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Neutron-deficient americium isotopé®-234235.238m were produced in the bombardment of multiple thin
targets 0?3 and 23U with 7.6—10.5 MeV/nucleofiLi ions. The reaction products were effectively mass-
separated using the on-line isotope separ@?d®@ERI-ISOL) coupled to a helium gas-jet transport system. For
the first time, then transition 0f23°Am was observed, and some improvedlecay data fof33234233m and
222Np (a-decay daughter of>3Am) were accumulated. The-particle energies of*3Am and 2°Am were
determined to be 6780+17 keV and 6457+14 keV and their half-lives were 3.2+0.8 min and 10.3+0.6 min,
respectively. Measured-decay branching ratios f%Am and 2*Np were(4.0+0.9 X 1072 and 0.68+0.11,
respectively, while the lower limit for-decay of?33Am was deduced to be>81072. Hindrance factors and
probable assignments of the levels involved in thaseansitions are discussed.
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I. INTRODUCTION 13 years. Examples are the EC-delayed fissiof?#m and
23%Am by Hall et al. [1-3] and the EC decay of®°Am by
Nuclear decay properties of neutron-deficient actinidesGuo et al. [4]. In particular, regarding the-decays of the
including americium isotopes, provide us invaluable infor-americium isotopes with half-lives shorter than 1 h, only a
mation. In particular, thex-particle energies obtained are |imited number ofa-decay data are currently available in the
useful for precise determination of nuclear mass, which isiterature. Recently, we have succeeded in observing EC and
one of the most essential quantities for defining nuclear dex-decays of3%Am [5] and?3%Am [6], respectively, using the
cay properties, shell stability, and fusion probabilities. In ad-JAERI on-line isotope separator coupled to the helium gas-
dition, a-decay half-lives and the fine structure @farticle  jet transport systeni7]. In this paper, we present new and
spectra bring us information on the nuclear structure ofmproved data on therw-decay of 22%Am, 23%Am, 23°Am,
daughter nuclei close to the proton drip line. However, sinc&¢Am, and ?*Np (a-decay daughter of33Am). These re-
the neutron-deficient actinides decay predominantly by elecsults are then discussed in the general trena-décay prop-
tron capture(EC), and theira-decay branching ratios are erties. Some of the present data on the EC decaf?%im
extremely small, only a few investigations of neutron-and on the identification G®3Am have been partly described
deficient americium isotopes have been conducted in the lag our previous papergs,6].

IIl. EXPERIMENT

*Corresponding author. Electronic address: sakama@medsci. Experiments were performed using the JAERI on-line iso-
tokushima-u.ac.jp tope separatofJAERI-ISOL) coupled to the helium gas-jet
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23(8Li, 5n)2%%Am. A stack of 21233 (or %) targets set

Multiple target chamber transport system. A schematic view of the experimental setup
Ry is shown in Fig. 1. Neutron-deficient americium isotopes
l were produced via the reactions &fU(CLi, 6n)23%Am,
6rs Gas-jet transport 233U(6Li, 5n)234Am, 233U(GLi, 4n)235Am, and
ZLibeam i i He 1.4 1/min

in a multiple-target chamber with 5 mm spacings was bom-

Gassetmiet|{\__""Uor™U Targets - detection system barded with®Li beam intensities ranging from 250 to 340
Helbplz) HAVAR whadow . A particle-nA, delivered from the JAERI tandem accelerator.
Capillary — @ measurement system 1a
Each target was prepared by electrodeposition of(MQ5),
Thermal ion source Mass-separated in 2-propanol onto a 0.9 mg/dnthick aluminum backing
l ) ‘ ions foil. Target thicknesses were in the range of 50— L&@cn?
Skimmer N — for 233U and 160—42Qug/cn? for 23U. Incident beam ener-
Aerosoliceneraton = = Magnet gies were 63.0 MeV for the production &°Am, 45.5 MeV
g A+ A ]
L. o R | EV AlA~850 for 2%°Am, and 51.0 MeV for?**Am and 2*®Am. The °Li
1200t e v beam passed through two HAVAR vacuum windows
S

(4.6 mg/cn) and helium cooling ga€.1 mg/cnd), with its
energy finally reduced to 52—60 MeV on the targets for the

FIG. 1. Schematic diagram of the gas-jet coupled JAERI-ISOL.63_0 MeV incident beam energy, 34—42 MeV for 45.5 MeV,

