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Isochronous mass spectrometry at the RIKEN Rare-RI Ring facility'
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A mass measurement at the Rare-RI Ring" has
been demonstrated using exotic nuclei with well-known
masses, such as "?As, "8Ge, "Ga, "%Zn, and °Cu. In
this demonstration, the mass of ”>Cu was deduced rel-
ative to the mass and revolution time of the reference
nucleus “®Ge. An isochronous ion optics (isochronism)
of the ring was tuned to the reference nucleus. Thus
the isochronism cannot be established for other nuclei.
For the masses of nuclei with non-isochronism to be
evaluated, a correction of their revolution time by a
velocity or a magnetic rigidity is essential. Mass can
be derived as follows:
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where mg1/qo,1 denotes the mass-to-charge ratios of
the reference particle and particles of interest, respec-
tively; Tp,1 represents the revolution time for the ref-
erence particle and particles of interest, respectively;
B1 and Bp; are the velocities in units of light speed
¢ and magnetic rigidity for the particles of interest,
respectively. The velocity in the ring cannot be mea-
sured directly. The time-of-flights (TOFs) from F3 at
BigRIPS to SO at SHARAQ were used to deduce the
velocity for each particle. In the previous analysis,??)
the velocity upstream of the ring was used as the ve-
locity in the ring. However, owing to the momentum-
dependent flight path lengths and energy losses in the
position detectors at F6, the upstream velocity was
not determined accurately and was not matched to
the velocity in the ring. In the current analysis, the
upstream velocity was matched to the velocity in the
ring by adding a correction to the upstream velocity.
The magnetic rigidity Bp was determined using posi-
tion information at a dispersive focal plane F6 with
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Fig. 1. Difference in the experimental ">Cu m/q values for
two correction methods and the literature value.

sufficient accuracy.

The m/q1 values of 5Cu were determined to be
m1/qi(B) = 2.583644(27) u/q and mi/q(Bp) =
2.583650(11) u/q by employing the 8 and Bp cor-
rection methods, respectively. Figure 1 presents a
comparison of the experimental m/q; values of BCu
with the literature m/q value my/q (AME2020) =
2.58364357(3) u/q.*) The uncertainty in the mass de-
rived using the velocity correction is larger than that
derived using the magnetic rigidity because of the dif-
ficulty of measuring velocity upstream of the ring pre-
cisely.

We established two analytical methods for the mass
determination employing either the 5 or Bp correction
in this study. The obtained mass accuracies and uncer-
tainties were on the order of 1076 u/q and 10~ u/q,
respectively, for both § and Bp correction methods.
Nonetheless, the obtained mass of ">Cu agrees satis-
factory with the literature value. The Rare-RI Ring
facility has proved to be an effective tool for mass mea-
surements of rare RI.
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