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Observat ion of P-Delayed
Fission f rom 23?Ai e

Y U A N Sh uaIª G tl i Y AN G W eiF m X U Y azt Birkg PA N Q i an gY m

EE JiaId un X IO N G B ing L I Y ingj 1111
( IZEStitute of Mode m physm , TheÁ m ese Amdeny d Scmz± , LaÉ ot17300Ø , chim )

AK t ä t tLdelayd aa m foz 230A C WÄ Sú mized- ZSORa wm pmducd via mulm uclex1 ÊØd e

reaction by 60 Mev l u 1× m im diation of m T h target - T hin zmRa L J h c m nw of 1Á am zs

wem acquizÙ ö £Û 1ô ¿£cbe ï ca1 8µ m t ia zs. T12e mm m elt detectom wm tm d to mood the
sssim evm Ø¤ 13Ee Â ddayed fES ion nucla m m A c was idÄ d ied via the obeÊv ed two am on evg 1B

and the mÄ ô çd F my ê ä m . b M d ayd fm Þ pzoh baity was obtaiI± m k ( 1. 19 ¿ 0 .85)
Á 10- s

Key ÖÖ ² tLdelayed f isgon pmbability , mul tinuclØ n m zd e rØCUon , rad ochm ical sµ @136Þ

Ber lOv i d m d N ov i kov pr edi ct ed a tLdelayed f iî Þ ( ö Ä isl and [1] . Ð e p F pm em

can be m pzÊ m ted schg nat iÁ l l y m fol low s :

( Z , N ) - L ( Z ¿ 1 , N á 1 ) ¤ i , ý ; « , N i ) .

h 1d É µF EW on cm be obtain ed fm z t h e m d t m of m npl y ing w i th t he fol low ing inequal i -

t iÊ ( 1 ) an d ( 2 ) 11 ng m m val ue fzu n [ 2 ] :

T llJ R) ´ T U2( Á) zT 1l2( SF ) , ( 1 )

Q , ( Z , N » + Z ¿ 1 , N ½ 1 ) · B f ( Z ¿ 1 , N á 1 ) . ( 2 )

T H elm am an d k lapdor et al . have m w ied m t t hm m t ical invØ ig at ion of p F p m babi li t m

of th e nucl ei m th e i slm d an d show n i ts rol e in t he pm duct ion of heavy ela n m t s m d bui l t of

heavy im top ic ab undm ¹ m asm ph ysical r pm cð ð w el l as t he in fhm ce of th e delayd
f iØ im Þ th e pm duct ion of Þ m m d m nom et er s[3,4] .

111Ä have been m e m on s on pD F ö Ä n end -4 ] . A t f i m t , ÔDF Õ bm m n d

to om ur m z36,238p a w i th apm bab i li t y d abou t 10 - m fo r 236p a m d 6 Á 1õ 7-for ep a , m pee-

t ivel y [5; . H ow ev® , t he latt g value w as Þ t Þ zd ir tyzd b y a later stu dyMj usi ù aum n at ed

chm i cal separa t ion pm Ø dur Ä in w h ich RDF o f m p a w as m t obem ed . T h e upper l im i t for

t h is decay m ode w as Ê t im at ed Ø be 2 . 6 Á 10 4 . H al l et d . per fozm ed m ex per im g I tal n -

search for ã F d m FA m. T h e p F pm cuzw m E sm w as ida 1d ied an d i u m F pm babil i t y
w m detm m ed Ø k 2 Á 10 - 5[7] . A n e´ Ô im a u sear ch ing RDF of m m .n h an d zú c

show ed t hat Þ m F f r ae n a 1ts w m det ect ed - T he up per l m i ts d t h ei r m F pm bab il i t y w en
g iven to be 2 Á 10 - 7 , 3 Á 10 - 6 , 2 Á 10 - 6 , and 1 Á 10 4 for m m ,Ö r m d ½ c ,
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rû ect ively [8] . In this paper , we prÄ m t the ident ifm t ion of RDF PEÄ m r nucleus m A c

and the detem inat ion of m p F pmbabil it y - In thm e ÕerhnÄ ts zmRa wÊ produced Ä

tE get li ke pzu duct via t ansfer r izzg w o pm tons fmm target E112elm s to proj ect ile , i . e. ,
(m 111¤¤2p) .

