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Abstract:Theisotopeof266Bhwasproducedandidentifieddefinitelyinbombardmentsof243Am
targetwith162MeV26MgionsatHIRFL.Identificationwasmadebyobservationofcorrelated毩灢
particledecaysbetweentheBhisotopesandtheirDbandLrdaughtersusingarotatingwheelsys灢
tem.Themeasured毩energyfor266Bhis(9.03暲0.08)MeV,andthisvalueclosetothe9.07MeV
for266Bhobservedinthefirstchainofelement113atRIKEN.Thehalf灢lifeof266Bhis0.66+0.59

-0.26s.
TheQ毩valuederivedfromthisexperimentfitswellintothegeneraltrendina“Q毩灢Nsystematics暠

fortheisotopeswithZ =107.
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暋暋The毩灢decayof266Bhproducedinthereaction
of22Ne+ 249BkwasfirstreportedbyWilketalat
Lawrence灢BerkeleyNationalLaborotary (LBNL),

USA[1].Onesequentialdecaychain whichfol灢
lowedbythe毩灢decayof262Dband 258Lrwasas灢
signedto266Bh.The毩particleenergyandthede灢
caytimefor266Bhwere(9.29暲0.10)MeVand0.
87s,respectively.Lateron,twoeventsofthe
113thelement,278113,andits daughter nuclei
274111,270Mt,266Bh,262DbwereobservedbyMori灢
taetalatInstituteofPhysicalandChemicalRe灢
search(RIKEN),Japan[2].Themeasured毩parti灢
cleenergiesof266Bhwere9.07and9.77MeV,re灢
spectively.ThediscrepanciesinE毩valueof266Bh
betweenLBNLandRIKEN maybeexplainedby
theratherwidespreadin毩energiesforodd灢odd
nuclidesinthisregion[3].However,Guptaetale灢

valuatedthenucleardataforA=266—294,and
theybelievethatwithonlytwoeventsof266Bhthe
assignmentshouldbeconsideredasatentativere灢
sult[4].Therefore,itisofgreatimportancetoin灢
vestigatethe毩灢decayof266Bhusingdifferentpro灢
jectile灢targetcombinations,sothattheisotopeof
266Bhcouldbeassigneddefinitely.Thereactionof
243Am(26 Mg,4n(5n))264,265Bhhasbeenusedto
produceanewisotopeof265Bhandknownisotope
of264Bhatthe HeavyIon Research Facilityin
Lanzhou(HIRFL),People暞sRepublicofChina[5].
Inthatwork,an243Amtargetwasbombardedwith
168MeV26Mgionbeam,thebeamenergyof135
MeVinthemiddleoftargetwaschosenforprodu灢
cing265Bhthrough4n灢evaporationchannelbasedon
theHIVAPcode.Identificationwasmadebyob灢
servationof毩灢毩correlationsbetweenthenewiso灢
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topeof265Bhanditsdaughterof261Dband257Lru灢
singasetofrotating灢wheelsystem.Atotalof8毩灢
毩correlatedeventsof265Bhand4eventsof264Bh
wereobservedintheexperiment.Theaimofthe
presentexperimentistoproducetheisotopeof
266Bhthrough3n灢evaporationchannelinthereac灢
tionof26Mg+243Amatlowerincidentenergycom灢
paredwiththeexperimentmentionedabove.
暋暋Thedecaypropertiesof266Bhanditsdaugh灢
tersfromtheliteratureareshowninFig.1.Be灢
causethe毩灢decayof266Bhisfollowedbythe毩灢de灢
cayof262Db(T1/2=34s;E毩=8.45,8.53,8.67
MeV)and258Lr(T1/2=3.93s;E毩=8.60,8.62,

8.57,8.65MeV),wecanmakeapositiveidentifi灢
cationof266Bhbyobservationofthese毩灢毩correla灢
tions.

Fig.1 Partialdecayschemeof266Bhreportedby Wilket

al[1]andMoritaetal[2].

暋暋TheexperimentwasperformedattheSection
Focus Cyclotron of HIRFL.The 243Am target
(99.3% 243Am,0.7% 241Am)withthicknessof
1.2mg/cm2astheoxidewasdepositedonaberyl灢
liumfilmbythemolecularplattingmethod[6],and
itwascoveredwitha70毺g/cm2Alfoil.Abeamof
162MeV26Mg8+ionsdeliveredfromthecyclotron
passedthrougha2.1mg/cm2 Havarentrancewin灢
dow,heliumgasanda3.0mg/cm2Betargetback灢
ingbeforeintothetargetmaterial.Thetotalener灢
gylosswas~34MeV.Thebeamenergywascho灢

