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Gioi thiéu phwong phap phan hiy positron

Phuong phap phan hay positron la phuong phap xac dinh mat do
electron ndi tai va cau trdc nguyén tir tai vi tri khao sat do twong tac

tinh dién cda positron véi moi trudng.

Théng tin vé cau tric dugc do luong theo thoi gian va pho ning
lwong cua birc xa phan hay positron do do c6 thé kiém tra cau tric
ciia vat liéu khoi nhu ndt khuyét, sy két tu nguyén to, siéu mang,

cham luong tir, su lIéch mang, su ddo, su mai, ...

Nhitng sai hong nady gilp xac dinh tinh chat cua vat liéu nhu tinh

chét co, tinh dan dién, sy khuéch tan, su phét xa anh sang.
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Lich sit phat trién

Su ton tai ctia phan hat electron — positron duoc phat hién boi Dirac
(1928).

Cudi nhitng nim 1960, MacKenzie phat hién ra hat positron rat

nhay véi nhitng sai hong mang tinh thé trong kim loai, ban dan.
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Khai niém positron

Trong nhitng mé hinh chuan dé mé ta hat co ban va tuong tac, moi hat
déu c6 1 phan hat. Positron 1a phan hat cua electron, n6 cé khéi luong
bang khoi lugng electron nhung mang dién tich duong. Néu electron

gip positron thi no s& bi phan huy bang céach tao thanh tia gamma.

Tinh chat vat Iy va cau trdc tinh thé dugc nghién ctru thong qua tia
gamma

Trong mot sé vat lidu, positron cé thé lién két voi electron dé hinh
thanh positronium. Sy huy positron phu thudc vao trang thai
positronium va su tuong tac cua positronium véi moi trudng Xung

quanh.
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Positron phét ra tir ngudn c6 ning luong vai KeV dén vai MeV, véi van toc
twong (g khi di vao trong tinh thé, do qua trinh tan xa trén cac electron
dan, electron lién két, dao dong mang (phonon), positron s& giam vén toc
dén van téc nhiét. Thoi gian nhiét hda phu thudc vao ning luong ban dau.
Thoi gian séng trung binh cua positron trong hau hét kim loai khoang

200ps — positron bi nhiét hoa trude khi phan huy

Khi bi nhiét hda, positron c6 van toc 105m/s, di chuyén quing duong tong
cong tir lic nhiét hoa dén ldc bi huy 1a 20um. khoang céach trung binh
gifra C4C nguyén tir trong mang tinh thé khoang 0.1nm — positron di qua
105 nit mang. X4&c suat s& gip nut khuyét hodc sai hong co kich thudc

nguyén tir rat 16n du nong d6 sai hong nho 10,
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Positron bi nhiét hoa co thé bi huy boi electron — giai phong ning luong.
Dbi v6i cap e - et chuyén dong cham khi huy s& phat ra 1 gamma, 2
gamma, 3 gamma theo gian do Feynman. Trong d6 1 gamma do bao toan

dong luong chi xay ra khi co mat cta hat thir 3 la electron hoac hat nhan

nguyeén tir cia MOl truedng
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Gidn 45 Feynman 481 véi sy hly et-e phat 1, 2, 3 gamma
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Trong pham vi phong thi nghiém, positron cd thé tao ra bang ngudn
phéng xa tao B* nhu %?°Na, %Cu, *8Co va %8Ge

Bang 1.1. Nhitng ngudn positron théng dung.

Ngudn Cdch tao Chu k¥ hiﬂﬁ}r Ty | Philn trim e* | Egey[MeV]
Na* Al¥(He’ 2a)Na™ 2,58 nim 89 0,54
Co™ Ni* (p, @) Co™ 18,2 gi¥f 60 1,50
Ni’ Fe*(He',2n)Ni” 36 gid 50 0,85
Co™ Ni**(n,p) Co™ 71,3 ngay 15 0,48
Cu™ Cu®n,y) Cu® 12,9 ngly 19 0,65
Nb™ Ze™(p , n) Nb*™ 14,7 gid 54 1,50
Ti* 47 nam &0 1,47
Ge™ 275ngdy 88 1,89

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

22Na c6 nhiéu vu diém:

- Hiéu suat cao ( > 90%)

- D@ diéu khién trong nude (22NaCl hoic 22Na,CO.)
- Rétién

- Thoi gian ban huy dai 2.6 nam

- Phat ra positron c6 nang luong ban dau cuc dai 13 0,54MeV, kém theo

gamma nang luong 1,28MeV.

