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Abstract A study of mdecay for 。 · 。‘Po and 188,190Pb M ；performed in thc rcacrioIl 

of “Ar on 0 ”Dy at 176 MeV．The formation {：ross section wa．q obtained to be 5．0士0．2“b for 

0。 Po aa,d 11．6J：0．3pb for’。‘Po．Tl1e resulting reduced width wa8 38(51 kcV for 0。 PlJ 

and 25(31 kcV for ”Pb，which further confirmed the magic character~tics for neutron．deficient 

nuclei of Z=82． 
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1 Introduction 

The study on formation and decay of nuclei 

far from ．stable line is one of the active fields 

in the frontiers of nuclear physics．It is a very 

interesting subject whether the magic number 
fshell closure)stil1 reinains magic for those iso- 
topes far froln 8一stable line both in rich and in 

deficient—neutron sides． The magic character— 

istics for Z=82 can be systematically surveyed 

by reduced widths 2．since a-decays are the 

main decay models for these nuclei and have 

the striking relation between n—decay rates and 

Q—decay energies known as Geiger—Nutall laws． 

values of ground state to ground state 

transitions for even—even nuclei with Z froin 78 

to 100 have been plotted as a function of both 

neutron number N and atomic number Z bv 

工bth et nf．[11．which exhibited a regular be- 

havior of shell clomlre at Z---82．N=126 and 

N=152．but in the range of N=104．11【J a con． 

tras t to an expected shell effcct for Z=82 i．e． 

of lead(Z=82)are larger than those of mercury 
(Z=80)with the saine neutron numbers．Based 

on this anomaly． 工bth et aL first concluded that 

Z=82 is not magic for light Pb isotopes．re． 

sulting in an intriguing interest in both theories 

and experiments．1leproduchlg of the 0-decay 

widths has been a challenge for theory over 

many years．To calculate the reduced n width 

Buck et alt2J developed a simple cluster model 

and Yoshida et a／t31 used a deformed relativistic 

mean field approach．Both their results yiekle~l 

a conclusion that some of the neutron．deficient 

isotopes lmving proton number Z=82 do not 

behave as good magic nucIci． The n branch— 

ing ratios of 192，190，188pb were measur(·d USing 

mass—separated sources with n一 and Q．-y(x) 
methods 6y ％ uters et al[4l and the results 

showed that the 62 for 190,188Pb were not larger 

than those for mercury,which might q1mstion 

the above conclusion made bv T0th cZ a1．Later 

on，they compared the reduced widths of the 

a-decays to the ground mld 0+ excited states 

for these nuclei an(1 showed a strong wtriation 

at =82 which can be an  experimental proof 

for the stability of the Z=82 magic at the very 

neutron—deficient side／5J． 

Obviously，these important conclusions axc 
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mainly b~sed ()n Q branching ratios． T1le be detected at the local I)lane． A paralM 

branching ratios lneasured with“一 or n一 (X) 
methods 1la(1 a large experimental uncertainty 

due to the difference of cfliciencies between two 

detectors and the decay s(；henle—dependency． 

The present work was proposed to study the 

n．(tecay( IIlother nuclei 0 ， 94Po alld da,lgh一 

r t 。。Pb in the．same detector system with 

fY ot methot1． 

2 Experim ental 

Tht facilities for tile experiment were ar— 

ranged Fig，1，the same as Refl61． Bonl— 
barding a 510 l*g／cnl ．79％enriched 6oDy tar— 
get with ai1 1 76 MeV 36Ar beam deliverc(1 by 

the Argon1．．'Tandem—Linac Accelerator Sys— 

teill fATLAS)，192,19 P0 were formed as the 

fllsion evaporation residue nudei through tile 

4I1 and 21l reaction chalmels， 0Dy(36Ar，4n) 

aIld 16ODy(a6Ar，2n1 respectively．The recoil— 

ing nuclei were passed through tile fragnlent 

illa,ss analyzer fFMA1 to separate them frOIIl 

the primary beam and then disperse thenl ii1 

ma．ss／charge(A／q)at the focal plane． T1le 
FMA was tune(1 so that boill 17十 and 18十 

charge states of A=192 and 194 recoils caIl 

gri(1 awdanche COUllter fPGAC1 was ,ISe(1 at 

the focal plane to provide lmrizolltal and vcr— 

tical positions of ions resulting in A／q 1．im— 
ing and enc．rgy—loss inforrnations．After passing 

