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a-decay properties of neutron-deficient polonium and radon nuclei
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Chemically purified and mass-separated Rn isotopes are used to deduce the u branching ratios of the
Po daughter nuclei. The obtained values are systematically lower than the previously known values.
Combined with more accurate measurements of the half-lives of the neutron-deficient Po isotopes, a pre-
cise set of partial e-decay half-lives is obtained. The n-decay energies of some Po and Rn isotopes have
also been remeasured. The o, branching ratios of the Rn nuclei can be deduced from the cz intensity of
the At daughter nuclei, provided their branching is known. This makes it possible to present in a
coherent way the partial o.-decay half-lives and the a-reduced widths of a long chain of Po and Rn iso-
topes and to compare them with theory. Evidence is emerging that, for the very neutron-deficient Po
isotopes, mixing of intruder configurations into the ground state is slowing down the a decay.

PACS number(s): 23.60.+e, 27.80.+w, 27.90.+b

I. INTRODUCTION

In recent years there has been renewed interest, from
the experimental and theoretical sides, in the o, decay of
even-even nuclei. Large systematics on half-lives, a-
decay energies (E ), and a branching ratios (b ) exist
nowadays; see, e.g. , [1]. For the ground state to ground
state decay of even-even isotopes, with a fixed proton
number Z, the partial half-lives for a decay yield striking
semilogarithmic correlations with the corresponding E
values. However, crossing a magic neutron number
changes the linear relation. Based on these observations,
Buck, Merchant, and Perez [2,3] were able to reproduce,
in a simple cluster model with fixed parameters, the o.-

decay half-lives of the heavy even-even nuclei within a
factor of approximately 2. They conclude that the phys-
ics in the a-decay half-lives is embedded in an a cluster
having different orbitals, according to the major neutron
shell, in a potential mainly governed by the available o.-

decay energy. This seems to contradict the Rasmussen
approach [4], where the tz decay is split in two parts: first
the formation of the a particle, described by the reduced
a width (5 ), containing all the nuclear structure infor-
mation, then followed by the tunneling of the a particle
through the Coulomb and centrifugal barrier, mainly dic-
tated by the available energy (E ) and the change in spin.
The behavior of the reduced a widths is then used to ex-
tract, out of the a decay, nuclear information such as
shell closures, changes in deformation, etc. [5]. The re-
duced o,'widths of the s-wave ground state to ground
state transitions between even-even nuclei are generally
taken for unhindered a decay and used as a reference for
the a decay in the neighboring odd-mass and odd-odd nu-
clei and for the o, decay to excited levels.

But all of this is strongly dependent on the measured
partial cx-decay half-lives, thus on the total half-life and
the a branching ratio. The last quantity is, in the lead re-

gion, hard to measure, as different decay channels are
open and as the a branching ratio ranges from 10 % to
100%%uo. Recently, we remeasured the o.'branching ratios
of the neutron-deficient even Pb isotopes and compared
the different ways to obtain these ratios, this in view of
the longstanding problem on the a-decay half-lives of
neutron-deficient Pb isotopes [6]. We also measured a-
branching ratios for the neutron-deficient Fr and At iso-
topes [7].

Mother-to-daughter a-decay relations do not depend
on the knowledge of the other decay channels. They give
the most reliable a branching ratios, provided the neces-
sary corrections are fully taken into account [8]. We
have used this method to measure the a branching ratios
of the Po isotopes with masses ranging from 202 down to
196. Our values are systematically 20%%uo lower than the
values given by Hornshoj et al. [9]. Although they also
use the mother-to-daughter activity to obtain the n-
branching ratio of the daughter, their values are too high
due to an underestimation of the correction for recoil
losses. We have also remeasured the half-lives and the
o.-decay energies for most of the Po isotopes. A precise
set of partial o;-decay half-lives, e-decay energies, and e
reduced widths of the neutron-deficient Po isotopes is
presented and discussed. As a by-product, we obtained
also new information on the o; decay of some Rn isotopes.

II. EXPERIMENTAL PROCEDURE

As discussed in Ref. [8], it is possible to precisely deter-
mine in an a-decay chain the cz-branching ratio of the
daughter by comparing the mother-to-daughter activity
in a one-detector setup.