sensoastoresultina26Mg8+ energyof126MeV
(laboratorysystem)inthecenteroftarget.The
energylossinthetargetwasabout4 MeV.This
beamenergycorrespondstothe maximum cross
sectionforthe3n灢evaporationchannelforprodu灢
cing266BhaccordingtotheHIVAPcode.Theaver灢
agebeamcurrentwasapproximately2e毺Aduring
theentireexperiment.Thebeam stop whichis
madeofgraphiteservedasaFaradaycupmeasured
thecurrent.Theirradiationlastedfor200h.
暋暋Thereactionproductsrecoilingoutofthetar灢
getwerestoppedinavolumeofheliumgas(曋1.1
atm)thathadbeenloaded withsodium chloride
(NaCl)aerosolswhichwasgeneratedbythesubli灢
mationofthesurfaceofNaClpowderatatempera灢
tureof(610暲3)曘C.Thereactionproductsatta灢
chedtotheNaClaerosolswerecontinuouslyswept
outofthetargetchamber withthehelium gas
flow,and weretransportedthroughacapillary
(1.27mminner灢diameter,1.1mlong)intoaro灢
tatingwheelsystem whichissimilartothe MG
wheel[7]andROMA[8].Thedetectionsystemcon灢
sistsofa48cmdiameterwheelandfourpairsof
passivatedion灢implanted planarsilicon detectors
(PIPS)(200 mm2 activearea).Thetransported
reactionproductsweredepositedonpolypropylene
foilswiththicknessof50毺g/cm2.Thetransport
timeoftheproductsfromthetargettothemeas灢
urementpositionisabout0.3sforoursystem,

andthetransportefficiencyisabout50%.The
polypropylenefoilswereplacedineveryotherhole
ofthe60灢positioncollectionwheel.Thecollection
wheelisrotatedbetweenthedetectorpairs.For
thisexperiment,theparentanddaughtersearching
modeswereusedtodetect毩灢毩correlationswitha
greatlyreducedbackground.Every4sduringthe
parent灢searching mode, the wheel is double
steppedbetweenthefourpairsof毩灢particledetec灢
torsuntilthepossibleparentdecayisdetectedina
bottomdetector.Ifa毩particleisdetectedinthe
bottomdetectorwithinanenergywindowthatis
expectedfor266Bh(between8.5and10.5MeV),
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itisassumedthatthedaughterdubnium nucleus
262DbhasrecoiledoutoftheNaCllayerandinto
thetopdetector.Whensuchapossibleparentde灢
cayeventisdetected,a60sdaughtersearching
modeisinitiatedbysinglesteppingthewheelto
moveanemptypositionbetweenthedetectorsin
ordertodetectthedaughterorgranddaughter毩灢de灢
cayintheabsenceoftheactivityonthecollection
sample.Attheendofthedaughtermodeinterval,

thewheelissinglesteppedagainandtheparent灢
search modeisresumed.Pulsesfrom 毩灢particle
eventwithtimeinformation,channelnumberand
detectornumberweredigitizedandstoredinlist
mode.
暋暋Theenergycalibrationwasperformedoff灢line
usingtheknown毩particleenergiesof6.05 MeV
(212Bi)and8.78 MeV(212Po)from RaThsource.
Theenergyresolutionofthetopdetectorsis30
keVfor8.78MeV,whilethatofthebottomdetec灢
torsis100keVduetotheenergydegradationin
thepolypropylenefoils.Therepresentative毩parti灢
clespectrumintheenergyrangeof8.0—10MeV
isshowninFig.2.Asmallpeakof8.78MeVfrom

Fig.2 The毩particlespectrum measuredinthetopdetector

ofproductsofthereactionof126 MeV 26Mg with
243Am.

212Pohasbeenobserved,whichisproducedfrom
thetransferreactionofimpuritiesofleadinthe
target.Therearealsosomeeventswithenergies
around9.0 MeVand8.5 MeVinthespectrum,

wheretheexpectedBhanditsdaughterDbarelo灢
cated.Anoff灢lineanalysisforsearching毩灢毩corre灢

lationshas madebetweenBhevents (8.5曑 E毩

(MeV)曑 10.0)intheparentmodefollowedby
thedaughter毩decayevents(8.4曑 E毩(MeV)曑
8.7)detectedinthesamedetectorpairwithina
timewidowof60s.Atotalof4毩灢毩correlations
includingonetriplecorrelationevents wereob灢
servedduringtheexperiment.Table.1liststhe
correlation between parents events (8.5 曑 E毩

(MeV)曑10.5)anddaughterevents (8.4曑 E毩

(MeV)曑8.7).Theinitiatingparentevent,each
subsequent毩灢decaysthatoccurredwithintheener灢
gywindow,itsisotopeassignment,毩energy,and
relativetimearelistedforeachevent.

