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A precursor of卢一delayed flssion：230Ac
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Abstract The 23‘’Ra has beeo produce(1 via multilllIcleon trans如r an(1(1issiI)砒ivI．

flagIncntation of hcavy target in thc 60 MeV／u”O ion rcaction with Ilatur；d thorillI¨。
T}1e radiunl wa8 radiochemically separated from iIradiated thorillm targets 23“A‘

was obtaincd by 230Ra芝；230Ac．Thin Ra 80urcc8 wcrc prepared for obscrviIlg什ssi(m

矗agnlcnts from卢．dclayed矗88ion of 230Ac． The s()urces were exposed to chc nli(-，l
矗ssion track detectors and rneasured by a HPGe 1 detcctor． Thc two H8sion cvt·Ilf．8

wclc obtained and could bccn assigncd to tllc肛delayed矗8sioIl of 230Ac．Tllc口一d‘、1；w E、(1

矗s8ioIl probability of 230Ac was deterⅡline(1 to be(1．19士1)85)×10—8
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1 INTRoDUCTIoN

Nuclei far from gtabmty are characte“zed by a Im工Il'ber of new phenomena．In heavy
neutron—rich region，one of these is卢-delayed矗ssion(卢DF)，i．e．，fission froIIl砒I exited
state in which the Imcleus turns out to be aner犀decay．Fbr the 6rst time the existence

of aIl卢-delayed丘ssion islaIld was pointed out by Berlovich aIld N0vikov in 1969．【1]

卢DF pmVides the possibiuty of investigating nuclei far from stabnity，whidl js lIll-

possible with ordjnary techniques．For ex眦ple，卢DF allows the study of the 6ssion of
heavy neutron—rich nuclei from excited states，wllich can be used as a basis for predicti011s

of矗ssion properties of heaⅣier neutron．rich nuclei【2，剖

MeaslⅡements of the probability fbf卢DF also pTovide a sensitive probe of the struc—

ture of the矗ssion baTrier since the probability(and hence the halfhfe)of the疗ssioIlin眨
level is exponentially dependent on the magmitude of the矗ssion barrier I圳

卢DF“so remains imponantin the astrophysicah—process．The production oflleavv
elements by successiVe neutTon c叩ture and卢decay is ofgreat astrophysical interest 4“J

In r process occllrrillg in supernova explosions the build up of heavv elements is evell一

tuany terrnjnated by卢DF with the consequence that no superheavy elemetlts may be

produced in nature．Therefore，the pDF process is iⅡvoked to expl“n the observed jso—

topic abundances of the heavy eJements and is o丹色red as one reason why superheavv
elements are not fbund in natllre．【叫In addition，the est王rnates of the Universe a眨e usln卫
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2 NUCLEAR SCIENCE AND TECHNIQUBS Vul．13

the nuclear cosmochron0109y by the heavy chronoIneters(232Th，235，238u)and 244Pu)
depend cruciaUy on the卢DF rates in heaVy neutron—rich nuclei f蔚from stabillty

ThieleInann and K1apdor etⅡf． have carTied out theoreticaI investigation of口DF

probabihties of the nuclei in the island region and shown its r01e in the production of

heavy elements and built up of heavy isotopic abundances i11 astrophysjcm r process a8

weⅡas the in丑uence of the delayed矗ssion on the production of cosmochroIIometel s【4 叫

G aTlgrskii e￡Ⅱf，[2】Bas—May“以，【8】Hall e￡nL，【3】and Mezilev e￡ⅡL【。】performed expeTi—

ment a1 seaTches and studies fbr口DF in neutron—rich actinide and the nearbv re画011．

This paper reports the seardl for the pDF precursor 230Ac a舯d the deteⅡIⅡnatioIl

of its卢一delayed矗ssion probabiUty．

2 EXPERIMENTAL PRoCEDURE AND RESUl月S

Some experimental results reved that in MNTR both neutron—rjch projectjle a11d

target，and reasonably hjgher incident energy fa、叼r the production of heavy neLLtloI【_

Tich nllclei[1‘’一14J In addition，djssipative fraPlnentation of heaⅣy target in the intcrmo—

diate energy heavy ion c01bsion ca皿also produce heavy neutron一丁ich nuclej as t：u‘gp卜

like residues．【15J In the present work，the 230Ra was produced as target．1ike product vla

MNTR，transferring two targe‘protons to projectile，i e (232Th-2p)，and via dissipativc

fragmentation of the heavy target 230Ac was obtained by 230Ra与230Ac．The irIⅢl】_
ations were performed at Heavy Ion Research Facihty in Lanzhou(ⅢRFL)of InstitllI e
ofModernPhysics(IMPl．The 60MeV／u180 be啦with a c埘ren“ntensitv of～40 enA
waS used to irradiate a“radium free”natIlral Th02 powd盯target(1 5 g／cm2) Aftcr

irradiation of 3 hours，each target was rapidly transferred to the cheIIlic以laboratorv

30 meters away by a Pneumatic transport system And then the radiochemjcal sepa

ra“on was carried out Isotopes of Ra produced in the reactions were radiochenncallv

isoIated from the nlixture ofthorium and Teaction Droducts．2“’Ac was obtained bv 2m’Ra