Khoang thoi gian tré giita ltc phat hién gamma 1,28MeV va gamma hiy

0,51MeV 1a thoi gian song cua positron trong mau
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Pong vi 22Na: khi phét positron, 22Na chuyén thanh 22Ne ¢ trang thai kich
thich véi thoi gian séng trung binh 3,3ps. Sau dé kht kich thich tao ra B+,
qua trinh chuyén proton thanh neutron va positron, phat ra hai tia gamma

c6 nang luong 1.274MeV.

17

3" ““Na

Tagged through
In9.4 % there is no scintillating fiber

+ ositron emission EC(9"|'%)
)—>n+e +y, e
} € 6% (¢*Y0.543MeV)

2+
1.27MeV)
0.06%  ¢*(1.830MeV)
o' —1

22
In 90.6 % of the cases the 127 Ne
MeV gamma is emitted 3 ps after
the positron, because of Neon
de-excitation to the ground state.
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Positron c6 thé tao ra bang dong vi phong xa B* (22Na) c6 nong do 10°
positron/s. Positron c6 phd ning luong rong va lién tuc véi ning luong
trung binh khoang vai tram KeV. Nhitng positron nhanh nay duoc su
dung cho mau vat liéu khoi, dé nghién ctru mang mong thi positron can

phai lam cham lai.
Moderation of Positrons
W (110) single crystal foil
(negative workfunction)
— 2pym —— fraction

annihilation =13%

thermalization diffusion

source ‘
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Jast positrons =g79,
e
up to several 100 keV

moderation efficiency: ~10°*
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Positron tu do trong mang tinh thé tao tuwong tac day véi véi ion
duong trong mang. Mot nGt khuyét trd thanh tdm hap thu bay
positron. Su giam nong do electron & vi tri ndt khuyét s& 1am ting

thoi gian song ciia positron.

Mot positron mang niang luong khi di vao trong vat ran s& nhanh
chéng mat ning lugng, thoi gian song khoang Vvai tram pico gidy
trong trang thai can bang nhiét vdi méi truong.

Electron khi tuong tac vai sai hong (defect), n6 c6 thé bi bay vao 1
trang thai dinh xt. Do d6 su phan hay ctia positron cudi cung voi 1

electron c6 thé xay ra ¢ nhitng trang thai khac nhau.
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Nang luong va dong luong dugc bao toan trong qua trinh phan hay
khi d6 hai photon c6 nang lvong 511KeV (tia gamma) duogc phat ra
theo hai hudng nguoc nhau. Nhitng photon ndy mang thong tin vé

trang thai cua sy phan huy positron.

Mass-Energy =0
Motion-Energy = mc? .

electron positron

o o —> e
Mass-Energy = mc? Mass-Energy = mc? photon /
Motion-Energy =0 Motion-Energy =0 .

Mass-Energy =0
Motion-Energy = mc?

I, Strassler 2012

Thoi gian séng cia positron ti 16 nghich véi nong do electron bi

phan huy bai positron.
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Thoi gian song t cta positron trong moi truong twong tmg voi qua

trinh phan hay phat 2 gamma.

Thoi gian séng cua positron bi nhiét hoa ti 1é nghich vdi ban kinh

co dién r, va mat do electron ctia moi truong
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Pong luong cua electron bi phan huy tao 1 goéc 1éch 180° gittra hali
tia gamma va tao ra su dich Doppler. Do d6 viéc quan sat birc xa do
qua trinh phan hay positron s& cho thong tin thuc nghiém vé sai
héng trong cau tric vat ran.

