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APPARATUS AND METHOD FOR IMAGING GAMMA RAY
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A gamma ray detecting apparatus comprises plural detector heads, and a signal processing circuit

electrically coupled to the plural detector heads respectively comprising plural scintillation detectors. The
detector heads are utilized to detect gamma rays generated from an object. Then, the first electrical signals
acquired by each detector head during the first period are obtained and the first coincidence calculation on
the first electrical signals corresponding to each scintillation detector is operated, thereby obtaining plural
the first coincident data corresponding to each detector head. Meanwhile, the second electrical signals of
the first layer of scintillation detector in each detector head are obtained during to the second period, and
the second coincidence calculation on the second electrical signals, thereby obtaining plural pairs of the
second period coincident data. The first and second coincident signals are utilized to reconstruct the images

of gamma distribution for verifying the reaction location and the range depth inside the object.
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[ #3HH 45 ] APPARATUS AND METHOD FOR IMAGING GAMMA RAY
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[ 5321

A gamma ray detecting apparatus comprises plural detector heads, and a signal
processing circuit electrically coupled to the plural detector heads respectively
comprising plural scintillation detectors. The detector heads are utilized to detect
gamma rays generated from an object. Then, the first electrical signals acquired by
cach detector head during the first period are obtained and the first coincidence
calculation on the first electrical signals corresponding to each scintillation detector is

operated, thereby obtaining plural the first coincident data corresponding to each
F1H H2HEGEHED
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detector head. Meanwhile, the second electrical signals of the first layer of scintillation
detector in each detector head are obtained during to the second period, and the second
coincidence calculation on the second electrical signals, thereby obtaining plural pairs
of the second period coincident data. The first and second coincident signals are
utilized to reconstruct the images of gamma distribution for verifying the reaction

location and the range depth inside the object.
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CEEERTEEED
[PoCERIATR ] IS Ye HEME R BB A
[ 72884 f% ] APPARATUS AND METHOD FOR IMAGING GAMMA RAY

[Rcfinsisg ]

[0001] AESTR B —FEHFE T A TEET % - H R I — R
7E ¢ T-(prompt gamma ray) 24 & IE 777 2115 (positron annihilation gamma ray)
> I TR B B LT -

[Jemifeiln]
[0002] #0&E[1F > TG (Radiotherapy, RT) g2 A S RE EHVYE T (A01X
FEET AR BT R T AR - DUER] TR SCE AR o B THRIE M

WA o R HEVEY— AR TT5\ - Hop o RO ERHAA LR (% > H
X eE AR EVTE (E FIHPIEERF I - BESSRE ASH@S RS AR E A
PEZR R M LB —XOUET A ARG PIRYES (S B RS AR BRI
TR AR HES - BUEXOLETR I RBER R AR - SiEERE IR
& 0 EEFEREENERHSES AR ED R - HERXOUEeRIT > i
SOVH sy - B4 > BT oERE T > BIENTARER R - RN YEERE
B PT R B BEEER S HRE B D AL AR B RS R St IR )
EfHEE > EF—CAERE - B EREr Bise NlE MR AR R =
DU > M R LG 189 10(Bragg Peak) - TEATHIIABIE Z (& Foc 2 HEIE -
[0003] HIFYE TECERE T aFE AR EE T EAASERE - NIE
TECERE TR MEE R B BT E R BUR - EE T EE R TR TN
HAEAMEN R EEEEPRATHIRIERT ERCHEENAZER » KiEnE

%1 HE > 322 HEYERTE)
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il & & R B R (R s e B E @ S EiE M RN E R B EE R - Hit
B ERE T AR RIRIE A LR R R R T e T AR ] o
HARAAS IR BT E R IR RE R B S (R0 BTSERCR -
[0004] ZVEFelEEE - aREIR)TE —SLNZEPEEAEMENE - SR
T
(aFETERT AR EEN: « Bt HanakatE EEZREX

