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Trace-back method for dispersion matching conditions of primary
beams at RIBF
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We are preparing for an experiment to search for
double Gamow-Teller giant resonance (RIBF-141R1,
DGTGR) at RIBF. We use a part of BigRIPS, F0-F5,
as a spectrometer;1) this is a common setup for spectro-
scopic experiments at the pionic Atom Factory (RIBF-
135R1, piAF).

In these experiments, the energy spread of the pri-
mary beam has the largest contribution to the energy
resolution. To remedy this situation, we are developing
dispersion-matching optics, where the energy spread is
canceled out under the condition that the dispersion at
the target position F0 (x|δ)F0 is 34.1 mm/% for DGTGR
and 44.6 mm/% for piAF.

In order to satisfy these conditions with sufficient pre-
cision, we need to develop diagnostic methods of the
phase distributions at F0 based on tracking information
and the tuning method by using the optical elements
in the upper stream. Owing to severe radiation condi-
tions, detectors in the upstream sections require radia-
tion hardening, and the information obtained in the sec-
tion is limited. Here, we employ the trace-back method
to obtain the phase distributions from distributions mea-
sured by tracking detectors at the F3, F5, and F7 planes.
In this method, a set of the horizontal position x, angle
a, and relative momentum deviation from the reference
particle δ (= δp/p) at F3 is converted to one at a cer-
tain plane by multiplying with a transfer matrix. The
x and a at F3 are instantly obtained by measuring the
trajectory of the beam using the tracking detectors. The
δ is deduced from the horizontal positions x at F5 and
F7, which are dispersive and achromatic focal planes,
respectively.

We attempted to apply the method by analyzing
data taken in June 2018 for study of the supercon-
ducting ring cyclotron-BigRIPS (SRC-BigRIPS) optical
system. A primary beam of 18O8+ with an energy of
230 MeV/nucleon was transported to F7. The beam tra-
jectory was measured by parallel-plate avalanche coun-
ters (PPACs) at F3, F5, and F7 for different settings of
optics between SRC and F0.

We obtained reconstructed phase distributions at F0
by using the trace-back method. Figure 1 shows the
distributions at F0 for two different settings of optics,
which are (x|δ)F0 = 34.1 mm/% for the upper panel
and 44.6 mm/% for the lower panel. Each slope corre-
sponds to the dispersion at F0, and the deduced values
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Fig. 1. Correlation between the deduced x and δ at F0 for
two different settings: (x|δ)F0 = 34.1 mm/% (upper
panel) and (x|δ)F0 = 44.6 mm/% (lower panel). Fitting
results obtained using linear functions are shown with red
lines. Each slope corresponds to the deduced dispersion.

are 30.8 mm/% and 37.3 mm/%, respectively. The fit
region corresponds to the momentum spread for the well-
tuned beam (σ ∼ 0.03%).2) The precision of determina-
tion of the dispersion at F0 is approximately 3 mm/%,
which is sufficient as the experimental resolution. The
absolute values of dispersion in this measurement were
slightly different from the ideal values. By referring to
the reconstructed distribution, we can tune the optics
so as to cancel the difference. We are now refining the
tuning method to provide an online feedback based on
the diagnosis.

In summary, we have developed the trace-back
method for tuning the dispersion at F0 so as to fulfill
the matching condition. We are now working on an op-
timization of the tuning method for the beam time.
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Conceptual design of a heavy ion storage ring RUNBA
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We plan to construct a heavy ion storage ring,
RUNBA (Recycled-Unstable-Nuclear Beam Accumula-
tor) adjacent to the SCRIT facility in the E21 experi-
mental room. RUNBA will be a research and develop-
ment machine for developing and establishing a beam
recycling technique in a storage ring for application to
nuclear reaction studies for rare RI beam. This project is
ongoing under the joint research program between ICR
Kyoto University and RIKEN Nishina Center (RNC). In
the last year, we transfered the storage ring (sLSR),1)
which was avandoned for more than ten years, from ICR
to RNC. RUNBA is a rebuilt machine of sLSR and we
are designing the lattice structure and machine layout in
E21. Figure 1 shows a current floor plan of the RUNBA
facility. RUNBA will be connected to ERIS, which is an
ISOL system for SCRIT experiments.

Continuous singly-charged ion beams from ERIS are
converted into a pulsed ion beam by FRAC and a highly-
charged ion beam by RECB (Resonant Extraction
Charge Breeder),2) which is under development at ICR.
A fully-stripped pulsed ion beam with 10 keV/nucleon
is injected into RUNBA with a multi-turn injection
method. Consequently, it can be accelerated up to
10 MeV/nucleon by repeating five times the acceleration
process in which the ion velocity doubled by sweeping
an RF frequency at the non-resonant ferrite cavity and
synchronously ramping up the magnetic field.

The concept of beam recycling is that the energy loss,
energy straggling, and transverse angular straggling pro-
duced when the beam passes through the internal tar-
get are corrected turn by turn and particle by parti-
cle, and beam circulation is stably maintained until nu-
clear reaction occurs at the target. Therefore, devices
required to be equipped in RUNBA in addition to the

Fig. 1. A plane view of RUNBA facility.
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Fig. 2. Beta and dispersion functions of RUNBA.

Table 1. Lattice structure and properties of RUNBA.

Circumference (m) 26.557
Maximum Bρ (Tm) 1.05
Transition γ 1.855
Harmonics (10 keV/nucleon, 10 MeV/nucleon) (32, 1)
RF frequency (MHz) 1.674–3.348
Tunes (νx, νy) (2.368, 1.695)
Max. dispersion functions (ηx, ηy) (m) (3.497, 0.0)
at focal point
Beta functions (βx, βy) (m) (0.697, 0.527)
Dispersion functions (ηx, ηy) (m) (0.0, 0.0)

fundamental optical elements include an internal target
system, acceleration cavity, energy-dispersion corrector,
and transverse emittance corrector. The fundamental
properties in the current design of RUNBA are summa-
rized in Table 1. The beta and dispersion functions over
the whole ring are shown in Fig. 2. RUNBA optics is
formed with 6 bending magnets, 3-family 12 quadrupole
magnets, 2-family 4 sextupole magnets, and a triple-
bend achromatic arc structure that is adopted to pro-
vide achromatic focus points for internal target insertion
in the straight section. In another straight section, an
energy-dispersion corrector will be installed and emit-
tance correctors in the horizontal and vertical directions
are placed at positions where the betatron phase ad-
vances are 0.75 from the target. The diffusion of energy
spread would be suppressed by giving appropriate posi-
tive or negative energy gain determined from the differ-
ence in flight time from the target to energy-dispersion
corrector. The emittance correctors transversely kick
ions according to the transverse position measured at
the target. These new feedback systems are now being
developed at ICR.
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