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Design of a Ã-Ray Imaging System
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A M » act To take advm tage- of poei M n emi- - ion Ømoe aphy( pr r ) m Etud e- d pbyBioAoe cd h ncù£"

of plants - a Ã-my inzae BZg ® ' 4em eomF eed d two Hoek detees£" faciae each oÉ er U m dez develop iù -

U e bloek de° etoe eom ASu d l O x l O luteu m ozyoabod i e- ze ( ISO ) eÉ ´ als and a poeAh n -eeg h e

phoaonzul " pl ier Mbe( PSR f T ) , Hamam a¥ u RSÖ b C12 , wbere the element Bim d the ISo m 1 . Sm x

l .8m n x l Omm . 1Ee ped onnance of IS O deteetor was evaluated in tem s d - ppl i cabal i ty to PE r . All the

riH M or elements m elez iy visual ized in th poa uoa m¤p . Enerw resolution mÛ m hm l 4 . 5 % M

n % FWHM at 5 11keV . Coincidenee Umizzg EÊ £lum n is improved as the supply vol tage d the PSPMT

is increased . " 'm measurements indicate that tbe I SO deteetor is appl i cabh fof hieh m oIw o-z a aal

block deteetor imaeing system .

K ey w£û luteum ozyOEtho- i li r ate -poeiuon m si ti ve pM omul ti pl ier tube . imÞ EZe ® a m

1 Introduction

A utoradioF aphy is a ud Ul tool for studyi ng uptake and M m poô tim of num ents in plants .

However th is technique is l imi ted by providing only stam i mù £ d the mSUIt of tmcer movement .

POM EWn Emission Tomogmphy ( PET ) uses the idea d inj ecti ng chemical compounds labeled

m th positmF emi tt ing im topes into a body to measure their spati al and tempoml d istribut ion exter -

nall y . PET has demonstrated iu ab½ ty æ a veÉ pmEni sing tool for basic and cli ni cal remaEÉ in the

la84 3O yearR. Recently , the appl icaHon d PET technique to a udy physiolo,Heal hmeti ons of plants

has incE¢eased . ReseaÓ hers am espec ial ly intereeted in visual ia ng the dynam e- d oEp nic md ah -
lites i n plantsL I» É .

Two planar gamma my detectors operating i n com eidenee is a simple method to obtai n functi on-

d PET imag ng from plants . One appm- ch has uHl ized Wo block detectom whi ch compoeed of bis-

m zth gem anate ( BGO ) sc inti l lator army coupled to a posit ion sem iHve photomul ti pl ier tube
( PS PMT ; Hamamatsu R394 1¤2 ) [½ . However , the spat ial ÓSOluti on and ti ming Eüsolution is l imited

by l id u output emi tted fmm BGO and capabil i ty of the R394 13 . W ith the mcent advent d commer-

d al ly produced new sci nti l latom an d PSPMTs , i t hæ beeome poe- ible to constm ct si mpl e detectom

with a good EÊ £luHon . Our dedicated system desi Á eom i sts d two planar luteti um-oxr od mei l icate

( Ê 0 ) detector ar rays facing each other - Ò 2e system is better than other dedicated designs in spatial

and ti mi ng msoluti on . TTm paper mpoí £n the eval uation of IS O block detector and cm ü " desip
d a Y- my imag ng syst em for plant anal ysis appl icati ons .
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2 Experimental resul ts and discus ions

z . E Detector deû n and per for m nm

' Je constructed a detector block consisting of a 1O x 1O scinti l lator am y , which is composed of

