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A New I sotope of Z = 105

FA N H ong -M ei G A N Q I N a zi L E I X iana - G uo X U Y azp B ing

H E Jim J un L I U H ong - W I J X iab L ei G U O Jun -Sizeng

ZH O U X iaÕ H ong A N SI111an g-G ui J I N Gen-M izç

( Institute of Modern Ph2¤tcs, T³ , Á " " e Acah '" of sdemö , rd ,,d eu 7¸ " £ ' Á im )

A bet r act M I sot ope of el em en t 105 w i th m ass num ber 259 has been pm duced via
th e react ion 241A m ( 22N e , 4 n ) 25' D b at E la = 120 M eV - T he react ion product s w en

t r anspor t ed and coneet ed using th e h el i um -j et t echni que an d rot at i ng w heel app¢ a-

t us - T he Á-decays of t he prod uct s and t hei r daugh ter nucl ides w ere detect ed by a

ser ies of Si ( A u ) detectors . T he Z and A of t he nucl ide have been unam biguousl y

ident i f ied by t he genet ic relat ionshi p bet w een t he new act iv it y and th e k now n nu -
cl ide 255L r . T he new nucl ide z59D b has a hal f - i i f e of ( 0 . 5 1 À 0 . 16 ) s and decay by

alpha-par t icle em ission w i t h energy d 9 . 47M eV - T he Q . value for new isotope
259D b is in good coin cidence w i t h t he pred ict ed m su i t -
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1 Introduct ion

Ear ly at tempts to discover the isotopes of t 105 were made by Flerov m 1968[1]
and Ghiorso in 1970[2] . So far the isotopes from n sDb t0 263Db for element Z = 105 , except
25' D b , are k now n[3- 7J. T he 259D b nucl ide is st i l l com p let el y unk nown up to now . A ccord ing

to syst em at i cs and pred ict ions by W apm Â et aL M] and M ¹ l l er et ai - m t hi s nucl ide shou ld be

an alpha-em it t er w i t h a shor t hal f - li f e . T herefore i t is t he aim of ou ex perim en t to close t hi s
gap and m sear ch t he pm per t i es of m D b n ucl ide .

T he react ion 241A m ( 21N e , 4n ) w as used to pm duce t h is new isotope . I t s ident i f icat io n

w as perfo rm ed by recoi l -m i l k i ng th e 2 1s 255L r daugh t er . A t t he sam e t im e , i ts neighbor i ng

nucl ide m D b has aim been observed in t he prÄ ea z w or k -

W e com par ed t he e decay energy of t hi s new isotope m D b to t he values of t he know n

isotopes i n a " Q r syst em at iÊ " for isotopes w i t h Z · 98 . I t show s t hat t he " Q . val ue,, for

new iso tope 259D b f i t s qui t e w ell into t he gener al t rend .

2 Exper imental Setup and Pr ocedure

A O. 85mU CII12 241Am target was bombarded with 132Mev n Ne ions at
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( Sect or F ocus Cyclot ron ) of H I R F L ( H eav y Ion R esear ch Faci l it y L anzhou ) . T he n N e

beam , af t er pam Eç t hroù h a 1 . 94 Ö k nzz H avar w indow and a 1 . 70 m gj czzf A l ô get

back ing , had m ener gy of 118 M eV i n t he t arget m at er ial . T h is energy cor r egponds m t he
m ax im um of t he ex ci tat ion f unct ion f or t he 241A m ( 22N e , 4n ) react ion , ac£ording t O St at ist i -

ca l evaporat ion cal culat ions using t he A l i ce Cod el 101. T he t y pical beam Ø rr en t of n N e w m

about 0 . 81AA .

T he react ion pm d ucts reÞ i l i zª out of t he t ar get w ere stopped in hel ium gas at 9 . 87 Á
104PL w h ich had been loaded w i t h N aC l aem eois an d sw ept out of t he u rget cham ber w i t h

t he gas , t hen w ent t h o ugh a 1 . 27 m m diam and 20 cm lengt h capi l law i n to a rough vacuum

to im p inge upon t he per i pher y d a ver t ical l y m oun ted w heel - T he ex per im ent al set up ñ

show n schem at ical l y in F ig . 1 . T he w heel w as per iodi a ll y m u t ed by t he preset in t erval to

place t he coll ect ed reooi l atom s to t he poa t ion in f ro nt of a ser iÄ of per i pheral ly moun t ed

SK A LI ) sur face-bar r ier det ectors in or der to m easure t heir alpha- par t icle spect r a -

schm at ic dme anI of the H e j et target chambe and capillary m mport assembly and

the rou tine wheel ootiec6oa and detection systÄ 1.

T he ar rangm ent d the det ecÕ s is sbown in th loweN tght por tion of the f igure-

Fig. 1.

