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Abstract: A new Goldstone particle named Majoron is introduced in order to explain the origin of neutrino mass

via some new physics models assuming that neutrinos are Majorana particles. By expanding the signal region and

using likelihood analysis, it becomes possible to search for Majoron using experiments originally designed to search

for pu—e conversion. For the COMET experiment, the sensitivity of process p—eJ is able to reach
Bu—el)=23X% 1073 in Phase-I and O(10~%) in Phase-II. Meanwhile, the sensitivities to search for Majoron in fu-

ture experiments are also discussed in this article.
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I. INTRODUCTION

With the observation of neutrino oscillations, it is
widely accepted that at least two neutrinos have mass [1,
2]. There are two distinct theoretical models to explain
the origin of neutrino mass: (1) neutrinos are Dirac
particles, in which case they possess a lepton number
conserving the mass term; (2) neutrinos are Majorana
particles and their mass term violates the lepton number
[3, 4]. In the latter case, the lepton number will inevit-
ably be broken once assuming neutrinos are massive Ma-
jorana particles [5]. If lepton number is a spontaneously-
broken global symmetry, a massless Goldstone boson,
Majoron (J), appears in theory as an unavoidable con-
sequence of the spontaneous breaking of the lepton num-
ber.

The width of Z boson was once a good examination
for models raised in early theoretical researches about
Majoron. According to these models a large additional
contributions to the invisible decay width of Z boson
were predicted [6, 7]. The invisible decay was observed
after the Z-width measurement at LEP [8—11], but the
measurement is consistent with the Standard Model pre-

diction for the Z decay into three generations of neutri-
nos, which excludes the possibility of a large contribu-
tion due to Majoron [12, 13]. Thereafter, new models
have been developed by taking spontaneous breaking of
R-parity into consideration, where there is no significant
invisible Z-width [14] and the decay of charged leptons
with Majoron emission is permitted. Theoretical calcula-
tion implies that the branching fraction of u — eJ is po-
tentially able to be measured in current experiments [15,
16]. The phenomenology of Majoron was discussed in
many recent papers and so were, in particular, its lepton-
flavor-violating (LFV) interactions, which provides
strong support in theory to the search for Majoron
[17-19].

Recently, models predicting the flavor-violating
muon decay u — eX have been revisited and have caused
wide concern all over the world, where X is an invisible
boson with amass smaller than the muonmass m,, = 105.658
MeV/c? [20-23]. There are some candidates for the new
particle X, such as light gauge bosons [24] and light
(pseudo-)scalars [20] including the familon [25], Ma-
joron or axion-like particle (ALP) [26]. u — eX will be a
good probe for experimentally investigating and verify-
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ing all these new particles predicted by LFV physics.

A. Searching for Majoron with free p

Several experiments have been performed to search
for the inclusive two-body decay of positive muon
ut — e*X, where X is a neutral boson, by precise meas-
urement of the energy spectrum of e*.

In 1986, using 1.8x 107 polarized u*, the upper limit
of the branching fraction was determined to be B(u* —
e"X)<2.6x107% at the 90% confidence level (C. L.)
[27]. However, in this research X was considered to be
massless and the momentum distribution of signal e* was
considered to be symmetric with the assumption that the
signal e¢* are emitted isotropically. This assumption is not
valid for the case of Majoron that couples to a V-4
leptonic current, resulting in the fact that the signal is not
isotropic for a polarized u* beam. Actually, this research
was not sensitive to u* — ¢*J because e¢* was detected in
the direction opposite to the u* polarization where the
observable, the endpoint of the Michel spectrum, drops to
zero, so that the result is not valid for Majoron.

About 30 years later, the limit on the u — eX decay
was measured again to be B(u™ — e*X) < 5.8x 1077 at the
90% C. L. by TWIST experiment [28] using a dataset of
5.8 x 10% events and assuming X to be a light boson (with
the mass of X my <13 MeV/c?) that couples to a V-4
leptonic current. This is indeed the case for Majoron
models in which the ¢* emission features the same asym-
metry as the standard Michel decay so the result is the
current best limit on u — eJ decay. Branching ratio lim-
its of order O(107) are also obtained with different de-
cay asymmetries for X with masses 13 MeV/c? <my <
80 MeV/c?.

