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The KOTO 1II is a next-generation experiment to measure the branching ratio of K; — n%v¥ with

30 GeV proton beam at J-PARC. The KOTO II is a successor of the currently running KOTO
experiment. We plan to expand the hadron experimental facility at J-PARC, and construct a new
beamline of KOTO II there. The extraction angle of the Ky is 5 degrees, smaller than that in KOTO
to have more Ky with a harder momentum spectrum. The KOTO II detector is being designed with
a 12 m signal decay region and a 3 m diameter calorimeter to have more signal acceptance. The
expected numbers of signal and background events are 35 and 40, respectively. Here, the Standard
Model value of the branching ratio and 3 x 107 s running time are assumed. The signal can be
observed with 5o significance. The design, current developments, and the expected sensitivity of
KOTO II will be reported.
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1. Search for the decay K; — 7'v¥ in the KOTO experiment

The rare kaon decay K; — n’v¥ is a sensitive probe for new physics beyond the Standard

Model (SM) [1, 2] . Due to the accurate and suppressed contribution from the SM with the branch-
ing ratio (2.94 + 0.15) x 10~ [3], a deviation from the SM value in the measurement of the
branching ratio could indicate new physics.

The decay is being searched for in the KOTO experiment [4] at the hadron experimental fa-
cility of J-PARC. K} ’s are generated with primary 30 GeV protons in the production target at the
production angle of 16 degrees into the solid angle of 7.8 psr. The momentum peaks at 1.4 GeV/c at
the entrance of the detector. A preliminary world-best upper limit of 2.1 x 10~ (90% CL) has been
obtained in the analysis of data taken in 2021 with the single event sensitivity (SES) of 9.26 x 10~1°
[5]. The SES is expected to reach below 10~'° in several years, and the progress will be limited due
to low statistics of the signal yield with background contributions.

2. KOTO II experiment for the measurement of the decay K; — 7%vv

We are planning a next-generation experiment KOTO II [6, 7] with a new second production
target T2 at the extended hadron experimental facility (HEF) of J-PARC under a plan as shown in
Fig. 1.
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Figure 1: KOTO II experiment with the future extension of the hadron experimental facility of J-PARC.

The signal characteristics is two photons from a 7% decay with no other detectable particles. A
narrow K beam is prepared with a beamline, and a detector with the signal decay region is prepared
downstream. Two photons form a 7° decay are detected with a calorimeter. No other detectable
particles is ensured with a hermetic veto system surrounding the decay region. The decay vertex
(zvx) and the transverse momentum (p) of the 70 are reconstructed with the energies and positions
of the two photons at the calorimeter by assuming the vertex on the z axis. The signal is searched for
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by applying veto conditions for the detector, and by imposing selections on the two photons and the
reconstructed 71°. The larger pt of the 7 is the signal characteristic due to two escaping neutrinos.

The production angle of K is 5 degrees in KOTO II with the detector behind the primary
proton dump. The length of the beamline is 43 m, where short-lived particles decay out, and charged
particles are swept out with two magnets in the beamline. Finally, long-lived neutral particles v,
neutron, and K7 remain. The K; momentum peaks at 2.9 GeV/c at the exit of the beamline with
the flux 1.1 x 107 K, per 10'3 protons on target (POT), which is 2.6 times larger than the K flux
in KOTO.

The KOTO 1II detector starts at 44 m from the production target, which is the origin of the
coordinate with the z axis along the K; beam direction. Two photons from a 7% in the signal decay
are detected with a calorimeter at z = 20 m. The diameter of the calorimeter is 3 m, which is larger
than the diameter 1.9 m in KOTO. A 20 cm square beam hole is in the calorimeter, which limits
the solid angle of the K; beam 4.8 usr. The length of the decay region is 12 m from 3 to 15 m in
z, which is larger than 3 m in KOTO. Owing to the harder momentum spectrum of Ky, the longer
decay region is effective with the larger calorimeter.

The counting rates of the sub-detectors are evaluated as shown in Fig. 2. The signal can be
lost with coincident accidental hits in the veto system. Such accidental loss is evaluated to be 39%
with the counting rates and the widths of veto timing windows. The contribution of muons from
the primary beam dump can be negligible based on a measurement using the current beam dump
with 30 GeV protons at the HEF.
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Figure 2: Estimation of the couting rates, veto windows, and the singal loss for the sub-detectors.

The expected number of signal events is 35 for the value of the branching ratio in the SM with
the 100-kW beam in the running time of 3 x 10 s as shown in Fig. 3. This corresponds to the SES
8.5 x 10713 with the POT 6.3 x 10?°. The total improvement factor is 190 from KOTO. The larger
decay probability is obtained in the signal region in z with the similar geometrical acceptance of two
photons in the calorimeter owing to the harder momentum spectrum of K . The signal region 5 m
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away from the calorimeter gives better signal to background ratio. Therefore, looser event selction
is possible. Backsplash loss is the signal loss due to hits in the veto system with the shower leakage
from the calorimeter. The accidental loss and backsplash loss is controlled with the timing and hit
position of the barrel counters [6].
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Figure 3: Estimation of the number of signal events in zyt) and pt plane (left) and the improvement factors
from KOTO (right) using 100-kW beam in the T2 target in 3 X 107 s running time.

The number of background events from several sources are evaluated as shown in Fig. 4. The
expected number of the total background is 40. The reduction factor of hadron clusters is assumed
based on the KOTO performance. Better reduction of K; — 2y in beam halo is assumed.
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Figure 4: Estimation of the number of background events for several sources in zy) and pt planes.

These signal and background contributions could give a 5-0- observation of K; — #%v. If the
measured branching ratio is different from the value in the SM by 40%, it would be an indication
of new physics at the 90% CL.

3. Conclusion and Prospects

We have found that we could measure the branching ratio of K; — 7%v¥ with KOTO II in the
extension of HEF at J-PARC. Five o observation is possible for the value of the branching ratio in
the SM.

We are developing a realistic detector configuration as shown in Fig. 5. We are also discussing
values of kaon physics, more physics programs in KOTO II such as K; — n'e*e” decay, and
detector technologies to support the direction [8]. We are planning to submit a KOTO II proposal
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to the J-PARC Program Advisory Committee in 2024. In order to realize KOTO II taking data in
2030s, we are eagerly seeking new members to build up KOTO II together.
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Figure 5: A detector configuration of KOTO II under study.
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