«
¥-Ray

Electron E=511keV

Fositron

» ¥-Ray
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Trong qua trinh khao sat huy cua positron véi electron trong trang
thai khong lién két, qua trinh huy phat ra gamma cO xac suat 16n
nhat. Trong qué trinh dich chuyén cua positron ¢ niang luong thap
trong kim loai, positron khong gay ra sai hong Vi nang luong
ngudng dé tao sai hong trong mang tinh thé (nut khuyét, vi tri xen

k&) 16n hon dong ning ban dau ctia positron phat ra tir nguon.
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Co 3 phuong phap thuc nghiém nghién ctru sy hiy positron

-Phuong phap do thoi gian song

- Phuong phap do tuwong quan goc

-Phuong phap do do mé rong vach Doppler

CuuDuongThanCong.com
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Uu diém ctia phuong phép:

- x4c dinh loai sai hong rat don gian

- ¢6 1y thuyét chimg minh chit ché

- phuong phap c6 thé ap dung cho vat khoi, mang mong cho bat ky

vat loai dan dién loai ndo (n, p)
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M6 hinh bay positron

Khi positron di vao tinh thé s& twong tac voi nguyén tir nlt mang, voi
electron & ving dan va ving hoa trj khién n6 mat dan ning luong va
bi nhiét héa. Sau khi bi nhiét hoa positron sé bi phan huy véi electron
va phét ra tia gamma. Tai nhiing sai hong trong khéi thé tich hinh
thanh nhitng tdm c6 thé twong tac 1&n positron khac véi thé tao ra

trong khoi tinh thé hoan hao.
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Néu sai hong la nit khuyét thi n6 hit manh cac positron, do nut
khuyét duoc tao ra do sy mat di ion duong & ndit mang nén vi tri do
duoc xem nhu mang dién &m. Pién tich tai ndt khuyét 1a do sy phan
bb lai cua electron dan va electron ctia nit mang lan can — nat
khuyét tao thé hap dan tam ngan trong qua trinh bay positron.

14 ? Ve R ZzNa
NUt khuyét cé thé tich tu lai tao

11,27 Mev
et Quelle v 27MeV Thermalization

thanh 13 tréng (voids), bén trong [ 000000

16 trong c6 khong gian du 1én dé . 00000 O

" ) hx fia k’( . Y0511 Mev o O o OO0 o Biffusion
positron cO thé lién két voi 00" OO o
electron trude khi bi huy. 0000009......

Trap‘ping and Annihilation
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Néu nut khuyét co kich thude 16n thi thoi -

gian séng cua positron s& 16n hon

Néu sai hong 1a do bién dang tinh thé, thi dic tinh hay positron sé
khac so véi trong tinh thé hoan hao.
Néu c6 nguyén tir ndi trong mang tinh thé thi nd s& tdc dong l1én

positron luc hat (day) tuy theo dién tich ctia nguyén tir n(t mang.

Cac thoéng tin vé sai hong cau tric mang tinh thé duogc biéu dién

thong qua cuong do va nang luong cua cac tia gamma phat ra.
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Transition-limited Trapping Diffusion-limited Trapping

(&) &)
shallow but axtanded

potential well
deep but small

potential well

Binding energy
=0.1eV e.g. Void or Precipitate

K=4nr, D C

~ K ... positron trapping rate
Binding energy . . .
a1k 0.9, Vacancy I ... positron trapping coeflicient
C ... defect density
; 1 r, ... radius of defect
K=p-C :

D. ... positron diffusion coeflicient
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Khao sat bai toan tuong tac cua positron Ién ting electron, tirng sal
hong trong mang tinh thé trén duong di ctia positron bang Iy thuyét
luong tir — phitc tap do xét twong tac hé nhiéu hat, 1 bai todn hé

phuong trinh vi phan rat 1on.