Mass separation of the reaction products is necessary
for several reasons: the mother and daughter a lines
should not only be clearly visible in the background of
the other lines, but they should also be in an unique ge-
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netic relation, i.e., no direct production of the daughter
nucleus may be present; implanted sources of some mm

0
diameter implanted at a depth of typically 250 A are ex-
cellent for high-resolution o, spectroscopy; after implan-
tation of a mass-separated beam into a tape system, the
cycle time can be optimized for the half-lives of the iso-
topes under study.

The recoil energy of the daughter nuclei after o. decay
can be higher than the implantation energy of the mother
nuclei. Part of the daughter nuclei can recoil out of the
catcher foil, the so-called recoil losses, but these nuclei
can also recoil into the detector with as a result a gain in
detection eKciency. The corrections can be calculated or
measured by using known decays [8].

Chemical selectivity remains in most of the cases cru-
cial. We have been using two ways to obtain a certain
chemical selectivity. At the Leuven Isotope Separator
On-Line (LISOL) facility [10], an isotope separator cou-
pled to a heavy-ion cyclotron, the selectivity of the
heavy-ion fusion evaporation reaction (compound nu-
cleus, xn versus pxn and axn evaporation) gives some ele-
ment selectivity and reduces the contamination of other
masses. At the ISOLDE separator [11],chemical selec-
tivity is obtained by the choice of the ion source and/or
by the choice of the temperature of the transfer line be-
tween the target and the ion source. At the neutron-
deficient side, there is, however, quite some contamina-
tion from heavier masses: the 600-MeV proton spallation
reaction, used to produce the radioactivity, is rather un-
selective and the yield of the more stable isotopes can be
orders of magnitude higher.

The precise measurements of the half-lives and n-decay
energies of the ' ' Po were performed at the LISOL
separator, by using the (240-MeV Ne on 2. l-mg/cm

W reaction. The mass-separated beam was implanted
in an aluminized mylar tape that periodically moved the
source from the implantation station to a decay station or
in a 30-pg/cm C foil, mounted in a wheel. Silicon
surface-barrier detectors and silicon PIPS-type (Passivat-
ed Implanted Planar Silicon) detectors with an active
area between 50 and 450 mm and an energy resolution
between 11 and 20 keV for the 5.486-MeV n line of

'Am were used. Energy calibration was done with on-
line produced o. emitters. In the case of short-lived nu-
clei, the mass-separated beam was pulsed for the half-life
measurements and the growing-in and decay curve of the
implanted activity was recorded by storing, in a two-
parameter mode, the energy signal from the a detector
and the time signal from a time to digital converter
(TDC) module.

The a branching ratios of the ' Po isotopes were
measured at the ISOLDE facility at CERN, by studying
the decay of the ~ Rn mother nuclei. The Rn
isotopes were produced in the spallation reaction of a
thorium-carbide target by 600-MeV protons. Chemically
pure radon beams were obtained by cooling the transfer
line between the thorium-carbide target and the plasma
ion source. The mass-separated beam was implanted on
an aluminized Mylar tape; a 25-mm PIPS-type detector
viewed the implantation site. The implantation periods
were determined by the half-life of the Rn mother and by

the production rate (in order to minimize dead-time
corrections). After the implantation, the decay was fol-
lowed over a long time compared to the daughter half-
life, minimizing the corrections for finite counting times.

III. RKSVLTS

beam off beam on

500—

400—

300—

200—

Time (s)

FIG. 1. TDC spectrum of the 6.842-MeV o. line of ' Po col-
lected in a 2-s growing-in and 3-s decay cycle. The fit through
these data points revealed a half-life of 0.39244} s.

