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MONTE CARLO SIMULATION OF PET

1. WHERE DO WE BEGIN?
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Presentation Notes
We will look at positron position and energy just before annih; photon angle and energy just after annih, by comparing … in homogeneous phantoms. Then we will look at the distributionns under clinical conditions. We will discuss some interesting if not surprising results.
Next, we will look at the effects of switching on and off these transport options in MC simulation of the patient and of detectors.


overview

MONTE CARLO SIMULATION OF PET

1. HOW DO WE BEGIN?

Positron source or photon source

2. HOW DETAIL MUST WE GO?
Annihilation in-flight
Rayleigh
Spin
Bound Compton
Relaxations
Angular Sampling
Bethe-Heitler / NIST
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e* POSITION

1. ANNIHILATION

v-y ANGLE
TEXTBOOKS SAY 180 0.25°

WE FOUND 79 to 180 °©
WHY!

2. TRANSPORT SETTINGS

Rayleigh On / Off

Spin On / Off

Bound Compton On / Off
Relaxations On / Off

Angular Sampling Detailed / Simple
Bethe-Heitler / NIST

e* source /511 keV y source

DETECTOR

PATIENT
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CLOSE-UPs
1. ANNIH AT REST
2. ANNIH IN FLIGHT



(Dositron will annihilate at rest 1 |o.010]1 -0.059.0.131,500.106 ; i
Positron annihilates at rest 1 A1) 0 -0.059,0.131,500.106] -0.329,-0.620, 0.712
2 lod11] 0 -0.059,0.131,500.106] 0.329. 0.620,-0.712

BACK TO BACK

CONDENSED HISTORY THRESHOLD
- CAN'T GO ANY LOWER!

ot

12.4 cm

ANNIHILATION

19.5 cm
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Here’s something familiar. This is energy in MeV. This is the charge of the particle. These are the coordinates and the directional cosines.


(Dositron about to decay in flight 1 0.606 |1 2 0.155,0.023,500.314
Resulting photons 0.97910 2 0.155,0.023 500.314

NOT THERMAH%E _.2_ 0.649 JO0 2 0.155,0.023 500.314 )
D . NI
oot NOT Q¥R BACK-TO- BACK
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Now, this is also annih. It’s annih in-flight.


TO INFINITY: LOW ENERGY e™ MUST
@ ANNIHILATE (AT REST)

O annih
Annih | Annih
In flight | at rest
1 : 39
1 : 124
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Presentation Notes
Annih in-flight can and does happen, as given by Heitler cross sections. This is the positron KE. This is annih at rest; this is annih in-flight. We can see that the XS for annih in-flight is not zero. There is no Z term in the eq coz this is XS per electron. How often or how rare does annih in-flight happen? We found these values for O15 e+ source in the chest, and for F18 e+ source in the head. Is this rare, or very rare, or very very rare? Well, at least it isn’t 1 in a million or 1 in a trillion or something.
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PENELOPE vs EGSnrc
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These are the histograms of positron .. and .. 


Condensed history & Multiple
scatter DIFFER
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POLAR PLOTS SIMILAR WHETHER OR éﬁﬁ%
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our understanding
WHEN
TEXTBOOKS SAY
180 £ 0.25° OR 180+ 0.5°

THEY ACCOUNTED FOR
NON-ZERO e MOMENTUM, BUT

NOT ANNIHILATION IN-FLIGHT.
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… 
Now we can look at what happens to these energy fluence maps when I changed the different transport settings.
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| A EDEP/hist |
(MeV)

History-by-history stats. All bins < 0.5% standard error.
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History-by-history stats. All bins < 0.5% standard error.
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SUMMARY

PENELOPE vs EGSnrc

Similar annihilation photon outcome
despite different condensed history &
multiple scatter.

e*annihilated at up to 1.58 MeV, e+ annihilated at up to 0.56 MeV,

producing 0.30 to 2.20 MeV producing 0.33to 1.18 MeV
photons 79° to 180° apart. photons 109° to 180° apart.

RESULTS vs TEXTBOOKS

Textbooks under-estimate deviation
from 180° 511 keV. Annihilation in-flight
not accounted for.
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