CTs A Hounsfield unit (HU) fy2H 8 EA 28 1% RV EERA(R: - VB T B(E

i BLAEMIAH AR E H F 255 S R AR A I 1-1% e L FHFE A <Hi(stopping

power) » R CTEAERATHU R SHEE A Ry L Y)AH SHIPHFE ACE » A HoA T

FEVE © BRIEZSN > CTe BB ~ XOUS b (L (beam hardening) i 52 E 47

ERITRHEE TR T TR A REE AR

QEMR R EIGFEIER 2R + FEAREHBRERE « MRS

DB G R AR B

Qe ETEHIIRRE R s ~ ERRIEE © LIk
(4)2R 5 FYEE A B T e B B T3 R AR B AT R 22 - Bl RERS

(energy degrader) + SfZR Il (beam delivery) THEAHFE B FiRE -

A LA N AR R » BRI R 28 (A0 B0 R PRI A % clinical
target volume, CTV)SMIIATE R4 22 &l [E (safety margin)  PNETAE G PETTHE I
Ay EREEIE - BEREREASyRE (30 cmjZe /S HETRE rT 3 1LY 14 mmyE & 2 HE) -
FECTVAMNE NI cm 2= FEE A7 ~80 cm’ Y 11 i (B EE AH 48 2 52 B B Ry AT [] A st
BIE - PRI R A I A 2 AR E R B E R - B CTVIHTATH B MY 52
WRAEERE - B AREIE 0940 T KT MR A RERIR « By TR EE
BOBIZHNAENENE - $RTTE T EERE AR SRR - QIR DA s T
HEENVE TR ER T IR E A TR TS E T AR B R RIS R E TR

%2 H o 322 HEYERYE)
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FNEIE - 5k e NaRL e iENEY - RS EES T o e ]
FHLEFEAUR o NI S e - BOE R T A TR BN R EIEE
EHEAI TR -

[0005]) EAFTT  ARiESE RS E THERIT £ 0 Ik
R AR OIS 15 1 (proton transmission) 355 ~ B 1L TI58
PET(positron emission tomography)i&is < 'E 1A G 7R 15 BRI NE T
M H G EAI RS TS - 1A ZE MG (multiple Coulomb scattering) % fESE
MR ek - FIAEREHNERIVRE R S - WS (PG)i&s KPET
e M B B B AH AR E A AW — IO — IE T3 AZ S e 8 S+
UEAERS - 1B+ B8NS T M s e+ nl R B m B Aa g A > o]
USRS (in vivo) RV IR AMEE T HTEAVE IR -

[0006] & FOIERE - BIAEYIHLERRGIEEE - T SPUE - akam il Ry
Rz AHEEE THERE T - B IR BB SR 20y R e E
BT BT UEHE E LR A TR - —2EE T AR
SHERR 123 A= T R MR - SOHREE BIER » TEZSD (ns) ARG PN s A o5
J0FE S+ (prompt gamma) © 55— 2L E 1B 5 {b(nuclear fragmentation)
i e A2 TF - F-88 5% (positron-emitting nuclei) » 410-15CFEEEHH: 2.037 min) ~ C-11

(E3EHA: 20385 min) ~ N-13 (23 9.965 min) Z(Newhauser and Zhang,
2015) » 1B RH% =S E A HY 1E T (positron) EHAH & P Y EE 1 5 B A2 55 11 keV
REEAYIET B0 (positron annihilation gammas) SU7-$#F W5 015 E M1
FEENEET  EfRVEEEE AR E SR MG - pimEE s
s TERE T AN » Bl ERNE T SEk AR R 25

27
IS

%3 H > 22 HEYERE)
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[0007] IEFEBNECTE—RAIAPET S A= M > & H R B
EFEA R SR E AR - A T AT RN E A
i (biological washout) W& ~ IE T35 EERR « FERARI DU ER 4708
PETR 5 HYZE[R] L (co-registration) 33 722 (7 AL &8 E ELPET 45 2R F VR B P
RO o B[R] T PETHE TR T -