To search for X more precisely, the Mu3e experiment
will reach a sensitivity of B(u* — e*X) ~ 0(1073) within
the mass region 35 MeV/c? < mx <95 MeV/c? in the near
future, while there is a deterioration of the sensitivity
within the mass region of my < 35MeV/c? by about one
order of magnitude (thus up to ~ O(1077) due to the diffi-
culty of calibration [29].

B. Searching for Majoron with muonic atoms

In contrast to the monoenergetic signal in the decay of
a free u*, the electron energy spectrum in the decay of a
- in orbit has a width because of the nuclear recoil, of
which the maximum energy is close to the signal energy
of the p—e conversion (the neutrinoless, coherent trans-
ition of a muon to an electron in the field of a nucleus,
1~ N — e~ N) [30]. This fact introduces the possibility and
advantages to search for Majoron with muonic atoms by
using the detector of the u—e conversion experiments
within a preferable energy region with a large signal-to-
background ratio. Moreover, the shape and the nuclear
dependence of the electron spectrum could provide sub-
stantial information on the new physics [31].

One previous study focuses on searching for Majoron
with muonic atoms formed by muon capture instead of
free u* [32], in which some u—e conversion experi-
ments such as COMET [30] and Mu2e [33] are taken in-
to consideration. On the one hand, with a more intense
beam available, the sensitivity will definitely be im-
proved due to more u~ captured. On the other hand, ac-
cording to the calculation in Ref. [32], the cross section
of u— eX will become relatively larger compared with
that of the decay in orbit (DIO) u~ — e v,v, with increas-
ing energy of the detected electrons, though the absolute
cross section will drop. These features provide us with a
unique opportunity to search for Majoron in u—e conver-
sion experiments with at least the same sensitivity as in
former experiments using free u* according to the rough
calculation in Ref. [32].

Since free p~ are not related to the topic in this work,
the following discussions are based on the orbital y~ in
the muonic atoms.

II. METHOD OF SEARCHING FOR MAJORON
ON THE COMET EXPERIMENT

In this work, the target process is Majoron emission
in orbit (MEIO) u — eJ, while the dominant background
process is decay in orbit (DIO). The energy spectra of the
electrons from these two processes have been calculated
by theoretical works [31, 32], which are shown in Fig. 1.
The difference between the two energy spectra will be
used to seek Majoron events. Utilizing about 10'® muon
events taken by COMET Phase-1, the energy spectra of
electrons are measured precisely. To improve the sensit-
ivities, the distribution of detector acceptance is of great
significance to obtain an accurate spectrum, which will be
evaluated in Section III.B.

To extract the difference between the spectra, likeli-
hood analysis method is used in this work.
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Fig. 1.  (color online) Spectra of u~ — e¢7v, v, (red) and u—

eJ (blue).
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A. Likelihood analysis method

Likelihood analysis is a very important and popular
method of data analysis in particle physics. For an ob-
servable influenced by a host of involved parameters that
include constants of nature in putative or speculative laws
of physics as 6, the probability of obtaining a specific col-
lection of measurements x of the observable can be ex-
pressed as p(x|6) or p(x;0). However in the actual exper-
iments, usually we need to estimate parameters 6 after
obtaining the collection of observations x. In this case we
evaluate the expression p(x|6) only for the specific x that
is observed, and then examine how it varies as 6 is
changed. By constructing a likelihood function £(6), of-
ten also denoted as L(x|#) and sometimes L(0]x):
L(0) = p@|x)=p(x|0), which is evaluated at the given
observed x and considered to be a function of 6, we can
statistically describe how well the models with paramet-
ers fit the observations. This is referred to as the likeli-
hood method [34].

In this work, the energy spectrum of electrons is ex-
pected to be the sum of the spectra of MEIO and DIO
processes with a ratio r that can be expressed by the for-
mula f(E)excepted = f(E)DIO + rf(E)MElOa where f(E)excepted
is the expected spectrum, and f(E)pio and f(E)meio de-
note the spectra of the DIO and MEIO processes, respect-
ively. By comparing with the measured spectrum
S(E)measured using the likelihood method, the ratio » can
be determined.

Since the COMET experiment is still waiting for data
acquisition, simulation results are used in this work to
predict the possibility of searching for Majoron.

B. Extending the signal window

For the COMET experiment, the branching fraction
of u — eJ is determined by

_ Ny/(Acesfn)

Blu—eJ) N ;
u

(M

where N; is the number of signal events, N, is the total
number of decayed orbital muons, f; is the fraction of
1 — eJ within the available phase space constrained by
the COMET detectors, and Acc; is the acceptance of the
signal events.

