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Energy and momentum conservation for 2y-annihilation

tann ~ B/mc* ~ 1072 s - annihilation occurs in a “point”

Az~ c-tan = 0.004 A - annihilation takes very short
tion < 10 ps; te+r ~0.1-10 ns  {ime
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Positron Annihilation Lifetime Spectrometry (PALS)
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Detector =

scintillator BaF, +
PMT (XP2020q)
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@ «BTArMBaeTCA» B MeTann (NpuTaxXeHue K appam)
e* BbiTankuBaTcsa U3 metanna B «CBOOOAHLIA 00BLEMY
(AOMUHUMpPYET OTTanNKuBaHue ot Aaep)

SHeprus, Heobxoammasi ans Toro,
yTOo Obl 3aTONKHYTL €+/e- B be3e-
doekTHbI meTann (work function)

e* repulsion from nuclei O,,eV| O_eV
Al 0-0.2 -(4.2-4.3)
X S cr | 176 4.5
==/ Fe 1.2 44
13 E Co 0.8 -2.0
— é = Sk vacHSE S S| N | 114 | (552
o o Cu | 0204 | -(45-5.1)
5 .S Mo | 1.7-22 | -(4.5-4.6)
=0 Ta | 12 4,25
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@ attrection to nuclei Au -0.9 -5.2
Pb -0.9 -4.25




Positron Annihilation Lifetime Spectrometry (PALS)
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OLEHKa MUHUMAaNbHON KOHLIEHTPaLMK AeeKToB,
KOTOPYH «BUAST» NMO3UTPOHbI

[Tpumem, 410 Noporom peructpaumu gedektos sensetcs 10%-e nameHeHue

CKOPOCTH Ay, ;. HHUTUNALMN e+ B 6e3fedekTHOM obbeme obpasLia (3a cHeT
ero 3axeaTta Ha JeeKTbl), TO eCTb

CkopocTh 3axBarta e+ JedeKTaMu paBHa:

0.1 }\'bulk ~4n D+R Cd
D, ~Mv,/6 ~1 cm/c - koapduuuent quddysun et; v, =107 cm/c;
R - paanyc 3axaTa no3uTpoHa aepeKToM (MPUMEM, YTO OH paBEH
A= 2mh/mv,= 60 A 1e6poiineBcKoii JUIMHE BOIHBI TEMIOBOTO €¥);

¢ , - KOHIIEHTpalus 1e(PEKTOB.

d

Otctoga Haxoaum, uto ¢, = 10'5 nedexros/em?.

[ndhdyanoHHoe cmeLlieHre e+ 3a BpeMsl €ro Xusku ~ (6D, /A, )2~ 2000 A



Angular Correlation of Annihilation Radiation (ACAR)
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Positron Emission Tomography (PET, M9T)

NO3BOMSAET IN VIVO OTCNEXuBaTb pacnpeeneHe B opraHnsme
paanodapMnpenapaToB - BUONOrM4YECKUX COEANHEHNIA, MEYEHHBIX e+

n3oTonamu
OH <= (Topae3zokcurntokosa (18F-FDG) - aHanor npMpoaHou
0O rNIIOKO3bl, MCMOMb3YETCA ANS BU3Yanu3aunm ornyxoneu
Hﬂo \“F\ (pakoBble KIeTKN aKTUBHO MOTPEeObNSoT rNOKo3y).

OH 18F (TY2 = 109,8 min; e+ mean energy 250 keV)

[na noucka onyxonn naumMeHTy BHYTPMBEHHO BBOAUTCA aKTUBHOCTb 5-10 MKu

= (2-4)+108 pacnagos/cek.
[1pn 3TOM nyyeBas Harpy3ka Ha BcCe

Teno cocrtaenget 4-14 M3B.
PaamaumoHHbI hOH Ha 3emrne
= 1-10 m3B/rog; 1 3B =100 pan

\w\l-“//
i
\qm;imw"

