Today’s Agenda

» PET Scan, y—y angular correlations
Coincidence measurements, electronics
Absolute activities



Radiation Detectors for Medical Imaging

Positron emission tomographic (PET) virtual slice through patient’s brain

Administer to patient labeled
tracers, e.qg.,

radioactive water: H,17O
radioactive acetate: 1CH;COOX

Observe 170 or 11C B+ decay
mostly via B* annihilation

e " +e — 2y(511 keV)

Positron et (anti-matter) annihilates
with electron e (its matter
equivalent of the same mass) to
produce pure energy (photons,
y-rays). Energy and momentum
balance require back-to-back (1809)
emission of 2 y-rays of equal energy

v Detectors (e.g., Nal(T/),...)



Positronium and e*-e- Annihilation
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Gamma-Gamma-Correlations
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ANSEL Angular Correlation Experiment
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E,-Ungated Coincidence Measurement

Activity A=AN [disintegrations/time], simultaneous emission of (angular-)
independent radiation types: i =1,2 in event, resp. detection probabilities P;
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Digital Logic Modules

AND Overlap Coincidence OR (inclusive) Quad 4-fold
majority logic unit
U1 U]_o_
Uz : Uout Uzo_ 0 Uout
=U1AU =U1V
2 U,
A
U1A : : For fast Y1 : !
11 timing: L
U, > t usefast u,[ | ||: [ ] >t

negative I !
loa
>t B
|
inc U,V i j| [ |>t

> t U, 1 S
ex (U,V 1 t
" u,) I |_|

— A_l (U 2 A U 10 1 _ U - < i
_U U out™ |p :
] > 2 U U 1A_' U 2 0 g

Anti-Coincidence

s

Uo it

T

AlLogic complement

]

L




Logic Chain Elements: Fast NIM Modules
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Gated E;, E; Inclusive Measurement

PET (511keV V 511keV) ory—y cascade (°°Ni), gates on y,and vy, lines
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Gated E;-E, Coincidence Measurement

PET (511keV A 511keV) ory—y cascade (°°Ni), gates on y,and vy, lines
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Digital Data Structure

Example of event stream with signals (observables) measured
simultaneously in 3 inputs of the Data Acquisition Module (DDC-8), trigger
signal: inclusive OR (detl V det2 V det3)

Sample below displays 6 successive events, 3 of them are “coincidences.”

Single event Single event
- “wave 0" “wave 1"
Event# Input 0 Channel # |Input 1 Channel #
21 1542 0 0
22 » | 1530 0 3
23 1486 0 0
54 » 179l — » 756 0 ‘ Coincident event
55 1547 0 0 0.AND. 1
26 1533 0 0

With OR trigger, coincidence "resolution” is given by slow DAQ electronics.
Fast front-end determination reduces random background.



2D Parameter Coincidence Measurement

Only coincident y—y events are accepted by DAQ.
E,
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Gamma-Gamma-Correlations

60
22Na decay scheme Co (5.26y}

22

Na (2.603 year) / p
99%
Electron capture emitted 4t
. 2.507 MeV

(9.7%)
o 7
1274.5 - 90-2%) A o
L 7 x 10~ 135 1.3325 MeV
Annihilation
2y @511keV
Y@ Y .
L J 0
g 0
22 —~%

Detection probabilities Absolute Activity Measurement

_ F .
P=c¢ A_Q' AQ, = — detector | 2 directionally uncorrelated y-rays detected
4r Reource_derectori | @s singles (N; and N,) or coincidences (N;5,).
Foiector i N,=A-F, N,=A-P, individual rates

P,=ReP, N,=A-P, uncorr. coinc rate

R ) - -
source—detector i Setector | A N1 . N2 _ A- \R\ -A- K Slng|es / coinc
N, A-By A error ??

&




Today’s Agenda

» Coincidence measurements, electronics PET Scan
Absolute activities

» y—y angular correlations in nuclear deexcitation cascades



Patterns of Propagating Electromagnetic Radiation Fields

Anisotropic nuclear charge distribution. Changes - elm. rad.

Propagating Electric Dipole
Field Lines
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E. Segré: Nuclei and Particles,
Benjamin&Cummins, 2" ed. 1977
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v—y Angular Correlations

Quantum mechanics of angular-momentum coupling of radiation to nuclear ¥

I T
m
0 0"
V1
0,+1 1—

V2

Simple example: ycascade 0 > 1> 0
Mostly 4m==*1 emitted in z-direction

Det 1: Define z,
y; 0,=0 select transition

AL @ with maximum vy
intensity for 6,=0.

Det 2: Measure
emission patterns
with respect to
Det 2 this z direction >
determine Am.

_ 7172 . 72
W, (0) =W"¥2_(0)-W?2 _(0)

Am=F1

2
72 1
W2 (8) ‘Yl (9)\

oc (1 1 os? Hj
2

General quantal expression for y—y angular correlation

c £ ’ 2n
W, ,,(0) = ,EO AP, (COS0) o n§0 A, cos" o

oc 1+ Ay COS® 0 +....

Typically: n < 2. Legendre Polynomials P,(cosé)
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E2 y—y Angular Correlations

Example: Rotational E2-y cascade,
Am==x2 maximally emitted in z-direction

1350 — . — T " T] Theoretical 4" —=252* —E2 50"

1300 5, * /§/§t ¢ =2 — highest order P,

T > /

Al jl: W (6)=1+0.1020- P, (cos#)+0.0091- P, (cos &)
8 . /

§5

1200 ;k/{/{ 909/1809 Anisotropy
11503 W (90°) —W (180°) ‘e

| J ] 1 i A =
1 W W (180°) ZAZ”

Experimental task: determine A

After: G. Musiol, J. Ranft, R. Reif, D. for the Co-60 yy cascade.
Seeliger, Kern-u. Elementarteilchenphysik,
VCH 1988
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