N3Mepenne BpeMEHHOI0 pa3penieHns 1eTEKTOPOB Ha
ocaoBe LaBr3(Ce) u SiPM npu perucrpanumn
AHHUTHJISIAOHHBIX TAMMA-KBAHTOB IPOrPaAMMHBIMHU
MEeTOdaAMH

CTyOeHT: Kunuukapos A.C.

HayyHbiv pykoBoautenb: KaHuepos B.A.

KOHCY/IbTaHT: AyounHuH O.A.




Llenun v 3aga4ym paboThl

Llenb: pa3spaboTka nporpaMmmMHOro metoga o6paboTtkm ocunnnorpamMm anis

NOCTPOEHNS BPEMEHHbIX CMEKTPOB U YNyYllleHMe OLEHKN BPEMEHHOIO
pa3pelleHns yCTaHOBKM.

3agauda: paspaboTka nporpaMmmMHoro obecneyeHma gns oopaboTku UM pPoBbIX
ocumnnorpamm curHanosB. CpaBHeHME pe3ybTaToB, NOTYHYEHHbIX NPOrPamMMHbIM
METOAOM, C Pe3y/ibTaToM NPSMOro U3SMEPEHUSA BPEMEHHOIO pa3peLLEHUS.



CTpoeHune netekTopHour coopku Ha ocHoBe LaBr3(Ce) u SiPM

o CuwmHtnnnarop: LaBr3(Ce)
: e dopwma: umnuHap
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OT1anbl PaboThl

1. Pa3paboTka Metoga 06paboTKn oUuNPOBaHHbLIX OCLMIOrPaMM.

2. W3yyeHne 3aBUCUMMOCTM BPEMEHHOrO pPa3peLleHUss YCTaHOBKM OT HanpsaXeHus
nutaHmna SiPM

3. W3mMepeHne 3sHepretmyeckoro paspelleHns [OeTeKTOPOB Ha onTUMaibHOM
Hanps>XXeHun nutanna SiPM

4. CpaBHeHMEe 3Ha4YeHWn BPEMEHHOro paspelleHus, MNOJlyYeHHbIX MEeToAOM
N3MEPEHNA PA3HOCTN 3a4EPXKKN CUFHANOB U NPOrpaMMHbIM METOLOM.

5. W3y4dyeHue wuvHOMBMAYANbHbIX BKaAOB AETEKTOPHbLIX COOPOK BO BPEMEHHOE
paspeLlleHne yCTaHOBKM!.



OnucaHue sKcnepuMeHTanbHOW YCTaHOBKW.

NcToYHMK: HaTpuin-22

o
Ocuunnnorpad: LeCroy Waverunner 640Zi

J l NcTouyHunK nutanmga: AKTAKOM ATH-2031
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OHNanH-MeToa NOCTPOEHUA BPEMEHHOIO cnekTpa. [Npumep ocumnorpamMmebl.

cz

Lo A
TELEDYNE LECROY

Everywhereyoulook”

i
Measure P1:area(C1) P2:fwhm(F1) P3:hmean(F1) P4:(P2/P3) P5:area(C1) P6:fall(C2) P7:fwhm(F8) P8:ddelav(C1.C2)
value 16.199 ns 133 ps 4.166 ns
mean 17.5369 ns 133 ps 4.31093 ns
min 14618 ns 133 ps 3.679ns
max 21.018 ns 133 ps 4.587 ns
sdev 902.2 ps — 59.26 ps
num 8.008e+3 1 11.267e+3
status v v v

30.0 mV 30.0 mV 500 mV/div.
115.00 mV 115.00 mV 0.0 mV ofst,

Pazgeptka 17 ns||CunxpoH{Bj{s
50.0 ns/divj?Xgy -205 mV
5 kS 10 GS/s{Edge  Otpuu.




