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Abstract 60 MeV／u 18()ions wer¨lsed to boln})ard Ilatul a111raⅡiI】Jn tar￡“s，Ⅲ‘】

the heaVy neutron—rich isotope 237Th was prodllccd vla m11ni，nudcon trans仆r rem．tiojl

a11d拙sipatiVe＆agnlent枷on of thP llea”y ta。卵t A reIatively fast radio吐cnⅢml

proccdure was lised tD s。p。rak tIl。rlm!￡frnm拙e嘶xtlIre of ur柚ium aI【d comD“-×

teactlon口oduc协 The cllemically 8印aYated fJllorlunl fracti01lR were stu(1icd hv n、，．

tr叫8pec cros∞pic me恤od The乩haviors of幽‘一gmwbh and ncav o{853 7 a川
865 0 keV 7 rays of 237Pa dccay wcre ohserved Tllt、1lalf_li融of 237Th was(1cte¨Iuflt，(1

to be 4．69士0．60 mjIi
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1 INTRODUCTIoN

It has been reporte副1 J that the new neutron，“ch isotope 237Th was produccd vla

238u(n，2p)237Th reaction by 14 Mev／u neutron lrradiations of natural uranjum跗1d汕e

half-life of 237Th has been Eiven SorIle experiment“Tesults Teve出that血multi—mIdeon

transfer reaction(MNTR)，neutron-rjch projectile，neutron—Tich target and reasonably

higher incjden#曲ergy faVof￡he productjon of a heaVy neutron一一ch nuc】ej In addjtl。n，

dissipatiVe fragmentation of heavy t酊get in the inteTmediate energy heaⅣy—lon couisi()n

c柚also produce heavy neutron一“ch nuclei舢target—like residues．12～4J frhe results of the

synthesized and identi矗ed nuchde5 208Hg，【引23。Pa，【叫186Hf，[7J 2“。Hg，{8j and 238Thi。a】so

indicate that intennediate energy heaVy ion induced MNTR is indeed。ne of the hcst

ways for producing heavy neutron—rich nuclei far from stabmty

The present paper describes tlle experiment al measurement of the 237Th halfbfe In

oTder to co{血m the idem避cation of 237Th and improve the HLeasuTed precision of its

halfUfe In the present experiment 237Th was prodllced a5 target一1ike products vJa aIl

exchange of cwD￡arge￡pr。tons for one projec￡jle neutrons，j e，(238u一2P+1n)

s“pponed hy the Na“。nd Natural s“ence F01lIIdatl()IL(·f clIiILa(10075063)．M^jor sfntr Ba、If

Researc^Deve】opnlent ProgfaI上工(G2000077400J ami c}ie Gj￡IIIeHc Acn(iPmy of scien‘1EF

Manusc“口t received date：200卜07—0。
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2 EXPERIMENTAL METHoDS

2．1 Irradiation and chenlical separation

The irradiations were performed at the Heavy Ion Research Facjmy(HIRFL)of the

Institute of Modern Physics(1MP)in Lanzhou．In the experiment，237Th was produced

as ta‘get—hke products via an excha“ge of two taTget protons fbr on。pTojectile neutruIls，

i e．，(238u一2p+1n)．fbr increasing the content of uranium in the targets，not uo 2(N03)

but(NH4)zu207 was selected as target material．The(NH4)2u207(1．59／cm2)ta。gets
were i玎adiated by 60 MeV／u 180 beams with a cⅢrent jntensjty 0f 30～40 enA Each

irradjation lasted 15 mjIlutes． The change of the be龇n intenslty was monjtored wlth a

FaTaday cup．After the irra山ations，the irradiated uranium tarzets were transferred to

the che工nical laborat。。y by a pnellInatic transfer system for chemical separation Tlle

irTadiated llranjm p。wder was dissolVed into 1．2 mol／L HN03 solution．The is01ation of

thorilun from manium and othe¨eaction products was accnm汕shed wjth an iInpmved

clleInical procedure，whch has been described elsewhere f1叫

2。2 Measurements and Data Analysis

About lO I【linutes after the end of iHadiations，the measllrements started by Ilslng

a GMX HPGe detector wnh emcje工lcy of 30％and energy re50】utjon。f 2．1 keV(FwHM)

for the 1．33 MeV 7 rays of 6uCo The acquired 7一ray time sequence spectra were stored

in a hard disk and then analyzed by using a computer analysis prograIn．Each nuclide

was identmed accordiIlg to the transition energies，relative intensities and half_Uves of

their 7 rays As 7 rays of 237Th were nearly ll工lknown，it was iden雠ed by means of

measllrements for the daughter’s 7 Tays．Based。jl the observatjon of behavior of bu丑d

up and c。nsequent deca，矗)r 237Pa activities，237Th was identi矗ed and its half-hfe was

determiDed

3 RESUITS AND DISCUSSIoN

Many kinds of radioactive isotopes can be produced in the mteractions of inter—

mediate energy heavy ions witll heaVy target nuclei aⅡd many of them have 1arge cros5