ISO sample m É apen tm ( 1 . 8 x 1 . 8 ) mnJ and a leÊ h d l Omm . J J J J J J J J J J A

h m Þ mmmemm'n©zt d IØô dedØt
wëÝhMiÓcdd th 1 al l std ô 8 Ê poli shed , is opti cal ly isolated by a 0 . 2mm f :Æ¶ ´ í Â 2 1 V |
th ick polytetm-auop ethylene( F r lFE ) tape - iJ J J J J J J J J J 13 V/ |

h our b ig zJ he Hamanzatsu Tuk m m T ( ¢ ø KL C12 ) M j l l l l l l l l | V/ /
been used-whichhas a 27.7mmmimX20m highmd the d- f f p
fedive ma is (22x22)mm2. The emitted photo¤ tmlmfmm the | | Â
PIE040cathode m multipli ed by the channel dynodes whi le retai ning | |/ l
the poei t ion i d onnati m , and then the mul ti pl ied elect ro-m m read t ' E E I E

out by cmmed multi -plate m odes . Ò 1e R59Á L C12 has a Bi-al kal i Fig . 1. ArrmF mmt of a

photocathode l O-staee d channel dynode, and 1¤stage d mfI ecti ng u o deteetor -

plate dynode and 6 X + 6 Y em- -ed anode plates located between the 1Oth dynode u zd the refl ecti ng

plane dynode .

Four Ø tput siÁ ai s am col lected thmud E N o extem al msi stive chai ns eom eeti ng X m d y
wi res mgped i vely . u e poeiUon od g EEating the HO t ph040ns is cal mzl a ed by appl yi ng a center -OE-

g avi ty detecti on uei ng em-- wi Ó m odes method . From the four sig Eals X I X z YI Y2 , the poeiti on sb ,

C in the X and Y di recUon can k obtai ned Ø foll ow- :

¦ = X J ( X I + X z) , 5 = Yz/ ( YI + Y2) .

2 . 1 . l R ood soume measurements
FIg . 2 shows the meastzmment apparatus for the f100d souÓ e measummenu . 'ITm last dynodes

m d four X- Y poei t ion siF d s fmm PSPMT am mspectively amplia ed thmud z the pÓampl iner - 'ITEen

four poeiHon siPEals am fed into a CA M AC analog1Ê - to-d ie tal eoaven er ( A DC ) . 11he outpu t d the

last dynode fmm the pm mp is introduced to a constant fracti on di scri mi nator ( c m ) ¨ É a thm hold

to select the photoelectr ic abm m uon events . Ò 1e CFD uni t ob m m oó put signal Ø the gate d

ADC modules . A pemom l computer ( PC ) aequim the d ie tim d ² u h m CAMA C A DC .

~

ì Ee ISO detector was uniformly irradiated by 511keV Á mma mys h m a nNa mum -and the
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d a l Ox 1O scinti llator aÐ® , which is emë £eed d

Blength d 10mEY1. J J J J J J J J J J J
. 1. Eu h element , f Z JZ Afþfa- -fJ14 11

R e . 1 . An aE,en °tent of a

× O deteetor -

R451 . Eµ efimental -eu p fm aeod sowee me- -umments.
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2.1.3 Tirdng msolution
We coupled a Sind e 1 . 8Emn Á 1 . 8mm x 1Omm Ê O CE7stal to the R59Þ - C12 PSPMT m d

measumd the ti mi ng msol ution , whem a BaR detector was used as a mfemnce pmbe . A n Na point

m ume encapsuIated in a 25Em diameter ,3 mm thick plasti c di sc m É the acti vity i n the central 1mm

was pl aced in the center d two detectors . Ó?he measummenu of t imi ng msol ution for using di gerent

high vol tage bias Ø the R5900¤C12 am pmsented i n Table 1 . Ò1e experi mental ÓSUIts cleaE4y show

that the timing reSOIEEtion d the Ê O deteetor havi ng smal ler suppl y Vol taee deem ses ó expected .
T¤bse 1. 'EEMù " " ¹ £m vg. a× Öy voUÞ ¤

su½ vhW0dlÖö-f̈v F"m'M4ô/
´ o . " 1¨¨ .i¯ 1m 8 |H | 7Ø m 0 . Ø 1¨¨

.iÕ

lu 3

7 0 0 0 . a 1 . 1 7 H m 0 . 5 8 1 . 0 9

2.2 Concept

2 . 2 . 1 Descri pt ion

We am pmeeediEEg to develop a ÃÊ y im e ns system dedi cated to pl ant studies , to whi ch the
IS O detector described above M Il be appl ied . 'ITm plant sampl es containing a poei tmn emi tter am

placed at center between the W O oppoei te detectors . TE us the pai r of azm hi lation y -mys nyi ng OE

from plm ts cm be detected u8ing a coinci dence technique , ± shown in Fig . 5 .