[0008] ZERMESFNIREF - RAERNBES IS C PR E TR EATE
TRHZATFREAR - A IR T o MV A BRI E 1 (AR A AT = AV
BR800 IRIELH s D0 G0 S s A A AR U A M FHPET 5
ERIGE o BN BRI T EERIE T A RIS T %60~801% » IERR
Bl EAEM R RN - BE S LT 58 sl VA EGREST » SaTarEw
PETZRAG/N » EFFT A i T B SR s PR B 252U A
(collimator-based gamma camera)f; iy > ZEEEFLIX B RR 2 slitE [ 25 2¢edge-knife
HH AT IS R il IR GENER - M EEERIT ERReRE
AR H g3 PHAEREL T RIRER S S R B IS e THIEMIBE I AR - &
TR E S EE R BT T (E T F %0 @R T2 —) > 5
TR IR S > 75 RS HELE (signal-to-noise ratio, S/N)[Z
& - BB GEWE S e A 2B S T RS I A BT © RS
N e fes s 2Bk YT REE R > BTDIAE HEssa T E R E (R 280
em+ A &) > GHVERERRZEM - EARZREECE T SIS E S
TRV E T ZIR -

[0009] k55— e 2 Rl /b R B WU B s o TRl 2
MR EREECTEMES: - R E 1o E i e HbE IS TSR
PRTiEEsEE - RS RGN ER BRI RS T AR - Ae®ER - B+
L Z ISR RIS T EASE - HATEIRE EA S o E e e E R

%4 H - 322 HEYERYE)
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PR Z B (EigaE TS AU s - BIAnss B % 0 (Peggy and
Charles Stephenson Cancer Center)F{| #8721 F A1 £EFH (double-sided silicon strip
detector, DSSD){Ft@as T ~ #EIER A2 EF A A 0% 3 1 #E TH 2 5 (camma
electron vertex imaging, GEVI/{EfHAlT ~ HAT#H A B R A FH BB
i s/ (electron tracking Compton camera, ETCC) R i fe < B %S R R EK
Wt ¥ E7(CdZnTe, CZT){Him & GBS - 2 S EBRA R ESOE PR A
HERE(lonization chamber) R B E R B RS (g s Hiily - TLEE FER Hinds
HEERMEHE S (<1%) - BETEHRRE AN KE: - B SEEIET
TIME - HAEMRERRE HERes 59 BT R (wsF ) - FEIREESH &
R RATHIPRIAR ST R ) (dead time) - (EE15-FUHPREARY BRI A R (HAmA + B8R
AR - A ERS T AR FREEEN - RRIFBASEY IS TR NGEER
RIVERFREIEIRREA - IS 25 ites 8 EHERNERES L &
ISR RN AT o B ARSIV ERETE > ERHMHE s E TR
B BES IR G st RRE T aR A I n e 2 AR

[0010] FRIZS=EE HEGAREDr. J.C. Polf B 754K » RIsE A Ll =
RCRAICAZn Te (O HIEREUE T E a8 IS ES - EATRE RS
100221 | - Byl Etas st 2 - WA M LB EEksisEt - M
aa _E BT e KT E PR » S A AN ZE A IRIVE 7T/aR =
FER - 5350 R R(Eines(Sot B MEIF IR (us) - AT LB e Es B L
(i as YRS FAT AT RS AR (VA SR - (bR IS el AR FE Y S 5o R e B
FraRERE B > TTREER80% L. TG B A MR IEE
& 35F (non-true coincident events ) » 15 KF & EEWFIF IR T-5TR(LE
SR o YR 25 RS R B G PRERRE FH R K5 ~ #6355 R A 1 i 2R S I
Al A AT HN R R AR AR SOEFER A HPE - A EF 58

%5 H o 22 HEYERE)
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FErr T8 > FTLUR sk R B e DUBTIER FHRYRR K - 8.2 > EREE
FERA BRC ~ Bt RIZAE L 2T KATRE THYDSSDAY ~ CZTAIGRE S 15
RRIBEEIIRe TE e A EAER(K ~ RS EER T &S0
R TR o BRI E R ERMLE - AL S TR RAT AR I (R AR
HERE - AT LARE T ER R K B S TR TR S iU B G (MR A Hh 2 -

