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QUPLAS

QUPLAS

QUantum Interferometry, decoherence and gravitational studies with Positrons and LASers

QUPLAS main goals are to:

Õ perform positron interferometry (QUPLAS - 0)

Õ perform positronium (Ps) interferometry (QUPLAS ïI)

Õ measure the gravitational acceleration of a Ps beam (QUPLAS - II)

VEPAS

Variable Energy Positron Annihilation Spectroscopy

Politecnico di Milano, Como
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INTRODUCTION

Particle interferometry

Ideal case of two slits in :

The particle probability density distribution: 

analog to the Fresnel integral of classical optics.

where:

Interferometry can be a tool for:

o conducting quantum mechanical studies;

o measuring  uniform forces acting on the particles 

in flight.
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e+

e-

Triplet state, ortho-Ps mean lifetime

Singlet state, para-Ps mean lifetime

† ρτςὲί

† ρςυὴί

Schr dinger equation: Reduced mass:

Energy levels:

POSITRONIUM (Ps): non relativistic purely leptonic bound state of a particle 

(the electron) and its antiparticle (the positron) 

INTRODUCTION

Positronium
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1. Interferometry with positrons 

2. Interferometry with positronium

ü New type of CPT tests on fundamental

fermions by comparison the matter

wave interferometry properties of

positrons and electrons

é never done before!

ü Quantum mechanical studies on Ps

ü Measurement of the gravitational 

acceleration of positronium in the Earth 

gravitational field 

Luis de Broglie 1892-1987

MOTIVATIONS

Antimatter interferometry
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Still missing a Quantum Theory of  Gravity, in many Quantum Gravity models (in the 

classical static limit): 

Graviton Gravi-Vector Gravi-Scalar

The sign of the Gravi-Vector can be different for Matter and Antimatter

Matter-Matter experiments Matter-Antimatter experiments

Weak Equivalence Principle (WEP) violation ?

MOTIVATIONS

Gravity (I/II)
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MOTIVATIONS

Gravity (II/II)

Dynamical meaning: The gravitational ñchargeò:

According to the WEP:

According to the CPT:

would not mean that CPT is 

broken  !

Lunar Laser Ranging

Where do we stand?

WEP for matter-matter systems: 10-13 of accuracy

WEP for matter-antimatter systems: ?

New physics!
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QUPLAS 0

Positron interferometry

1. Positron/electron    

beam

2. Interferometer 3. DetectorVacuum chamber

Electron beam lithography ïL-NESS
Nuclear emulsion ïBern University 
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QUPLAS 0

VEPAS slow positron beam (I/II)

HV power supply Turbo pump Beam optics

22Na 

positron 

source

Faraday cageSample chamberInterferometer tube

Detector

HPGe

High vacuum (HV)

condition

10-7-10-8 mbar
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