OddbnanH-meToa N0OCTPOEHUA BpEMEHHOIO cneKkTpa.
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Data with applied amplitude cuts, time shifting and fits
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OuundpoBka ocumnaorpamMm 4ssa Kaxkaoro coBrnageHums
OT1ceyeHune “HyneBOW NMHUN METOLOM UCKIKOYEHNS
3HaYEeHUN aMNINTYA, HAXO4ALWMXCA HUXKE nopora.
Nopor BbICTaBNAETCA UCXOAA U3 COOTHOLLEHUS
curHan/wym. B paboTe BbiGpaH nopor B 5% Makcumyma
aMmnanTyabl.

CaBur Havana curHana K Hyso

Annpokcumaums dyHkumeir  f(t) = A(e Bt — ¢ ket
Bbluncnenve BpemMeH AOCTUXEHUA CUTHANOM YPOBHS
50% aMnNAnTyAbl Kak peleHne A(e kit — ¢ kty — g 5y 7itted —
NocTpoeHne pacnpeneneHms pasHuLbl BpeMEH
OOCTUXEeHNs curHanamm yposHs 50% amnnntyabl ans
KaXXgoro coBrnageHus.



3aBUCUMOCTb BPEMEHHOIO pa3peLleHnNs] OT HANPsKeHUa NuTaHusa SiPM

Coincidence time resolution from SiPM voltage (offline analysis)

27.00 27.25 2750 27.75 2800 2825 2850 2875  20.00
SiPM Voltage, V

e lcToyHuk: Hatpuii-22

e Ocunnnorpad: LeCroy Waverunner 640Zi
e VcTtouyHuk nutaHua: AKTAKOM ATH-2031
e [nutenbHocTb curHano ABY/AHY: 10 HC
e MeTon o6paboTku: ohdranH

e J[InanasoH:270B —2908B
e |llar:0.5B

Pabouas Touka: 28.5 B (T =690 nc)



iccnenoBaHWe SHEPreTu4eCcKoro paspeLleHns 4eTEKTOPOB.

e VcToyHuk: Hatpuin-22
e Ocumnnorpad: LeCroy Waverunner 640Zi

CxeMa YCTaHOBKMU
e ctoyHuk nutaHusa: AKTAKOM ATH-2031
—[ ' e HanpsaxeHue cmeueHunsa: 28.5B
ot i | W e Wurerpan cnektpos: 15 000

Pack 2 — *Na charge spectrum and 511 keV peak energy resolution

Pack 1 — *Na charge spectrum and 511 keV peak energy resolution
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CpaBHEHME pe3ynsLTaToB, NONYYEHHbIX ABYMS METOAAMMW.

N, counts
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A7 distribution (online analysis)

o =0.61ns
FWHM =143 ns

AT, ns

NcTouHuMK: Hatpunin-22

Ocuunnnorpady: LeCroy Waverunner 640Zi

Nc1ouyHUK nutanmng: AKTAKOM ATH-2031

OnuntenbHocTb curHanos ABY/AOHY: 10 Hc

HanpaxeHune nutaduga: 28.5 B

OHNanH-MeToa:

N, counts

AT distribution (offline analysis)

o = 295 ps
FWHM = 694 ps

FWHM =1430 nc

OddhaviH-MeTon;

AT, ns

FWHM =700 nc
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iccnenoBaHve nHaMBMAyasrbHOro Bknaaa cbopok BO BpeMEHHOE pa3peLleHne

Pack 1 — 50% rise time distribution

Pack 2 — 50% rise time distribution

N, counts

T, NS

o =0.239 ns

HanpaxeHune nutaHuga: 28.5 B

Metoa: o cpnanH

Cb6opka 1

e 0=184nc

Cb6opka 2:
e 0=239nc
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3aknrydyeHume

e OntumanbHoOe HanpsiXxeHue nutaHusa: 28.5 B

® 3SHepreTuyeckoe paspelueHune aetekropos: [E = 511 keV, 6 ~ 6.1 %, 6, ~ 10.4 %]

e BpemeHHoe paspelueHUa ycTaHOBKMU (OHNnanH-meToa): ~1430 nc

e BpemeHHoe paspelwieHus yctaHoBKMU (ochchnaitH-meTon): ~700 nc

e OdcbnaitH-MmeTOa ynyuwmn pesynbrat Ha ~51%

e CO6opka 2 BHOCUT OCHOBHOW BKNaj BO BpeMeHHoe paspellueHue, umesi pasbpoc T Ha ~30%

