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Space-time exploration

beyond our standard models

By your Next Speaker
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Beyond our standard models 
• Grand Unification Paradigm, we need experimental 

information:
– Equivalence Principle violation and long range forces
– Short range forces, compact dimensions and 1/r2 violations
– Spin-mass and spin-spin interactions
– Violation of basic symmetries, time dependence of fundamental 

constants
– Dragging of frames, General Relativity testing and gravitational

anomalies
– The far end of the energy spectrum with cosmic rays

• Gravitational cosmology, µ-wave cosmology and the Grand 
Unification time

• Dark energy and matter 
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Quantum mechanics on (curved) 
space-time background

• What are the limits to quantum coherence?
• Is there any interaction between space-time geometry 

and quantum coherence
• What is the space-time behavior of the quantum 

measurement recipe?



Paris 15 09 04 Cosmic Vision S. Vitale 4

Gravitational wave research

• Strong gravitational field physics (cont’d from 
LISA)
– Event horizon properties
– Gravitational field in the GUT era

• The dark side of space-time
• Gravitational wave cosmology
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A new frontier of  space-time exploration

• Measuring geometry: the requested leaps
– Distance (and time) resolution
– Geodesic motion (free-fall) purity
– Time and distance scales
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Technology toward the Atto-(10-18) era

• New distance meters 
• New coordinate markers (test-bodies)

5 106 km 

Spacecrafts

Test 
Masses

Telescopes

LISA
5 106 km 

SpacecraftsSpacecrafts

Test 
Masses

Test 
Masses

TelescopesTelescopes

LISA
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LIGO Laboratory 4
G030399-00-D 

Pre-stabilized Laser

λ Challenge is in the high-power 
‘head’
» Coordinated by Univ. of 

Hannover/LZH
» Three groups pursuing alternate 

design approaches  to a 100W 
demonstration

– Master Oscillator Power 
Amplifier  (MOPA) [Stanford]

– Stable-unstable slab oscillator 
[Adelaide]

– Rod systems [Hannover]
» LZH approach chosen as baseline 

March 2003
» With ½ of power head, 

P: 110 W, M2x,y: 1.05
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The distance meter

10-18 !

Accurate clocks and ultimate frequency stabilization
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Very Long Baseline (2 AU) Gravitational Interferometry

The distance meter
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The reference bodies
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The reference bodies

Optical readout and 
very large gaps ( beat 
electromagnetic field )
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The reference bodies

Cryogenics
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Or ultra-cold neutral atoms 
(and molecules) as a reference

The reference bodies



Paris 15 09 04 Cosmic Vision S. Vitale 21

S. Chu (Stanford), A. Peters (Konstanz) and 
other groups

Equivalence Principle

E. Adelberger’s group

Test-mass (torsion balance) Atomic 
fountains
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E. Adelberger’s group

E. A. Cornell’s  group

Short range forces

Test-mass (torsion balance) Cold-atoms 
(BEC near 
surfaces)
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Dragging of frames

Test-mass (GP-B) Cold-atom 
interferometer 

(Hyper)
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Pharao
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High resolution quantum coherence on space-time 
background
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Quantum Quantum EntanglementEntanglement in in Space Space 
ExperimentsExperiments

T. Jennewein, 1

M. Aspelmeyer, R. Kaltenbaek, C. Brukner, A. Zeilinger 1,2

M. Pfennigbauer, W. R. Leeb 3

1 Insitut für Quantenoptik und Quanteninformation, Austrian Academy of Sciences
2 Institut für Experimentalphysik, Universität Wien
3 Institut für Nachrichtentechnik und Hochfrequenztechnik, Technische Universität Wien, 
Vienna, Austria

8km8km

LongLong--distancedistance distribution distribution ofof
quantum entanglement quantum entanglement IIII
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Why gravity matters
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Gravity is the ultimate disturbance on quantum 
phase
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Astrophysics Mission Division
Research & Scientific Support Department

FPAG, ESA HQ,  24 January 2003
Page 8

Since EECR >1020 eV are observed, 
sources cannot be more than z~0.01 away -
inconsistent with distances to possible 
counterparts.

Ultra High-Energy Cosmic Ray SpectrumSketching a scenario

• The very high energy end of the spectrum from space
• Cosmology from polarization anisotropy
• Observing the GU era and the dark side of space-

time with a gravitational wave observatory
• A laboratory in free-fall to explore beyond the 

current paradigm of fundamental physics
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