I n t he present ex per im en t , t he detectors w er e dev ided i n to fou r group@and each gm up
i ncluded t hree Si ( A u ) sur face»bar r ier det ect ors . T hey w ere ® r anged ar ound t he w heel ac-

cord i ng to t he preset i nequal in t ew ai s u show n i n the low er -r ig h t por t ion of F ig . 1 . T he op

er at i ng procedur e of t he w heel and det ectors dur i ng ex ped m Ä t is m fol low s : w hen t he f i rst

£oil ed ed p roduct s sou rm is m u ted to t he fm nt of N £ . 1¤1 detecto r , t he Á-decays f rom pm d -

ucu and t hei r daugh t ers ool leeted on t he w heel could be reÞ rd ed by t h is det ector ( m easure -

m en t t im e equal t o £ol lect ion t im e) . T he seoond pm duct s sour ce is collect ed and ro t ated to

t he f ro n t o f N o . 2 - 1 detecto r and r ecorded by N o . 2- 1 detector , w hi le t he f irst products

sou rce is rotat ed Ø N o . 13 det ecto r and r ecor ded - I n th is t im e N £ . 1¤1 det ect or due to no

f aci ng t he product sour ce on t he w heel on l y recod s t he daugh t er F par t icle act iv it ies . Succes-

sively t he t h i rd pm duct source is m u t ed t o N 0 . 3¤1 detector , sim ul t aneously t he 2 ¤nd sourÊ

is ro t at ed to N £ . 23 det ect or , and t he 1¤st source goes to N o . 13 detector . I n t hi s t im e de-

tectom N 0 . 14 , N o . 1.2 and N o . 1.3 reÞ rd ed t he " m e sou r ce ( 1¤st sour ce ) , t hus t he t im e

sequen t ial spect r a Þ u ld be ob tai ned . W hen 4¤t h sour Á is m u t ed to t he f ron t of N o . 4 1 de-

tector , t he 1¤st sou roe is ret urned to t he col lect ion posi t ion an d t he 5¤t h m ur ce w i l l be col .

leet ed t her e - By t h is w ay t he m easumm ent p m eedur e w i l l be repÑ " d an d con t i nued up to

¶ ç · È zZ = 20¿ ' Ê¿ ý ª 259 Ä Ô ¬ » Û Ä Ï É Í ø ð 603
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t he end of t he ex perim ent -

I n or der to m easure t he long er an d shor t er hal f l i ves of t he pm d uct s , t he t wo m m ü '

per i m ea t s , t h e coi lec6 on t im e equal t£ 3 and 1Os w ere per form ed . T h to tal of 9 and 3Os

t im e sequen t ial decays in each cycl e for 3 and l Os col lect ion , respect i vel y , could be obt ained .

I n t he m em urÄ nea t proceù £ne can see th at t hÊ e are one t im e- in t er val f acing t he source

and t h r ee t ime- int er vals no f acing t he sour Ê for each det ector . D ur i ng t he det ector no f acing

t he sour ce - it is recod ing onl y t he decay d Á-m ooils ( datª h ter ) on t he su r f ace of t he det ec-

tors . W hen t he dat a am proce¸ ed and an al ym d w e can accum ul at e t he recor ded coun t s for

each detect or i n acÞ r dance w it h t h e w ant ed t im e- in t erv al m m t o obta in t he t im e sequen t ial

spect ra, t he m ot her and datª h ter m w ell as t he pum daugh t er decay spect ra - I n ot her

w or ds , t he t im e sequent ial decay ood d be ob t ained bot h f rom t he m£orded £om t s of separ at -

d t im e in t ervals of each detecto r and fm m t he m cor ded £oun t s of t he oM inal detecto rs of

each g roup .

T he i nfom zat ion f ro m each of t he det ecto rs w as recor ded even t -by -even t and analym d

using a M ul t iparam et er Dat a A cq uisi t ion Syst em M PA -3 .

T he al pha-energy cal i br at ion of t he det ectors w as car r ied out by a st andar d R ad-T h

sour ce- T he t y pical al pha-energy mso lut ion for th e most of det ector s w as 30 - 4 0 lu V

( F WH M ) .

3 Results and Discussion

T he Á-par t icle spec® a d isplay ed i n F ig . 2 resul ted f rom bom bardm ent of t he 241A m tar -

get w i t h 120 M eV ZZN e ions i n h col lect ion an d m easurem ent t im e int erv al by N 0 . 1 det ector

d each gro up . T he Á-spect r a recor ded by t he det ectors i n tackzg t he product sou rce on t he

w heel , com bi ned w i t h t he Á-spÊ t m f rom t he sam e det ect ors but not f aci ng t he pm duct

so ur ce , w ere show n in F ig . 2 ( a) and ( b ) , respect ively .

Fig.2 . T he À ô rt ide specm pmdueed by bombeEÉ 2eats d MtAzn

wi th 120 MeV ZZNe ions.

(U Th detectors f, cina the pmduct aoerees (b) The dezeEton no f-dng
the pmduct source ( the e-spectrum of the rec04hd dauahter) .