The gas-jet transport system consists of the aerosol generator, t'&‘?‘.d 39-48 MeV for 51.0 MeV. Reaction products recoiling

multiple-target chamber, and the vacuum system which consists Of8ut of the targets were stopped by He @84 kPa loaded
mechanical booster pumpMBP) and a turbomolecular pump g bp y g 3

(TMP) for the differential pumping.
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diameter and 8 m lengthAtoms ionized in the ion source 20 T
(a)A=236 \236

were accelerated with 30 kV and mass separated with a resc
lution of AJAA~850 at the mass numbéy=208 [7]. The
overall efficiency including the gas-jet transport and the ion-
ization of americium atoms was measured to®8+0.1)%
through the observation of?*’Am produced in the
233U(8Li, 4n) reaction[8].

Figure 2a) shows a schematic drawing of the rotating
wheela-detection system. The mass-separated ions were im
planted into 1Qug/cn? thick polyvinylchloride-acetate co-
polymer foils placed around the periphery of the rotating 20 !
wheel. The wheel periodically rotated by 90° with appropri- (b) A=235
ate intervals, which carried the implanted sources to three B5Am
consecutive detector stations. Each detector station wa’ ' [ ]
equipped with two Si detectorgHAMAMATSU PIN-
photodiode S3204-09, 2818 mn? active areg9,10) that
surrounded the source on the wheel to measumarticles
with an efficiency of 85%. Another Si detector was placed at 3
the implantation station in the forward direction of the ion sor ]
implantation. In order to determine/EC branching ratios, By Dpy
characteristic x rays following the EC decay were measurec
at the first detector station through a window made of Kap-
ton foil (0.05 mm in thicknegsusing a short coaxial Ge
detector(ORTEC LOAX™, 51¢x 21 mm thickness of Ge,
full width at half maximum of 0.66 keV at 122 key ray).

The energy calibration of the Si detectors was performed
using mass-separatéd'Fr(E,=6341 keVf and its a-decay
daughters’'’At(7067 keV} and 2**Pq(8376 keVJ. The 22'Fr
nuclei recoiling out of thé?°Ac a source were transported to
the ion source of the ISOL by a gas-jet stream, and the mass
separated ions were implanted into the same foils that wer¢
used in the on-line experiments for Am isotopes. The 0
a-particle energy resolution was about 45 keV. 000 500 6000 6500 7000 7500 8000

For 23°Am, a-vy and y-vy coincidence measurements were o-particle energy (keV)
performed using another experimental setup shown in Fig.
2(b). The mass-separated ions were implanted into the Sj ; -
detector (HAMAMATSU PIN-photodiode S3590-06, 9 é:ﬁ(&) 235, andc) 234. Crosses shown (@) and(c) indicate the

. h . o . eV a group of?%Am and 6.46 MeV one of**Am reported
X9 mn? active area[9,10) which was tilted by 45° with by Hall et al, respectively[1,3)
respect to the ion beam axis. The detection chamber contain- ’ o
ing the Si detector had an aluminum window of 0.5 mma-decay of?3¢Am was reported by Halét al. [3], who ob-
thickness and a beryllium one of 0.4 mm thickness towardserved a 6.41 Me\« group and itse/EC branching ratio of
the two endcaps of two Ge detectors placed on both sides ¢#.2+0.6 X 10*. However, no 6.41 MeVa group was ob-
the Si detector; one was a short coaxial Ge detector placeskrved in the present experimdaee Fig. 8)], and the up-
on the front side of the Si detector to detect low-energy phoper limit of the & branching around 6.41 MeV was deduced
tons down to~10 keV and the other was a 35fktype Ge to be 2x107°. Instead, a very weakx group around
detector(ORTEC GAMMA-X™) on the opposite side. The 6150 keV is observed in the spectrum. The decay curve of
detectors were shielded with 100 mm thick lead bricks andhis « group gives a half-life of 3.1+1.3 min as shown in
5 mm thick copper inner plates- and xA-ray singles and Fig. 5, which is consistent with that of 3.6+0.1 min for the
a-y and y-y coincidence data were recorded event by eventlecay of the PIK,; x ray associated with the EC decay of

