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Experimental test of a new neutron threshold detector an【l

its application
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Abstract The possibility 0f l】sing 209Bi as a llcw threshold山tcctor fo 111(、．悄11lf-

lligh—cnergy neutron8 was i11vestigated for tlle丘rst timc．At the saIIlc tiInc thc t、x1)t-I—

jmPnt measured successfu¨y the emitted小、utron H1】ence rate．enclgy spcftjl】m m川

dose eqllivalent rate distr-butions in the heavy ion target area usi“g a dctcctor(onlI)kx

iIlcluding 209Bi，u5IIl，27A1)1。F肌d 12C saIIlple8
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1 INTRoDUCTIoN

。rhe neutron spectrum is Very i埘【portant for the nuclear stTucture study，Iluckal

reactor design and rmclear weapon deVeIopment etc In the health physics^eld，neutTull

8pectrum data are applied extensively to the neutron shielding calcuIation，shiel(b“g

design and the exact calcuk如ion of dose equivalent of high—ene’gy neutron ernjtted i1】

heavy ion reactions．

The Imckar recoil，the nuckar reaction(nucleaT emIdsion)a皿d the TOF method s

are usuaUy used to measure the neutron spectrum h general，nuclear recoil and Teaction

methods are 0111y appljcabJe t。measure the neutmns of energy lower than 1 MeV．BeforP

the 70’s last century，the highest energy of measurable neutron was omy about 30 MeV

using the TOF method，moreover that needed many coInpUcated experimentalinstrll

ments and eqllipment with lLigh ped缸mance and smcient experimental space to eIlsure

the fIying distance of high energy neutron．【1】In additi。n，the energy of neutron e Tr】jtte(1

in the intermediate—energy heavy ion reaction induced by 78 MeV／u
12C—ion ls about

150 MeV whjch is rnuch hjgher than 30 MeV However，this kind。f experiment is ve‘y

di伍cult in practice because oflIigher cost，compbcated te幽que and larger e。perimental

Reld．

RecerLtly，TOF techIdque has made considerable progress with the rapid develop

ment of the detector and ekctroIlics techniques． Some new reports of measur血g higlI—

energy neutron spectrum using the TOF method have been pubhshed【2 It is suTe that

a great of cost wollld beⅡecessary for thjs particIdar experiment
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150 NUCLEAR SCIENCE AND TECHNIQUES V1)l 1 3

A1though the accuracy is not so good，the threshold detector nlethod is a simpl(、

and practical tecllnique for measllriIIg neutTon spectrm in co瑚parison with TOF，since，

it is used usuaⅡy in radiation studies and spectr啪measurement of neutron ernjtted l Jl

low energy heaⅣy ion reactions．However the hjghest neutron ene79y measured dlrectly

is o砌y about 20MeV，the neutmns with ener碍y over 20 MeV could王l’t be obt缸ned Re

cently，some experiments usi工19￡出out 4—5 lower ene‘gy thresh01d detectors and a speciaI

spectrum handle technjque based。n the Monte Carlo calculation have been r印orted”J
for obtaining a complete neutron spectrum

In order to measure directly the neutrons enlitted in the intermediate—energy hea7y

ion reaction with threshold detector the 27Al(n，n)24Na，19F(n，2n)18F，12c(n，2n)¨(：
and 27Al(n，4p6n)18F reactions were used to measure the neutrons with ene79y。ver 7，

1 1，20 and 50 MeV resPectively【5，6】Understandably，the neutron energy was divided only

into 5 intervals due to the number ofthreshold detectors used was onlv 4，in additioIl，the

result of neutrons with energy great than 50 MeV measured using¨Al(n，4p6n)Teacti011
was not so exact dwing to lack of s11fhcient cross section data【7】

In this experiment，the possibility of a new material used as a Inultifhnction thresll

01d detector was investigated to measure the neutron distributions in the interⅡlediate

energy heavy ion experimental target盯ea．

2 THRESHoLD DETECToR CoMPLEX

2．1 A new threshold detector

Fi窑1 shows the neutran excitation function curves of 209Bi．【8】It could be seen from

