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A Demonstrative PET and SPECT Scan Experiment
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Abstract

Positron Emission Tomography (PET) is a modern diagnostic meth-

od for cancer. A medical agent labeled with a positron-emitting ra-
dioactive isotope called a tracer is injected into the body. Positrons
emitted by the tracer annihilate electrons, and pairs of gamma rays
are consequently emitted in opposite directions. Coincidence mea-
surements of the two gamma rays can determine the position of posi-
tron-electron annihilation. If we use a tracer that tends to concentrate
within cancer cells, the PET scan becomes useful for imaging cancer
within the body. In this study, *Na was used as the positron emitter.
Gamma rays were detected by 8 scintillation detectors consisting of
GAGG (Gd;ALGa;0,,) scintillators mounted on avalanche photodi-
odes. We carried out coincidence measurements of the two gamma
rays, and demonstrated the principle behind PET scans. Additionally,
we demonstrated the single-photon emission computed tomography
(SPECT) scan used in cancer testing, and compared its performance
with that of the PET scan.
Key words: Positron emission tomography, Single-photon emission
computed tomography, B* decay, Fluorodeoxyglucose, ??Na, Pair an-
nihilation, Scintillator, Photodiode, Gadolinium aluminum gallium
garnet (GAGG), Avalanche photodiode
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Fig.1. Schematic diagram showing how y-rays are emitted from *Na.

b3



EDFARZTANRTNINT K > THEAZAEN 3T TS H 2,
TEY SRR T B FEHN L LT, YV T L
DIREDNTED (9). TDL EHEHBDREDZ VLT,
FEHIAD B B 5FRTE LHERITE 5, ZOfth, MKICERM LT
WHRIZE 2, MRICEEDNZONETARE LN TES,

2. REEFIE

2-1. 2B 1 : PET Mg B o2iR

SEORE T, FDGC Db DIC, [H UKD ICFE T E i
g % “Na iz ] Ulze “Nald, HRRICTEET S “Na
EHRZ L hEFDIRE L TOBERMETH S 720, 2.6
FEOWIA TRADIG T2 TICEZ % REZLC LT
“Ne lcZb 9% (10), TOE EHHENLGETE. WEh
FEET B S BICHEI T X )VF -k Tt B & ISR
LTIV FE=ZHHT 2, 2z TREH) 205 wHH
DIXIVF—Z, 2EKD y#E LTHHENS,

X 11 ®Na b y b & h st 2 RmicoR 3, »t
T 2 ERT O EF & EFOMEFH T 2V F—1F, MO
FIVF—THARNTHNTNEOD T, SHEHOERTICET &
ETREEL TV, dxbb, BB T & E T OMBIEOMIE
0 CTHo &L TX FHERO I CHBIRORAIIR
FLRTNRZSHEVDOT, SHIIC K > Tl Eh 5 2 K
Dy MOEENZOME 0 &xD, TOFRMNEMIZTZHIC, 2
DD y FUZE UL 3 )V F—THWIZ S O J7 NS i & izl
NER 5750, PET A TIE. y SO AW SO O T TN G
ENB VS HEEFIF L., y O E NG 2R Ed %,

HERD PET A Tk, VY 7RO E OIS HRE 7 <,
TV Y ZIROBEEICIE, BHISEDBRM A EEINTE D,
TNHOMEEERNT ®Nah St &Ntz 2 K0 y #i7%2 [
Rl %, BT LB TORMBEKTIE. 2 A0 y B
FICHENZ DT, &L 2 DOM s CRIFFC y fiz 3l
T, REHRETH % PNa i3, ZD 2 DDA KR
MEKCHBT N D, EERIOBRHEE THEED S D y #R
ZEHT NI, ZNENOEROLZEZRD BT Lick> T,
“Na ODNBEERFETE T ENTES,

BTHAEIC X o TN I N TIE, BFE MO RV
F—DfHIc X > T, YHZEE#ET ZHEHARE S, T OHEEx
RFE) &9, “Nah SR SN 5E T ORAT RIVF—
13 0.546 MeV 72 DT, BEEDARITY TR THTAT S &,
FORAIEEZK 2mm TH B, ZDH, REONE &R
WA ZAEIE. BA2mm I IEERVES, TORVENE
PET W7 (BROAREEIE) IO BH, HERITIZZ
BORRDOVE LT T, COMAZTBHT LN TE
B EERIND,

2-1-1. FBR 1 EEHTE

AU TGRS LTy v FL—y g VRt E
AWnize YU FL—a VBHEE (11D & BUHERD A4
L5EHRNTEZIVFL—E2DO—FTH 3 GdsAl:GasOrz K& il
(GAGG) &, HZBXUEBICAMTZ T+ P A AL —FD—
DCHBTINT YT+ b EZAA—FR (APD) hoEh
Do

fRHIC, APD OEKIC GAGC ZH O {113 5, TNz 8 D
BEL, M2OXSICHAELICEKE Lz, X561, AR
ADOTETHEZRD S DT/ A R KRS % A, HlEEE ek
ETIVIHRAINWTER LUz, M3y yFL—a Ui

2.V VF L2 DEBERUESDIRY 217 .

Fig.2. Position and numbering of the 8 scintillators used for detection.
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Fig.3. Energy spectrum of y-rays emitted by *’Na measured by a GAGG
scintillator.
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Fig.4. Data analysis in Experiment No.2. The ratio between the distances (R, and R,) of the scintillators from the *?Na source is the same as the inverse ratio
between the square roots of the number of counts by each scintillator (M, and M,). The loci of the points satisfying the condition form a circular arc. The inter-
esection points of the arcs determined by different pairs of the scintillators gives the position of the *?Na source. R;: distance from one scintillator to >?Na, R,:
distance from opposite scintillator to ?Na, M,: number of y-ray reactions at a scintillator, M,: number of y-ray reactions at the opposite side of the scintillator.
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Fig.5. 1-4: Results of Experiment 1 based on four different measurements. The number of events in each pair of scintillators is presented by the circles in the
figure on the left. The figure on the right shows the layout of the scintillators and the y-ray source. Lines in the large circles show scintillator pairs detecting
many events, and the small circle at the center of the large circle in each figure represents the position of the y-ray source.
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Fig.6. Layout of scintillators and their identifying symbols.
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Fig.7. Results of Experiment 2 based on four different measurements. 1-4: Circular arcs determined by the scintillator pairs (ABCD) are drawn, and the error
is indicated below the respective figures.
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