Pu
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FIG. 3. Sum ofa-particle spectra in the mass fractionAf (a)

together with time information. 23Am in the same experimental run. In addition, from the
v-v coincidence measurement data in Réfl], it has been
Il. RESULTS found that there are two EC-decaying statg€Am9 and

238Am™) in 2%6Am and their half-life values of 3.6+0.2 min
for 22Am9 and 2.9+0.2 min forr*®.Am™ are very close to
The sum ofa-particle spectra measured with the seven Sieach other. Those half-lives are also in agreement with that
detectors for the mass-236 fraction accumulated during a pef the present 6150 ke¥ group. Thus, we conclude that the
riod of 270 sx380 cycles is shown in Fig.(8), and the observed 6150 ke group is attributable to the-decay of
x/y-ray spectrum associated with the EC decay*$Am 238Am. [In the y-vy coincidence measurement, we know that
during the same experimental run is shown in Fig)4The  the yields of mass-separatéd®Am? and 2%Am™ are ap-

A. 22%Am
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FIG. 5. Decay curves of the 6150 ka¥group emitted from the
a-decay of?3®Am and the PuK,, x ray associated with the EC
decay of?3¢Am.

ure 6 shows decay curves of the 6457 keline and PWK x
rays. The deduced half-lives of 10.7+0.7 min for the
6457 keVa line and 9.5+1.2 min for the Pki,; X ray are in
good agreement within the experimental errors as shown in
Fig. 6, indicating that the 6457 ke¥ line is attributable to
the a-decay of>>°Am. We, in this paper, reanalyzed the EC-
decay data [12] of 2%°Am produced in the
23%J(8Li, 6n)%%%Am reaction and obtained a half-life of
9.0+1.5 min. Taking a weighted average of these values, it
was found that the total half-life Gf°Am obtained from the

a- and EC-decay data was determined to be 10.3+0.6 min
which is marginally consistent with the literature value of

235, and(c) 234. Each inset shows the EC-decay chains from19+5 min by Guoet al. [4]. The « branching of I,

236Am, 235Am, and234Am.

proximately equal in the®®U(5Li, 5n) reaction, and their
contributions to the PK x-ray intensity are also expected to
be about the same. However no clear assignment ofxthe

group to either one of those isomers could be made in the

present experiment.The a branching of 1,=(4.0£1.0

X 10° was derived from the ratio between the observed

6150 keV «a intensity and that of the PK x ray. The pro-
duction cross sectiomr,,, of 23°Am9*™ at the®Li beam en-
ergy of 39—48 MeV was determined to be 12546 by
use of the detection efficiency for ux rays and the overall
efficiency of (0.3+0.)% for americium atoms in the ISOL
system.

B. 235Am

The sum of measured-particle spectra for the mass-235
fraction accumulated during 900xs360 cycles is shown in
Fig. 3(b). The strongx line with the energy of 6457+14 keV
is unequivocally observed. In thexfay spectrum as shown
in Fig. 4b), Pu and NpK x rays associated with the EC

EC EC
decays of*Am—23Pu—2*Np were clearly observed. Fig-

=(4.0+£0.59 X103 was for the first time derived from the

10° r T T Y Y

Pu Kml X-ray
T =9.5%1.2min
12
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6457-keV 0, group
Tl = 10.7%0.7 min

100 bt n s a o L o o b o o o o b oo o o o 1 4
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FIG. 6. Decay curves of the 6457 ka¥group emitted from the
a-decay of?3°Am and the PuK,; x ray associated with the EC
decay of?3%Am.
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FIG. 7. Decay curve of the P, x ray associated with the EC
decay of?3Am.

ratio between the observed and PuK x-ray intensities.

In the a-particle spectrum shown in Fig.(I3, the two
weak « lines around 5800 keV and 6200 keV arising from
the a-decays of**Pu and®**Pu, respectively, are also barely
discernible. In the assignment &Pu, we know that3*Pu
decays very weakly viaa-particle emission withl,
=(3.0£0.6 X 10°° and E,=5.85+0.02 MeV[13]. One no-
tices that the ratio of the intensity of the Mf,; X ray to that

PHYSICAL REVIEW 69, 014308(2004)

of the PuK_; x ray is ~2.9 [see Fig. 4b)], which is much
larger than the expected value of 0.6 on the basis of the
growth and decay of3*Pu associated with the EC decay of
235Am. Thus, it can be stated that tR&Pu is directly pro-
duced via the®U(5Li, p3n)2%Pu reaction as well as through
the EC decay of**Pu. In the assignment o¥*¥Pu, since
2¥py decays with ,=4.8% andE,=6202 keV[14], and the
mass resolution performance of the ISOL allows a slight in-
clusion of theA=234 nuclides, it is not surprising that the
observeda particles around 6200 keV originated from the
a-decay of?*Pu.