6onbLwun, yem coopka 1.
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OCHOBHbIE CLUNMHTUANATOPBI, UCMOMb3YEMbIE B SAEPHON

MeanunHe u TpeboBaHUd K HUM

CrummiisTop Nel(T) Cs(T) BGO S LSO Labr(Ce) CeBr,
AN 51 54 74 63 66 45 46

p, r/em’ 3.67 4.51 7.1 7.1 74 5.08 5.1

'&’g;‘;‘agj/‘;&"”aﬁn°‘m 25 200 10 11 1 18

n=AE/E. % (662 x3B) 75 5.7 97 71 19 3.0 43

CReTOBRIX01, (POTOHOB/KAB 38 40 -45 9 32 27 65-70 47

T, He 250 1000 300 41 40 16 17

Kovess HM 415 550 480 420 420 365 370
TI'urpockonuyHOCTh + +- + =+

Tpe6oBaHua:

1.
2.
3.

o1 b

Bbicokas N/1IOTHOCTb

Manoe BpemMs BbiICBEYMBAHUA
BbicOkoe aHepretnyeckoe
paspelieHne

BbicOkuii cBeTOBBLIXOA
Hunsknin cobcTBeHHbI OOH
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Dependence of SiPM timing on the
number of simultaneous photons

Poisson statistics: ¢, « 1/VN_,
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N of simultaneous photo-electrons

G. Collazuol et al. | Nuclear Instruments and Methods in Physics Research A 581 {2007) 461-464



Detectors  Effective Density Scintillation  Photon Linear Energy
atomic no (g/em?®) decay time yield (per attenuation resolution
(Z) (ns) keV ) coefficient (cm~') (% at511keV)
of 511 keV

Nal(Tl) 51 3.67 250 38 0.34° 7.8
BGO 74 7.13 300 6 0.96 10
BaF2 54 4.89 0.6 2 0.44 11.4
GSO 59 6.71 50 10 0.67 9.5
Anthracene - - 26 30 - -
LSO 66 7.40 40 29 0.87 10.1
YSO 34 4.53 70 46 0.39 12.5
CsI(T1)® 54 4.51 1,000 52 0.483 4.53
LYSO 65 7.2 50 25 0.87 20
YAP 39 54 27 18 0.46¢ 2.5
LaBr; - 53 5 61 - 53

15



Manufact- Philips® Siemens® GE Healthcare®

urers—*

Models— GEMINI GEMINI Biograph Biograph Discovery Discovery

Features| TF Big TF 64 mCT  TruePoint VCT  PET/CT 600

Bore (PET/CT)

Number of 28 Pixelar 28 Pixelar 192 192 24 Rings 24 Rings
detectors modules modules

Number of 28,336 28,336 24,336 24,336 13.440 12.288
crystals 32.448 32,448

(TrueV) (TrueV)

Detector LYSO LYSO LSO LSO BGO BGO
material

Ring diameter 90 90 84.2 83 88.6 81
(cm)

Patient scan 190 190 190 190 160 170
range (cm)

Crystal 4x4x22 4x4x22 4x4x20 4x4x20 47%x63 47 x63
size (mm) %30 %30

Number of 420 420 4/block 4/block 280 256
PMTs

Energy resol- 12% 11.7% 12% 12% - -
ution (%)

Coincidence 5 38 4.1 4.5 10 10
window (ns)

Axial FOV 18 18 16.2121.6  16.2/21.6 157 15.7
(cm)

Acquisition 3D 4D.TOF 3D.4D.TOF 3D 3D D3D4D 3D4D

mode
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