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Twistor Theory

V*?® e M (Minkowski space) with components (V°,V',V*V?)

: v VP+Ve Vitiv?
:VAA:{V“" V“}Z%{Vl N V3} Det = 4 —interval
_I —
0 tO

1 5 ' — A t ' ' — A
VA SVA =tA VBT where Llo tll } e SL(2,C),and T, =t"
0' 1

SL(2,C) —» LI (Lorentz group) is 2-1 isomorphism.

example 1: Lorentz boost in z-direction: t =

1, Penrose

example 2: Rotation through ¢ in the x-y plane: t =



Twistor Theory

V*?® e M (Minkowski space) with components (V°,V',V*V?)

: v VP+Ve Vitiv?
:VAA:{V“" V“}Z%{Vl N V3} Det = 4 —interval
_I —
0 tO

R, _ t’ t°)
VA SV =tA VTS, where{ N tll
0' '

} eSL(2,C),and TV =t",

SL(2,C) —» LI (Lorentz group) is 2-1 isomorphism.

20
example 1: Lorentz boost in z-direction: t = A
0 e? |
io Penrose
: : ez 0
example 2: Rotation through ¢ in the x-y plane: t = B
0 e?

Note: rotation by 27 gives -I in SL(2,C), rotation by 47 gives I in SL(2,C),



Twistor Theory
, \VACRVAL a'a’ oa' :
0 AA A—A
if detV"™ =0, [V”" V“}:{ . . |Faa
aoa ao
Note:

spinor a” determined up to phase factor by this construction
= 1intrinsic quantum mechanical features
Note:

SL(2,C) acts on spinor a*

= intrinsic fermionic properties

A twistor 2% = (a)A , T A,) e T(4-complex dimensional twistor space) defines a spinor field Q" (X) in M
by Q% (x) =" —-ix" 7,
Q" (x)=0 defines planes in complexified compactified Minkowski space. If this plane intersects with

real M the resulting line is a null geodesic and Z“ is called null .

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

to null twistors that are "orthogonal" to it = Robinson congruence of null geodesics.



Robinson congruence: visualization of a (non-null) twistor:




“" B field lines orthogonal
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Twistor theory

Space-time is a secondary concept and has:

naturally 3 space - 1 time coordinates
* intrinsic fermionic properties
* intrinsic quantum mechanical properties

* should be considered as complexified (and compactified
and conformally invariant)

* has elementary solutions to wave
equations that are related to
Robinson congruences




Quantum Mechanics

Niels Bohr
Copenhagen interpretation:

The Wavefunction‘ ‘P> is not to be taken
seriously as describing a quantum level
physical reality, but 1s to be regarded as
merely referring to our knowledge of
the system.




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




The wavefunction ‘\11> 1S a Everett

representation of a real physical state.
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Vaidman’s watch

Single Photon Source




,, The Universe is not subject to external
, measurements, therefore it should be
¢ described by a single quantum wavefunction.



Penrose:

There 1s a conflict between Einstein’s
general covariance principle and the
quantum superposition principle.

Penrose




Two alternative locations of a massive object will each have
stationary states, and have wavefunctions |¥) and |®) , that are
eigenstates of the Q operator with eigenvalues related to the
energy. ot

0 :
< |¥) =il | ¥)

0
ot'

®) =—inE, | D)

But how to deal with superpositions

0

& (ale)+ lo)) -2



Consider an equal superposition L(j‘l’> . ‘(D>)

V2
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’|)? is a measure of
incompatibility of the identification. The total measure of
incompatibility (or “uncertainty) A at time t 1s:

1
A= f-f') d’x
47Z'G ( )

EEG

This 1s 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 i
EG
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E,,-,j-:—G[fdﬂdﬂpi(rl)pj(m),

1 — 72

AE=2E,—E|1—Eyp,

AE =2Gmm, B , (given : Ax > 2a)
Sa AX
m~10-1%kg,
®~1-10kHz
K~1

m,=4.7x10-2%kg
Take, a=10-1>m size of nucleus, or size of ground-state wave function

Decoherence time ~1 ms, or ~1s

Compare: For C, experiments decoherence time is 10!'s
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Optical Q=2100
Mechan

1 Q=137.000

1Ca

PRL 96, 173901 (2006)




1. Depost 200-500 nm
SiN on both sides using
the PECYD,

2, Etch the resonator
pattern into the top and
the release sguares in
the bottorm with a CF4
plasma,

502
Ta205

3, Deposil the mirror,
Leave Si02Z on top,

4, Etch the miror. Leave
a partia| |ayer of Si02
covering everything to
avoid overglching,

5. TMAH etch. At 30-20
minutes in the protective
Si02 should have bean
remaved.

&, TMAH etch, continued,
HAfter about 2 hours the
sample shoukd be etched
throwgh. A parlial layer of
Fi02 should &till be on top
of the mirrar,

T, Strip off the remaining
502 in HF,




40 um mirror
Optical Q>30,000
Mechanical Q>1,000,000
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" Armour et al PRL 88, 1483010 (02)
~ Mancini et al PRL 80, 688 (98)
-:Co_hadon et al PRL 83, 3174 (99)




Optical Cooling Gain factor 2500

Spectral Noise Density (A% / Hz)

10°

10°

1072
1072
1073

1074

Feedback Gain 3p
100

Frequency (Hz)

D. Kleckner and D.B. Nature 444, 75 (2006).
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T=16,5 mK, B=4,32T

T=33 mK, B=9T
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Optical Setup









Work 1n progress
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Molecular Beam Epitaxy (MBE)
grown quantum dots
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1 Monolayer InAs

GaAs

=~1.7 Monolayer InAs

GaAs

>2 Monolayer InAs
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SP emission cone

Cavity region
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Oxide
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P.— QD layer

" Back gate

(n-doped)
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Reflection Spectroscopy
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Fit Parameters: Strong Coupling
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applied voltage

After hole burning:
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Photon transmits

Energy [eV)
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