[0011] [E4h - BRSO HINSKEN A& HAIUS6,484,05157 - A Rflii&FE—
Al DRI E A =P A 2 IE T B8R e T DU g I e iR E.
FHNFRRER =N > NILER 2R = A fas 2 A E - 75 Bt
THIUESE ML T EEEE TR A% - (B EHAYES > (HETEER (counting
rate)iRHIE RS 2 2 (yield rate)HYIET B EE T 8iE £ 8 » M Z 2 {EHER
SV ERELE > MR EERNSE - IEIPEEIAEFFUS,069,089A1155% T
— e ] DARIRF M BB LA R 3 RS e ARl - AREERis T > FEE T A
LIS e T RCHEs 2 H Nl B RO 3% IS e 1By RS - BRI [EAY I
AES AR YT -

[HHNE]

[0012] ZAFFERFRAL—FEANE AT EOMSEEHL70L - HARF BT
5 B2 (FI41 LALSO ~ LYSO ~ LaBr3Z5 g 7 5 Bkl » 454 PET RS AR
SEfRlT - BUEEA S IET 0 B TR NS X1 & —Q-in-D{H
WA A ORG r E AR A TS 52 N PETIR AU & g BT A
TRoBERR GG - —a—ERAGEAENIETIEE T HABESINE
TSR LIRS - AR - EAMS - PET/PGEEDRER G R &S TS0Y
Gl Mg = Gon B BVE T/ EH B TSI IR B A -

%6 H 22 HEHEYERE)
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[0013) AZEIHRYIIE e T MEEE B2 A PR AL AR EE DU R Fr VB0
HEHY - HABELPR T RIE A L - Al DU RASEREEE - R BRI
T HIER AL T LB THIEE - ARHEEBEEENBEIIE T
BEIASAET G BINEETH > A LGREME L AH B2 NI RRR
BT B BME S E T LU B S NS ST B S o s R (RS -

[0014]) AZSFHEIINE S CTEHEEE I A > ATRE T/ E BT BUR a5
itz TR E L ROR & 1B [ RIS e 1 [E L 2) B R E A 2= (T 5%
EHIE TG Y 12 [Elfir F(isotope) » 411, *°Y, YZrE) s  (EHBEEE nE
T LARIET B B IESE 73 » ARy b S5 B T TS i Bl S L D 1
A TERAME o BCCAPETIEE 73 Fy BB &S B S BRI pR B 1% v U R B 5 2 B
B EHYSEATENE (prior information) - &2 EEMBIE T > A IR 42 mIbEE
IR T2 o R » DAIPETIR AR S BIRGEE T AETEREE -
(S8 1M 52 15 B I P A P RE M B 7 A e ] FR AR R B S P S /N B K
RIRERER RIS - I AR {2 S PCRAG (B RECE IR EE S T R B R R
PET/PGEELRE R (& P] SREHPET K BESE NG E TR BBRS > nI i mE T2
B A brE KB E N T B B B E I R B PARRI M R G ZA0E -

[0015] ZREFEHFRAL AR e T EMECE - HAREH hPIEERE TSR
YPREH - FE PO (A i es B DRI I EE(time response) 7% > EFHEEIZ
PO RAG(ZILSO ~ LYSO ~ LaBr3Z)fAle PR RVAIZS B AT E O RS > &
e (e (5 SR B MR ] B B VAT FEE ] B SR PD R - A S8 D RE el A Rl PRI ZE 2]
(I T B BT AR RV DI e T8 DU IR R B 1~ B AR IR i Ay R MR -
WEE IR 2RER - ARSI E A SRR ENBEINSE T - ASHH Z EHIEE
PRFHE - E e HIRE BB 1Y 7 R AREA(DSSD) ~ $@#ERF Y 5 HE (CdZnTe,
CZTHIHRVEENRE » ZRRDER PR E IR 2 AV S SR B BT IR R - [T AR &9 n] 4