secti∞ls．So it is essential to separate thorium from great amomlt of target material and

mixt砒e of other reaction products． Moreover，the ordinary mlllti_st叩separation pr0一

cedure can not be used．because the ha正life of 237Th is oIllv about 5埘jnutes【l J In the

improved procedⅡe，the l—phenyl—3一methyl_4-benz。y1—5一pyrazolone(PMBP)extTaction

provided the selective sepaTation of Th f}onl the other elements． It has advantages of

hi曲er ex七rac￡jon e伍cjency for thorjum and s±lorter equ出brjum恼ne．n js seen that the

deconta曲ation of the impllrity elements in the separated thoriunl fractions is satisfhc．
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torv The decontamjIlation factoTs of majn Teaction pToducts盯e given in Table t n is

found from‘rable 1 that the】arge amount of uranium does not mterfeTe with the extrac—

tion of trace thorilun under the experimental cond“ions．In the pre“ous studies，jt was

alnlost impossible to remove completely iodine in the separated thorium盘acti。ns 111”

However，by employing the曲proVed procedure，the actiVities。f iodine and brornjne iso—

topes have been completely removed from the thorium fractions．However a 1ittle amount

of iⅡlpurity丘om radioactive isotopes of Sc}Cd，In，etc． still renl出ned 1Il the tho“um

fractions．As a reslllt the spectra contained the corresponding 1 rays of ttL0se impurities

in addition to the peaks from 237Pa and Th radioactlve isotopes

Table 1 Dccolltaminatioll‰torⅨ111ain Tcaction m。duc拓

Fig 1 s呦arizes the cuⅡmlative 7一ray spectruIn for 35 th。“um fractions s。p8一

rated from the irradiated uranium targets Two ganuna rays with energies。f 853 7 and

865 0 keV，which were attributed to the decay of 237Pa，weTe identmed based oIl their

h越lives，ener百es and relative intensities．As the deconta血nation factor of Pa isotopes

was M对ler than 1×104，∞7Pa produced diTectly in reactions was negⅡgible iⅡthe thorium

f}actions The observed 237Pa activities could only come from the decay of the mother

nuclei

Both of the two 7 rays of 853．7 and 865．O keV showed the behavi0T of growth aIld

subsequent decay．The res山t con矗rmed the existence of the mother nucleus 237Th．Tlle

most iIltense 7ray 0f853．7keV was carefuuy foⅡowed．Based on the analysis ofthe酽owth

and decav curve．the half-Iives of 237Th and 237Pa were extracted to be 4 69士0．60山aIld
8、60士o．70 rnin，respectively(F唔2)．The former is in good 89reement with the 5，o“n
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value obt血ed in the previous work，【1 a11d the 1atter is also consistent with the reference

value of 237Pa【13】Th8 pTecision of 237Th hamllfe obt ained in the present e盖periInent was

obviously inlproVed．

Channel

Fig．1 Part of cllmulatiⅦ7 ray 8pcctruIIl of

8印amted thorium fractioIl8

Fig．2 Th growth and dccay叭lrvt、‘娃

853 7kcV 7 ray of 237Pa

Moreover，we have noted that there are considerable diH鼍rences in the predicted

values ofhaHbVes from difrerent kinds oftheoretical c出culations，such as QRPA(proton—

neutron quasi—particle random—phase approximation)theory，㈣TDA(Ta曲m—D砒lc。fr

appro】【imation)theory，【15]and the gr。ss theory．【16]Among them，the value calculated

by using the QRPA theory 89rees very weu wjth our experimental result bec a11se in

t11is theory a rrIore reahstic血croscopic“scription of the p—strength flmction by apply—

ing the proton—neutron quasi—particle random—phase aPpToxhation wi“1 a Gam。w—TaⅡer

residual iIlteraction is used．11
7

Besides pajrin岳correlations，nds model also acc01Ints for

the spin．isospin ground—state correlations【1訇Tn addition，fbr appucation of the QRPA

model to nuclei far from stabiuty，the mass forHmlas must be used to esti工nate Q启values

(and deformation)Among the tkee ki工1ds 0f mass f。rmmas(Hi虬Groote and M61ler)

used，the predictions deducted fr。m Hnf aIld M6Uer formula叮e simdar to each。ther，

and it has been proved that they aU矗t the experi工nental results quite weU by a 10t of

eXperiIr城ms[14 J O、1r present experimentd result also supports this the∞etical pred主ctlon．

(see Table 2)

∞lu300∞lu30U
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Table 2 Comparison d thc expcrinlen‘aI valuP of 337Th hal‘lm、with 0hI、ort：ticaI vaIu忤

Superscripts．8’b，‘re如r to lial-lives、1sing地e In埘s form、lld d HiIf“nf．Gr^)o¨t—t“．，l

M6ller P2。f，rc8pcctivd矿
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