tln-ough tile P GAC tile ons were implanted iii 

a do,lble．sided silicon strip detector fDSSD)lo— 

cated 45 eli1 behiml tile PGAC．where their Sil1)一 

sequent charge—particle decays were detected． 

The DSSD l1aS a thickness of 651m~，an area of 

16×16 min0 and consist of 48 horizontal strips 

on its front surface and 48 vertical strips Oll 

its back Sllrface．resulting in 2304 pixels．Each 

event in the DSSD was time stanlpe(1 and idCli． 

tiffed as either all implanted ion or a decay 

particle depending Ol1 its coincidence or anti． 

coincidence with a signal frOYI1 the PGAC．Sig— 

nals fT0111 SCattered beam particles，which l[1OVe 

with higher velocities than reaction recoils， 

were rtdected from the analysis by gating 011 
tile implant—ion events in tile two-dimelmional 

spectrmn of time—of-flight between PGAC and 

DSSD versus implantation energy ii1 DSSD． 

Data were accumulated for 48 h with an~tvel a 

I)eaiil intensity of'3．75 nA particles． 

Fig．1 The schematic layout of the experimental arrangement 

TGT = t~u'gct，( qu~dxatpole singlct，ED = electric dipole，M D = m agnetic dipole，DET ： detector The 

overzdl length is 8．2 nl 

3 R esults and conclusions 

Fig．2 shows tile total(Y—particle spectrum 

recorded ii1 tile DSSD．The assignment of oL— 

lines to nuclei labeled were mainly based on tile 

． particle energies． The 7．169 MeV to l9 Po 

5．98 M( V t()188Pb and 6．845 MeV to 94Po， 

5．58 MeV to l90Pb were further identified by 

the correlation between 0一decays of mother and 

daughter mlcM ． Correlating the subsequent 

(Y．decays within tile Saille DSSD pixe1．tile — 

I)ranching ratios Call be deduced frOIi1 the ilUnl- 

ber of(Y．particles from mother nuclei and the 

number of daughter’s．Out of tile 194pt)一190Pb 

and 9 P(卜 18 Pb correlation
， a vahle of 0．25％ ． 

was deduced for loOpb and 7．9％ for 188Pb． 

The be~axn was monitored with a monitol-( — 

tector near tile target for the scattererl beam 

from the target． The beam intensity was on 

1ine calibrate(1 with the lnonitor COUlltS． The 

formation cross section can be calculatetl ti'oln 

tile obst．u'ved intensity of 192po and 194po，tilt．' 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


No．1 Chen Xue．Shiet a1．：Formation aitd decay of nelltron—deficient nuclei Po and Pb 13 

oL-branching ratio of 

f()r 194po taken。from 

95％ for 192po and 93％ 

the Nuclear Data Sheets 

(NDS)，the monitor counts and the efficiency 

of tile detector system gFMA． gFMA fl· 

{2·|3=Q．046 where fl is the transmission of 
38％ for(17+and 18+)，f2 the correction of 

葺 
j 

o 

0 

60％ for dispersion，／3 the DSSD detection ef- 

ficiency of 20％ for the solid angle． Then we 

obtained a cross section 5．0+0．2p,b for 。。Po 

and 11．6+0．3ttb for 。 Po at beam energy of 

176MeV 

E。／MeV 

Fig．2 Tile total“．particle spectrum from Ar+ 。 。Dy recorded in the DSSD 

The reduced width is a very useful tool 

for studying nuclear structure， = f~h)／p， 
where is the -decay rate．h is the Plank 

constant and P is tile t)enetration factor for 

the倥 particle to tunnel through tile Colflonxb 

and centrifugal barriers，which can be exI)er- 

imentally extracted from tlm 倥-decay half-lift'． 

branching ratio ba and o／particle energy Efv IIS- 

ing the method developed by l~tsmussen[8]
． 

Table 1 Tile properties and reduced widths of n-decays 

Ⅳ Pb En／MeV Tt／2／slNDS1 b ／％ 6 ／kf’V (Pb)／keVt 1 (ttg)／kcVt‘J 

104 186Pb 6．335 4 7 45[ J 39(181 <97 62(35) 
106 。 Pb 5

．980 24 7．9 38(5、 15-51 59f+22，一20) 
108 。。。Pb 5

．580 72 0．25 25(31 50(7) 41(+II，．10) 

The results and the experin1enta11y ex— 

tracted reduced o／widths are listed in Table 

1． Thc(Y—branching ratio of l Pb is ust re— 

newed 45(201％ instea(1 of i00％ reporterl by 
Batchelder et aL L 7 J It tail be scen frOIll Ta— 

ble 1 that tile present reduced“ widths 6 for 

Pb(Z=82)are smaller than that for Hg(Z=80) 
and directly confirm the conclusion of Z=82 

stil1 being magic ill the neutron deficient side． 
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