% TH 22 HEVESRYE)
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B I ERET BRI ANEE R IEE RS EHET BRI 2 e
HE TSR B F I B85 (Bragg peak) i BARRET -

[0016) ASEHHIRE—FEIIEET(ERDTE - A EE —HEEDRE ATy
NS FAEEE - DUH BB E S E T3 A% A 25 IS e AV SRS 52
Ihee o ARZERR M HREREI (e s N R R AR IR (R RTE - WART ER A I R+
# 2 (prompt gamma imaging, PGI)f5i =8 [ - 7 53 & (positron annihilation
imaging, PADIEZEUR AR > (15 & HERAaS B S ENIE 7 8ot 73
WEas S iy Tee » ML &%t » &1/ /a9 Hin-room PETH.A] LAIE
BBE NS ARG R o T8/ EHEE B OB B (to~t )4 HHIERTH
DA 0 B BB PG IS ZUAE T TR TEEL - S U= (R 18 ~0Ie S - BREAPRIET 552
R PATAZUETTEEEHER AT IR EIRSEPET R B i IR PETI#R AT 5
GEEITHIERFPETAG K PGE - AR SR o B R RE R e Tt
AREFHH 7 —IREEERIRGSET ¢ T3k Ein-room PET Kl ds il St i p By T
e NMEXOBER] - WRTE O F S IR DU EF B SIS e+ 22 o7
fikakEtE - DIPETiR AR LA G E RIS PET/PGEER(S: - g E N AE S
TR -

[0017] FE—EHEGIT » AEARE—EIE T HREE > B FER
{EEMIERBALL K — SR B B BB E » sz R B (EHIEREE - B — (A MR A
PSR Einds - /oS HIENVE NIRRT R FEY] - AA PO AG (EaLs
A —iEEE - & UAHEE F DERRUI S e 7 DAZE AR AHIE AT R AR - R%EHR
pR B RS o PR R R E AR E MR - LIRS RN — S — I R R —
(B (R EREART A A 2 TSR - T A A ERBART B WY B A PO SR
[Himas P EERVERIUETS T SR - USRS R S (AR

%8 H L 22 HHEYERIE)
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RS — WA RUE - DU ISR — 58 R R R Tz (W (AR
F—EBPIEERE EtasPTE A RVERSE - BT S FEEGEE > UE
FIE R AR RO -

[0018] &S —EHFIh > ASFVHEIE—TEIE ST EMITE - HiqbfE
A MYIPE - Eitieft— ISt HREE - HAEAEEE PR K 8
Z R B PRI B M B~ — SRR TR RS - B — (AR A A EEER
MR egs - TR BRI HIGREER I PR > MHASPOE R aG Htess BA —
PR - 7 (EZEBE SRR — B R E R I T - S —
S A1 B TP T A R — (B (AR B P FE AL Y RS » TP RE BE S —
AlFRAH - 2% > LAkl TRe B S HUG- R Y 22/ b — S5 — i I B TP — B (O
BEFT AL BEERST - A (IR EE AT BA AR B E A PO A (B R as i
FEANVEHSTE TS T aEE - DS EH EE S E AR 3 5
—RFE S ARREEGE » WHETTRER © DURAE— 56 IRl B iU — (B A5
BARY SR — POk e imas P EE ALY SRR » T RE B S — EEa R a A T T
G - A& - FLIZENIR R E R DU USRI 2 /0 — 56 R B ez & —(E
(EHIBREERY 5 — Pt S A (b as P AR RV ERESE - W T — 38 G
HE > DUSEIMEH S —Reeis SR REE -

GEENGEETE D
[0019]
1R iy B B T LB i LA R (i 4R (] -
QARSI Z NS RN E  Bhafa e~ EE -
2B 22D Ry AN SHA 7 (FUEREA A [E B R = -
2B [E2H Fy A0 Z (HRAHERESSIUP I EH & 2 A R E RS B E -