Ç 1e exper iments wm pg f om ed at Eb vy Ion RÊ a rch Facili ty in IAnzh012 ( H m FL )
of Inst itut e of M odern PhysiÊ ( IhP ) . T he 60 M eV /11 1× beam wi th a intensi ty of ~ 4o
eE1A wm used to i rrad ate a " mdim fm " u q pow der targeu ( 1. 5g/ m 2) . A f ter k adi -

ation of 3 hours , taxgeÊ WØü mpidly t ansfÑ red to the che niu l laboratory 30 met×¬ away
by a pna m at t tram port systg I1¤ IØ topÄ of Ra pmduced in the mact ions wem radiocha I1i -

call y im lated fzw n the mixn m d thor ilm and other react ion pmducts - T hin 23ORa l þ, 230A c

somÄ s wem prep× ª d for obe® ving fiã 011 frag nm ts fzum tLdelayed fis ion of zmA c. M iÁ

foils wem stuck Þ t lze mumÄ m fisd on track detectom . T he mumÄ together w it h mim fob
and a EF Ge y detector were placed face to face in a lead mom - T he mureÊ wm exm ed to

the mim fimion ®ack detectom for 1O houm and measured by the EF Ge y detector for 4
hom - T IEÊ e mica foi ls wem etched m a solut ion of 40 % EE at 50æ for 4 hom - A f t® pzp
cessizû mim foi ls weÓ scam ed by mem of m opt ical micmscope- 20 runs wÊ -e performed .

A s a msLIlt d smz111ing the fob , two f i¡ £n f rag me u m cks wen obeerved ( F Ø . 1) ,
which diff® clearly in sin fmm those of natural backs mund ( Fig . 1) . Since thme mica fotls

F° . 1. Ç moh e vúd w o fig m fraÁ m t m cls fm 1tLddayd ag on d noAc (a)

812d (b) . A m elt fm mt¡ , i k Ú £u zd d × gm h Á 261ts (c) .

were almady etched for 1O hotz s befor e the exper imm tg. Im pecU0110f the samplÊ by Y-my

spect msÞ py showed that except for m ne impur ities of Ba and Sr the raditm frad iom wa ü
md ocha Ø Ø lly clØ E1¤ BÊ idÊ the mom in tense y mé fzum BORa and b daughter
: Ac, Ém wÄ theÃmys fmm mb , mb , 25Ra, mb M the dÖ hm d the

Ra m d » -Ra thzotÁ h their Á decay m the mÊ S18Ð Ã spect ra , nmrm ver th ee fmm oth®

radioact ive iSotopm of raditm were not det ectable- A m rd rzg to the thØ rm , RDF wil l obvi-
ously occur only ¤ heavy neutzw v r ich nuclei ç fm n stabil i tyI 1¤M ] . In addit ion , fzm the

systm atb of tLdecay en× ¬ ies and f i¿ ion-ban ter heights p F shod d appear f im d d in
odd-odd nuclei , since they have the gmatÊ t Â decay m ergiÊ and the da11ghter evØ1¤eva 1 nu-
clei m ch¢ acted n d by high ag il ity[1,Ê ] . Ø Elsequm tl y it is Þ nf in ned that only the m A c

could pmduce p F among al l the rad oact ive isotopes Þ zm ined h the thin BORa l - m A c
sotk ces. As f® m spontaneous fiS ion d BOT h , the datØh te of m A c p decay , Þ f iS ion

evm t could occur be² use of the long half-li fe( 7 . 54 Á 104a) , the minor sPontam otm fimion
pmbabil it y ( < 3 .8 Á 10 - 14) [Ê , and a vg y lim i ted total nm l ber ( 1. 68 Á 108) £f Z30131 h the

w hole ØEP¢ m ÊIts - Fur thm Eu re thor ium wm depleted by factor µ 2 Á 104. Ç 1is means that
dm EIg the w hole m m of exper iments l¹ than 2 Á 10 - 5 f imion tracks wm expected fm m
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m naid Iª m T h imPur it iÊ ¤ I t stm 11d k potnted Þ t that the same e Õ® m a m mm uoned
above exÊ pt irradid on OAf t he tz get mater ials wg ü © ø ed Þ t m m Ø check the back -

g ound , m fiS ion eva 1t WÊ found -
A l l th e axgmnm ts mg zdoned above indicate that the obtained W O fiS ion evm u Þ uid

m m btguously bem m W Eed to the P Er d mA c.

A td ud of 1. 68 Á 108 m A c p decay accepted by the f iS ion track detect ors has b« n de-
tÄ nind . CÁnØÇ um t ly the RDFl pm babi l ity d BOA c was obtained to k ( 1 . 19 ¿ 0 . 85 ) Á
10 - 8.
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mAc pÓ
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ª ª Ñ ÷ Ë neAc p ¢ ¢ Ñ ä . É 60Mev fu mo ë Ó Õ ä ¸ Ú E, ¨ ý à Ë Ó ª

Æ´ ¦ ú ú zmRa.  Å ä ¯ § Ö ë Í ¡ Ä m Ra2 · m Ac ´ Ä Æ¸ , ñ Ã Ë 108

ö m Ac  Ó . Ã ´ Ô Æ¸ Ñ ä ¶ £ ½ â ÷ Ø â . è ú Ú ù â Ä Ã Ü × Í ½ ö Ñ

ä Â þ , ø ð Ë 9 Ó ¢ Ñ ä Ë m Ac, Ã ½ Ë ü Ä £ Ó ¢ Ñ ä ¸ Ê ª ( 1. 19 À 0. 85)
Á 10-8.
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