Ò1e detector wi ll h mounted on a gant® , whi ch is deeiÁ ed to pmvi de poei ti oning capabi l it ies

ß Ü ï í ë Ë ï í (E×P& NP) Ú 7ª í

nt il reach i ng m i l l i on s of even ts . 131e F m y hi t posi t i on s of 9b

mzd C am c alcu lated even t by even t . TE e posi t i on map of th e

detec tor i s shown i n th e F ig . 3 , wh ic h p m ves th at th e b loc k

detector p m vi des good cr ystal m PE St i on ch am c teri sti cs .

2 . 1 . 2 E nergy m ol t16 0n

× Ee × an d C valu e d a poei t ion si gn al even t am fI M

comp uted , t hen a CE7 8tal M ent is c at i on meth od i s to dea ne th e

m gi 0138 É ç £" 'respond t o eac h cry stal on th e two- di mensi onal

n ood g el d h istoF an1 ¤ A f ter genem t i ng th e posi t ion look - up ¤

tab l e ( L U r ) map , th e eneª y spectm m for each c rÃstal i s ob -

tai ned .

× Ee eneEÜy m SOIEEUOZE v al u es f or 5 11k eV Ã- m y d i Eer

fm m th e seg ment to segm ent : 111e best energy Ó sol ut i on w±

14 . 5 % ( F i g . 4 . ( a ) ) , wh i le t he m m t wØ 2 2 % ( Fi g . 4 .

( b ) ) .

Fig .4 . Enerw specï fbr the × O elements d the detector

( a) bea ena gy m cm mz(b) womt eneÊ ' ô mm

system£ f a Ã- r ay
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a l l o w i n g fh x i b i l i ty an d ease of u se i n su b j ec t p os i t i o n i n g . P l an ts stu d i e s c m b e c a n t ed ou t w h i l e É e

d e t e c t o m M e m u t ed i n a d n g t o c o l l e c t t h e t o m 08 2 p h i c i n f o r m a t i on .

2 . 2 . 2 E l e c t r o n i c s an d d at a ac q u i s i t i o n r z ,I É

×h Eæe wë§ hh o l e m tôem m iÊ8 © Ø¢m In E scd¤ h

×× Em e P° s PmBMf 1T ¢ ou tp u ts m d±ä iØg i t im¾ d b y 8 .¼b i t AØ D , ¢wëÍØíØhMi cd th 1 c¾m û f ­ Ô ­ 2A ´ Ç ï ·

td»hEæe EÓÛüÊ-½fºo EÓªü5 t ak e v a l u e s b e t w e e n 0 an d 2©5 4 . O n e o f an n i h i - I E E ¢ » ' ¨ Z Z = s t v Ô á t f

l a t i o n Ã - m y s i n t m c ts ÷ × a Þ m t i n t h e sc i n t i l l a t o r 1 ú W ½ ë ) ± é ü

m y d o n e s i d e d et e c t o r m d t h e m b y e v e n t l oc a l i za t i o n J ¬ F ' ç 1 l

c m b e d e t e r m i n e d b y a p m e ss si m i l a r M A n g e r l og e . L J J Ét J

O n c e t h e p oe i t i o n v a l u es am k n o m z , t h e oEt e n d p o si t i o n F ig -5 . B l ock azTangem ent of th e Ã- m y
of an n i h i l a t i o n c m b e ex t ra c t ed f m m t h e l i n e c o n n e - a

² im ag ng system for th e p l an ts stud ies .

t h e c e n t e r o f t h e t w o d et e c t o m ( so m et i m es m f e n ª d t o as a

l i n e d - m sp o m e ( I Ñ R ) ) . E v e n ts w h i c h m m c o rd e d w i th i n t h e co i n c i d e n c e t i m e w i n d o w a m t h e r a w

d a t a f m m w h i c h t h e P E T i m a g n g m m co n s tm e t ed .