%9 H 22 HEYERE)
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[E3A Ry ARSI Z NN e T AR R

3B Ry A S IR M PR BR B AR A eV S B e S ] -

[E3C Ry A SE I 2 n e o R B PR n e -

AAEHEAB S M FHE2A Z DU e T B AR S NS e LU -5
BT ERAINEE -

S Ry ASSEIAAEA [FIH R U B G AU s AR PET IS SE T3l s

=6 22753 5] Rstp et G B EA [ BT AR

EI8A LR EE -

(&8 B Al Fy M FHPET R Ry A BERI B & 3 i (U R e G E el 2
NEE

[ 9 Ryt BB B 2 [ R i & B SR PE T 26 R R I R & 7115 22 52 R i

|

~
gl
i

[(EHT20]
[0020] FEZEIE2ARTR » ZIE HASH 2 IS SE T EHERE Z T fI
rEE - ERERAIT - ZIEE A B2 B AL R B E R EA20a8
—IERE R P21 ~ —EEEIT22A R —ERRE RT3 - (AR
20a8120b f5 BATRIV R E SR HVERTH - FENEAH S - HAHE VAT - F—
{E{H HIPREA20a 82200 H A5 18 8w PO S 8% (3 1 652002~ 200bEZ200d~200e > Ji52
FIFER (EHIZRERE o (=) R3] - AHAPO I G (% 25200a~200bE2200d~200e B
—iEEE o A EHEAIT > & (E(EHIPRER20a8120bH IR s —{THE H 12—
T L TR PTE A IS e T ISR BRGNS - & P AS (e s
200a~200bH#4H} Ry b B FE(LSO) 2lihE Bz 208 (LY SO) 2GR AL (LaBr3) Fr PRERPA

10 H - 3522 HEETRIAE)
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eEe - (BN DUE IR - ZavEi iR - RETHREEEER TR - HEE
5 =R AL O 2E 25 (cyclotron) BE[E] il 2R € (synchrotron) 2 A HLAE T Bk
TR TR - DA IR - 2 B AR A I B K 1 8 2RO B R P
B o IEAN - RSB - S ERIEREH 20282200t o] DA R FI i 2R (AT
L TF BN T2 BIArE - 40", Y, P22 8nis » (SN ERTE LN IE
FHBNREFHEIE T - Ae—FHBIH - SZEAEREH20a8120b - K
EHRUENZHE -

[0021] FE—EHBIF - WE2BATR - & —BIIH R H i E5200a~200b
o7 | LA — PR ES 20 L = — SR S ORI 28 202 L A R B RN BB & R &
FE203 » (AT Z AR E R (S 57 2 AT ] R R [l e I e s mh B4 - 2 — B
Bifrh - PN EG20 1 FHE B (DT S AG 20 1aFTiERL - 520t IRUHIZE202 5 2 P54k
> AT LB 21845 (position-sensitive photomultiplier tube, PSPMT)z¢x] > FH LA
KPR AS 20 P U e EH R AL B SR - 4D - SRR ER202H7 7]
DL By 2B (239 4% (photomultiplier tube, PMT) sk 20y YL 88 258 7 {4(silicon
photomultiplier, Si-PM)FF%I| < Z2HHIEERE203 F LAY B ROHIZR 202 L HY B
SERSR R ~ RO R R AL B RRERSE -

[0022] fE51 » ME2CHTR » BRI ERERSS B~ E
PRI S 20 LRI YE BE BRI 85202 2 il /B 28 AL 88205 (2 - P A 20 LRISEEEJRK
HIEE202 2 A R ATFAE - JB2DATR  Hia = BHkas~ER - EiEtE
EE AL D DU R RIS R BRSO B R B A VBRSNS B RO
PR RS AR BRI TR T — e ERes D E I E B AR - 5
Hh o AT DL FTRERE B B A i g = RATEERE - SRS TR - HEE]
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