A. The Polonium isotopes

Table I gives the half-lives, o.-decay energies and
branching ratios of the ' ' Po isotopes from this work
for ' Po and completed with [12] for ' Po. An
example of a half-life measurement can be seen in Fig. 1:
a fit through the 2 s growing-in and 3 s decay curve gives
0.392 (4) s for the half-life of ' Po. Values for the a-
decay energy (F. ) were obtained from this work, cover-
ing different experiments, and from Ref. [12]. The small
errors on our values come from precise energy calibra-
tions obtained from on-line produced activity of which
the a-decay energies were known with a high accuracy (3
keV). Figure 2(a) gives a singles a spectrum at mass 206,
taken at the ISOLDE separator. Three peaks are belong-
ing to the mass 206 decay chain: the implanted activity is

Rn (6.2606 MeV), the daughter after /3+/EC (electron
capture) decay is At (5.703 MeV), the daughter after a
decay is Po (5.588 MeV). This last peak has a different
shape compared to the two others. The daughter nucleus
after e decay is not anymore at the same position as the
mother nucleus or as the P+/EC daughter. The o.'

branching ratio of Po is obtained by comparing the in-
tensity of the Po to the Rn peak. The recoil correc-
tion can be calculated or experimentally determined [8].
Here we used the well-known ' ' ' '2 Rn decay chains to
obtain the recoil-correction factor. The spectrum of Fig.
2(b) gives the mass 220 decay chain: the intensity of the

' Po peak (b =100%) is 1.19 (4) higher than the inten-
sity of the Rn peak. The a-branching ratios given in
Table I were measured in this way, in one run and with
the same detector at the implantation site. The tape was
only moved when another mass was implanted. Our
values are systematically lower than the values from
Hornshoj et al [9], who .used also the mother-daughter
relation (see Table I). However, they corrected only for
recoil losses and not for the enhanced detection eKciency
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TABLE I. A list of obtained half-lives, a-decay energies, a branching ratios, and a reduced widths
of the even-even polonium isotopes, completed with previous work. The list is extended with some re-
sults on odd-mass polonium isotopes.

Polonium

192
193g
193m
194
195g
195m
196
197g
197m
198
199g
199m
200
201g
201m
202
204
206
208
210
212
214
216
218

~1/2
(s)

0.034( 3 )'
0.45(4)
0.24( 1)
0.392(4)
4.64(9)
1.92{2)
5.8(2)

53(1)
25.8(1)

105(3)
312(6)'
252(6)'
690(6)'
918(12)'
534(12)'

2682( 30)'
12708(72)'
7.60(9) X 10 '
9.14(1)X 10"

1.195 57(1)X 10 '
2.98(3)X10-"
1.637{2)X 10

0. 150(5)'
186.6( 12)'

E
(MeV)

7.167(7)
6.949(5)
7.004(5)
6.842(6)
6.606(5)
6.699(5)
6.521(5)
6.282(4)'
6.385( 3 )'
6.180(4)
5.952(2)'
6.059( 3 )'
5.863( 2) '
5.683(2)'
5.786(2)'
5.588(2)'
5.377( 1 )'
5.2234( 15 )'
5.1158(20)'
5.304 38( 12)'
8.784 37(7)'
7.686 90(6)'
6.7785( 5 )'
6.002 55(9)'

This work

94(5)
76(3)
55(2)
57(2)
7.5(3)

24(1)
11.1{3)

1.10{4)

1.92(7)

Other work

93(7)"
63(25)"
73(21)

90(10)'
—85'

70( 8)'
12(2)'
39(4)'
14(2)'

1.6(3)'
—3'

2.2{3)'
0.66(1)'
5.45(S)'

100'
100'
100'
100'
100
100'

$2

(keV)

68(6)

70(5)

73(5)

57(3)

41(12)

36(14)
30(5)
26(4)
15(1)
9.0( 1)
8.0( 1)

130(1)
150(5)
160(2)

'Reference [12].
Reference [19].

'Reference [9].
The uncertainty in 6 only reflects the uncertainties in E and T] /2 ', the b value is estimated to be
100%.

for those daughter nuclei that are implanted in the detec-
tor. Furthermore, their data taking was organized in a
cycle mode with variable beam-on —beam-off periods and
a movable tape collector. The daughter activity implant-
ed in the detector is then even more important as it is not
swept away by the tape: the correction for the time be-
havior of the daughter nuclei has to be treated separately
for the activity in the tape and in the detector.