2.3 Discussion

~

We beli eve the i mae ng system wi l l oEer sever-d advantages compamd m th exi sting dedi cated

PET system th± use BG0 .
Ò 1e pmpeEt i es of BGO m d I SO m summad m d in Table 2[H ] . 1Tze hi d 1 density of the two

mMed al s wil l mSUIt i n veÉ high detecti on em d eney even for smal l cE78tals . 111ey an not hyg ª scop-

ic and , theÓfore do not need to k hem eticaIIy sed ed Ø does Nd ( Ê ) . It cm be seen that the l i4 1t

Ø tput of IS O is thm times hi d zer than É ó of BGO . o n the other hand , I SO appem veÇ attme-
tive due to iu shoIt er decay ti me , whi le mtai mi ng hi d z stopping power - 'I12128 the IS O detector wi ll

pmvi de better spati al , ti mi ng and enezw msoluti on compad ng to BGO detector in the same condi -

t ion . FLEd lennom , the compact si ze of the system wi ll mean that the tomoÁ aph m l l be EÄlatively in-

expensive and pozt able . 132e system al so al lows smal l animal studies to be peEf ormed , maki ng addi t -

iom l use of expensi ve mdi ochemical syntheses .

Tabse 2 . c omp- rÙ@m d BGO and ES O nzatH Ula-

F

~

phntd pmpeíthe- mo m l| Ph,-ud pmm m BØ u o
h aty pf(ghm3) 7.Ä 7.35 HReMVeû Et yield n Ç
Indmd mh d¶ 2.U 1.E || Mª, ² û ü,.a¤m¤² , Ø 3Þ eo
RadiaioezleÛÉjem 1.13 1.B Hhd w-vetaÊ hd ± mmJm 4" ÜØ
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Fig .6 . Block diaF am d the wtd e syBtem.



196

W e × ¢e now con stm ct i ng a dual b l oc k d etec tor sy stem , wh i ch i s used to in vest i gate the tm n sPOEt

of poei tm n emi tt i ng i sot op e i n tm d uced i n to a plan t . E ach detector b l oc k i s a 1O x 1O arm y d I S O
CEy stals wh i ch am 1 . 8 mm x 1 . 8 mm x 1Omm in sim an d separated by 0 . 2 mEE1. 'IE e i n t ri nsic physi c al

perf on nan ce of the b l ock m th m pm t tO CE7 8tal i dem f lc at i on A m zz y m sol u t i on an d t i mi ng resol uti on

has been m POEt ed . × 1i s study d emonst rates th at É e detect om emp l oyi ng I S O m d R5 90 0 ¤C 12

PS PMT can be used successf u l l y i n th e new F m y i m ag ng system .
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ª ª ª Ë û Ã ý ç Ó ¢ ä Ï ã É ñ ¼ õ Ú ² ï ú í ¦ Ü Ð ¿ Ð Ä Å Æ , ý Ú ª ¢ É ½

ö ½ â ÷ à ò Å Ã ¹ É Ä Ã ä ß É ñ µ ³ . µ ³ Ð É Ã Ä ½ â ÷ Ç É 1Ox 10 Ä õ ý è
á í ( ISO) § å ó Ð ë õ É R5þ ô ¤C12 ¾ Ï é É . ¥ ö ISO ß ç ª 1. 8mm Á 1. 8mn Á

10mm. ù Ý PET ¦ Ã Ä Ø ã , â Ô Ë Ã ½ â ° Ä ± Ü . ù Ð Á ¸ § å Ä ¼ñ Ú » Ã ¼×
Ð å þ É û ;511keV « Ü å ¦ Ä Ü ¿ Ö æ Ê » Ú 14 .5 % - 22 % ® ä gû Ï ± ä Ö æ Ê æ

Å » Ã é ô â ç ¶ ö Ü Ä © ø ç ¹ Ä ö Ó ø Ã ½ Ä Æ . â © µ é á û í ÷ , Ã ISO ½ â

© Ê Ú ¹ ì ß Ö æ Ê Ä « ½ â ÷ É ñ µ ³ .
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