In the a-7y coincidence measurement, although the sum of
230 « particles was detected at 6457 keV, aey coinci-
dence event was observed. This result suggests that the level
fed by the 6457 ke\w transition is either the ground state of
23INp or a low lying level that decays via internal conver-
sion. The production cross section of tHéU(5Li, 4n)?3°Am
reaction at théLi beam energy of 34—42 MeV was deter-
mined to be 31+1%b, that is, about six times larger than
5+2 ub of the 2*U(5Li, 6n)2°Am reaction reported in Ref.

[12].

C. 234Am

Figure 4c) shows the xg-ray spectrum observed in the
mass-234 fraction during the detection period of 210 s
X 550 cycles. Pu, Np, and K x rays associated with the EC
decays of**Am, 23%Pu, and?*Np, respectively, are clearly
seen in the spectrum. The observed peak intensities of the Np

@ <0.04% |**Am| gc >90.96%
6460 keV |2.32min
234Pu
«6%| 8.8 h |EC 94%
@ 230N EC 234
3% | 4.6 1| <97% /6202 kev| NP
6151 kev | 4-4d
ZSﬂu
o 100%|20.8d
5888 keV
e 100%[*Th
6337keV |31 min
6234 keV
FIG. 8. a- and EC-decay
— chains originating from?23‘Am.
o '(1%)% 3':3 Data from Ref[14].
) s
6237 keV
218Rn
@ 100% | 35 ms
7129 keV,
Z14P°
e 100% [1644us
7687 keV,
210Bi
210Pb
22.3 yr|
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40 T T T T T T and UK x rays are found larger than those of theleu rays
s E@ A=233 3 expected from the EC decay &#*Am. The excess produc-
0 singles tion of 23%Pu and®*“Np may be attributable to reactions such
E 2 as 23U(%Li, pan) and 23U(°Li, an). The half-life of
S 3.5+1.3 min derived from the decay curve of the Ry x
~ 2 ray as shown in Fig. 7 is consistent with that of
‘g 15 2.32+0.08 min reported by Hadt al. [1] from the analysis
S 10 of the decay curve of the EC-delayed fission events of
234Am.
) For the a-decay of 2*Am, the observed spectrum is
40 ' shown in Fig. &) in which a series ofx lines associated
35  (b) A=233 ] with the a-decay chain of
ok - coincidence ; N N " N " "
2ol sy (] _ 234py, 230, 2267, 2R, 218Rn,, 24P, 210p
§ 20 E " 3 (see Fig. § are detected. The 6.46 MeN group for23%Am
£ sE lnng 2y ] with « branching of(3.9+1.2 X 10°* was reported by Hall
5 10 — et al. [1]; however, no suclx particles were observed within
i g Tar an upper limit ofl ,<4 X 10™*. The production cross section
5E ' b of 2%%Am at the 5Li beam energy of 39-48 MeV was de-
oF ! . v ' JJ'- ] duced to be 9+%ub from the intensity of the observed Pu
6000 6500 7000 7500 8000 8500 9000 9500 K1 X ray.

a-particle energy (keV)

233
FIG. 9. (a) Singles a-particle spectrum observed in the mass D. =FAm
fraction A=233. (b) Coincidencea-particle spectrum constructed Identification of the new nuclidé33Am via the a-« cor-

from the measurech-a correlation events associated with the relation analysis has been described in our previous paper
a-decay of?23Am.

Z33Am
233Pu
21 min
o 220 EC
>50% :‘P <50% / @0.12%
6890 keV J—
ZZBU
58 min
225
a 100% 1 l;: a 20%
7245 keV -
7195 keV 25Th
8.7 min|
a 100% |2 . ..
7645 keV ’ 52Ami a 90% l_:IG. 10. a-decay chains origi-
7440 keV nating from 23%Am. Data from
7375keV “'Ra Ref. [14].
28s
217,
Fr
@ 100% (92 ,, a 100%
8315 keV 2Rn
0.5ms
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At
o a 100%
@ 100% 1425 e ’
9080 keV 213p
4.2us
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sta?a:e a 100%
217,
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TABLE |. a-decay properties of the neutron-deficient Am and Np isotopes.