F培．1 that the 20。Bi has very typical thr毛shold detector characteristics，the t}1resIlold

energy aIe about 7，14，23，32，40，50，60，70 and 82MeV for the reaction channels of(n，

2n)一(n，10n)respectiVely．Obviously，it is the outstamding adVajltage that the neutron

energy could be divided into 10 intervals using only a 209Bi s锄ple缸aIl expenmeIlt

Ho、阳ver，the 209Bi had not been used as threshold detector uD to now．

2．2 Threshold detector compose

Although the energy 0f neutrons ernjtted in the interrnediate energy heavy jon rc—

action，theoretically，c01lld be divided into 10 interv柏s using a 200Bi s啪ple in an ex—

per血ent，11nfortunate】y，jts appⅡcatjon iS Unlited by the half二ljfe of the product nuclens

In gener“，the frontal f011r product Imclei c011ldn’t be measured due to the hamlives of

product nuclei of 20。Bi(n，2n)，2呻Bi(n，3n)，209Bi(n，4n)and 209Bi(n，5n)reactiulls
are 3．8×105 a，38 a，6．24 d and 15．31 d respectively

IIl 01lr experirnent，the 27Al(n，n)，1。F(n，2n)and 12 c(n，2n)reactions were

utiHzed to iIlstead of the reactions of 209Bi(n，2n)，209Bj(n，3n)and 209Bi(Il，d儿)
besides 115In(n，7)11虹h reaction was used to measllre neutrons over about 1．5 Mev

Unfortunately，there was no one sujtable detector to iIlstead of the 2u9Bi fn，5n)2‘”Bj
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channel for measu血g玩>32MeV neutTons(see Table 1)

Table 1 Tllreshold出tecturs conlI)08e and。叩1acillg dete【，t01 s

Repladng dct(1【：Lo‘

Thr‘．sllol【1 Rcaction Product TIIrc8hold nⅢti01l Prr)d1】(f

Pncrgy nncIclls“fc cn(1rgy 1lIltm’11，i“

7 20。Bim，2n{208Bi 3 68．105a 7
2

7Alfn．(℃)。1N}L 】5(J2 h

14 ㈣Bl㈨311)20 7Bi 38a 11 19F(Il，2n)¨F l(1。7 IlⅢl

23 209Bifn．4n1206Bi 6 24d 2【】
1
2Cfn，2n1’1C 2()38mlTl

32 209BifIL，5n1205Bi 15 3l d

40 。o。Bl(n，6I L)204Bi 1l 22h

5【】 200B“n．7111203Bi 11 76 h

6f) ⋯Bifn，8n1 202
Bi l．72 h

70 209Bifll．9111：01Bi 108nllll

80 。09B“n，10111 200Bi 36 4 miIl

2．3 Manuf-acture of threshold detectors

27A1，2‘’9Bi and¨5In detectors were made of hi曲pu“‘y met出materi als of 09 99％

Based。n their speciaI physicaI properties the vacuum melthlg method was utilizcd L()

mantlfacture the 209Bi detector that avoided the oxidation of 2∞Bi mate“缸s in t}le maIl_

ufacture Drocess and the 115h detector was made with a roUer． Tab】e 2 5howll tjlc

parameters of threshold detectors．

Thble 2 Para删tcrs of tIIe thresholti d札eccul8

Thr蹦h。】d Reafh伽 Thresh01d Aver89。口丑，一2 of product Ma￡eliaJ《Jf D㈨mi^ht¨!
detcctur energy(MeV)(10一31m2) nucl肌s ‘lctectoT dctnt⋯(儿l儿1)

‘1
511l

11

5III(IL，n’)’’5n。In ～】5 ～17l 4．49h High purity 11l 廿4I)×1《I

27A】 27Al(n，d)2‘Na ～7 ～45 15 02h Higll Pu五。y Al 扣4f】×3 f)

