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Half-life of the electron capture decaying isotope®*®Am
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The neutron deficient americium isotop&Am has been produced via tHéU(BLi, 5n) reaction. The
reaction products were transported to an ion source of the on-line isotope seph&Ri-ISOL) by a He/KClI
aerosol jet transport system, and americium atoms were successfully ionized and mass-sep#ratedyfu
associated with the EC decay of Am nuclei at the mass fraction of 236 were observed, indicating the definite
identification of 22®Am. The half-life of 2*°Am is determined to be 4:40.8 min and the production cross
section is estimated to be about z®. [S0556-28188)03704-2

PACS numbsdis): 21.10.Tg, 23.40-s, 27.90+b

There still remain many isotopes to be discovered in thdbeams with the intensity of 100—300 particle nA. Each target
region of neutron deficient actinides. Decay properties ofvas prepared by electrodeposition onto a 0.8 md/¢hick
these nuclides lead to considerable advances in the undemtuminum foil, and the thickness estimated &yspectrom-
standing of proton excess heavy nuclei: verification of theetry was about 20@g/cm?. The performance of the present
proton drip line, nuclear structure of large deformed nucleisystem including the gas-jet transportation and the ionization
such as hexadecapole deformation, and fission barriesf Am atoms was examined by using the isotop€Am
heights of neutron deficient nuclei far from stability. produced in the?*®U(°Li,4n) reaction with an energy of
Electron-capture delayed fissieBCDF) which is an exotic 39-43 MeV. ?3®Am was produced via thé>U(°Li,5n) re-
nuclear decay process is also expected to occur in the neaction at 46—50 MeV.
tron deficient actinide region, and the probability of ECDF  The reaction products recoiling out of the targets were
was reported in some odd-odd neptunium, americium, andtopped in He ga$71 kPa loaded with KCI clusters pro-
berkelium nuclei1-4]. duced by sublimation from the surface of KCl powder at

The aim of the present study is to determine the half-life650 °C. The products attached to the aerosols were swept out
of the neutron deficient americium isotogé®Am which  of the target chamber with the He gé8.8 |/min) into a
would decay dominantly through EC. Although Halt al.  capillary (1.4 mm in diameter ah8 m length. The trans-
tried to identify 22°Am by the radiochemical methofb], ported nuclides were ionized in the thermal ion source at
there remains some ambiguity on the determination of mas2450 K[6,7]. The calibration of mass number was made by
number. using the nuclides'**sm™ which was produced in the

We have developed a composite system consisting of a*'Pr(®Li,4n) reaction,?>’Am, and ??*Fr recoiling out of the
gas-jet transport apparatus and a thermal ion source in th&°Ac « source. The mass resolution of about 6@JXA)
on-line isotope separatoJAERI-ISOL) [6]. This gas-jet was achieved for the isotop@'Fr at the focal plane. Mass-
coupled JAERI-ISOL system enables us to determine simulseparated products were collected on an aluminum coated
taneously mass number via the isotope separator and atomidylar tape in a tape transport system and periodically trans-
number by the measurements of x rays associated with theorted to a measuring position having Mylar windows on
EC/B™ decay of a nucleus. Some new neutron-rich rare-eartbhoth sides. The detection system was equipped with a planar-
isotopes produced in the proton-induced fissio? 8t were  type Ge detectof51 mm diametex20 mm thick, full width
identified with this systeni7,8]. In this Report, the half-life at half maximum(FWHM)=0.57 keV at 122 keY and a
of 2%Am produced in the?>®U(°Li,5n) reaction is measured 36% coaxialn-type HPGe detectofFWHM=1.8 keV at
with this system and the decay properties?8fAm will be 1.33 MeV). Both detectors were used for théy-ray singles
briefly discussed. and y-vy coincidence measurements. The data were recorded

Experiments were performed at the JAEB&pan Atomic  event by event together with time information.