This work Literature
Nuclide Reaction (Texpt(,u,b)a Tip (Min)  E, (keV) I T1/o (Min) E, (keV) I,
236Amo*m  23%Y(BLj,5n)  125+46  3.6+0.1 6150 (4.0+0.)x10° 4.4+0.8[5] 6410[3] (4.2+0.6X10*[3]
235Am 283(8Li,4n)  31+12  10.3+x0.6 6457+14 (4.0£0.5x10° 15%5[4]
234Am 233U(8Li, 5n) 9+5 3.5+1.3 Notobserved <4x10%  2.32+0.08[1] 6460[1] (3.9+1.2x10*[1]
233Am 233Y(5Li, 6N) <0.9 3.2+0.8  6780%17 >3x 1072
222Np a-decay daughter of**Am 4.0+0.4  6893+23 0.68+0.11 4.0+0[25] 6890+20[15] >0.50[15]

*The production cross sections are evaluated using the overall efficie{€y3af0.1% for americium atoms in the present experiments.

[6]. In the present paper, we briefly summarizd=C-decay
properties 0f?*3Am and ??Np. Figures @a) and 9b) show
the singles and the delayed-coincidenparticle spectra ob-

IV. DISCUSSION

In general, a hindrance factér is often used for under-
standing the nature of a transition. Various empirical and

served in the mass-233 fraction, respectively. Since the,aqretical formulas to derive the hindrance fadtdrom the

a-decay of??Np is followed by four successive-decays
with short half-lives,

22P41.7 9—2?'Ac(52 m9— 2 Fr(22 us)— **At(125 ng

as shown in Fig. 10, the-«a correlations among these five
nuclei are unambiguously identified. In the present measur
ment, 99a-a correlation events following thev-decay of

relationship between the-decay partial half-life and the
a-transition energy have been presented in detail for even-
even nuclides, for example, by Taagepera and Nufiig
Viola and Seabor17], Buck et al. [18], Hatsukawaet al.
[19], and Prestoifi20]. In this paper, in order to evaluate the
hindrance factors for the-decays of neutron-deficient Am

cand Np nuclides, we have used a semiempirical formula for

even-even nuclides given by Rasmusged], as we now

229\p were observed in the mass-233 fraction. ThediSCUSS.

a-particle energies of*3Am and?*Np were determined to
be 6780+17 keV and 6893+23 keVfgspectively, using
the maximum-likelihood method6]. The half-life of
233Am was 3.2+0.8 min from the decay curve &780 keV

Figure 12 showsa-decay partial half-livesT, for the
ground-to-ground transitions in even-even nuclides of U, Pu,
Cm, and Cf with A=228-250 as a function of the
a-transition energyE,. The data observed in the present

236
a particles. In addition, from the time intervals betweenWOrk are plotted by open symbols f6#°Am, 2°Am, and

the a-decays of?*3Am and ?*Np, the half-life of 2Np
was evaluated to be 4.0x0min. This value and the

22%Np and by a vertical line showing error bars feibranch-
ing 1, ranging from 3.0 1072 to 1.0 for23*Am. The curves

a-particle energy mentioned above agree well with the®r® drawn through favored transitions according to the fol-

literature values of 4.0+0.2 min an8890+20 keV re-
ported by Hahret al.[15]. For 2?Np, thea branchingl , of

0.68+0.11 was derived from the ratio between the measuregl9y

a-a correlation events following the-decay of?*Np and
those following thea-decay of?2°Th, which was accumu-
lated from thea-decay of??®U after the EC decay of?Np.
The presentr branchingl, is consistent with a value-0.50
reported by Hahret al. [15]. Figure 11 shows the yfray

spectrum in the mass-233 fraction that was measured using

the tape transport detection system. NoK2y x ray origi-
nating from the EC decay of*®Am was observed in the
present measurement, whileKJx rays due to the EC decay

of Np were detected. Considering the detection efficiency

and the reaction system, it is likely that tA8Np is produced
via the nuclear transfer reaction and the observd€ rays
mostly originated from the EC decay &FNp. Based on the
detection efficiencies of the particles and PK,, X ray, the
« branchingl, of 22%Am was evaluated to be larger than
3.0x 1072 Using thea branchingl,, the production cross
section of?33Am at thebLi beam energy of 52—60 MeV was
deduced to be<0.9 ub as an upper limit.

