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Searches for New Physics with the TREK Detector
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Experiment E36 at the Japan Proton Accelerator Research Complex (J-PARC) will study the de-
cay of stopped kaons to search for new physics beyond the Standard Model. In particular, the
experiment aims to provide the most stringent test of lepton universality to date in a measurement
of the ratio of the Ke2 and Kµ2 decay widths, and will simultaneously search for light new par-
ticles, such as a heavy sterile neutrino or a dark photon. The experimental setup is based on the
upgraded detector of KEK experiment E246 and includes a large-acceptance toroidal spectrome-
ter for tracking charged particles with high resolution, combined with a photon calorimeter with
large solid angle. The current status of the upcoming experiment and the planned measurements
will be presented.
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1. Overview and Instrumentation

Despite its overwhelming success, the Standard Model (SM) of particle physics is incomplete.
It does not account for neutrino oscillations and cold dark matter nor does it explain the matter-
antimatter asymmetry in the universe. Kaon decays are powerful tools to search for new physics
beyond the Standard Model. The TREK Collaboration is preparing two experiments, E36 [1] and
E06 [2], to study the decay of stopped kaons with high-intensity kaon beams at the Japan Proton
Accelerator Research Complex (J-PARC). The decays of interest include K+→ e+ν [γ] and K+→
µ+ν [γ] to determine the ratio of the Ke2 and Kµ2 decay widths, as well as K+→ π+A′→ µ+νe+e−

and K+→ µ+νA′→ π+e+e− in the search for lepton flavor violating light neutral bosons.

The experiments will utilize the 12-sector superconducting iron-core toroidal spectrometer of
E246 [3] with upgraded instrumentation. A schematic view of the TREK detector for experiment
E36 after upgrade from the KEK E246 apparatus is shown in Fig. 1. A collimated mixed K+/π+
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Figure 1: Schematic view of the TREK detector for experiment E36 [1] after upgrade from the KEK E246
apparatus. Figure courtesy of K. Horie.

beam with a momentum of 800 MeV/c from the of K1.1BR beam line passes through a degrader
system and stops in a position-sensitive fiber target in the center of the setup. The Cherenkov
detector, upstream of the target, identifies beam kaons. Charged kaon-decay particles are tracked
by a Spiral Fiber Tracker (SFT) and three multi-wire proportional chambers C2, C3, and C4. The
curvature of the track in the spectrometer determines the particle’s momentum. Photons, positrons,
and electrons from the kaon decays are detected in the CsI(Tl) electromagnetic calorimeter. The
time-of-flight counters (TOF1 and TOF2), the aerogel Cherenkov detector (AC) close to the target,
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and the lead glass Cherenkov detectors (PGC) at the exit of the spectrometer are used for e/µ

particle separation.

2. Measurements

2.1 Ratio of the Ke2 and Kµ2 decay widths

Experiment E36 aims to provide the most stringent test of lepton universality to date in a
measurement of the ratio of the Ke2 and Kµ2 decay widths,

RK =
Γ(K+→ e+νe[γ])

Γ(K+→ µ+νµ [γ])
. (2.1)

The ratio is to first order free of hadronic uncertainties as the hadronic form factor, fK , cancels in the
ratio. The Standard-Model value of RK can be calculated with high precision, RSM

K = 2.477(1)×
10−5 [4], and provides a clean basis to detect or constrain non-standard physics, such as non-
universal lepton couplings. In a model, where charged Higgs exchange is the dominant SUSY
contribution, an increase of RK by O(1%) could be possible [5]. RK is also sensitive to neutrino
mixing parameters with SM extensions involving a fourth generation of quarks and leptons [6] or
sterile neutrinos [7]. New physics that differentiates between lepton species has been discussed,
e.g. [8, 9], as possible explanation for the proton-radius puzzle [10]. The proton-radius puzzle is
the significant disagreement between extractions of the proton radius from muonic hydrogen data
on the one hand, and from electronic hydrogen or elastic electron-proton scattering on the other
hand.

Figure 2 shows recent results for RK from the KLOE [11] and NA62 [12, 13, 14] Collabo-
rations with relative uncertainties of 1.3% and 0.4% respectively. Also shown are the projected
uncertainties of E36. The width of the vertical bar at zero indicates the relative uncertainty of the
SM value, RSM

K . The proposed experiment E36 is a complementary measurement with a stopped
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Figure 2: Relative deviations of recent high-precision measurements of RK from the standard-model value
RSM

K . Experimental results (full circle) are from the KLOE [11] and NA62 [12, 13, 14] collaborations. These
experiments are ongoing. The projected uncertainty of E36 [1] (triangle) is shown at the standard-model
value.