Table1暋The毩energyandthelife灢timeofeach

parentanddaughtercorrelationevent*

Event

No.
E毩1/MeV 殼t1a/sE毩2/MeV 殼t2b/sE毩3/MeV 殼t3c/s

1 8.989 1.13 8.459 33.62

2 9.071 0.79 8.604 34.14

3 8.959 0.51 8.542 29.23 8.641 5.07

4 9.106 1.52 8.518 53.09

暋*aTimeafterendof4scollection,bTimeafter毩1,

暋cTimeafter毩2.

Theisotope 262Dbisknowntodecay by毩
emissionandspontaneousfissionwiththebranch灢
ingratiosof64% and33%,respectively.Its毩灢
particleenergiesof 266Bhare8.45,8.53,8.67
MeV,andhalf灢life(T1/2)is(34暲4)s.Wemeas灢
uredthe daughter 毩灢particle energy of8.459,

8.604,8.542,8.518MeV,andthedecaytimeof
29—53sforthesefourevents.Itisconsistentwith
theliteraturedataof262Db.Therefore,three毩灢毩
correlationsbetween266Bhanditsdaughternuclide
262Dbeventsandonetriplecorrelationeventsof
266Bh,262Dband258Lrwereidentified.Theaverage
毩灢particleenergyof266Bhis(9.03暲0.08)MeV,

whichisclosetothe9.08MeVfor266Bhobserved
inthefirstchainofelement113atRIKEN.Using
themaximumlikelihoodtechnique,thehalf灢lifeof
0.66+0.59

-0.26 s for 266Bh was obtained by MLDS
code[9].
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暋暋Atotalof2606eventsduringtheexperiment
madetheparentsearching modechangetothe
daughtersearching mode.Basedonthisrandom
daughterrate,theexpectednumberofrandom毩灢毩
correlationis0.054.Takingintoaccountthegas灢
jettransportationefficiencyof50%,decayresi灢
denceandtransporttimeintherecoilchamberand
capillary0.3s,detectorefficiencyfor毩灢particleof
30%,collectionandcountingtimes,beam cur灢
rent,andassuminga100%毩branchfor266Bh,the
crosssectionof266Bhfromthereactionof243Am(26

Mg,3n)at126MeVwasestimatedtobe(15暲10)

pb.

Fig.3 The毩灢decayenergyQ毩vsneutronnumberNforiso灢
topesofodd灢Zelements(Z=103—107)(牣),— are

theoreticalQ毩values[9].TheQ毩valuefor266Bh (·)

wasderivedfromthepresentwork.FortheQ毩value

wetookthehighestknown毩灢transitionenergy.

暋暋TheQ毩valueasafunctionofneutronnumber
N fortheisotopes ofthe odd灢Z elements(Z=
103—107)isshowninFig.3,andthetheoretical
Q毩 based on macroscopic灢灢microscopic approach
calculatedby Muntianetal[10]arealsoshownby
thesolidline.Onecanseethatsystematicsofthe
毩灢decayenergyQ毩vsneutronnumberNforthei灢
sotopesoftheodd灢Zelements(Z=103—107)can
bereproducedbythetheoreticalcalculation.The
derivedQ毩fromthemeasured毩energyfor266Bh
was9.18 MeV,andthisvaluefitswellintothe
generaltrendascomparedwiththeotherZ =107
isotopes.
暋暋Insummary,theisotopeof266Bhhasbeenob灢
servedbythe243Am (26Mg,3n)reactionandiden灢
tifiedbycorrelatingthe毩decayof266Bhwiththe毩
decayofthe34s262Dbdaughterbytherotating
wheelsystem.Themeasured毩energyandhalf灢life
for266Bhare(9.03暲0.08)MeVand0.66+0.59

-0.26s,

respectively.TheE毩 valueisclosetothe9.07
MeVfor266Bhobservedinthefirstchainofele灢
ment113atRIKEN.ItsQ毩valuederivedfromthis
experimentfitswellintothegeneraltrendina“Q毩

vsN灢systematics暠fortheisotopeswithZ =107.
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266Bh的毩衰变性质研究*
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摘 要:报道了利用兰州重离子研究装置提供的26Mg重离子束流轰击243Am 靶产生和鉴别已知超重核素
266Bh的实验结果。利用转轮收集探测装置依靠母子核遗传关系通过观测Bh同位素与其子核Db和Lr之间

的毩灢毩关联事件来鉴别266Bh。实验中观测到266Bh的毩能量为(9.03暲0.08)MeV,与日本理化学研究所在

合成113号元素中第一个衰变链中观测到266Bh的毩能量为9.07MeV相近。266Bh的半衰期为0.66+0.59
-0.26s,

从实验得到的Q毩 也符合Z=107的Q毩 随中子数变化的系统性。

关键词:266Bh;E毩;半衰期;转轮系统
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