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Pozitron

" prva objavena anticastica
o pozitrén: m,, =9.1091.103 kg, e = +1.602.10-1° C

* predpovedany v r. 1928 Diracom: E=%{p'c’ +m'c’

" objaveny C. D. Andersonom:
o 1932 z kozmickych licov vo Wilsonovej komore

o 1933 dokaz tvorby e - e* paru detekciou anihilacného
ziarenia




Zdroje pozitronov

" B*radionuklidy
o jadra bohaté na protony (nizky pomer N/Z)
O p2?n+frtv A A +
o napr. 2’Na, ®4Cu, **Co 7 X _)Z —IY te +V
" produkcia e - " parov z vysokoenergetickych fotonov y

o urychlene e s zbrzdené v absorbatore s vysokym Z
- brzdne ziarenie

o h.v_. =1.022 MeV =2x0.511 MeV hy >2m,.c’ e

o pulzny zdroj e*

" zjadrovych reakcii
o Cd(n, y)1*Cd, %3Cu(n, y)**Cu
o kontinualny zdroj e* s vysokou intenzitou

&



Zdroj **Na
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Zdroje pozitronov pre PET

radionuklid | 7, (min) E, .« (MeV) A0y (M) <a> reakcia
(mm)
e 20.38 0.96 5.0 0.3 UN(p,a)1C
BN 9.96 1.19 5.4 1.4 16Q(p,a)°N
150 2.03 1.72 8.2 1.5 BN(p,n)O
18 109.8 0.64 24 0.2 B0O(p,n)'8F
8Ga 68.1 1.89 9.1 1.9 8Zn(p,n)*®Ga
82Rb 1.25 3.35 15.6 2.6 | 825r generator
OH  Fludrdeoxyglukoza vyroba radionuklidov
18BFDG
0 N
HO cyklotrén jadrovy
OH (MC, BN, °0, ...) reaktor

18F



Princip anihilacie

" fyzikalna podstata

o hmotnost (2m;) = energia (2m,.c?) pozitronovy
o zékon zachovanie energie a hybnosti Ziaric
* 1 fotdn (+ tretia Castica)

* 2 fotoény — najpravdepodobnejsi proces

* 3 fotény (0.3%)

dosah
pozitrénu ,.*"

susedny
atom

fotdn ¢.2
(E=511 keV)

fotéon ¢.1
(E=511 keV)

anihilacia

180°



Pozitrony v latke

Thermalization of positron upon entering the solid
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Trapping of positron in vacancy defects



Interakcia pozitronov s latkou
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Pozitronium

-————-

® anihilacia nenastava okamzite

" viazany stav e +e”
O para-pozitronium (125 ps) ™N

“——._—”

o orto-pozitrénium (142 ns) T71

" existencia pozitrénia v: g+ é — (E gsm—m?" g ool L C Rt
o polyméroch ‘\\
I S 142ns
o idnovych krystaloch @""-T o> QO —> Gl
. e’ € o-Ps H_,-'f
o kvapalinach 00511 Mev
o plynoch O — OO L errccnn (D
o defektoch krystalovej mriezky G sy
0-Ps Pick-Off
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Experimentalne techniky

= doba Zivota pozitronov (1)
" Dopplerovo rozsirenie (2)
= uhlové korelacie (3)

(3) Angular Correlation

N ;’ﬂ\- (1) Lifetime| | A"
AR z A
ANNAN t (ns)

v-ray (511keV +AE)
(2) Doppler Broadening y

I"n
N / N,

S = NIJ""INtDtal W= (Nwl + Nwl )“f INtotal 11




Doba zivota pozitronov

" blokova schéma spektrometra

“Na SCA
Source 1.27 MeV
.\ % yset [| PM P sian { MCA
et Sample TAC hkaZ| |
()]
| 2N
e Stop |
ey S e [ T [
511 keV 511 keV SCA

Scintillator 511 keV




v ) )
Casové spektra
e
" zlozky spekira s Pashealyaaomea 5
o pristrojové rozliSenie ;
o zdroj 10 ;
o vzorka i & =300 pe
" identifikdcia a kvantifikacia , . (divacancies)
defektov krystalicke; 3 10°F : ;
mriezky S ——
T o\ e
- : 1K
¥
N(t)= il’exp(—‘f} ""
r T, . . |
0 1 2 3 A

Time [ns]
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Doba zivota pozitronov -t

" zavisi od hustoty elektronov n,_ Toc 1/ n,.

" usporiadania pozitronia

22
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Nepravidelnosti krystalovej mriezky
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Dopplerovo rozsirenie (spektralnej Ciary)

WO —

y-ray (S11keV £ AE) AF = D- c/?

" moment e - e* paru p je preneseny na
par fotonov

“Na " p,—smer Sirenia sa fotonov
source
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Koincidencne zapojenie
" potlacenie vplyvu pozadia
o od 1.27 MeV o 2 rady
2 " vylepsenie energetického
Sr3‘““‘39.\ rozliSenia o \2

. Sample
Ge e Ge
detector A — detector B
e
511 keV 511 keV
LN >~}
. ]
]
Vv \VJ
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(n ]
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5
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MCA
Detector A y-ray energy [keV]



Porovnanie

1 05 ' I ' I v y j y T v 4 4

¢ Normal Doppler
Coincident Doppler Peak to

background

ratio=102

Peak to
background
ratio=10°

Counts (arb. units)

1 L L | 1 1 A | ol ad M
480 490 500 510 520 530 540
y=ray energy (keV)
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Spektrum Dopplerovho rozsirenia

~

w2

" S parameter:
o anihilacia s valencnymi e-

S = Np/N total

o citlivy na objemové defekty

" W parameter:

o anihilacia s jadrovymi e’ W= (NWI T NWQ )/N total
o citlivy na chemickeé okolia v
priestore anihilacie 2



UJFI




Uhlove korelacie

p}*’
Pz%
Px
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Memory
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Pouzitie pozitronov

POSITRONS

l

! ! !

Materials Science Particle & Astrophysics Medical Science
l Antimatter PET
Fast e’ Slow €
l (Depth averaged) l (Depth resolved)
Lifetime( t) Doppler ACAR Doppler't LEPD PAES Microprobe / Microscope
Broadening 1-D, p(p.) ,:L J‘L

(e density) (e momentum Distrib.) Defects at -

Defects ly Surfaces/ Interfaces Surface Chemistry
2D Y ¥
P(PPy) / /

Surface Structure  Scanning | Imaging defects



Rychle/pomalé pozitrony

’Na (e* Source) / Pair production
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Filtre pozitronov

Fast/SIOW g

" E x B filter e

" elektrostaticky filter Fast/Slow

e+

Fast/Slow —
E+

" magneticky filter