B. The Radon isotopes

Precise e-decay energies have been obtained for the
Rn nuclei. Table II summarizes the results for the

nuclei studied in this work completed with the data from
[12] for ' Rn. The energy calibration was performed
with on-line produced activities (

' ' ' ' Rn and Po).
At the ISOLDE separator, the cooled transfer line be-
tween the target and the ion source condensates the ma-
jor part of the nonvolatile atoms. Only gaseous elements
can reach the ion source. This means that in the mass
200 region the mass-separated beams consist mainly of
Rn ions; At ions are suppressed to the 0.01% level, while
Po ions are suppressed to the 1% level. This means that,
e.g., the ~c At line in Fig. 2(a) is due to the p+/EC decay
of Rn. If the a branching ratio of At is known, the

a branching ratio of Rn can be obtained. Corrections
for recoil are not necessary as the recoil energy after
p+/EC decay is very small. We could only obtain the a
branching ratios of four Rn nuclei due to the fact that
there is isomerism in most of the At isotopes. This was
known for some odd At isotopes, but recently we studied
the decay properties of neutron-deficient doubly odd At
isotopes and we got evidence that for the light At, at least
two isomers are a decaying. The a-branching ratios of
these isomers were obtained from the mother-daughter
relation after o; decay of the Fr mother nucleus or from
comparing the a activity of the directly produced At to
the y intensity after p+/EC decay. The relative feeding
of the different isomers can change when going from Fr a
decay over direct production to the p+/EC decay.
Therefore, we cannot give values for the a branching ra-
tios of ~ 'Rn ' and Rn 'g. In A t and At, there is
only one a-decaying state. The o.-branching ratio of

At was measured in a separate experiment at the
ISOLDE facility by studying the a decay of ' Fr.
High selectivity was obtained by using a surface ion
source. The o,'branching ratios of ' At were deter-
mined by comparing the mother-to-daughter activity in
the same detector setup as was used for Po. The obtained
values for At and At are, respectively, 3.8(2)% and
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TABLE II. A list of obtained half-lives, a-decay energies, a branching ratios, and a reduced widths
of the even-even radon isotopes, completed with previous work. The list is extended with some results
on odd-mass radon isotopes.

Radon

198
199g
199m
200
201

202
203

204
205
206
207
208
209
210
212
214
216
218
220
222

Tl /2

(s)

0.050(9 )'
0.620(25 )'
0.325(25 )'
1.06(2)'
7.O(4)b

3.8(4)
9.85(20)

45(3)
28(2)
74.4(18 3

170{7)"
340( 10)
558(12)

1461(8)
1710(6)
8640( 360)
1440( 120)

2.70(20) X 10
4. 5(s) x 1o-'b
3.5(6) X 10

ss. 6(1)b
3.305(1)X 10"

E
(MeV)

7.196( 10)'
6.995( 10)'
7.059( 10)'
6.9024(25 )

6.7237(25 )

6.7721(25 )

6.6409(25 )

6.4993(25 )

6.5490(25 )

6.4189(25 )

6.2609(25)
6.2606( 25 )

6.1294(25)
6.1381(25)

6.0362( 25 )

6.0395( 17)
6.260(4)
9.037( 10)
8.050(10)b
7.1331(14)
6.28829( 10)b

5.4897{3 )

This work

86+14

80-100

73(1)
25(1)

b

(%)
Other work

-98b
—80
-90

85(15)
66(9)b

70(23'
23(2)'
68(3)
35{2)
60(7)
17(2)
96(1)
99.950( 5 )

100
1Oob

1OOb

99.93(2)
99.92

5~
{keV)

200(36)d

84(14)

77-96

67(19)

59(3)

39(5)

27(1)
17(2)

110(8)
230(25)
220(38)
240( 1)
240( 1)

'Reference [20].
Reference [12].

'Reference [9].
The uncertainty in 6 only rejects the uncertainties in E and T] zz', the b value is estimated to be
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9.6(4)%. The a branching ratios for Rn, listed in
Table II, are based on these values. The situation is more
complicated for zo2Rn and 200Rn. As discussed in Ref.
[7], only one of the two known a lines of At is seen in
the pure Rn spectrum: only the low-spin isomer of

At (184-s 6.228-MeV a line) is fed in the P+/EC decay
of Rn. Only a lower limit on the a-branching ratio of
the low-spin isomer in At could be determined
( ) 13%) [7] resulting in )80% for the a branching ratio
of Rn. For Rn, the o.-branching ratio was deter-
mined using the a branching ratio of the 43-s low-spin
isomer in At [57(4) %] [7].

