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Abstract A new K X—rav丑uorescent sollrce如r calIbratinE￡he X or 1一ray m11l_

tich a工111eI analy聃r spectro“leter ls introdtlced A dctailcd description of the K H110—

rescent source dcvicc扛譬ivell．The calibrati011 method 11scd and experiⅡleIltal reslll“

obtained are presented．Thc purity aIld emciency of K Huorescence photoIls froIn this

devlce are discussed． This new nuoresceIlt source mav he uscd as a substitute fbr

radioactive nuclides fbr the energy—chanllcl calibrat|oIl of some MCA spectronlctcrs
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1 INTRODUCTIoN

h the study。f radiation physics，the detector and II]【ultichannel analyzer(McA)

spectrometer are often used to measure and analyze X o。7-ray spectra e上Ilitted fr。In

samples A cahbration，the re】ation between ene。gy and channel(or p11lse height)，ls

important iIl those measurements

UsuaⅡy’a spectrometer system is calibrated by using standard s。Ilrces such as

241Am，57Co，113Sn etc HoweverI many disadvant89es are brought out for dealing with

these radioactive nuclides．First】the X and 7一ray ene’gy that a radioactlve nucleus e瑚jts

is m【ed，so that each radioactive nucleus can only be used to calibrate one or two energies．

When a ran譬e of energiesⅡeeds to be calibrated，several radioactive肌cleuses are needed．

SecondlH the store of the radioactive sollrces，protection and waSte dispos“etc are very

inconvellient．Thjrdly，the radioactive nucleus w山decay．In the end，they will become

waste a工ld then be disposed，whjch mav cause the enviromental pollution．Hence new

methods without usiIlg radioactiVe nuCleus盯e h培hly recoTnmended 11 J

Fbr these reasons，the present work proposes a method in which we substituted the

radjoactive nucleus by energy—channel caUbration．That is a K nuorescence X—ray device

Desi叠n and卸pⅡcation of the K fhlorescence method have been studied smce 1970 s

In Ref[2】，the production ofK nuorescence矗om 8 to 87keV was stu(ued fbr the apphca—

tioⅡto health physics．【3·4】However，the K丑uorescence devjce used for the energy—channel

caubration has not been djscussed yet．Besides the advantage of environment protection，
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tks new method used for t}1e ene79y—chaIlnel cahbratloll has the f0UowiIlg advmltages

(1)Cha工19ing di饪宅rent auorescent taTgets c姐produce morLoenergy beams of diH．eTent

energies When a wide ene’gy region needs t。be c出ihrated，jt is enough to change rhe

fluorescent ta。get．(2)Ph。ton士luJes can be eas订y controued in a wide ra“ge (3)The

X—ray geneTator can be conveniently shut off when not儿l use The store and protecI i()Il

etc need not to be consldered H。wever，the only h血tation of this“nd of device is lllat

it can oILly be used to calibrate energies under 108 keV(energy of Th K一2 x—r3y)

2 K FLUoRESCENCE DEVICES AND EXPERIMENTAL ARRANGE

MENT

The maj且idea of the experiment design is to reduce the voIuⅡ1e of expcrilneIlt出

arrangement，eⅡhance the Producti。n e珩ciency of K Huorescent sollrces and at the samE

time reduce the power of the prima。y X—ray deVice．The arrangement used in the e。pef

iment is iuustrated i工1 Fig l

Fig．1 Schematic di“graIII unlle K丑uore刚mfll dPVkcH culd cxIjcnInental arra”g(、11圳l}

l X．ray tube．2 CoIlimator，3 N“detector，4 IonizatIuIl(}laIIlber．5 K mIorescent饥雌11f

6【】．5 111In。thick aIuminum (Wllen tlle e士±icl㈨(。y nPcds to 1)c tIJedsllred，the(。o¨i¨l；n(，J Inad(1 ni

lead IS taken dway aIld an i。nization ch；lrnhf|r H 118cd撕a$ubstltute±or L¨NaI m¨cfor)
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2．1 X·ray sources

A ceraⅡlic X—ray tube with an a110de connected to the earth is eInplo”d The X—ray

tube used in thjs study works at a potential range of 0～300kV(accuracy ofl％)and a

c砒rent raIIge of 0～2mA．The experimemal results show that 150kV potential and less

than 50“A current are enough fbr thjs appUcation

A 0．5mm tllic】(a1删num mter is attaclled to the exit wi工ldow of the primary X—ray

beam in order to absorb the lower energy X—rays

2．2 K丑uorescence device

The photons eInjtted from the prjmaTy target of the X—ray tube excite K X—rays of a

secondary target(radiator)．Positioned agai工lst the e】【it window diaphragm of the x—ray

tube is a 1ead cyUnder that serves as a hoIder of the K nuorescent tarEet and absorbs

the transmjtted primary beam．The t hic】【nesses of K nuorescent t缸gets were chosen as

discussed iIl Ref-[3]．

The K nuorescent target is placed i工l the holder made ofplastics(Fig．1)The design

is coⅡvenient for cllaIlging di艉rent t酊gets The nuorescent target js at an angIe of口=60。

to the ceⅡtral ray of the primary beam． The center of the nuorescent target is ab。ut

42 mm盘om the X-ray focal spot． T“g arrangement reduces the缸ea of Hght spot and

enha工lces the 1蛐osity。f the radiator． The x—ray beam goes tllrou曲a circular hole

in the lead cvlinder to excite the K丑uorescence The diameter of the h01e is 3珊n when

the sDectrum needs to be Ineasured and the dia肌eter is 5 nlm when the emciency needs

to be measllred No filter wa5 added at the nuorescent beam exit h01e

2．3 Detector and Multichannel analyzer(McA)

