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O E H Study on improvement of the detection efficiency of a TOF detect

or for superheavy element search

Elements with atomic number Z = 104 are called superheavy elements (SHE).

The SHE is not known to exist in nature, and will be the subject of physics and
chemistry research only after they are artificially synthesized. The SHE of atomic
number Z = 113 (Nihonium) was successfully identified at RIKEN.
Currently, a time-of-flight (TOF) detector with a large entrance foil (140 mm
diameter) was developed for the detection system of a gas-filled recoil ion
separator (GARIS-II) of RIKEN to conduct new elements search (Z = 119). The
detection system consists of two sets of a TOF detector and a silicon
semiconductor detector box (Si-box). The position, kinetic energy, and arrival
time of the implanted SHE and background particles are measured by the Si-box.
On the other hand, the TOF detector performs two functions in SHE
identification. One is to distinguish between the implantation to the Si-box and
the decay of the SHE in the Si-box. The other function is to estimate the mass of
an incoming charged particle with the TOF and kinetic energy from the Si-box.
To realize these functions, the detection efficiency of the TOF detector is critical.

In a previous offline test involving alpha particles from a standard alpha source,
the detection efficiency was approximately 100% for the center region of the
entrance foil. On the other hand, the detection efficiency decreased for particles
passing through the edge region of the entrance foil. In this study, the
modification of the internal electric field of the TOF detector is considered and
realized to improve the detection efficiency. The validity of the modification is
investigated by the simulation. Further, the detection efficiency is investigated
through offline experiment by using alpha particles and beam experiment by
using reaction products of 50Ti(159Th, xn)209xFr while modifying the internal
electric field. The obtained results establish that the detection efficiency is
improved by modifying the internal electric field.

However, the beam intensity being increased, the detection efficiency decreased
because the accidental events of the TOF detector were increased in the new
elements search. Therefore, I established a method to eliminate accidental events
and succeeded in maximizing the detection efficiency. In addition, the quality of
data (the accidental rate) was discussed for the 119 decay-chain which was
theoretically predicted.
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