1
9F 19F(IL，2n)1 8F ～11 ～40 109．7 miIl m1HoII 币4¨×o{】

‘2C

2日9Bi

20。Bi

209Bi

209Bj

209Bi

20
9Bi

12c(Il，2n)‘1c ～20 ～22 20．38milI P01y‘，tllyl('Ilc 们¨×。

209Bi(n，5n)205Bi ～32 ～528 15 3l d Higl【pu—ty Bi 壬4f J×4

209Bi(11．6n)⋯Bi
209 Bifn，7Il、203Bi

20。Bifn，8Ⅱ)202 Bi

⋯Bi(n，9n)⋯Bi
20。Bi(n，10n】200 Bl

～40

～50

～60

～70

～80

～104

～151

～20

～8

～3

IIi扑I】MiLy B

High putiy Bl

H培h pntiyBi

High llutiy Bi

High p11tly Bi

曲4Il×4I)

小4¨×411

小4fJ×l¨

抽4(1 x 4¨

曲4{)r 4【1

3 EXPERIMENTAL

The experiment was carfjed out iIl the r印jd chemistry terI工linal area a￡HⅡtFL，幽c

Heavy Ion Research Facihty ofLanzhou，in Janu缸y 2001 A 12C．ion beam from the ECR

ion—source，projector and main accelerator passed thIough a hole iIL a concrete 8hieIdillg

wall，then through a pair of quadrupok lenses姐d a coUimating slit to a thjck Au target．

辫勰
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The thickness of whjch was sUghtly greateT than the range of 11eavy ions in the target

The 78MeV／u 12C beam of about 19nA was cornpktely stopped in the talget m1(1：、

copper beam stopper a工1d the change was coUected and recorded by a beaIn Integrator_

AⅡthreshold detectors、vere disc shaped as bsted in Table 2 T11e s啪ple cells

were 10cated on a horizontal Dlatfbm．wlLich was at the side of the beam tube an(I t11e

height of which was equal to that of the beam tube and 10cated at a distance of 1 In IroIll

the target to be irradiated血the radiation矗eld of neutrons e而ttcd in the reaction of

78 MeV／u 12c—ion on t上Lick Au target．Fig．1 iIl Ref[5】gave the 1ayout of the detect。rs

aTound the target．
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Fig．1 cross section curves of 2‘’9Bi bomharded hy nelltrons

Th。7一actiVities of the detectors irradiated was measured by an analysis systcm

composed of a PC—multichannel aIlalyser and HPGe detectors． The e伍ciency of仙e

syst哪was calibrated using a standard 152Eu 1一sollrce．

4 RESUl月S AND DISCUSSIoN

The neutron nuence rate，spectrl堋and dose equivalent rate measured in the expe卜

iment were practical出stribution of neutTons in the experiment al terrnjn“竹ea Becaube

the focus function of the accelerator was not so good，a part of the beam had strayed

and boInbarded on the beam tube and the colHmating sUt

4．1 Neutron fluence rate and angular distributions

Table 3 and Fig 2 gave the neutron丑uence rate and angular distributions meas LLrcd

in the rapid出eInistry experimental t印_Ilillal area Fouow衄g results coldd be seeIl

”
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Table 3 Nclltron丑uellcc rates at 1 m distaIlce from tlle targ“

fMeVl 0。 300 60。 0I)” 12u”

>1．5 7．57×lD‘ 4．1l×lD‘ 4．】6×101 4．0l×】01 3 72×10’

>7 6 99×103 8 76×102 5．05×100 4，15×10。 3 85×【02

>11 6．06x103 5．83×102 2．52×10。 2．02x102 2．20×lf)。

)2D 5 52×103 4 14×10。 1 49×10‘ 1 58×10’ 1 18×10‘

>40 3．95×103 2．47×102 6 82x10。 2 93×101 2 44×1()1

>50 2 42×103 2．07×100 2．52×10I 1 57x101 2 12×101

>60 1．82×10’ 1 23×102 1．46×lO‘ 1．12xlD。 1．06×101

5 85×1∥

1 67×1【】‘

1．33×1(11

9 80×l¨?

