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Abstract: The isotope of **Bh was produced and identified definitely in bombardments of *** Am

target with 162 MeV ** Mg ions at HIRFL. Identification was made by observation of correlated o-

particle decays between the Bh isotopes and their Db and Lr daughters using a rotating wheel sys-
tem. The measured a energy for **Bh is (9. 0340. 08) MeV, and this value close to the 9. 07 MeV
for **°Bh observed in the first chain of element 113 at RIKEN. The half-life of ***Bh is 0. 667332 s.

The Q. value derived from this experiment fits well into the general trend in a “Q,-N systematics”

for the isotopes with Z = 107.
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The a-decay of **Bh produced in the reaction
of ®?Ne + Bk was first reported by Wilk et al at
Lawrence-Berkeley National Laborotary (LBNL),
USAM,

lowed by the a-decay of ***Db and **Lr was as-

One sequential decay chain which fol-

signed to ***Bh. The a particle energy and the de-
cay time for **Bh were (9.29+0.10) MeV and 0.
87 s, respectively. Later on, two events of the
113th element, %113,

4111, ¥°Mt, **Bh, **Db were observed by Mori-

and its daughter nuclei

ta et al at Institute of Physical and Chemical Re-
search (RIKEN), Japan‘?'.
cle energies of ***Bh were 9. 07 and 9. 77 MeV, re-

The measured « parti-

spectively. The discrepancies in E, value of ***Bh
between LBNL and RIKEN may be explained by

the rather wide spread in a energies for odd-odd

nuclides in this region™. However, Gupta et al e-
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valuated the nuclear data for A = 266—294, and
they believe that with only two events of ***Bh the
assignment should be considered as a tentative re-
sult™?. Therefore, it is of great importance to in-
vestigate the a-decay of ***Bh using different pro-
jectile-target combinations, so that the isotope of
%5 Bh could be assigned definitely. The reaction of
#Am (* Mg, 4n(5n))*"*° Bh has been used to
produce a new isotope of **Bh and known isotope
of * Bh at the Heavy Ion Research Facility in
Lanzhou (HIRFL), People’s Republic of China™™.
In that work, an ** Am target was bombarded with
168 MeV **Mg ion beam, the beam energy of 135
MeV in the middle of target was chosen for produ-
cing “*Bh through 4n-evaporation channel based on

the HIVAP code. Identification was made by ob-

servation of a-a correlations between the new iso-
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tope of **Bh and its daughter of ' Db and *'Lr u-
sing a set of rotating-wheel system. A total of 8 a-
a correlated events of **Bh and 4 events of **Bh
were observed in the experiment. The aim of the
present experiment is to produce the isotope of
““Bh through 3n-evaporation channel in the reac-
tion of Mg+ Am at lower incident energy com-
pared with the experiment mentioned above.

The decay properties of **Bh and its daugh-
ters from the literature are shown in Fig. 1. Be-
cause the a-decay of **Bh is followed by the a-de-
cay of **Db (T,,, =34 s; E,=8. 45, 8.53, 8. 67
MeV) and **Lr (T,,=3.93 s; E,=38. 60, 8.62,
8.57, 8.65 MeV), we can make a positive identifi-
cation of **Bh by observation of these a-a correla-

tions.
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Fig. 1 Partial decay scheme of ***Bh reported by Wilk et

al'" and Morita et al'®.

The experiment was performed at the Section
Focus Cyclotron of HIRFL. The **Am target
(99.3% **Am, 0. 7% *'Am) with thickness of
1.2 mg/cm? as the oxide was deposited on a beryl-
lium film by the molecular platting method" , and
it was covered with a 70 pg/cm® Al foil. A beam of
162 MeV **Mg®*" ions delivered from the cyclotron
passed through a 2. 1 mg/cm® Havar entrance win-
dow, helium gas and a 3. 0 mg/cm?® Be target back-
ing before into the target material. The total ener-

gy loss was ~34 MeV. The beam energy was cho-

sen so as to result in a **Mg*" energy of 126 MeV
(laboratory system) in the center of target. The
energy loss in the target was about 4 MeV. This
beam energy corresponds to the maximum cross
section for the 3n-evaporation channel for produ-
cing **Bh according to the HIVAP code. The aver-
age beam current was approximately 2 epA during
the entire experiment. The beam stop which is
made of graphite served as a Faraday cup measured
the current. The irradiation lasted for 200 h.

The reaction products recoiling out of the tar-
get were stopped in a volume of helium gas(=1.1
atm) that had been loaded with sodium chloride
(NaCl) aerosols which was generated by the subli-
mation of the surface of NaCl powder at a tempera-
ture of (6104 3)°C. The reaction products atta-
ched to the NaCl aerosols were continuously swept
out of the target chamber with the helium gas
flow, and were transported through a capillary
(1. 27 mm inner-diameter, 1.1 m long) into a ro-
tating wheel system which is similar to the MG

wheel™ and ROMA™,

sists of a 48 cm diameter wheel and four pairs of

The detection system con-

passivated ion-implanted planar silicon detectors
(PIPS) (200 mm?® active area). The transported
reaction products were deposited on polypropylene
foils with thickness of 50 pg/cm®. The transport
time of the products from the target to the meas-
urement position is about 0. 3 s for our system,
and the transport efficiency is about 50%. The
polypropylene foils were placed in every other hole
of the 60-position collection wheel. The collection
wheel is rotated between the detector pairs. For
this experiment, the parent and daughter searching
modes were used to detect a-a correlations with a
greatly reduced background. Every 4 s during the
double

