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Study on detector response to spontaneous fission events of
heavy nuclides using the 206Pb+48Ca reaction

M. Takeyama,∗1,∗2 D. Kaji,∗1 K. Morimoto,∗1 Y. Wakabayashi,∗1 and M. Asai∗3

Detector response to spontaneous fission (SF ) of
products by the 206Pb+48Ca reaction was studied us-
ing a new focal plane detector that has a Si-Ge array1)

installed at a focal plane of the gas-filled recoil ion sep-
arator GARIS.

By using GARIS and GARIS-II, we plan to study
the production and decay properties of the superheavy
element (SHE) produced via actinide-based fusion re-
action (hot fusion). It is reported that SHE nuclides
produced by the hot fusion are radioactive and decay
by α-particles emission or SF , and all decay chains are
terminated in SF 2), which emit γ-rays. Therefore, it is
important to measure the γ-rays of the SF of heavy nu-
clides. In 2013, we newly installed the Si-Ge detector
array3) for studying the production and decay proper-
ties of reaction products by including 248Cm+48Ca4).
Thus far, we have searched for SF using Si detectors,
however, the Si-Ge array can carry out a more accu-
rate identification than the Si detector because the
Si-Ge array is expected as a probe for the detection
of prompt γ-ray coincided with SF . Before the ex-
periment, the Si-Ge array was caliblated using a well-
known 206Pb(48Ca,2n)252No reaction. The 252No de-
cays by 73.1% α-particle emission and 26.9% SF 5).
We assigned this reaction based on its branching and
half-life.

A 48Ca11+ beam was extracted from the 18-GHz
ECR ion source and accelerated up to 218.5 MeV by
the RILAC. The typical beam intensity was 1.0×1012

particle/s (0.17 pµA). The metallic 206Pb (enrichment
of 99.3%) target was prepared by vacuum evaporation
on a backing of 60 µg/cm2 carbon foil. The target
thicknesses had a mean value of 353 µg/cm2. Sixteen
frames of the sector targets were mounted on a ϕ30 cm
rotating wheel, which was rotated at 3300 rpm. The
reaction products were separated in flight from pro-
jectiles and other by-products by GARIS, which was
filled with helium gas at a pressure of 73 Pa, and then
the products were transported into the focal plane de-
tection system after passing through the time-of-flight
(TOF) detectors. The detector system comprised two
TOF detectors, a PSD box1–3), which is composed of a
position-sensitive detector (PSD) and four solid state
detectors (SSDs), and a planer typed Ge-detector for
counting low-energy photon (CANBERRA, BE6530).
The Ge-detector was separated from the other detector
vacuum by a 1-mm thick aluminum window. Magnetic
rigidity was set to 2.064 T·m for 252No. Gamma rays
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emitted in coincidence with SF events registered by
the PSD box were measured by the Ge-detector.

Figure 1 (A) shows a two-dimensional plot of energy
measure between PSD and SSD. SF fragment energy
is measured by SSD based on the implantation depth
in PSD. When the recoil energy of evaporation residues
is low, recoil ions are stopped at the surface of the de-
tector. Then, SF fragments are detected in both PSD
and SSD (region a). Conversely, both SF fragments
are either stopped in the detector or one of fragment
escapes in the backward direction if the recoil energy
is high, the implantation depth is deep (region b).

Figure 1 (B) shows a two-dimensional energy plot
of SF - and γ-rays observed in prompt coincidence.
The probability of coincidence is 52.6% because an SF
event emits some γ-rays. From this probability, the Si-
Ge array is considered to be useful for the identification
of SF fragments.

Fig. 1. (A) Two-dimensional plot of energy measure be-

tween PSD and SSD. (B) Two-dimensional plot of SF -γ

coincidence.
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Identification of every target mounted on a rotating wheel
and its application

D. Kaji,∗1 K. Morimoto,∗1 and K. Tanaka∗1,∗2

Several pieces of sector-shaped targets mounted on
a rotating wheel have been employed for superheavy
element (SHE) production experiments with high-
intensity beams. Thus far, it had not been possible to
determine the thickness difference between each target
without which, we adopted the average thickness of all
the peaces. To distinguish it, we have developed a new
wheel frame with an extra ID-tag placed between the
spoke-position-indicator tags on the circumference of
the wheel (Fig. 1).
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Fig. 1. (A) New wheel frame with an ID-tag. (B,C,D) Ob-

served pin-holes on irradiated targets #11, 12, and 14,

respectively.

A circuit block diagram for identifying each target
frame is shown in Fig. 2. To avoid unnecessary beam
irradiation of the spokes, timing signals of each tag de-
tected by a photo-diode sensor are used. In the case
of a rotational speed of 2000 rpm, the timing signals
from the spoke tags are periodically generated for ev-
ery 1.875 ms, whereas an additional signal from the
ID-tag is generated for every 30 ms in one rotation.
A signal timing chart [A], shown in Fig. 2, indicates
that an original signal is generated from the photo sen-
sor. The chart [B] is modified from the signal [A] by
changing its delay and width. The chart [C] is ob-
tained by a logical ’AND’ operation of the signal [A]
with [B], resulting in a useful timing for one rotation of
the wheel. This pulse is delivered to a reset scalar and
the scaler measure the timing in every rotation. This
angle-timing information is recorded together with the
reaction-event data measured at the focal-plane detec-
tor for each separate event. The chart [E] indicates the
timing of the spokes with elimination of the timing of
the ID-tag. The [E] is obtained by a logical ’AND’ op-
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eration of the signal [A] with [D], which is an inverted
signal of [B]. This pulse is delivered to the accelerator
in order to chop the beam.

As a typical example, a two-dimensional plot (Fig.
3) of the event rate is monitored over a long irradiation
period (abscissa) for a rapid rotation timing (ordinate).
Event rates for targets #11, 12, and 14 become rela-
tively higher than those for other targets caused by
pin-holes on the target foils as shown in Fig 1(B,C,D).
Thus, this plot is useful in identifying the condition of
every target foil. Moreover, it enables additional beam
chopping for masking the broken target, as shown in
Fig. 3. The masking signal can be easily obtained with
a logical ’OR’ operation of the inverted signal [E] with
a certain delayed signal of [C].

Fig. 2. Block diagram for ID of every target-frames.
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Fig. 3. A target-condition monitoring chart using event

timing. Sudden changes in event density at A, B, C,

and D indicate the broken parts of the target sector

#12, 14,11, and 14, respectively.