K+ beam and has systematic uncertainties very different from those of KLOE and NA62. The
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Ke2 and Kµ2 events will be identified by the charged lepton momenta, pe = 247 MeV/c and
pµ = 236 MeV/c, as determined in the spectrometer. Excellent e/µ particle separation for the
decay products is required for this measurement. The combined information from the TOF, PGC,
and AC counters reduce the probability of µ+ mis-identification as e+ to less than 10−6; together
with the particle momentum information the probability is further reduced to 10−8. The CsI(Tl)
calorimeter will serve as photon detector for the radiative processes. The RK value is then derived
from the number of the identified kaon decays, N(Ke2[γ]) and N(Kµ2[γ]), including those with the
production of internal bremsstrahlung but excluding structure-dependent contributions, and from
the detector acceptances, Ω,

RK =
N(Ke2)

N(Kµ2)

Ω(Kµ2)

Ω(Ke2)
. (2.2)

The stopped kaon decay, the rotational symmetry of the toroidal spectrometer, and the ratio of
the detector acceptances help reduce the systematic uncertainties. The total expected uncertainty
in the measurement of RK is expected to be 0.25%.

2.2 Search for lepton flavor violating light neutral bosons

A possible extension of the Standard Model includes an additional U(1)D gauge group mani-
festing itself in a massive gauge boson A′, “dark photon”, in the MeV to GeV mass range. Recent
searches for dark photons have been performed by the KLOE-2 [15], APEX [16], Mainz A1 [17],
and BABAR [18] collaborations and put upper limits on the coupling of the massive gauge boson
to charged particles.

Rare kaon decay can provide constraints on the A′ parameters [19]. A total of 2.5×1011 kaons
are expected to be stopped in the E36 target. The observation of the processes K+ → µ+νµA′

and K+→ π+A′ is a possible signal from the dark sector. The A′ particle could be identified in the
invariant-mass distribution, m(e+e−), through its decay, A′→ e+e−. The e+e− pair will be detected
in the CsI(Tl) calorimeter and allows for a full reconstruction of the µ+νe+e− and π+e+e− final
states. A peak in the m(e+e−) data on top of a smooth, calculable background from the radiative
K+→ µ+νµe+e− kaon decay corresponds to the mass of the A′, if it exists; the width of the peak
is determined by the detector’s resolution. The calculated full phase-space value for the branching
ratio for that radiative background channel is≈ 2.49×10−5 [20] and corresponds to about 200,000
events in the expected E36 data sample.

Present estimates [21] show that under the assumption of universal coupling results from E36
will be mostly complementary to existing data. However, an explanation of the proton-radius
puzzle and the muon’s anomalous magnetic moment involving new particles must include larger
couplings to muons than electrons and violate lepton universality. Such models predict striking
and observable peaks in the m(e+e−) distributions for E36 [22]. TREK E36 can rule out any new
physics explanation of the proton radius puzzle involving light bosons with preferred couplings to
muons.

2.3 Search for sterile neutrinos

The Neutrino Minimal Standard Model (νMSM) is an example of a renormalizable extension
of the SM that contains three right-handed (sterile) neutrinos with masses below the electroweak

4



P
o
S
(
H
Q
L
2
0
1
4
)
0
2
5

Searches for New Physics with the TREK Detector Steffen Strauch

scale [23]. The lightest of the three sterile neutrinos is a dark-matter candidate, the masses of the
heavier two sterile neutrinos are degenerate in the νMSM, M1 < M2 ≈M3. If the sterile neutrino
is lighter than the kaon, it can give rise to leptonic and semi-leptonic decays with relatively large
branching ratios. Experiment E36 is not optimized for the sterile-neutrino search. However, heavy
sterile neutrinos, N, can be identified in the E36 data sample through narrow peaks in the lepton
momentum distributions from K+→ e+N and K+→ µ+N decays. The search could be optimized
with an improved photon veto.

2.4 Transverse muon polarization in K+→ π0µ+ν

Experiment E06 aims to improve the limit on the magnitude of the T -odd transverse muon
polarization, PT , decays set by KEK experiment E246 [24] by a factor of 20. The muon polarization
is particularly useful for searches of T -violation effects from non-SM physics as it vanishes in the
Standard Model at the tree level and T -odd contributions from final-state interactions are very
small, < 10−5 [25]. Thus, any measurement of |PT | in the experimentally reachable region of
10−3 to 10−4 would unambiguously imply physics beyond the Standard Model. The experiment
requires an active muon polarimeter at the exit of the spectrometer and an intense kaon beam. The
experiment is considered when higher beam power is available at J-PARC.

3. Outlook

The TREK collaboration is pursuing searches for new physics in the study of the decay of
stopped kaons with two experiments, E06 and E36, at J-PARC. The program includes the search for
lepton universality violation in a measurement of the ratio of the Ke2 and Kµ2 decay widths and the
search for dark light in the K+→ µ+νA′→ µ+νe+e− and K+→ π+A′ reactions. E36 is currently
being installed and it is scheduled to run in 2015. The search for T violation in kaon decays through
the measurement of the transverse muon polarization in the K+→ π0µ+νµ reaction, experiment
E06, requires the active muon polarimeter and maximum kaon-beam intensities and will run later.
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