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An experiment aimed to study the principle of mass measurements and performance of the Rare RI Ring performing
as an Isochronous mass spectroscopy has been carried out at RIBF, and the first fission fragments, created by **U
projectiles in a beryllium target at the entrance of the BigRIPS focus F|, were spatially separated by and injected into
the R3. In the experiment, we succeeded in selection, injection, accumulation and extraction of 5 different nuclei
to R3 and the isochronism ~ 5x10°° was achieved by checking the TOF spectrum of "*Ge. The results of these pilot
experiments on nuclides of well-known mass are in agreement with the mass values given in the literature of AME2016.
A mass resolving power of about dm/ m = 62 000 (FWHM) has been achieved according to the isochronism of the
reference nucleus "*Ge. From the analysis, nuclei of a wide range momentum distribution of +0.3% and difference of
mass-over-charge ration ~ 8% are within one Bp setting to be deduced with the masses by the orbit- IMS method. A
newest machine study with the isochronism of ~ 4x10° and efficiency of 1.9% achieved shows a resolving power of
about ém/ m = 78 000 (FWHM). From the analysis, it is confirmed that from one experiment run, two complementary
mass measurements methods (IMS and Bp-TOF) can be employed simultaneously to deduce masses and benefit each
other, in which it is very suitable to save beam time and cover large area of nuclide of chart and large momentum area
of secondary products from experiment of very exotic nuclei. It is also proved that to achieve high resolution, the
revolution time measurement of the storied ions and the magnetic rigidity or the velocity for correction of the in-ring
TOF should be simultaneously measured, thus we can achieve high resolution with small systematic error to cover
relative large range of dm/ m relative to reference ion in isochronous condition for the IMS method. Besides, a new
mass of "*Ni (mass excess -72190 keV and mass uncertainty 927 keV) which is not included in the newest atomic mass
evolution (AME2016) is deduced in this work by Bp-TOF method. The mass of "*Ni is very important for the research

of nuclear shell effect and also show importance of the impact on the r-process modeling.



Meanwhile, as in the above in-flight fission experiment, there is large energy loss in the PPAC at F6 dispersive focus,
which is for position measurement to deduce the momentum have large influence to the mass accuracy. At the same time
the timing resolution of MCP detector of about 200 ps can not satisfy the high resolution mass measurements form the
TOF. For these reasons, and to increase the resolution and accuracy of the IMS mass measurements of exotic nuclei, a
large area position sensitive mirror-type foil MCP (Micro-channel plate) timing detector, which possesses specifications
of low energy loss and energy straggling by detection of secondary electrons (SEs) induced from conversion foil,
at the same time is being developed at the Rare RI Ring (R3). This type of detector is a versatile instrument which
can be used on the beam-line for two dimensional position measurement to reconstruct beam trajectory, beam-line
momentum measurements for velocity reconstruction, meanwhile, it can be used for position monitoring and revolution
time measurement turn by turn inside the storage ring, R3. For high resolution mass measurements, high resolution
momentum measurement with low energy loss and energy straggling is indispensable for reconstruction of the velocity
for in-ring mass deduction or momentum measurement with good accuracy and high precision for Bp-TOF mass
measurements. High resolution TOF in ring is not only significant for identification of nuclei but also can be also used
for mass measurements directly. To characterize and optimize the timing and position resolution of the detector, an
isochronous condition is chosen and resolution dependence of high voltage supplies has been studied experimentally
and by simulation. Experiments aimed at studying the performance of the detector was conducted at HIMAC (Heavy
Ton Medical Accelerator in Chiba) with heavy ion beam and with alpha source of **'4m. The performance of the detector
have been optimized and the best achieved timing resolution and position is < 50 ps and 1 mm in o respectively, for
which the detection efficiency is ~ 95 %. The performance of another same type of mirror detector coupled with
timing anode which is dedicated for TOF measurement has been studied by heavy ions at HIMAC. The best achieved
timing resolution is ~ 40 ps (in o) and detection efficiency is ~ 96 % for heavy ion beams. This timing detector will
be used for revolution time measurement inside R3, start TOF detector of the total TOF for in-ring circulation, beam-
line TOF measurement for beam-line mass determination and velocity reconstruction for in-ring mass correction. The
fast low-energy-loss position-sensitive timing detector developed within this work in use for in-ring and on beam-
line are discussed and summarized, and is ready to be utilized to realize a higher performance mass measurements
simultaneously employing the Rare-RI Ring in conjunction with the high resolution beam-lines BigRIPS-OEDO-
SHARAQ by the two complementary TOF Methods: Magnetic-rigidity- time-of-flight (Bp-TOF) and Isochronous
Storage Ring Mass Spectrometer (IMS). The up-coming experiments at the Rare-RI Ring will provide a large number of
new accurate masses values, which will contribute to a better understanding of nuclear structure, nuclear astrophysical

processes, and even fundamental interactions. processes, and even fundamental interactions.
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