stepped between the four pairs of a-particle detec-

parent-searching mode, the wheel is
tors until the possible parent decay is detected in a
bottom detector. If a a particle is detected in the

bottom detector within an energy window that is

expected for **Bh (between 8. 5 and 10. 5 MeV),



. 402 - R = R R A

% 23 %

it is assumed that the daughter dubnium nucleus
**Db has recoiled out of the NaCl layer and into
the top detector. When such a possible parent de-
cay event is detected, a 60 s daughter searching
mode is initiated by single stepping the wheel to
move an empty position between the detectors in
order to detect the daughter or granddaughter a-de-
cay in the absence of the activity on the collection
sample. At the end of the daughter mode interval,
the wheel is single stepped again and the parent-
search mode is resumed. Pulses from a-particle
event with time information, channel number and
detector number were digitized and stored in list
mode.

The energy calibration was performed off-line
using the known « particle energies of 6.05 MeV
(**Bi) and 8.78 MeV (*'*Po) from RaTh source.
The energy resolution of the top detectors is 30
keV for 8. 78 MeV, while that of the bottom detec-
tors is 100 keV due to the energy degradation in
the polypropylene foils. The representative a parti-
cle spectrum in the energy range of 8.0—10 MeV
is shown in Fig. 2. A small peak of 8. 78 MeV from
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Fig. 2 The « particle spectrum measured in the top detector
of products of the reaction of 126 MeV *Mg with

243 Am

212

Po has been observed, which is produced from
the transfer reaction of impurities of lead in the
target. There are also some events with energies
around 9.0 MeV and 8.5 MeV in the spectrum,
where the expected Bh and its daughter Db are lo-

cated. An off-line analysis for searching a-a corre-

lations has made between Bh events (8.5<C E,
(MeV) <X 10. 0) in the parent mode followed by
the daughter o decay events (8.4<C E, (MeV) <<
8.7) detected in the same detector pair within a
time widow of 60 s. A total of 4 a-a correlations
including one triple correlation events were ob-
served during the experiment. Table. 1 lists the
correlation between parents events (8.5 << E,
(MeV) <{10.5) and daughter events (8.4 << E,
(MeV)<C8.7). The initiating parent event, each
subsequent a-decays that occurred within the ener-
gy window, its isotope assignment, a energy, and

relative time are listed for each event.

Table 1 The a energy and the life-time of each

parent and daughter correlation event”

Event

o E./MeV At1a/s Eo/MeV Atsb /s Eui/MeV Atse /s
1 8. 989 1.13 8.459 33.62
2 9.071 0.79 8. 604 34. 14
3 8.959 0.51 8.542 29.23 8.641 5.07
4 9.106 1.52 8.518 53.09

* a Time after end of 4 s collection, b Time after al,

¢ Time after 2.

262

The isotope “*?Db is known to decay by «
emission and spontaneous fission with the branch-
ing ratios of 64% and 33%, respectively. Its a-
particle energies of **Bh are 8.45, 8.53, 8.67
MeV, and half-life (T,,;) is (34+4) s. We meas-
ured the daughter a-particle energy of 8.459,
8.604, 8.542, 8.518 MeV, and the decay time of
29—53 s for these four events. It is consistent with
the literature data of ***Db. Therefore, three a-a
correlations between **Bh and its daughter nuclide
“2Db events and one triple correlation events of
°Bh, **Db and **Lr were identified. The average
a-particle energy of **Bh is (9. 0340, 08) MeV,
which is close to the 9. 08 MeV for ***Bh observed
in the first chain of element 113 at RIKEN., Using
the maximum likelihood technique, the half-life of
0.66703% s for *“Bh was obtained by MLDS

code,
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A total of 2 606 events during the experiment
made the parent searching mode change to the
daughter searching mode. Based on this random
daughter rate, the expected number of random a-a
correlation is 0. 054. Taking into account the gas-
jet transportation efficiency of 50%, decay resi-
dence and transport time in the recoil chamber and
capillary 0. 3 s, detector efficiency for a-particle of
30% ., collection and counting times, beam cur-
rent, and assuming a 100% « branch for **Bh, the
cross section of **Bh from the reaction of *** Am(*®
Mg, 3n) at 126 MeV was estimated to be (15410)
pb.
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Fig. 3 The a-decay energy Q, vs neutron number N for iso-
topes of odd-Z elements (Z=103—107) (°), — are
theoretical Q, values'™. The Q, value for **Bh ( + )
was derived from the present work. For the Q, value

we took the highest known o-transition energy.
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calculated by Muntian et al
the solid line. One can see that systematics of the
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be reproduced by the theoretical calculation. The
derived Q, from the measured a energy for **Bh
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In summary, the isotope of **Bh has been ob-
served by the **Am (**Mg, 3n) reaction and iden-
tified by correlating the a decay of **Bh with the «
decay of the 34 s **Db daughter by the rotating
wheel system. The measured a energy and half-life
for * Bh are (9.03 & 0.08) MeV and 0. 66705 s,
respectively. The FE, value is close to the 9.07
MeV for **Bh observed in the first chain of ele-
ment 113 at RIKEN. Its Q, value derived from this
experiment fits well into the general trend in a “Q,

vs N-systematics” for the isotopes with Z = 107.
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