25 A obvious Á-Pü k w i t h t he ene gy d 9 . 4 7 M eV appear ed i n F ig . 2 ´ a ) is ass p ed t0
9D b i n t he pr esen t w or k - I t s hal f -l i fe is measured to be 0 . 5 1s ( as slmw n in F ig . 3 ) . I n ad -

di t ion a Á-peak w i th m energy of 8 . 36 M eV has a mea sured hal f -l i te of 2 1s an d t hus could be
assigned to t he prev ious k now n nucl ide 255 L r . W e bel ieve t hat t he ZEtad ide 255 L r is Á-decay
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daugh ter of 259D b nucl ide , and i t could exclude the cont r i but ion of 255L r pm duced d ir ect l y i n

t he bom bar dm ent due to r at her sm al l p m duct ion cm ¹ sect b n d ( Á411) r eact ion accor di ng Ø

A l i ce Cod e cal culat ion -

A com plex g ro up of peaks w i t h t h e a zezgiØ 01 9 . 08 , 9 . 17 an d 9 . 3O M eV i n t he
F ig . 2 ( a) could k assigned to m D b base on t he w hole com plex g roup decays w i t h a m easur ed

hal f- l i fe of 4 . 3s . T h is nucli de am e f rom t he ô act ion 241û 1 ( 22 N e , 5n ) . T he Á-decay

daugh t er 254L r of ZSBD b n ucl ide presen t ed i n F ig . 2 ( a ) has a Á-pealã w i t h an ener gy of 8 . 46

M eV . T he decay curv e of 254L r appear ed a grow t h-decay pht¼Ý m emon , t hus it pro ved t hat

t he 254L r n ucl ide m ee f rom t he decay of t he mot her nucl i de m D b but not i n t he react ion d i -

rect ly . T he hal f - l ives of 4 . 3 and 13 . 4s deduced f rom t he decay curv es of z" L r are h coi nci -

den ce qui t w el l w i t h t he k now n valuÊ of 258D b and z" L r , r Ä ped ivel y .

F urt herm or e , t he peak s pEÊ ented i n E -

F ig . 2 ( a) w i t h energies of 8 . 669 , 8 . 8 12 an d l T l
8 . 899 M eV shoul d belong t£ " R n , 214A t and IOt á Ü T T |

n l p o , respect ively , t hey m due to t he bom - 1 4 · ¢ L T l

bad m en t of a sm al l amount of lead im pur i t y i n » } £ I J ¢ ¢ T I l
t he t aØ et w i t h zzN e ions - º i l ² Ü ú l l

111e Fig2(b) mrese11± onlympectra d 1 , ± 4 | | ¢ 4
t he Ó COiled daugh t er n Ð ides w hen t he deô b , l z- 4 .m w 4 4 | l
r s w er e not f acing t he pm d uct s source. I n t tzÊ e - i u =0.51Ð£-26¤ | l

udaug h ter " spect ra t he prÊ ea¤ d e-peak s have e t a - ­ 4 . . 4 l

t he sam e energiÊ of 8 . 36 , 8 .4 1 and 8 . 46 M eV O-O 02 0.4 0.6 0.S E.0 12 1.4

and sam e half - l ives of 13 . 4 and 2 1 . 3s , rÊ pee- I T T l
t i vely , as t he values d m L r and m L r in t he l Ó Ü ÷ T I
" õ ô t " spect r a [ F ç . 2 ( a ) ] , t hus conf im i ng m i i ¼ É Ú Ü + T l

t he assignm en t of t he m L r an d m L r , and hence ¢ -1 ü · ¢É ý l

t hei r pn cum m being m D b and m D b , m pä ¤ É ! i i É ú |

~~~

t ively .

T he r at io of £01212t s in 9 . 47 M eV peak
( 259D b ) in t he mot her spect r um to t hoee i n 8 . 36

and 8 . 40 M eV ( m L E) m t he daught er spectr um

is 5 . 2 Á 1 . 2 , w hi ch ag r ees w ell w it h t he val ue
i 8 À 1 .O cal cul ated by tak ing int o accoun t ge¤

omet ry and t ime factors . FIg.3. The decay curvÄ for Ádecays d m ×
T he product ion cmss sections are egtimated with e mz gy d 9.47 MeV and m Lr with a¤m-

from the yields of 259Db and 258Db a decays to k e w of 8 36 MeV when the detectom m faciù

E
t he f issio n com pet i t ion in t he A l ice cal culat ion .

T he com par i son betw een the Á-decay ener giÊ of new isot£pe m D b w i t h t he val ues of

t he k now n im topeg in a " Q . ¤syst em at i ü " tor iSotopÊ w i th Z · 98 show s t hat t he Q . value



fo r new isotope m D b f i t s qui te w ell in to t he gener al u Ä 1d . 159D b w i t h neut ron num ber N =

154 has a hig her @d ecay en erg y t h an t he £t her Z = 105 ieoto pÄ . T he Q . val ue 9 . 62 M eV

fo r new isotope 259D b der ived f m m t h i s ex per i men t is also i n good ag r eem en t w i t h t he val ues

of 9 . 6O an d 9 . 6 1 M eV pred icted by W apetm M] an d M a ler MU respect ivel y .

We m zh ç U PFVU à F thanhs é the opemtor s and cr ew of the m eP SFæ C® Iotron f or F w id i ,zg the i n-
tense n Ne ton bØ ms. Th authors M e atm grateh t Ø the staf Â of she deu ctor grouÑ in IM P f or p,,eé ®,zg

detr ctors.
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