Table | summarizes the-decay properties of the neutron-

lowing semiempirical function that shows the relationship
betweena-decay partial half-lifeT,, (s) and a-transition en-
E*a (keV) in even-even nuclide@J, Pu, Cm, and Of

150

3.2 min
2335 m\EC

20.9 min
233])“

A=233
EC

36.2 min

TNP\EC

4.0 min

100 af Np\FC

Counts / channel
4Th (B.G.)

650

700 750 800 850

Channel number

900 950

FIG. 11. xh-ray spectrum at the mass-233 fraction. The inset
shows thex- and EC-decay chains froR¥°Am. The observed K

deficient Am and Np isotopes, together with the literaturex rays originate from the EC decay 8#Np which was directly

data[1,3-5,15 and also their production cross sections.

produced via the reaction 6fU +SLi.
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FIG. 14. a-decay partial half-lives for odé- 233-2*Am and
229-28Np, and everA 236-24Am plotted as a function of the

a function of thea-transition energy. The dotted curve is expresseda-transition energy. Two curves of Aadotted ling and Np(dashed

as the semiempirical function fitted for even-ev&$ 23U data

line) are drawn using semiempirical constaA{¥) andB(2) inter-

points, the dashed one is for even-e¥éfi24Pu, the long dashed polated from the adjacent even elements. The closed circle, half-
one for even-eve*~24Cm, and the dash-dotted one for even-evenclosed square, and diamond denatetransitions for oddA of

244-25@f, The present data are plotted by open symbols¥eam,

231-24\m, evenA of 238-242Am, and oddA of 231"2*Np, respec-

238Am, and??Np and by a vertical line showing the error bar as thetively. The open circle, square, and diamond indicate the partial
« branching of 3. 102<1,< 1.0 for 233Am.
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FIG. 13. Correlations between semiempiriéd) (uppep and
B(Z) (lower) constants andZ+2) of the even-even nuclgisee
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half-lives observed in this work for odé-233Am, evenA 236Am,
and oddA 2?Np, respectively. The value ¢f%Am is plotted up to
the lower limit of a-decay partial half-life with the hindrance factor
F=1 (see text

logyo T, = A2)(E,) 2+ B(2), (4.1

whereA(Z) andB(Z) are the constants for each element that
give the best fit to the data points, adddenotes the atomic
number of thea daughter nuclide. Th&,, defined in this
equation is derived from the measureeparticle energyg,
through the following equations:

E, = (AYJAQE, + AE. (4.2
and
100
527 520 (5/2) 5/2° S2os.
30| Bam ®am  Fam PAm #*Am *Am
; 74.7 keV
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FIG. 15. Excitation energy levels of odd22%-23qp isotopes as
a function of the neutron number. Data from Rgf4].
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TABLE Il. Hindrance factorF estimated for oddh Am and Np isotopes. g.s. stands for ground state.

*

Ea exptT fLX/Z favoredelz
Odd-A nuclide a transition[14] (keV) (S (S F
233Am 6937 <6400 4700 <1.4
235Am 6607 1.55¢ 10° 1.25x 10° 1.2
287Am (5/2) for g.s.23’Am— 23Np(5/2") 6184 1.76x 107 1.23x 107 1.4
239Am 5/27[523]— 23Np 5/2[523] 5911 5.1 1¢° 3.07x 108 1.7
241Am 5/27[523]— %'Np 5/2[523] 5616 1.60x 1010 1.29x 1010 1.2
243\ m 5/27[523]— 23Np 5/2523] 5402 2.66< 1011 2.35x 101! 1.1
2Np 7049 343 196 1.8
231Np (5/2) for g.s.23Np— 22"P45/2) 6405 1.46< 10° 1.11x 10° 1.3
233Np (5/2%) for g.s.23Np— 22%Pg5/2") 5664 >2.17x 10° 5.95x 108 >0.36
233p 5/2642] — 23Pa 5/2[642] 5149 2.48< 1012 6.75x 1011 3.7
28/Np 5/21642]— 23%a 5/2[642] 4756 1.09< 10'® 3.07x 10™ 3.6
AE.=(6.5X 10325 keV, 4.3 Since the results of the-y coincidence measurements for