In the case where Majoron is not observed, N; should
be less than the statistical fluctuation of the total number
of electrons N, that could be detected. Assuming N, fol-
lows a normal distribution, we have:

N, < 1.6450, (90% C.L.), )

where o, denotes the standard deviation of N,. Consider-
ing that all of the detected electrons are from decayed or-
bital muons regardless of beam background, N, can be

described by:
N, = N,uACCdecde:Cs 3)

where fg. is the fraction of electrons within the avail-
able phase space constrained by the COMET detectors
and Accgec 1s the acceptance of electrons in the signal re-
gion. Then o, will be:

Te = 4/ NpAccdecfdec . “4)

Combining Egs. (1), (2) and (4), we have:

1 AccCec fdec
B —>eJ)<l.645><1f , 5
(v N,uACCdecfdec Accy fy ®)

which is proportional to two terms:

1

. . N;LAccdecfdec
the trigger rate, which results from the beam structure and

tolerance of the detector;

1. Statistics factor: term is limited by

.. A . .
2. Significance factor: term AcCaecaec is decided by

. ACCJ{J
the energy spectra and the bias of detector acceptance.

A muonic atom will normally either decay in orbit or
be captured by the nucleus 4~"N(A,Z) — v,N(A,Z-1). For
the u—e conversion experiments, the total number of de-
cayed orbital muons is determined by

_ 1 1—‘decay
S-E-S-peACC/Je 1H«:apture '

Ny (6)

where S.E.S ., is the single-event sensitivity of the u—e
conversion experiment, Acc, is the acceptance of u—e
conversion events that are electrons with 104.971 MeV
energy, I'qecay 1S the ratio of decayed muons over total or-
bital muons, and I'capure 1S the ratio of muons captured by
nuclei over total orbital muons. Considering that only
electrons will be recorded no matter whether for MEIO or
DIO, the acceptance of the two processes are the same,
namely Accgec = Accy = Acc,, where Acc, means the total
acceptance of electrons within the signal range, so that
the branching fraction can be finally determined by

IﬁcaptureACC,ueS .ES e |
S b

By — eJ) < 1.645%
Iﬁdecay

. (7)
- /Accefj
fdec ’
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where S is a significance factor that can be optimized to
the maximum by changing the signal window.

With the upper limit of the signal window fixed at
105 MeV, a distribution of S can be obtained by varying
the lower limit. Several cases of COMET Phase-I and
Phase-II are taken into consideration together with the
ideal situation where the acceptance is 100%. It is shown in
Fig. 2 that S reaches a maximum when the lower limit is
around 80 MeV in the case of COMET Phase-1.

Therefore, the sensitivity to search for Majoron can
be improved significantly by extending the signal win-
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Fig. 2. (color online) Distributions of the significance factor

when varying the lower limit of the signal window. The
blocker is implemented in COMET Phase-1I to control the hit
rate in the detector, which will be explained in detail in Sec-
tion IV.B

dow.

III. PREDICTION OF SEARCHING FOR
MAJORON ON COMET PHASE-1

The COherent Muon to Electron Transition
(COMET) experiment [30] at the Japan Proton Accelerat-
or Research Complex (J-PARC) in Tokai, Japan, aims to
search for the neutrinoless coherent transition of a muon
to an electron (u —e conversion) in the field of a nucleus,
with its single event sensitivity of 2x 1077, which is
more than four orders of magnitude improvement over
the current upper limit of 7x 10713 at 90% C.L. from the
SINDRUM II experiment [35].

A. Design of COMET Phase-1

To control potential backgrounds, the COMET exper-
iment will be better optimized by precisely measuring the
muon beam. Therefore, a two-stage approach is adopted
[30, 36]. Figure 3 shows the facilities of COMET Phase-I
and Phase-II. A solenoid with 90° bend is used to trans-
port pions, which decay into muons along the beam line.

COMET Phase-I

Balecior Seclion
A detector to search for
muon-1o-electron conver-

Mucns sion processes

fff‘ﬁ::I::::::::;l-étiIIUEHDHHEHDHHHHJEHU@E@H]M][H

Pion-Decay and
Muon-Transport Section
A section 10 collect muans from
decay of pions under a solenol-
dal magnetic fiekd

i

Fig. 3. (color online) Schematic layout of COMET Phase-I
(yellow box) and COMET Phase-II (whole figure).