IV. DISCUSSION
'10 =

a 10 =.

]p ~ ~g ~g&gyggg, )l .IL&»Il

IP IIq
~]It[I

'
'Pfl'P vol I III

1500 2000 2500 5000 5500
CHANNEL

FIG. 2. (a) The singles n spectrum taken at mass 206. Ener-
gies are denoted in MeV. (b) The singles n spectrum taken at
mass 220 used to determine the recoil correction factor. Ener-
gies are denoted in MeV.

Tables I and II summarize the cz-decay properties of,
respectively, the even-even Po and Rn isotopes. Our re-
sults are compared with the work of Hornshoj et al. [9],
and are, where necessary, completed with values out of
the literature. In order to have a coherent set of a-decay
properties of the even-even nuclei around the Z =82 shell
closure, we list in the Tables III—V the a-decay proper-
ties of, respectively, the platinum, mercury, and lead iso-
topes. Unless explicitly noted, data were taken from [12]
for Pt and Hg. The results for Pb are extracted from [6].
The results for the reduced widths (5 ) calculated with
the formalism of Rasmussen [4] are included in the last
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TABLE III. A list of half-lives, a-decay energies, n branching ratios, and a reduced widths of the
even platinum isotopes from Ref. [12] unless stated otherwise. The b values for the "Pt to " Pt iso-
topes are estimations and are therefore questioned.

Platinum

170
172
174
176
178
180
182
184
186
188

'Reference [21].
Reference [22].

T1 /2

(s)

+5 X 10
—3a

0.105( 15 )

0.90( 1)
6.33( 15)

21.0(7)
52(3)

156(6)
1038(12)
7200( 360)
8.8(3)X 10'

E
(MeV)

6.548(7)
6.314(4)
6.040(4)
5.750( 10)
5.442(8)
5.140( 10)
4.840(20)
4.490( 15 )

4.230(20)
3.919(7)

b

(%%u. )

100
94+6b

83(5)
41(4)
7.2(8)
(0.3)?
(0.02)?
(0.001)?

(0.000 14)?
2.6(3)x10-'

$2

(keV)

356(240)
130( )

150(9)
170(17)
210(25)

(110)?
(100)?
(100)?
(110)?
36(4)

column of each table. Figure 3(a) shows the 5 values for
s-wave ground state to ground state a decay of all known
even-even nuclei ranging from Pt to No as a function of
neutron number. They represent the Q.-decay rates ex-
cluding the probability for tunneling through the
Coulomb barrier, and can be viewed as the formation
probability of the a particle. The reduced widths were
calculated using the a-decay energy (F. ), half-life ( T, i2),
and a branching ratio (b ) from [12] and from Tables
I—V. The error bars on each point reAect the experimen-
tal error on E, T, /2 and b .

The crucial question concerning the cz reduced widths
is the amount of physics that can be obtained from it. As
can be seen in Fig. 3(a), the a reduced widths are lying in
a range from 8 to 400 keV, but in an isotopic series the
variation is quite slow, except for the N=126 shell gap.
In a recent study on the ' 'Bi—+' Tl —+' Au a-decay
chain [13], we could not observe any influence of shape
changes on the speed of a decay. Although there are
strong changes from sphericity to deformation from an
oblate shape to a prolate shape, the n-reduced widths are
more or less constant. This was also the conclusion by
Hornshoj er al. [14] on the basis of the reduced a-decay

rates for the even thorium and radium isotopes.
Clearly, shell effects manifest themselves in large

differences on the 5 values. At N =126, a sharp discon-
tinuity is present, showing the neutron shell closure.
Above N = 126, the reduced widths increase rapidly and
saturate. Below N =126, only a slow increase is evident.
This observation can be related to the fact that in the first
case, the two neutrons that constitute the a particle occu-
py orbits immediately above the N=126 shell, while
below N =126 a decay creates two neutron holes. A
second dip is visible around N =152, corresponding to
the neutron shell closure at N =152. This shell effect is
much weaker than at N = 126 (for Cm there is even no
dip at N =152), but one must bear in mind that the
N =126 region is in fact the region of two shell closures,
N=126 and Z =82, enhancing the dip in the reduced
widths.

