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main motivation

Many expernmentssWith positronsireguire
highiyield eiicoo]ECiEs

‘ In partlcular we need cooled Ps for AEgIS
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Backscatiaracd Ps and Ps oy evltnermal 27
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Ps formation and emission oy tnermal 27
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Ps formation by trapped

Direct Ps formation :
positron at the surface



Direct Ps formation and 2mission oy tnermal 27

Possible when the positronium formation potential is negative

positrontum formation potential (ep,)
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urrace traooing

e+ can fall in a trapped state localized
In few Amstrong from the surface

e+ is strongly correlated with the electron
cloud.

In figure two extreme:
image potential - bare positron
gl N ¥ Van der Waals - virtual positronium-like

Ps emission require an energy E, and thermal
activation is possible

E,=Ey+ ¢_— Eg

900

After Shultz and Lynn 1988



Ps-emission rrom dielectrics

*Ps formation by thermal positron reaching the surface is, in most cases,
energetically forbidden. The 6.8 eV energy gain of Ps formation is not enough
to extract an electron

*Formation of Ps can occur in the bulk. Ps reaching the surface can be emitted
If its work function is negative Pps = Py + O_ — Egﬂ_p + E, —68elV <0

*Ps can form and be hosted by open volumes in dielectrics. If there is a open
volume defect network , hopping diffusion may lead to Ps emission into vacuum

energy (eV)
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Ps cooling using porous SiO,
based materials
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Ps is formed with eV energy but lose energy by collision with the
walls of the connected porosities.

Ps energy is normally insufficient for electronic excitation, Ps lose
energy by exciting atomic motion

A fraction of oPs can reach the surface and can be emitted
cooled into the vacuum.



Comoeatiltlve effact : Ps 0lci-off

\/MJ OPS === 2y

Pick off : when the e+ in Ps has an
overlap with an e- of the walls in
%‘ an interaction region R
pick-off %

VPs

Apick —off & «

It is expected :

to depend from cooling time: ie. permanence
In the excited states
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5 cooling and quanturn confinermernt

Ps cooling process can be described in two regimes:

oPs

I

HIGH ENERGY LIMIT:
de Broglie wavelength is small respect to the
dimension d of the cavity
2
E>> L > E(Gn_mj 20 meV
4myd d

Ps can be considered a free object of size:

A=6 nm\/zo :ev

Ps collisions can be treated as a classical elastic scattering
( Sauder, J. Res. Natl. Bur. Stand. § A ,72, (1968) 91)



Ps cooling and quanturn confinermernt

h? 6nm

LOW ENERY REGIME E< > ;(

4m,d d

The interaction between the Ps atom and the walls can be described

in terms of the contact between a confined Ps atom with the solid as

a whole.

An estimation of the minimum T permitted for a Ps atom confined in
nano-pores and nano-channels, when the temperature is lowered,

can be made by modeling the Ps cooling by creation and destruction

of phonons at the surface of the pores.
(Mariazzi ,Salemi, Brusa, PRB 2008).

jZO meV

the maximum variation of the momentum
magnitude of Ps due to the exchange of a
single phonon at the first order
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max h
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Ps cooling and quanturm confinermnent
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Continuous line :
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in Nano-channels (infinite well)

Mariazzi S, Salemi A and Brusa R S 2008 Phys. Rev. B 78 085428



)sitron beam

Nano-size aine Ps

Positronium

converter
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the minimum
temperature is:

T = (2/3kg)E,
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#0 (4-7 nm) mini T is 180-60 K

#1 (8-12 nm) min Tis 45-20 K '

Mariazzi S, Salemi A and Brusa R S 2008 Phys. Rev. B 78 085428
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Tuning tne size of nanocnannels

produced by electrochemical etching, as for porous silicon but
adapting times and current for obtaining nano- structures

Possibility of tuning:  #0=4-7 nm
#1=8-12 nm #2=8-14 nm
#3=10-16 nm #4=14-20 nm
#5=80-120 nm

Si p-type 0.15-0.21 Ohm/cm
current from 4-18 mA/cm?, 15’
Mariazzi S, Brusa R S et al Phys. Rev. B 81, 235418 (2010)



Trento slow positron beam (50 eV-30 keV)
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Fig. 1. A schematic layout of the electrostatic positron beam constructed in the Trento laboratory.




F 4 (0-Ps fraction)

Owtlrnurn oxidation for: rn—* Ps yizld

10*

Mean positron implantation depth [nm] 2yrays

10° \
T o £ = peak area
o o
0.5 ® not oxidized | GO0
: A 0.5h 100°C oL valleyarea , ,
m ~ n 2h 100°C (#0) 470 480 490 500 510 520
A, L
O 4- m : M .‘ B‘ O 4h 1000C %l energy ( kev )
s FAa ° . i g
A O U o Loy 1h 300°C _ VB v
5 1h 400°C E{I-]_lr-!ﬂj'P{E—]
0.3 4 -
IQA 1
0.2 4 - % -
o o e &% ~ .
[
0.1 A e
’o. %
Mn‘“"ﬂ, .
0.0+ Y O a Annealed Annealed
L | T T T TTT] T T T TTTT] T T T 2h100°c 1h3000c
0.1 1 10 #0

Positron implantation energy [keV]

P\[R,-R(E)]
? 4{] PJHuJ-RJ}

F1




ng (0-Ps fraction)
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Ps yizld and cnanne] size
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0-Ps diffusion length [nm]
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Trento TOF Apparails
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The TOF apparatus of Trento is now
at the intense positron source
NEPOMUC at the FRMII reactor in
Munich and will be set up at the
reactor hall in June-July.

NEPOMUC gives 10° e+ /s



0-Ps Time of Flight measurements

E, = (m ngéjf’:f:
where {t, } = (Lt} + {L:}

(£ = (£} + 2o/,

If t, <<t t =t

m —



Pb shield Detector

8 mm. “ e

20
Sample
?-(} m:;t‘ 100 mm g

Counts [arb. units]
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Time of Flight [ns]

After smoothing, subtraction of the
background, and correction by

multiplying by
e"p (/42

Mariazzi S, Brusa R S et al., Phys. Rev. Lett. 104 243401 (2010)
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counts [arbitrary units]
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Cool distribution
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Ps energy spectra Ps energy spectra
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conclusion
Witn 2 question

Study of Ps formation and annihilation in
complex materials and porous complex materials
at low temperature are lacking

Could be more data useful for
understanding signal of Ps annihilation
inISM ?
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