A hollow, cylindrical detector system (CyDet) surround-
ing the muon stopping target is specially designed and
placed at the exit of the solenoid. Both the muon beam
and the detector system are different between Phase-I and
Phase-II, leading to different acceptance of signals.

B. Simulation of COMET Phase-I

To obtain a credible signal acceptance, a full simula-
tion is completed utilizing the geometry of detectors de-
scribed in the COMET technical design report (TDR)
[30]. A uniform magnetic field is used within the detect-
or region because the real field map is not available in
this work. By scanning the energy of electrons from
74 MeV to 105 MeV with a step of 25keV, the accept-
ance distribution of Phase-I is drawn in Fig. 4, which is
the foundation of our study of searching for u — eJ on
COMET Phase-1.

As described in Section III.A, only tracks at least able
to reach the inner wall of CyDet will be detected and re-
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Fig. 4. (color online) Acceptance distributions of COMET

Phase-I by full simulation with uniform magnetic fields of 0.9
T (red), 0.95 T (blue) and 1.0 T (black). The strength of the
magnetic field is 1.0 T in the official design of COMET
Phase-1.
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constructed. In this case tracks with low momenta can
never be detected if a magnetic field exists, which ex-
plains why acceptance goes to zero as the electron en-
ergy gets lower. Natually, this is the most simple and effi-
cient way to change the acceptance by changing the
strength of the magnetic field in the detector area, which
impacts the radius of electron tracks.

C. Result of likelihood analysis

Finally, the expected energy spectrum of electrons
can be obtained by convolving the theoretical spectrum
shown in Fig. 1 with the acceptance distribution shown in
Fig. 4, where the momentum resolution of the detectors
has been taken into account by smearing the spectrum us-
ing a Gaussian distribution with o =150keV/c. Ana-
lyzed with the likelihood method in the case of 1.0 T us-
ing parameters listed in Table 1, the upper limit of the
branching fraction is determined to be

B(u— eJ)<23x1073. (®)

The high event rate of DIO (Rpio) could be a limit to
the search for Majoron in the COMET experiment and is
a concerned of many interested parties. Approximately
estimated by our analysis, Rpjo is given as 16.7 kHz.
Compared with the effective trigger rate dedicated by the
COMET DAQ system, which is no greater than 20 kHz
[30], it seems to be tolerable for the trigger of COMET
Phase-I. However, it has to be mentioned that there is an
optimization of the online trigger system performed by
COMET Phase-I to reject the tracks of low-energy
particles, after which the trigger rate is reduced to about
1.3 kHz. Therefore, some further studies are necessary to
achieve a balance between the large quantity of statistics
demanded in our research and the low event rate required
by COMET Phase-I, which is beyond the scope of this
study.

D. Improve sensitivities by reducing the strength of
magnetic field

As mentioned above, the significance factor S reaches

a maximum at around 80 MeV, so a proposal is made to
shift the peak of acceptance distribution to lower energy
region by reducing the strength of magnetic field in the
detector area. Two more simulations are performed with
uniform fields of 0.95 T and 0.9 T and the acceptance dis-
tributions are obtained in these two cases, as shown in
Fig. 4. Using the new distributions, the upper limits of
B(u — eJ) are calculated at the 90% C.L. and shown in
Table 2.

Although sensitivity benefits from reducing the
strength of magnetic field, the increase in Rpjp is unac-
ceptable for the existing design of COMET Phase-1.

IV. PREDICTION OF SEARCHING FOR
MAJORON ON COMET PHASE-II

A. Design of COMET Phase-I1

COMET Phase-II uses an 8 GeV proton beam with
electric power of 56 kW from the J-PARC Main Ring. Pi-
ons produced in the collision of proton beams on the tar-
get are captured by a 5 T magnetic field. Inside a trans-
port solenoid bent by 180° that provides a 3 T magnetic
field, the pions decay into muons. The muons are stopped
by 17 thin flat aluminum disks (muon stopping targets)
while the electrons are detected by a spectrometer inside
a 1 T magnetic field composed by 20 um thin straw tubes
and an electromagnetic calorimeter (EMC) [30, 36]. Fig-
ure 5 shows the layout of the solenoid and detectors.