At Z =82, one would expect a similar shell effect:
above Z =82 the Po and Rn isotopes should have larger
reduced widths than Pb, while below Z = 82, the Pt a de-
cay should be faster than the Hg decay, which in turn
should be somewhat faster than Pb. Except for ' Pt, this
is indeed the case within the experimenta1 uncertainty.

TABLE IV. A list of half-lives, n-decay energies, a branching ratios, and a reduced widths of the
even mercury isotopes from Ref. [12] unless stated otherwise.

Mercury

176
178
180
182
184
186
188

Tl /2

(s)

0 034+ 18 a

0.260( 30)
2.56(2)'

10.84( 6)'
30.6(3)
83(6)

195(9)

{MeV)

6.767( 10)'
6.429(6)
6.118(15 )

5.865( 15)
5.535( 15 )

5.094( 15 )

4.610(20)

(50)'
33(12)'
8.6(18)
1.25(20)
0.016(5)

3.7(8) X 10

$2

{keV)

61(23)
64(28)
68(25)
46(10)
73(12)
60( 19)
41(9)

'Reference [22].
"Reference [23].
'Reference [24].
The uncertainty in 6 only reflects the uncertainties in E and T, /2,

' the b value is estimated to be
100%.
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TABLE V. o.-decay properties of the neutron-deficient even Pb isotopes, taken from Ref. [6] except
for ' Pb.

Lead

182
184
186
188
190
192
194
210

T I /2

(s)

0.055+4,:
0.55(6)
4.7( 1 )

25.5(1)
72(6)

210(6)
720(30)

7.03(6)x 10"

(MeV)

6.919(15 )

6.632( 10)
6.335( 10)
5.980(5)
5.577(5)
5.112(5)
4.640( 20)
3.720( 20)'

6
(%%u. )

(100)
(100)( 100
3—10

0.40(4)
6.2(6) x 10-'
7.3(29)x 10-'
2.2(7) x 10-"

$2

(keV)

63(46)
63(7)

&97
15—51

50(7)
67(7)
15(6)
35(11)

'Reference [12].
The uncertainty in 6 only reflects the uncertainties in E and T&/~, the b value is estimated to be

100%%uo.

- (')
9O
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LLJ
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C5

10

92

00
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I I I I I I I I I I

100 110 120 130 140 150
NEUTRON NUMBER

160

FIG. 3. (a) The reduced widths for the s-wave ground state to
ground sate a decay of the even-even nuclei ranging from Pt to
No, calculated with the model of Rasmussen. In two cases, only
an interval can be given for 5, due to the o: branching ratio, and
is represented by a hatched region. (b) The ratios of the partial
half-lives T'I"/&, calculated with the model of Bock et al. , to the
experimental half-lives T;"fz' . The value for ' Pb (%=128) is
0.10, with the principal quantum number chosen for the region
X& 126, but equals 1.37 if one decreases this quantum number
with 2 units. Therefore, this nucleus is not plotted. As in (a),
the hatched regions represent intervals for the plotted values
due to the a branching ratio.

No evidence for a disappearance of the Z =82 shell clo-
sure is present, contrary to the findings of Toth et al. [5].
The Hg and Pb n decay is slower than the Pt u decay and
the Pb a decay is slower than the n decay of Po and Rn.
Furthermore, the existence of a shell closure at Z =82 is
also observed in the Q systematics.