Since the limitation of our experimentd equipInent，a photoelectr。n mllltiplief tube

with a≯45 I咖NaI crystal，a pre锄pli矗er卸d a H V．supplier were used in the ex—

periment，wlLich were all made by Beijillg Nuclear Instrurnent P1ant．The MCA eqllips

with a MCA card aIld related softw缸e in computer PC386 The detector arrangement is

sho、髓m F碡1．T0 IIlinj血ze the iIIfluence of leal(age and scatter rays，some lead plece8

were mounted A西60×6 cm3 ionization chamber and a dosimeter were used to measure

the K nuorescent X．ray intensity and its production e历ciency

3 EXPERIMENT AND RESUI仃S

3．1 Energy-channel calibration

Because of the poor energy resoIution of the NaI detector，the follr peaks of K口l
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K口2，K廖1 and K卢2 X叶ays froIIl the丑uorescent target used were merged into one peak．

T址s is KnD，F。tlr di好毫rent eler雌nts，i．e Ag，Gd，W and Pb，were used as nuorescent

targets in the caUbratioil

Under the H．V．and gain c。ndmoIl used，the we培hted‘average energy鲰。，。and th

central channel of the廿leasured peak are giVen ln Table 1

T抽k lⅥ，eig}ltcd一州cragc ener州E“tl”K∽{X-rt珂s aIl‘

R”the cm gct elcn¨，nLE

Then a Unear r。gression for the cabbration is used to Rnd ou‘the r“ation between

the energy and cll舢mel Por the detect。r and MCA system used in this elpermlent，tjle

r89ression expression

E=33．7十0 00724，h

where E ls the weighted—aVerage K photon energy arld eh is Che central channel of the

measllred Deak．The correlation coemcleIlt r=0．993．

F0m calibrated spectra of the primary X rays吼dmreIlt tube voltages are showIl王ll

F19．2(The a工Lgle ofthe primlry taTget is 17。．A 2 rrLm-thick aluInjnuIn mter iS added)Ir

js shown that the calibrated ene。gy scale h coincident with cDrre5ponding tuhe von89es

fcoIlstant with accuTacv of<i％1
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Fig．2 Calibr越甜prinmry X—r吖spec‘ra at tllc t【lbP vult“ges of弧60．7帆80矾d 90 kV
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3．2 Purity

The photon丑ux purity was worked out from tlle measured spec打a for Ag，W (；d

and Mo at dmrent tube Vo儿39es Tlle pIⅢty of W foil’wl血h was the 10west of the four

tⅪgets，is better than 60％as the accelerating potential Varicd irom 75kV t。120 kV

Th8 plⅡity of Mo ta‘get ls 93．3％，w11ich is the highest when th。p。tential Lf is ab。uL

30kV

The result shows that for a same u／EK value(ujEK>L)，the purity will drop when

the Z of the target is i工Lcreasi工lg The purity of the saIne e工eInent“ta。get will mso drop

when the U／EK vahle js increasing

3．3 E佑ciency

The efficiency was als。Ineasured The f01lowillg fornlulah was used to calcuIate

the K nuorescent production emciency

，二11K(U／甘K—1)

where』ls the Intensity of K mLorescent X rays measured at ceTt血n distance when thc

tube current is l InA，己，i5 the tube volt89e 111 kV，。FK is the emclen。y，and EK is t11e

binding ene79y of the K sheU in keV．TheⅡ1easured values of礼range from l 27～l 72．

According t。the aboVe fornmla and the nlea趴ued data，the fk and n weTe then worked

out In comparison with the data in Ref．(3]，the K nuorescence e硪ciency of Ag ta。get is

5．67 cGy／(mjn mA)at 200叫distance fr。m the K aLLorescent target．The value of，2 Is

1．35

4 DISCUSSIoN

4．1 K fluorescence purity

The measllred pWifies of tlle K nuorescence are a httle l。wer coInpari工19 with that

fePorted jn the Reff3]Hence，a further study was ca“jed out An expe『jmen±was du肿

to measwe the coIInting rate of Gd mate rial at tlle same accelerating potential and at

currents of 75 pA and 150“A The two couJlti“g rates were calculated respectively lor

each 1一A and then cornpared The reslllts shDw that thc counting rate peT 1 pA at 75 pA

curent was扎out two times as la。ge as恤at at 150 pA cmrent．So the dead tLme of the

measuement instrument is the main cause for deterlorating the measured pu rity

4．2 K nuorescence emciency

The K flu。rescence emciency of the experiment is mudl higher than tllat reported in

the Refm undeT the same conditions，the e币cien。y given in Ref[3j i3。nly o 0017 cGy，(Inm

mA)at 200mm di酞ance from“Le K fluorescent target．The m缸n cause is that the center
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of the K丑uorescent tarset(or radiator)is l。cated only about 42 Im丘om the x．ray roc硝

spot试the pTesent expeTiment，wheTeas thjs distance is about 150 n1In iIl Ref．[3】

4．3 Energy

A1though the measured spectrum di8plays oIlly one K。闩peakt yet in fact，tllere are

follr main eⅡergies fbr one elemental target If a HPGe detector is used，the 8pcctnlnl

shows f乩r ch对acteTi乱ic hnes which缸e Knl，K。2，K—l and K疗2．

5 CoNCLUSIoN

The experimental reslllt jndicates that a monoenergetic K丑uorescent devlce with

sm“power and sjze hasbeen developed to 8ubstitute several radioactjve nuclear sollrces

for cahbr砒ing the X oT 1 ray spectrometer in th8 photon energy range of 8～108 keV

Designed with di成rent power 1eVel，the deVice may a】so be used as a Hlonoenergyetic

X—ray source for other wjder appJjcatjons。
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