B. Fast simulation of COMET Phase-1I

To study the acceptance distribution of COMET
Phase-II, a fast simulation is finished without consider-
ing the material effects and the uncertainty of magnetic
field so that the tracks of electrons are standard helices.
Electrons are generated randomly and isotropically from
17 muon stopping targets. In a curved solenoid, the cent-
ral axis of this trajectory drifts in the direction perpendic-
ular to the plane of curvature. This drift can be estimated
by [30]

Table 1. Parameters used in the likelihood analysis of COMET Phase-1.

Parameter Description Value
Bletector The strength of the magnetic field in the detector area 1T
Orec The momentum resolution of reconstructed tracks 150 keV/c
S.ES. The single event sensitivity of the COMET experiment 3% 10~!5 for COMET Phase-I
Accpe The acceptance of y — e conversion events About 20%
Cdecay The ratio of decayed muons over total orbital muons 0.39
Leapture The ratio of muons captured by nucleus over total orbital muons 0.61
Eignal The energy range of the signal window [74, 105] MeV

013108-5



Tianyu Xing, Chen Wu, Han Miao et al.

Chin. Phys. C 47, 013108 (2023)

Table 2. Estimated upper limits after reducing the strength

of magnetic field of COMET Phase-I.

Magnetic Field 1T 095T 09T
Upper Limit 2.3%107 1.4x1075 6.9% 107
Event rate of DIO 16.7 kHz 75.3 kHz 394.6 kHz
Beam Collimator Muon Target Disks
Beam Blocker

é DIO Blocker

Calorimeter

Fig. 5. (color online) Schematic layout of the solenoid and
detectors of COMET Phase-II.

1 1
D:—(E)E cosf+——|, )
gB\R/ 2 cosé

where ¢ is the signed electric charge of the particle, B is
the strength of magnetic field along the center-of-beam
axis, @ is the pitch angle of the track, and s and R are the
path length along the axis direction and the radius of
curvature of the curved solenoid, respectively. As is
shown in Eq. (9), the drifts of electrons with different en-
ergy are different so that a blocker can be placed near the
exit of solenoid to eliminate events with low momenta.
Finally, the energy distribution of electrons at the exit of
the solenoid, multiplied by a roughly estimated detection
efficiency, is used to calculate the acceptance distribu-
tion.

A blocker is designed at the exit of the solenoid to
control the hit rate in the detector, while a large quantity
of statistics is demanded in our research to obtain a more
precise spectrum of DIO for comparison. An optimiza-
tion of the blocker is done to balance Rpjo and sensitiv-
ity. Several designs of blocker are used in this work for
comparison since the blocker is still being optimized. In
the case of a common design in which a flat blocker is as-
sembled, the acceptance distributions obtained by vary-
ing the height of the flat blocker from 3 mm to 600 mm
are shown in Fig. 6. To optimize the performance, the ac-
ceptance distributions obtained by varying the height of a
circular blocker with a radius of 300 mm are also used in
this study, and are shown in Fig. 7.

C. Result of likelihood analysis

With the parameters listed in Table 3 and Rpjo estim-
ated approximately to be 232.4 MHz by our analysis, the
upper limit of searching for u — eJ in COMET Phase-II
is estimated using the likelihood method to be

o
u

** |— Without blocker

— Flat blocker wiht height of 75 mm
— Flat blocker with height of 150 mm

’ Flat blocker with height of 300 mm

— Flat blocker with height of 600 mm
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(color online) Acceptance distributions obtained with
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Fig. 7.
various heights of circular blocker.

(color online) Acceptance distributions obtained with

Blu— eJ)<4.6x107°, (10)

where material effects are not considered and the blocker
is not implemented.

Meanwhile, the analysis results with different designs
of blocker are shown in Fig. 8 and Fig. 9. The upper lim-
it becomes a little better after simple optimization with
circular blockers. Assuming an ideal step-type accept-
ance distribution with a maximum of 60%, the relation-
ship between the upper limit and Rpjo is calculated when
varying the lower limit of the signal region, which is used
to evaluate the potential of searching for u—eJ on
COMET Phase-I1.

The likelihood analysis shows that B(u — eJ) varies
between O(107%) and O(10~°) with different designs of
blockers. As is implied in Fig. 8, smaller blocker provides
higher precision but also leads to higher Rpjo, which re-
quires better detector performance. Given that the data
are taken for one year [36] with a duty factor of 0.2
(beam-on time divided by the accelerator cycle, which is
0.5/2.48 ~0.2) [30, 37], Rpio varies within the range of
0(10%) to O(10°) MHz if the sensitivity is required to
reach O(107). In this case, Rpo is too high for the cur-
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Table 3. Parameters used in the likelihood analysis of COMET Phase-II.