Recently, Buck, Merchant, and Perez published a cal-
culation of partial n half-lives using a square well poten-
tial, correcting for neutron shell closures by using an ade-
quate principal quantum number and excluding a forma-
tion probability [2,3]. In this way and by fitting the pa-
rameters of the model to the data set of all even-even a
emitters, they are able to reproduce the partial a-decay
half-life of almost all even-even a emitters within a factor
of 2. They conclude that apparently no other nuclear
structure information can be obtained from the partial a
decay half-lives (as no formation probability was used).
Figure 3(b) shows the ratios of the calculated partial
half-life T',"&~ to the experimental T;")z' . The effect of
the N =126 shell gap is diminished (but still present) by
changing the principal quantum number. However, Fig.
3(b) still exhibits the same characteristics as Fig. 3(a). In
fact, the parts in Figs. 3(a) and 3(b) below N =126 are
identical. The model of Buck, Merchant, and Perez is
based on fitting the o,-decay half-lives in each major neu-
tron shell and on a change in the principal quantum num-
ber for each neutron shell closure. This reduces the
difference between the calculated and measured half-lives
in two ways: first, by the fit procedure, and second, by the
introduction of the neutron shell gap. However, some
specific correlations in the ratio of the calculated to mea-
sured half-lives do persist. The Po, Rn, Ra, and Th
values show a steep decrease when the neutron number
reaches X = 126, evidencing the inhuence of the neutron
shell closure. Furthermore, the ratios of the calculated to
experimental partial half-lives of the neutron-deficient
Po, Rn, Ra, and Th isotopes are systematically increasing
with increasing proton number. Again, this indicates the
inhuence of a shell closure, here for protons. These
specific correlations suggest that a formation probability
cannot be excluded and that the conclusion of Buck,
Merchant, and Perez that no physical structural informa-
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tion can be extracted from e-decay rates is too strong.
To further prove our point, we will discuss in more detail
the a-decay rates of the neutron-deficient Po isotopes.

For the clarity of the discussion, we come back to the
conventional 5 plot of Fig. 3(a). The Po isotopes have 5
values that are systematically lower than the Rn isotopes.
Furthermore, they seem to reach a saturation and even
intend to decrease with decreasing neutron number
around X =110, with 5 values comparable to Pb, con-
trary to the Rn isotopes. In ' Po, we recently observed a
low-lying 0+ state that was populated in the a decay of

Rn [15]. This state has been interpreted as being the
bandhead of a coexisting rotational-like band of which
the 2+ and 4+ members were observed in an in-beam
study [16]. This 0+ state can be interpreted as a tr (4p-
2h) (four-particle —two-hole) intruder state. A general
fingerprint of intruder states is that their excitation ener-
gies come down when approaching the midshell (X = 104
in this case) [17]. In the case of Po, the intruder state will
decrease in energy with decreasing neutron number and
can mix substantially with the ground state in the lighter
Po isotopes (A ~196). Indirect evidence for this effect
can be found in the in-beam study of ' Po [16], where
the excited 22+ and 42+ states, believed to be the band
members of the vr(4p-2h) configuration, are, respectively,
180 and 95 keV lower in energy than in ' Po. Although
in the case of ' Po little evidence for mixing between the
intruder 0+ state and the normal ground state exists [15],
one can expect that the mixing will increase when the in-
truder state becomes lower in excitation energy. A sub-
stantial mixing of the vr(4p-2h) configuration with the
normal tr(2p) ground-state configuration will influence
the a-decay rate. The ground state of the neutron-
deficient even-even Pb isotopes is rather pure, the mixing

of the ~(2p-2h) configuration into the ground state is
small [18]:the hindered a decay of the intruder ~(4p-2h)
component in the ground state Po a decay to the relative
pure Pb ground state will reduce the total e-decay
strength of the lighter Po isotopes, giving rise to lower 6
values.

V. CONCLUSIONS

A precise data set of the a-decay properties of
neutron-deficient Po and Rn isotopes was collected. This
made it possible to deduce an accurate systematics of par-
tial a-decay half-lives and the reduced widths of s-wave
ground state to ground state e decay of even-even a
emitters from Pt to Rn. No disappearance of the Z =82
shell closure is evident. The very-neutron-deficient Po
isotopes seem to have a loss in a-decay strength, which
could be due to mixing of an intruder state with the
ground state in Po. Further a-decay and in-beam studies
are necessary to clarify this point. Another possibility to
observe the mixing of a deformed configuration into the
ground state of the neutron-deficient polonium nuclei
would be 5(r ) measurements with laser-spectroscopic
methods.
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