Energy Research Institytaandem accelerator facility. A Figure 1 shows ay-ray spectrum obtained at the mass-
stack of fifteen®*U (93% enrichmenttargets set in the 237 fraction accumulated during the period of 64008s
multiple-target chamber was bombarded with thei®*  cycles. PK,, andK , x rays and a 280.3 keV ray asso-
ciated with the EC decay of*’Am are seen and »- coinci-
dence events between Rux rays and a 280.3 ke\y ray
*E-mail: ktsuka@popsvr.tokai.jaeri.go.jp were observed. The average half-life of these x- ancy
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FIG. 1. y-ray spectrum observed at the mass-237 fraction.

intensities is 1.2 0.5 h which is consistent with the half-life the mass resolution of this system, but also from the facts
of 2’Am [9]. Thus, it is ascertained that the americium at-that (i) no y rays from23’Am are observed, andi) accord-
oms [ionization potential(IP)=5.99 eV] are successfully ing to the statistical model calculations using thece code
ionized and mass separated with the present system. As the1], the production yield of>*°Am via the 23U(5Li,6n)
average production cross section of tH&U(°Li,4n)**Am  reaction with 4650 Me\ALi ions is estimated to be less
reaction for the present energy range is estimated to be abogfan about two orders of magnitude of that@3fAm via the
250,ub.[10], the overall efficiency including the ionization is 2356 j 5 1) reaction. Concerning the contribution from the
approximately evaluated to be 0.1%. At the mass-237 fraCigohar, there is little possibility of the existence of an iso-
tzlgsn, there are noy rayspngmatngg from the decay of i state of the even-even daughter nucliéféPu. It
Am, so that the contamination 6f°Am is estimated to be should be noted that according to the known decay properties

less than 1% based on the counting statistics. of 230\p™ [12] there is no probability of P x rays being

A y-ray spectrum observed at the mass-236 fraction is__. . _ 3536n 1 m _
given in Fig. 2. The data were accumulated during 400 gmitted following the decay of Np™ (t1,=22.5 h

%230 cycles and 64056200 cycles. PK.,, andK,, X rays which might be produced in the nucleon transfer reactions.

are clearly seen and the Ry, X ray is also observed, while Furthermore, it is difficult by the present ion source to ionize
the othery rays are assig};ggd to the background ,NQ’ neptunium atoms that have such a high ionization potential

coincidence events were detected within the statistics. TheS IP=6-27 €V. Such considerations lead to a judgement that
contribution from other americium isotopes to the presenfh® contribution to the RG x rays arising from theg™~ decay

PWK x rays can be considered to be negligible not only from°f ZNp™ is also negligible. From these facts, we conclude
that the PK x rays in Fig. 2 are solely ascribable to the EC

decay of 2Am. The decay curves of the Ry; andK,

800 3 L ' ' ] x-ray intensities are shown in Fig. 3, and each half-life de-
700 F g . . termined is 4.4 1.0 and 4.5 1.5 min, respectively. Thus the
_ g Pt g ] half-life of *°Am is evaluated to be 440.8 min.
© 600 | oz > ] The preliminary half-life and decay properties &*Am
c F o x % % ] were given by Hallet al. who produced?*Am via the reac-
I 500F ST z ] tion of 22Np(®He,4n) [5]. After chemical separation of am-
2 400 E % g § ericium fraction, they observed the IR , andK g, x rays
e ! & o associated with the EC decay of americium isotopeg-iay
g 300 F o spectrometry and analyzed the two-component decay curve
Q of the PK x-ray peaks. It was indicated that the long com-
© 200¢ ponent of the decay curve was attributable to a mixture of
s ] those from?3’Am and 23Am, while the short component of
100 ¢ ] that, 3.73-0.28 min, was assigned t0°Am. They estimated
. that there could be a maximum of about 15% as mticAm

350 300 350 400 450 as 2*°Am produced in the energy range studied. Halial.
Channel Number also obtained thex-decay branching ratio a&4.2+0.6)

x10~* and the upper limit on the probability of ECDF,

FIG. 2. y-ray spectrum observed at the mass-236 fraction. 2.5x10~8 [5]. Although there are some ambiguities in the
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half-life determination by Halkt al., the present result is in log ft

agreement with their valulg] within the error limit. Taking
the results of Ref[5] into account, it is concluded that
238Am decays via EC{ 10099 with the half-life of 4.4-0.8
min and the average production cross section of the
233U(8Li,5n) 2%¢Am reaction with 46—50 MeV is about 70
ub.