Parameter Description Value
Bgetector The strength of the magnetic field in the detector area 1T
Orec The momentum resolution of reconstructed tracks 150 keV/c
S.E.S. The single event sensitivity of the COMET experiment 2.6x107"7 for COMET Phase-II
Accye The acceptance of y— e conversion events About 60%
Ldecay The ratio of decayed muons over total orbital muons 0.39
Ceapture The ratio of muons captured by nucleus over total orbital muons 0.61
Esignal The energy range of signal window [35, 105] MeV
s~ 50F , . . .
o .f —— With flat blockers termined by the yield of muons stopped in the targets and
<t —— With circular blockers the total number of signal events within the detection re-
= 40k . . .
© —— Ideal ladder acceptance without biocker gion, which can be estimated by the S.E.S. of u—e con-
v 35 . . . .
2 version and the acceptance distribution of detectors, re-
@ 30 . . ..
spectively. For future experiments aiming to search for
25

20

g
7

E = SO,
5F S
B i i b e
% 20 40 60 80 100 120 140
Event rate (MHz)
Fig. 8.  (color online) Predicted B(u — eJ) versus Rpjo in

COMET Phase-II with different designs of blocker (0 MHz <
RDIO < 140 MHZ).

— 55
=) C ——— With flat blockers
X 501 —— With circular blockers
= C
CI'\-’ L ———— Ideal ladder acceptance without blocker
2 45p
5 F -““\
4of <=
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L \\%\-\
| \§
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Fig. 9.  (color online) Predicted B(u — eJ) versus Rpipin

COMET Phase-II with different designs of blocker (0 MHz <
Rpio <1 MHZ).

rent detector technology. As is implied in Fig. 9, sensitiv-
ity of searching for Majoron on COMET Phase-II can
reach 0O(107%) even with Rpjo of O(10?) kHz, which is a
much more realistic prediction.

V. DISCUSSION OF FUTURE EXPERIMENTS

As mentioned in the above sections, according to Eq.
(5), the sensitivity to search for Majoron is directly de-

Majoron, it is very important to optimize these two
factors according to the real conditions of the beam and
detector. To study the number of stopped muons (N,) and
the number of signal events that can be detected (Netected)
required to reach a certain sensitivity of the search for
Majoron (B(u — eJ)), we consider a hypothetical experi-
ment.

Assuming an ideal acceptance of 100%, without mo-
mentum resolution, material effects, and backgrounds, the
sensitivities to search for Majoron are calculated with
various signal windows and S.E.S. of u—e conversion, as
shown in Fig. 10.

To improve the precision, smaller S.E.S. of y—e¢ im-
plies that more muons are stopped on the target, which re-
quires a more intense beam. A wider signal window
means that the energy of the detected electrons is closer
to the peak of the energy spectrum of MEIO, which re-
quires a better performance of the detector to tolerate a
higher event rate.

It has to be mentioned that there are still other back-

LOQ(B rmf>e=J)

- = .-7.8
L.
o N
B9 -8
5 [ 82
- 18
C —1-84
17 —-8.6
E —-8.8
16[—
F -9
151 —-92
14} —-9.4
O O S AU AEENUTEN EFUEIN ERNVENI Iy N
165 17 175 18 185 19 195 '
Log(N,,)
Fig. 10. (color online) Prediction of searching for Majoron

with some ideal assumptions.
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grounds in addition to DIO from the target, such as radi-
ative muon capture (RMC), beam background, and DIO
from the muons captured by the gas in detectors. The
measured electron spectrum will be distorted by the con-
tributions from these processes. Since our likelihood ana-
lysis is based on the comparison between signal and
background spectra, there is no doubt that the sensitivity
of searching for Majoron will change after considering
other backgrounds. However, further studies are neces-
sary to improve the sensitivity due to the lack of know-
ledge of these processes, which are beyond the scope of
this study.

VI. CONCLUSION

As is shown in our study, considering Rpjo and cur-
rent detector technology, the sensitivity to search for Ma-
joron in COMET Phase-I is given as O(107>), which is

worse than the current best experimental result. While
this will be an improvement of 1000 times on COMET
Phase-II in view of the much larger quantity of statistics,
it will really be an exciting opportunity to investigate new
physics. Furthermore, benefting from a more intense
beam and better detector, the sensitivity will be signific-
antly improved and may reach the order O(10719).
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