I

Mq

WMWWWW
ooy



Counts

obpasel

DOppIer Ge|npenycunutens— Ycunutens — CABWTOBLIV
- | yCUNUTEnb
E;r(323(163r1|r]gg || ~511 l
koB
Of LMdbpoBOi ||  aMnImMTyaHo-
“l: - cTabunusartop —> '-'-g‘prBOV'
Annihilation TE—— npeo paIOBaTenb
Radiation KpUoCTaT G
XKNOKAM N, MHOrOKaHarnbHbIM
104 \ HaKoOMUTENb
- 22Na =
i D >
_ ?- g 104 ; " 1 T T
10 % o~ » '5
; _8 o © > .
| O o 3
: = 2= 10°r
(@] I
o S
o !
10 Q 10.2_
10‘3: : .
1 Compton ed 500 505 510 515 520

. | L
2000

' L . . | i
4000 6000

Channels 6 channels = 1 keV

energy ( keV)



Doppler Broadening of Annihilation Radiation

MOHOKPUCTaNINYECKNA aNlOMUHWIA [lonnepoBcKkne CrnekTpbl pa3HbiX
3/IEMEHTOB OT/IMYAIOTCSA B Mepy
PA3INYNS] SHEPTUA SNEKTPOHOB
BewecTtBa (Ha «Kpblne» --
BHYTPEHHNX «KOPOBbIX>
3/IEKTPOHOB).

YT0bObI YBUAETL 3TY pasHuLy,
«0efMM» NnokKaHasibHO OAVH
CNEKTp Ha ApYrou.
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Formation Cu precipitates in Fe+0.3w%Cu

Neutron irradiation leads to accumulation of immobile vacancy
clusters. => Thev become decorated by Cu. => CE DrchiDitates
e u

("u-Decorated Nanovoid \
AR o BTN R R
R ol U g R L TR e

3d Atom Probe "C'u Nano-p.-r-eciPi_tat?.witls'l Vgcanc}-—

i

[ @

o . * : 3 _
| o e !Eiii

PAS A 9
(COI ncidence (1 Nano-precipitate d

Doppler s : ._ g _. %
Broadening) %, :




Raito to Pure Fe

«Kpbinbsa» gonnepoBcKOro cnekTpa YyBCTBUTENbHbI K
XMM. COCTaBY «JIOBYLLKU», B KOTOPOW aHHUTMIIUPYET e+

[lenvM nokaHasibHO AOMIEPOBCKUI CMIEKTP CrylaBa Ha CMEKTp
yncToro xenesa. OTaMyme CneKTpoB — MU3-3a pPasinyms

MMMYNbCOB BHYTPEHHMX (KOPOBbIX) 3n1eKkTpoHoB y Fe n Cu.
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Fe-0.3wt%Cu + neutron irr. 10'"® n/cm? (0.013 dpa; 100°C)

YANIMHEHNE BPEMEHM XM3HU €+ B CM/laBaxX CBSI3aHO 06pa3oBaHMNEM
PaANaLMOHHbIX AedeKTOB BaKaHCMOHHOMO TUMa, KOTOPbIE OT)KUIatoTCS
NP1 NOBbILLEHHbIX TEMMNEpPATypax.
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Emission Auger-Electron Spectroscopy
EAES | PAES

Cu on Pd: Evolution of the surface

surface contamination, surface diffusion,
segregation, topmost layer modification




Booopoa ¥ NO3UTPOHUK

* Macca: m,+tm, 2m,

* [VameTp: <Tep>=3atp/2 <r_,>=3ag
* 3Heprus cBasm E, Ry=13.6 3B Ry/2=6.8 3B
* CMWHOBbLIE COCTOAHMS:

napa-coctosaHue (1] cnmH=0): ctabunoHo 125 nc (2y)
OPTO-COCTOSAHME (11 cnuH=1): CcTabunsHO 142 He (3y)

COXp 3apsd. YeTHOCTH: (_1 )(CI'II/IH + 0pOUTanbHbI MOMEHT) =(_1 )(‘-II/ICJ'IO (DOTOHOB)

