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Positronium

Hydrogen-like boundstate of an electronand a positron

Orto-Ps  meanlifetimet142 ns  annihilation in 3 g

Para-Ps   meanlifetimet120 ps annihilation in 2 g

IN VACUUM

In magneticfield the M=0  state of pPs and oPs
mix togheter (Zeemaneffect)
State M=+1; -1 are not affected



Interaction of positrons with matter and Ps formation
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1. Slowing down (0<t<10-12 s)

From energy E to thermal energy: 

ionization, phonon scattering

2.  Diffusion motion

(0<t<10-10 s)

e+ ~ 
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3.  Emission if negative work function



Ps formation  in metals and semiconductors

Ps is formed at the surfacesbecausein the bulk positron is screenedby electrons
can be a competitive processwith e+ emission

Ps
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Ps from  backscatterede+

Ps from  epithermale+

Ps from  thermal e+

Ps emissionnin metalsand semiconductorsis a thermal activateprocess
a) e+ trapped in a surfacestate pickan electron

«Fast» Ps 
Energy  eVor fraction of eV



Positronium formation in porous materials
collisional cooling mechanism

FormationMechanisms:Vacuum Solid

e+

Ps

Ps

e+

If Ps is formed in the bulk and thermalize,
to be emitted in open volumesrequieres
a negative work function

Ps can be formed at the surfacewhen a 
positron pickup an electron



Ps from nanochannelledsilicon converters
avoiding quantum confinement

Classicalregime

Tsample

Classicalregime 
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tunable nanochannels in silicon 

Cross view

Upperview Cross view

Cross view



MariazziS, BrusaR S et al., Phys. Rev. Lett. 104 243401 (2010)
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Nanochannelled silicon simulation 
and MontecarloPs cooling 
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Detecting Ps flying in vacuum
SSPALS  (Single ShotPositronAnnihilation LifetimeSpectroscopy) Techniques, 
firstly introducedby Cassidy& Mills
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10^6 Ps atoms in vacuum  for shot  
Detector  : PbWO4 scintillator + Hamamatsu R11265-100 PMT

Time decay about 15 ns 



Long lived Ps
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Aghionet al. Phys. Rev. A 94, 012507 (2016)



Ps excitation n3 - Rydberg
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Motivation

CERN-image

Disappearance
of antimatter

Violationof CPT or WEP ?

Tests of universality free fall (UFF) 

Luigi Catani 1816- Firenze Palazzo Pitti

άŎŀǎŎŀƛ ƛƴ ƻǇƛƴƛƻƴŜ ŎƘŜ se si levasse
totalmente la resistenza del mezzo,
tutte le materie discenderebbero 
con eguali velocitàέΦ    
Galileo Galilei (1564-1642)



AEgIS (Antihydrogen experiment: gravity, interferomentry, spectroscopy) 

at CERN 

╗production by charge exchange  

-+­+ eHPsp
**)(

ωLarge cross section Ɑ Ⱬ╪▪ for Ps cold 

ωPs needed in Rydberg state for increasing the 

lifetime and cross section 

ωQuantum states of antihydrogen related 

to Ps quantum number

ωAntiprotons T determines antihydrogen T 

(cold antiprotons!)



Antiprotonbeamfrom AD

positrons

e+ bunched beam

Ps cooling & converter

AEgIS apparatus 

1T trap5T trap
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╗ free fall measurement

ǇǳƭǎŜŘ╗beam , Stark 
acceleration ὺ τππάȾί

L L

Moirè deflectometer

2 gratings L~ 50 cm
F=100 mm, slit 12 ˃m, pitch 40 m˃
ɲȅ10 ˃ m

ɲȅ
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M.K. Oberthaleret al. PRA 54, 3165 (1996)

Aghionet al. (AEgIS) Nature Comm. 5, 4538 (2014)



Test with  a Mini-moiré 

Aghionet al. (AEgIS) Nature Comm. 5, 4538 (2014)

slit arrays in 100- m˃ thick silicon by ion
etching 
slit width of 12 ˃ m 
periodicity of d=40 ˃  m
Reference measuerementwith light
(Talbot ςLau)

Antiproton E=100 150 keV

ɲȅ=9.8±0.9 ˃ m  (stat.)
±6.4 ˃  m (syst.)

Emulsion Compatible with a force 
530 ±50 (stat.) ± 350 (syst.) aN
Corresponding to an E=33 V/cm direction 
of the grating period 
or a B= 7.4G perpendicular to the grating 
period and antiproton direction

With lower ○(╗), L ~ 1m , sensitivity 11 
order mag better
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https://cds.cern.ch/images/CERN-HOMEWEB-PHO-2019-008-1
https://cds.cern.ch/images/CERN-HOMEWEB-PHO-2019-008-1
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Selectionof different Ps population cooledfrom nanochannelled
siliconconvertres, i.e. population with different velocities
From 1x10 5 m/s  to 7x10 4 m/s

Selecting velocities of  23S Ps by retarding the laser



205 nm
1312 nm

0 200 400 600 800 1000

-10

-5

0

5

10

15

20

25

30

 no pump laser

 pump laser 158 uJ

-S
=

(A
o
n
-A

o
ff
)/

A
o
ff

Time [ns]

23S Ps ,metastable state 1140 ns, stimulated production

Thisgivea 23S Ps yieldof about3 time more than
spontaneousdecay( with a tunedsystem
we expectabout4.5 % of producedPs in 
metastablestate)

0,0

0,3

0,6

0,9

 

 

 

0,0

0,5

1,0

 

 

 

 

205,00 205,05 205,10 205,15
0,0

0,3

0,6

0,9

A
m

p
lit

u
d
e
 [

a
rb

. 
u
n

it
s
]

A
m

p
lit

u
d
e
 [

a
rb

. 
u
n

it
s
]

Wavelength 1  3 excitation  laser [nm]

1300 1305 1310 1315 1320 1325
0,0

0,5  

Wavelength 3  2 excitation laser [nm]



Outline

Å How to obtain cooled Ps in vacuum

Å Many positron bunched beams for many Ps in vacuum

Å Ps excitation ςlong lived Ps

Å Ps for Antihydrogen formation

Å Metastable Ps

Å metastable Ps beam - planned experiments

Å Many positron polarized bunched beams
planned experiments



Ps  chamber
formation

MetastablePs 
drift tube

LaBr3

drift tube
PbWO4

e+

Ps

Ps metastable beam-apparatus

stopper
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JagiellonianUni: 
PawelMoskal
SushilSharma

Determiningthe hitting position of the 
metastablePs on the stopper, and 
If possibleits annihilation in flight
With a detector derivedby J-PET 

PLAN



Towards measurement of g acting on Ps

PlannedmeasurementǿƛǘƘ ƳƻƛǊŜΩ deflectometeror 
Mach Zehnderinterferometer
Measurementof dipole forces100g -1000g(10%)
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First stage of polarized 
e+ beam-source at 
Trento University

First Planned experiments
Studyof entaglementof 3 photonsof decayingPs 

Collaboration and tasks:

Vienna Uni:   BeatrixC. Hiesmayr Theory

JagiellonianUni: PawelMoskal
Detector System to measure momentum
and spin of gammas

Trento Uni:   PolarizedPs in vacuumand
selectionof oPstatesby laser or by solid
state converters



Conclusions

Manipulation of Long lived Positroniumis shownto 
be possible, opening the route for interesting
fundamentalstudies

Further improvementsof quality of the metastable
beamand of its intensity are possibledeveloping
techniqueslike Ps laser coolingand different schemes
to bring Ps in the 23S state