S6 liéu thuc nghiém thu dugc & dang théng ké — mudn giai thich
— ¢6 mé hinh tinh toan — thu dugc théng tin vé nong do nat
khuyét, nang luong hinh thanh nit khuyét, niang luong lién két gitta

nGt khuyét va tap chat théng qua phép do thuc nghiém.
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Hé phuong trinh vi phan gom (m+1) phuong trinh dién ta su bién thién so

positron tu do n; (t) trong tinh thé hoan hao va s6 positron n; trong m loai bay

dn.(t) |
c;t :_anj(t)_lini(t)“’jcj”f (t) ]=12,...m

dn,(t) & |
C;t :JZ:;VJnJ() AN JZ:GCn ()+N j=12,...m

o;Cin; 1a s0 positron bi by trong 1 don vi thoi gian doi véi bay loai j. SO
hang nay 1am giam s6 positron tu do trong mién tinh thé hoan hao.

n; b positron bi bﬁy —N;V; 1a sb hang gop phﬁn lam tang
v:: tin s6 thodt by cita by loai ] sd positron trong trang thai tu do

Aq X4C suat huy positron ¢ trang thai tu do —A.N,: s6 positron bi hiy &
trang thai tu do trong 1 don vi thoi gian. S6 hang nay lam giam so
positron trong trang thai tu do

N: s6 positron tu’ nguon di vao trong tinh thé trong d(m vi thoi gian

com/tailieudientucntt
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A X4C suat huy positron & trang thai tu do

A1 X4c sudt hily positron ¢ trang théi by loai |

T¢, T; 1a thoi gian song cua positron tu do va positron ¢ bay loai j
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Pho thoi gian song ciia positron

Pho thoi gian séng positron do bang thuc nghiém st dung ngudn
phong xa 22Na tao ra tia B*, tao ra 1 positron va neutron, dé lai hat
nhan 22Ne bi kich thich, nhanh chdng phéan rd thdng qua su phat xa
tao photon nang luwong 1.2745MeV. Photon nay duoc sir dung nhu
tin hiéu kich, bat dau cho qua trinh do thoi gian song positron, trong
khi tin hiéu két thic sir dung 1 trong hai photon huy ¢ ning lugng
511KeV.

Khoang thoi gian tré gitra luc phat hién gamma 1,28MeV va gamma

huy 0,51MeV l1a thoi gian song cua positron trong mau
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Counts

10°

10° ¢

10*

= As—grown Cz Si

1, =320 ps
(divacancies)

Plastically deformed Si

T, 920 ps
(vacancy

clusters)

Time [ns]
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Pho thoi gian séng ctia positron 13
ham phu thudc theo thoi gian voi

ham mu e

Lay Ln 2 vé ta vé duoc dudng tuyén tinh — xac dinh thoi gian song t
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Typical Lifetimes

Mesoporous materials

low-K dielectrics
Zeolites

e Silica gels
B fiers Porous glasses
s §=3=3E!!
= 0 TO0
0 ns Lifetime (ns) 142 ns
Positron Positronium
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Thoi gian séng ciia positron bi bay trong nit khuyét dai hon so véi trong

khoi do nong do electron tai ndt khuyét thap hon trong khoi.

System 7 (ps) A/A (%) Mo t0C dO huy electron trong vat liéu khoi

Bulk 221 2.19 hoac tai nat khuyét

% 254 1.48 , v

V, 299 0.97 A toc do huy tong cOng
Vs 321 0.79

V, 330 072

Vs 355 0.57

Khai niém nit khuyét
nut khuyét don (monovacancy) 1a do sw mdt nguyén fir trong mang tinh thé.
khi hai nat khuyét don két hop lai — nlt khuyét d@éi (divacancy). Néu co

nhiéu N0t khuyét két hop — 16 trong (voids) hodc bot khi (bubles)
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Sw mé rong vach Doppler
Khi 1 positron nhiét hoa bi hay béi 1
electron trong chat ran, dé bao toan dong
lwong thi xuat hién sy dich doppler cua tia
gamma huay, su dich nay lién quan dén
dong lugng cua electron huy.