’与200Ac Thin Ra sollrces were prepared for observing矗ssion fra舯ents hom口一delave(1
矗ssion of 23”Ac Mica fons were sti芒ked on the sources as矗ssion tTack detectors in or(k，o

to enhance coIlIlting emciencies as high as possible．The工11ica foils and a HPGe havIllg
an emciencv 70％with an energy resolution of 2 0keV(FWHMl for the 1．33 MeV Unc or
60Co were D1aced fhce to fhce on both side of the sources in a lead room． The s01】rfPs

were exDosed to the rnjca矗ssjon track detectors fbr 10 hours and measured bv the Iil’Ge

1 detector fbr 4 hours The 1 ray time sequence spectra were recorded on magnetic djsks

with a PC—CAMAC MuIti-Par锄eter Data Acquisition System These mica fojls weIe
etched in a solution of 40％HF at 50。C for 4 hours After processjng rmca fo订s weIe

scanned by means of an optical microscope．A total of 20 such cycles were perforIned

As a reslllt of scaIlIling the foils，two矗ssion fragment tracks were observed am。119 a

lot of tracks of natttral backFound．A11 tracks of naturaJ bacl【ground have the samc sizc，
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and the矗ssion丘agment tracks di雎r ckarly in size from those of natural background

Fig．1 Two hssioll士1agIncnt Lracks ob8crved from

口一扎layed矗ssion of 2瓢’Ac(a)and(b)，and a track

from natural background of疗ssion fr89ments(c)

(Fig．1)．
A total of 1．68×108 23【’Ac口de—

cay eVents re西stered by the^ssion

track detectors has been deterInined

through peak areas and branching

ratios of the 1 ravs of 23l’Ac㈨iIl
the measured sDectra

3 DISCUSSIoN

The observation of丘ssion frag—

ment tTacks DroⅣide the丘rst evi．

dence for the delaved丘ssion of 23‘’Ac

based on the following a。guments：

(1)The“ca foils were“ready
etched for 10 hours before the ex

perirnents， thus the total etclling

time fbr natural矗ssion tracks was

14 hours whereas it was onlv 4 houl s

for tracks(1ue to最ssion events fronl

the sources．So the tracks of natura【

back盯ound were much larger thaIl

those from sources

As Inica fbils do not resDon(1

to the charged partic】es with the

charge number smaUer thall 10，n

Darticles cannot be detected． And

recoil nuclei come from口一delaved

neutron eI工lissions“，一n1 could noL

a行毫ct the exDerimental results fbr

the f0110wing reasons． First， 卢_Il
events are枷ch seldom iIl actinides
regi讲1．Secondly，even序一n eveIlts

appear，the recon nuclei could not ent。ut of targets for their rrmch 10wer recoil energies．

(3)The same experiments mentioned above excep“rradiation of the target materi以s
were carried out，no nssion event was found． Thereby，flssions induced in the行ssile

conta工11inants of our s舭Iples or our track detectors by the potential neutron矗eld in our
lab。ratory should be ehminated．

(4)Inspection of the s锄ples by 7一ray spectrosc印y as shown in Fig．2 indicates
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that except for some impurities of Ba and Sr the radium fractions were radiocheInjcally

clean． In the spectra one can see the 1 rays from 223Ra，224王La，225Ra，227Ra and the

daughters of the：：3Ra and 224Ra through their a decav，in ad(iition to the j工ltense 1 ravs

from 230Ra and its damghter 230Ac Moreover，those from other radioactive isotopes()f

radium were not detected．Because some isotoDes such as 229Ra、231Ra and 232Ra have

very short hamlife，after the comparatively very long radiochernical separations of 30

rIlinutes．ahnost none of them remained．While 226Ra aIld 228Ra could not been detected

for their very low decay probabihties(very long half．1ives)．Consequently，22。Ac，231 Ac，

232Ac，the daughters of 22。Ra，231Ra and 232Ra，were sep扯ated through the radiocheI血c aJ

Drocedure．

Fig．2 The mea8llred 1—7ay印ectrum

(5)According to the theories，卢DF should obviously印pear in l坨avy neutron—rich
nuclei far from stabibty．【1，4一叫hl addition，based on the systematics。f卢一decay eneTgies
瓶d矗ssion—barrier heights，卢DF should appeaT fhst of all in odd-odd nuclei，since tJley
have the greatest卢一decay energies and their daughter even-even nuclei甜e characterized

by high矗ssⅡity．【1—6，8，。】So it is coIl矗rmed that only the 230Ac could produce卢DF among
aU the radioactive isotopes contained in the thjn Ita souTces．

(6)The possibility of the spontaneous矗ssion of 230Th，the daughter of 230Ac，could
be excluded，because of the long hamlife(7．54×104 a)，the nⅡnor spontaneous矗ssion

probabiHty(<3．8×10一14)，【16】and a veryⅡrnjted total nuInber(1．68×108)of 230Tll iIl
the whoIe experiments．

(7)On the other hand，thorium in the target was depleted by a factor>2×1 04

whjch means that durmg the whole series 0f experiments less thaIl 2×10—5丘ssion tracks

were expected fram remailLing 232Th impurmes． All the arguments mentioned above

indicate that the two矗ssion eVents obserVed iIl the experjments could be assigned to t11e

臼DF of 230Ac

Iacc幅co，s_cjoo
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卢DF probability was defined as the nuⅡlber of delayed 6ssion eVent diVided by the

number of芦decay of the parent

昂。r=等
Considering several factors such as decay probabmty and eIllission angle etc．，there

is probabihty of observing one more or one less丘ssi。n eVent． Thus the error should

be±50％． Considering some other related factors，the卢DF probabiU‘y of 23‘’Ac was

。bt ained to be n．19土0．85)×10—8 for assurance．
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