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PET principles



TOF principles



Photomultiplier
Tube (PMT)

Avalanche 
Photodiode (APD)

Silicon 
Photomultipliers 
(SiPM)

LBS Crystal 
Dimensions

4.2x6.3x25mm 4x4x20mm 4x5.3x25mm

Transaxial Spatial 
Resolution

4.9 4.4 4.1

Detector Profile 100mm 2mm 2mm

MR Compatibility No Yes Yes

Photon Detection 
Efficiency

25% 50% 50%

Gain 10⁶ 10² 10⁵-10⁶

Timing Resolution 550ps ~2000ps <400ps

PET detectors



Conventional PET                                TOF PET                                

TOF may improve PET performance by enhancing count rate quality



TOF improves SNR and CNR in PET reconstructed data



TOF is more robust to attenuation artifacts



Exceptional sensitivity at 21 cps/kBq

•25mm crystal with 25cm FOV
•Lutetium-based scintillator (LBS)
•Miniaturized, integrated PET electronics



25 mm deep Lutetium-
based scintillators (LBS)

25cm
aFOV



As implemented

Just water cooling



750wSIGNA PET/MR



22Na               2.6 y           546 KeV 90







MR principles

• Nuclear magnetic momentum:

Ԧ𝜇 = 𝛾 Ԧ𝑆

Prvek Spin s γ[108T-1s-1] Výskyt [%]

Vodík 1H 1/2 2,68 99,985

Deut. 2H 1 0,41 0,015

Uhlík 13C 1/2 0,67 1,11

Dusík 14N 1 0,19 99,63

Dusík 15N 1/2 -0,27 0,37

Fluor 19F 1/2 2,51 100

Sodík 23Na 3/2 0,71 100

Fosfor 31P 1/2 1,08 100



Magnetization

Thermal equilibrium mostly <M> = 0 





𝑁𝛼
𝑁𝛽

= 𝑒
∆𝐸
𝑘𝐵𝑇 = 𝑒

ℎ
𝛾
2𝜋

𝐵0
𝑘𝐵𝑇 = 𝑒

ℎ𝑓𝐿
𝑘𝐵𝑇

𝑁𝛼
𝑁𝛽

(𝑇 = 300𝐾, 𝐵0 = 9.4𝑇) ≅ 1.000064



𝑓𝐿 =
𝛾

2𝜋
𝐵0





Tissue T1 [ms] T2 [ms]

Fat 250 60

Muscule 900 50

Blood 1400 100-200

Brain

GM 950 100

WM 600 80

CSF 2000 250











Space encoding
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Chemical shift






