conformal invariant

• intrinsic gauge freedom related to standard model 

• intrinsic nonlocal

• has elementary solutions to wave 
equations that are related to 
Robinson congruences
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Level 2: conformal symmetry & space time singularities
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M=0
fields

Big Bang

Black holes
M=0
fields

Lorentz symmetry: 
Conformal symmetry:                     angle preserving transformations

( )2 2 2 2 0, 0, zero-mass wave equation 0vct x y z g x x gµ µ ν
µν µν− − − = = ∂ ∂ Ψ =

2g gµν µν= Ω%

g gµν µν=%

(massive wave equation m ,breaks conformal symmetry)g µ ν
µν ∂ ∂ Ψ = Ψ
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Stereographic projection

:

or
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→ ∪ ∞

→ ∪ ∞

Conformal transformation:
circles remain circles, and

local angles remain unchanged

Example 2



M=0
fields

Big Bang

Black holes
M=0
fields

Increase in entropy
counter balanced by state reduction process

Note: cosmic microwave background radiation shows thermal 
equilibrium (maximum entropy state for massless fields)



M=0
fields

Big Bang

Black holes
M=0
fields

Increase in entropy
counter balanced by state reduction process

Quantum projection postulate
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Quantummeasurement
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Quantummeasurement

Probabilities seem fundamental

Klik



Niels Bohr
Copenhagen interpretation:

ΨThe wavefunction is not to be taken 
seriously as describing a quantum level 
physical reality, but is to be regarded as 
merely referring to our knowledge of 
the system. 

Quantum Mechanics



Quantuminterference

Surfing electron?!?



Quantumentanglement

HVHV

1 2

Einstein-Podolski-Rosen

EPR

212112 HVVH +=Ψ



Quantum Measurements

Zurek (and others): 

Environment Induced Decoherence

Caldeira-Leggett model (and others) assumes a 
linear coupling between the position of the 
system and a bath of harmonic oscillators

Stamp (and others) considers coupling to spin 
bath



Quantummeasurement
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The wavefunction is a 
representation of areal physical state.

Ψ Everett

Deutsch

Many
Worlds
Interpretation



Vaidman’s watch

YES

NOSingle Photon Source



The Universe is not subject to external 
measurements, therefore it should be 

described by a single quantum wavefunction.

UniverseΨ



Penrose

Level 3: Gravitational induced  
quantum state reduction.

There is a conflict between Einstein’s 
general covariance principle and the 
quantum superposition principle.

R. Penrose, Wavefunction Collapse as a Real Gravitational Effect
General Relativity and Gravitation 28, 581 (1996).



Two alternative locations of a massive object will each have 
stationary states, and have wavefunctions and        , that are 
eigenstates of the            operator with eigenvalues related to the 
energy. t∂

∂
Ψ Φ
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Consider an equal superposition 

f and f’ are the acceleration 3-vectors of the free-fall motion in the two 
space-times (f and f’ are gravitational forces per unit test mass).

Penrose postulate: at each point the scalar (|f-f’|)2 is a measure of 
incompatibility of the identification. The total measure of 
incompatibility (or “uncertainty) ∆ at time t is:

This is the gravitational self energy of the difference between the mass 
distributions of each of the two lump locations.
Prediction: The superposition state is unstable and has a lifetime 
of the order of 

( )Φ+Ψ
2

1

( )2 31
f-f' d
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E
π
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≡

∫

GE

h

(see also GRW, Diosi, others)
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m~10-12kg, 

ωc~1-10kHz

κ~1

m1=4.7x10-26kg (Silicon nuclear mass)

Take, a~10-15m  size of nucleus, or     take a~10-13m size of ground-
state wave function

Decoherence time ~1 ms,            or                 ~0.1-1s

Compare: For C60 experiments decoherence time is 1010s
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