The present result is compared in Table | with the theo
retical predictions calculated with the gross theftg] and . .
the microscopi@n-QRPA (proton-neutron quasiparticle ran- — 0 AS the probabilities ofr and fission decays are neg-
dom phase approximatipii14] together with the result of ligible [5], the obs_erved EC decay half-life ylel_ds a fogf
Ref. [5]. The present half-life is shorter than the calculated®-4*0-1[18] by using theQec=3.34 MeV[17]. Figures 4a)
ones by a factor of about 2. As the calculated values deper@’d 4b) summarize the experimental itigvalues for the
on theQgc values, the discrepancy between the experimenta@”o_"ved and first forbidden _transmons in the heavy mass
and theoretical would become small if the rec€ri. value ~ e€gion A=231-250, respectively. The lbg value of 5.4
of 3.34 MeV[17] is used. *0.1is shgh_tl_y smalle_r than those_ reported for the first for-

In the following, the degree of forbiddeness is discusseddden transition in this mass region. However, the present
for the observed EC decay 8f°Am. The spin and parity of result is consistent W|_th the pre_dlct|on pf the gross theory.by
the proton Z=95) and neutronN|=141) of 23%Am are ex- Yamadaet al, according to which the first forbidden transi-

pected to be 5/2 [523] and 5/2" [633], respectively, based tion becomes important and competes with the allowed tran-

on the systematics of the spin and parity of the known AmSition in 3 decays of heavy nucl¢l9]. Itis to be added that

isotopes?*-24Am and those of the isotonddU and 23*Th, the existence of the isomeric state with B 23Am is prob-

Thus the ground state spin-parity &Am is expected to be g\Ege. In fact, the possibility of_a long-lived isomeric state in
0~ or 57. If there are some EC transitions from a certain Am was sgggested t.)Y Marinaat al. [20].

state of 26Am to the excited levels of%%Pu, y transitions . " conclusion, americium atoms have been successfully
between the rotational bands, such as 158.4 and 102.8 kenized and mass-separated with the gas-jet coupled JAERI-

should be observed. However, neray and no Pu xy co- ISOL system, and the neutron deficient americium isotope

236 : : 6 i L anti
incidence was observed as mentioned. Therefore, the ob- ~M Produced in the reaction dP%U(°Li,5n) was identi-

served EC decay of2%Am is considered to be the first for- ied. The half-life of 2Am has been measured to be 4.4
*+0.8 min, and this transition is deduced to be the first for-

bidden(nonuniqué EC decay from the 0 state of?3¢Am to
the ground stat&*%Pu. The lodt value of this transition was
evaluated to be 540.1.

FIG. 4. Experimental loff values in thea) allowed andb) first
forbidden transitions in the mass regién= 231—250.

bidden (nonuniqué transition from the O state to the
ground state of?*Pu with Al=0 and Aw=1, i.e., O

TABLE I. The measured half-life values o®Am compared
with the results of the two theoretical predictions.

Present Gross

result Hall[5] theory[13[*  pn-QRPA[14]° The authors wish to acknowledge Dr. T. Tachibana for his

4.4+08 min 373028 min  11.1 min 8.87 min valuable suggestion and the crew .of the QAERI tandem ac-
celerator for the accelerator operation. This work was partly

3Qec=3.28 MeV[15]. supported by the JAERI-University Collaboration Research

PQr.=3.13+0.14 MeV[16]. Project.
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