235Am revealed that the ground state &°Am has the
whereA, andA refer to the mass number of the parent and;5/2[523] configuration[11], the energy level in the daugh-
daughter nuclides, respectively, add. is the correction ter 23INp fed by the a-decay is expected to be the
factor for the electron screenin@l]. In Figs. 13a) and  #5/27[523] configuration from the evaluateld value. This
13(b) are plotted those constants obtained for éhemitting  assignment of the transition f3#°Am is the same with the
parents of even-even nuclides of each element(#¥2) well-established favored transition from the
=92-98. To evaluate the hindrance factors of the Add- ?*’Am #5/27[523] to the #5/27[523] level of °Np. As
233.230m and ??MNp and evemA 23423m nuclides, the neutron-deficient actinides witA=225 are commonly de-
values of the constan#(Z) andB(Z) for Am and Np were  formed to ,=0.2—-0.3 as estimated in RegR2], it is ex-
deduced by interpolation from the neighboring elementspected from the Nilsson diagram that the 93rd proton would
As a result, AZ) and B(Z) for Am are valued at occupy one of the two configurationsr5/27[523] or
152.23(keV) and -54.13keV), while those for Np are 75/27[642] as the ground state. For examining the system-
148.9(keV) and -53.79keV), respectively. Figure 14 atic features of the energy levels of those states, we depict
shows two curves drawn for the expected, favored transithe energy levels of ther5/271523] state and the ground
tions for Am and Np and the reference data f8+2**Am  state configurations of the neighboring odldNp isotopes
and 231-23Np, together with the data obtained in the (**Np, **Np, and**Np) as shown in Fig. 15. All of the
present work for236Am' 235Am’ 229Np' and 233Am_ The oddA Np nuclideSZ35‘235Np have the7T5/2+[642] Configu-
deviations of the experimentat-decay partial half-lives ration in the ground state bandhead, and#b¢2[523] state
from the corresponding Am and Np curves at the sdipe lies very close to ther5/27642] state, whose energy differ-
are defined here as hindrance factétsand they are ex- ence becomes smaller with decreasing neutron number. This
pressed as ratios. Tables Il and Il show the experimentaiendency can explain the absence of deteeted coinci-
and expectedr-decay partial half-lives for favored transi- dence events in the-decay of?**Am, as described in Sec.
tions, a-transition energies, hindrance factdfs and the 1l B. During the course of the configuration assignment in
assigned Nilsson levels involved in the transitions, if odd-A Am « transitions, the observed lower branching limit
known, for oddA 233-24Am and??*-2*Np, and for everA  and theF value close to unity for the transition of23Am
234-24Am, respectively. It is found that the hindrance also suggest that this transition is between #éAm
factors for oddA 23°Am and 2*Np and for everA 23Am  #5/27[523] and the?*Np #5/27[523]. In addition, the ob-
measured in this work are close to 1. serveda-decay of23*Am with the upper limit of the hin-

TABLE lll. Hindrance factorF estimated for everx Am isotopes.

*

Ea exptT f/z favoredTiy/Z
EvenA nuclide a transition[14] (keV) (S) (9 F
236Amy*m w5127[523]v5/2'633] for g.s. 2%%Am 6294 4.95¢ 10° 3.57x 10f 1.4
238Am w5127[523|v7/27[743] — 22*Np(0") 6080 5.88< 10° 4.09x 10’ 143.9
240Am w5/127[523]v1/2'[631] — 2Np 75/27[523]v1/2'[631] 5507 1.11x 101t 5.54x 100 2.0
242amm 75/27[523]v5/2[622] — 23Np 75/27[523]v5/2'[622] 5333 1.08< 10*2 6.22x 10 1.7
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TABLE V. Experimental Q (exp) values are compared with the evaluated and theoretical ones. The
symbolA means a deviation between tg,(expt) values and the evaluated and theoretical ones.