412×1¨。

3 53×1(】t

1．04×lfl7

E删鲒mangJe90

Fi只．2 Ncutron丑uencc rate distribution At

lInfrom the targct

(a)最。>1．5McV，(b)毋。>7MeV，
(c)E。>ll McV，(d)E。>20McV，

(c)E、>40MeV，(f)En>50MeV，

(g)E。>60MeV

已(Mev)

Fig．3 Neutron 8penrllⅡl，{is LriblIti01ls t、f 1

from thc tarErt

(a)【n(b)30。，(c)60。，((I)9旷(t、)L2『】。
ffl 15I)。

(1)The distribution of neutrons with energy greater than 1．5MeV tends to 1)c

isotropic distribution iIl the whole range丘om 0。to 1500．

f2)The tendency 0f neutron distributions peal【ed in the forw甜d directjoTl is m。，c

and more evident with the increase of neutron energy．

(3)Tk neutrons are obviously increasing in 60。一150。backward direction，Lllls JH

due t。the fact that some strayed 12C-ion be锄bombards on the beam tube neaTby，as

mentioned above．

4．2 Nelltron sDectrum

Neutron spectrum distribution measured was shown in 7Ihble 4 and Fig 3，which(Ip

videdthe neutr。n energyinto 7intervals：1．5～7MeV，7一llMeV，11—20MeV，20-40MeV

40～50 MeV，50—60 MeV and>60 MeV．Here oIlly neutron nuence rate data between 20—

40MeV were given due to lack a tllresh01d detectof for measuring 30MeV neutr。11 s In

addjtion，E。>70 and 80 MeV neutrdns c011ld not been ident进ed，thjs is because that

㈣
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the cross sections of channels(n，9n)and(n，10n)are omy 8 and 3 mb respectiVely aTl(】

that the haJf_lives of the two product nuclei are too short．

Table 4 E。perimental data of ncllnoll cI上c。gy distriblItlou

fMeVl 0。 30。 60。 9u。 120” 1 5(】。

———i：i二i—————石：ii王jb3 3 23×103 3 66×103 3 59×101 3 34×l()3 4 18×1¨’

According to general law of neutron energy distribution for hea”y ion reaction t11e

peak of neutron spectrum would occur at the neutron energy sHght lower than iIlc。nⅡng

ion energy per nucleom In this experiment the peak of neutron spectrum would be ab 011t

70MeV，thereforethefau—offpart of spectrllIIl coIlldnot bemeasured，the nelltronswith

energy greater than 60 MeV had a rather great portion，which iIlclude aU neutrons wiLh

energy from 60 MeV to 150 MeV．

4．3 Neutron dose equivalent rate distribution

The neutTon dose eq山valent rate出s—

tribution in the rapid clleInistry experi—

ment al terminal area of the HIRFL was

shown in Fig．4，which was obtained印一

prox证lately usiⅡg the conVerBion coe伍一

cients fbr neutron nuence to aTnbient dose

eauivalent【9】It could be seen that the dis．

tribution tendencv of neutron dose eqlliv—

aknt Tate was siInilar to neutron fhlence

rate distributions due to same reason Drior

Inentioned

5 CoNCLUSIoN

Fig．4 Ambient dose。quivalent ratt、Ⅲr IlA

beam current at 1m froIn七he ta。gE、t v州H¨8

a“gle of nelltron crnissit)1l

Up to now the maximal neutron ene。gy measurable usjng the theshold detector is

about 20 MeV．Although the reaction of 27Al(n，4p6n)18F was r印0rted as a t王lreshold

reaction to measme neutron with eneTgy over 50 MeV，the Teslllt measⅥed is not so

accurate due to lack of smcient cross section data．It could be seen f}om the cross sec—

tions of 20。Bi(n，xn)reactions that the cross section curves have eVident characteristic uf
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thresh01d detector，ho、Ⅳever，none report using 20。Bi as a thresh01d detector is publishe(1

yet

The fact．20。Bi coIlld be used as a valuable neutron t王lreshold detector to IneasllTe

neutrons with energy greater than 40，50 and 60 MeV re8pectiVely，is tested prelimmarlJy

at bst，althou曲亡he neutrons of晶>30，70 aIld 80MeV cou】d no¨e idefl￡med fk
to various reason mentioned in the text However．we aTe sure that the neutrons of

EIl>30，70 and 80 MeV respectively could also be nleasured using the saIne deteftoI 1f

the iⅡadiated time is sufhcient．We w0111d go a step mrther for thjs P1lrpose
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