Ps fingerprint — long lifetime component in LT spectrum: B cpege

BPeMSst KM3HN OPTO-PS (T, p =T i k o= T3) COKPALLAETCS A0
HECKONMbKMX HAHOCEKYH BCNeACTBME Pick-0ff aHHUIMNALMNA:

0-Ps(11) + e(]l) > 2y + e (1)



Track structure of a fast et in dielectrics

initial distribution of

+- g -+ ion-electron pairs in the blob
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BHYTpPUTPEKOBbLIN MEX-M CHauana B pesysbTaTe

obpaszoBaHua Ps (UTO®P):  kombuHaLum TepManiso-
BaHHOro et c ogHUM U3

€%t €hop > €167 > TPeKoBbIX e~ 0bpa3syeTcs

. — +...a-
s quasifree-Ps — cnabocBs3aHHas et--e

_ napa. CobpacbiBas
— Psin a bubble . M 3Hepruto Ha Bo3byxxaeHue

weakly bound e*---e™- pair KonebaHun, oHa
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Ryt~ KYJIOHOBCKOW 3HEPrumn)
~35eV NOCTUrAETCH 3a CYET

_ 1 peopraHu3aumm MoneKkys
-6.8 eV, Ps in vacuum | cpeabl, T.e. 06pa3oBaHuS
PS ny3blpbKa.
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OnyckaeM Bce (MU3NKO-XMMU4Yeckumne
acnekTbl (M3-3a OTCYTCTBUSA BPEMEHN):

-- [y3bIpbkoBas mogenb (Y4eT KOHEYHOro pasmepa atoma Ps)
-- MEKT NokanbHOro nosbiweHna T B Tpeke e+. Premelting

-- KnHeTuka pocta Ps ny3bipbKka B XUAKMX cpedax. Ha 4To npu aTom
pacxoayetcs aHeprus? U kakas aHepruna?

-- BHyTpUTPEKOBbIE peakLmu ¢ yyacTeM aTtoma Ps (OKMCHEHNE,
MHIMOMpPOBaHKe, OPTO-Napa-KOHBEPCHUS)

-- BnusiHne BHeLLHero ANEKTPNYHECKOIo nond

-- Ponb 3axBayeHHbIX € Npu HU3kuX T B nonmmepax
-- MukporeTeporeHHOCTb XUAOKUX CMeceu



Elizabeth C. Miller
Univ. of Wisconsin
Medical Center

In 1971-79 James and Elizabeth
Miller established that the
carcinogens are strong electron
scavengers (S). So they have to
efficiently inhibit Ps formation
because of competition of the
following reactions in the e+ blob:

et +e =Ps
e +S=5

Therefore measuring Ps yeild
under the presence of S, one
may conclude about its
carcinogenic activity.



Inhibition of Ps formation in ethanol by different
compounds of track e- (carcinogens and noncarcinogens)

10 1 «— nitroimidazole R-NO,

carbon
tetrachloride

cCl,

On

(G0
carcinogens

| «— chloroform  CHCl,

<«— nitrobenzene CeHsNO,
<+— benzyl chloride C,H.CH,CI

— nitrate 1on NO:

Ps inhibition coeficient gg , M-}
N

noncarcinogens

1 - acetone 3 (CH,3),CO .
1 «— chloracetic acid CICH,COOH
1 <— phenol CeHsOH
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We have discussed only a small part of ...

Thank you!

Welcome for your
guestions,
discussions,
comments...

.the Positron
Annihilation
Spectroscopy

XameneoHb! Brookesia micra --
caMble ManeHbKue PenTunum Ha

3emne. XXuByT Ha Magarackape.



10 self-testing questions:

-- How positrons may be generated in matter?

-- What is the spin of e+ and Ps atom?

-- Does the positron stable in vacuum? How long it lives in
condensed matter?

-- How much energy is released by a positron during its slowing down
(in case of usage a radioactive e+ source)?

W
~W
~W
~W

ny vacancy usually traps e+?
ny Ps atom does not form in metals (but only in dielectrics)?
nat electron is a precursor of Ps atom in matter?

ny Ps forms a nanobubble in liquids?

-- How e+ emitters are usually delivered to a cancer tissue?
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