Néu positron ding yén thi phd ning
lugng cho thay 1 dinh rat hep tai ning
luong 511KeV.

Do positron chuyén dong, nén khi dector
ghi nhan nang Iuong thi sé bi chénh Iéch
xung quanh gia tri 511KeV

I

Yl d .‘l' '|" I||I l" l'l ," ll. |'. ‘I'l .’Ol. '|~ "I "" ," ';|| ,'| .ll '; ". .’> 'YI

511 keV 511 keV

__J

510 keV 511 keV 512 keV

s MWW\

512 keV & 510 keV
+ <\ VOV
510 keV 512 keV

|
510 keV 511 keV 512 keV

Pho mé rong Doppler cho thdng tin vé dong lugng electron trong mau
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¢ Gia tri tham s6 S lién quan dén sy huy positron véi electron héa tri. S

nhay véi nhitng sai hong 1a thé tich trong (open volume). Gia tri S tang

chung té ¢O su hién dién cta nut khuyét S A S
¢ Gia tri W lién quan dén sy hiy o
positron voi electron sdu bén  f o LI

‘:.

| & Reference A
L)
LT

-y

trong (core electron). W nhay vdi

chat hda hoc xung quanh vi tri

phan huy.

W =

Intensity [arbitrary units]

Aw
A

0]

o
-\-w:"—'““—."‘"— T

504 506 508 510 512 514 516
y-ray energy [keV]
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Khi positron bi bay trong defect, xac suat phan huy dbi voi electron lién
két sdu bén trong (core electron) cia nhitng nguyén tir 1an can s& nho
hon — dang duong cong phan hay bi hep lai — sai hong ¢0 Xu hudng

lam duong cong thuc nghiém hep lai.

SN - defect free material
/ \‘,\
@ INC \ —— material containing
2 (A open volume defects
; VA
34 1 2 56
photon energy E
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2. Methods of Positron Annihilation Spectroscopy:

Angular Correlation of Annihilation Radiation - ACAR

Birth y—ray
1.27 MeV
- At O

1. Positron lifetime
|

2. Angular correlation

Sample P,
Q 6 ="
’ N
positron source
[ —
22-Na v ~—
diffusion (100 nm)
100 pm

Thermalization
(1 ps)
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Phuong phap phan tich tuong quan goc giira hai tia gamma giup xac
dinh su phan bo dong luong positron-electron tuy nhién thudng ding

dé xac dinh muc Fermi

fixed Nal(T2)
detector
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OBSERVED COUNTS PER MINUTE

)z
30,

% © o BERYLLIUM SOURCE DETECTOR
50 HALF, WIDTH=12.820,6 MM %F Tﬁ‘—‘i

[ ] S ~1

l-‘_ﬂ-

3op  }
LITHIUM
ool HALF WIDTH s7.7 0.3 MM
10
TasLE I. Calculated and observed half-widths of angular
= ., correlation curves for various metals. Resolution function, R(z)
OLica . ’ H
oo CEED half-width=4.5 mm.
S0r % Free Calcu- Calcu- Observed half-
POTASSIUM elec-  lated= lated widths (mm) Fermi energy
- . trons  Fermi half- Subtracting Shielded from measured
201 HALRWDFH= 6.0-02 MM peEr  energy width blank emitter half-widths
atom (ev) (mm) method method (ev)
K 1 2.04 6.0 6.040.2 21303
10 § Na i 3.16 6.7 6.8 1+0.3 3.3 =+0.4
Li 1 4,75 7.8 7.7+0.3 4.6 0.5
Ca 2 4.72 7.8 1.7+0.3 8.040.5 4.8 404
ol , wmmon | . Mg 2 7.16 0.3 0.4 40.3 7.4 0.5
B0 86 4 4 B Al 3 11,75 11.8 11.7 0.6 11.1 0.5 11.1 +0.9
Be 2 14.3 12.9 12,8406 12.3 0.6 13.6 0.9
SQURCE POSITION (MM)
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