Q. (exph? Audi and Wapstrg26] Moller et al. [27] Kouraet al. [28]
Nuclide (keV) (keV) (keV) (keV)
233Am 6898+17 71004235 7110 7459
A 202 212 561
235Am 6569+14 6700+212 6600 7237
A 131 31 668
236Am 6286+40 6397+141 6470 7105
A 111 184 819

*The observedy transitions are assumed to be ground-to-ground state transitions.

drance factoF =1.4 suggests that tHevalue for?%3Am is in regarded as the favored transitiqisee Table . Therefore,
the range of 1.0—-1.4. Thus, the branchingl, should be it is made clear that the observeddecay of?2°Am in the
constrained to lie between 301072 and 5.0< 1072 as plot-  present work can be regarded as a favored transition.
ted by a bar symbol in Fig. 14. In Table IV are presente®,(exp? values obtained from
For thea-decays of oddA 22°-23Np shown in Table II, all  the present results af-particle energie€,, of 23323523 m
the hindrance factors except f6¥Np are within the range of ~with an assumption of the ground-to-ground transition, to-
1-4. Thea branchingl, of 2**Np is merely evaluated as an gether with the evaluated values from the mass table by Audi
upper limit value in Refs[23,24, and the hindrance factor is and Wapstrg26] and theoretical values based on the finite-
deduced to be>0.36. It is reasonable to suppose from suchrange droplet modelFRDM) by Médller et al. [27] and on
small hindrance factors that theaetransitions are regarded the Koura-Uno-Tachibana-YamadéKUTY) formula by
as the favored transitions, although the hindrance seems Kouraet al. [28]. Although the predicted values are system-
be a little larger for the heavier isotopes of Np than for theatically larger than the experimental ones f8#:23523Am,
lighter ones. the semiempirical values by Audi and Wapstra and the theo-
For a-decays of ever: 2%’Am, we suggest that the retical one by Mélleret al. can well account for the experi-
6.46 MeV « group of 24Am reported in Ref[1] must be mental values in the range below200 keV.
assigned to ther-decay of?3°Am. Hall et al. [1] concluded
that thea-decay of>**Am could be ignored in their experi- V. CONCLUSION
ment when the predicted cross sections for the
23'Np(*He,xn)?*1*Am reactions were considered. However,
we have estimated that the appearancexafecay events
from 23°Am is probable and cannot be excluded. Since n
mass separation was performed in Réf, they could not
definitely determine where the-particle group of 6.46 MeV
came from,>*Am or 2%Am. If the a-decay curve is ana-
lyzed with one component in the Hall’s half-life analysis
instead of two components as they assumed, the calculat%tﬁle
half-life turns out to be about 9 min, which is in good agree-
ment with the 10.3+0.6 min half-life *°Am determined in
the present study. For these reasons, it is reasonable to po
out that the 6.46 MeW group in Ref.[1] could have origi-
nated from thea-decay of?3°Am. However, in the present
paper we simply state that the upper limit of tadoranching
intensity of 2*4Am for the 6.46 MeV « group isl,<4.0
X 1074 In Table lll are summarized the hindrance fadtaof
236Am together with those of the heavier evArAm. It is
revealed that th& value of?3%Am is almost equal to those of
other everA 2°Am and ?2Am™, except for?*®Am (a hin-
drance factor value of 110 fé?%Am is reported by Ahmaet The authors wish to thank the staff and crew of the JAERI
al. [25], who calculated it from the spin independent theorytandem accelerator for providing the intense and stébie
of Preston[20] and concluded that its transition was not abeam. This work was partly carried out by Universities-
favored transitiop and is also in the range d¢f=1.1-1.7 JAERI Joint Research Project on the Back-End Chemistry of
observed for thex transitions of oddA 239241.24Am nuclei  the Nuclear Fuel Cycle.

We have observed the transition of23%Am for the first
time. Thea-particle energies of*3Am and 23°Am were de-
termined to be 6780+17 keV and 6457+14 keV, and their
%half-lives were measured to be 3.2:0.8min and
10.3+0.6 min, respectively. The branchingsl, of 23Am
and of ?Np, the a-decay daughter of*3Am, were deter-
mined to be(4.0+£0.5x 10 and 0.68+0.11, respectively,
d the lower limit ofa branching for’33Am was deduced to
3% 1072 Using a well-known systematic formula relating
a-particle half-life T§,, and a-transition energyE,, we have
%Yaluated the hindrance factors for adldxm and Np and for
evenA Am. It was found that those observedransitions of
233Am, 22°Am, 2%%Am, and?**Np had hindrance factors close
to unity, and thus, they could be regarded as the favored
transitions. In addition, we have obtained Qg(exp val-
ues of23323523Am derived from their measured-particle
energies.
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