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Search for Muon to Electron Conversion at J-PARC

Y. Kuno and A. Sato, Osaka University, Osaka, Japan, on behalf of the COMET collaboration

Abstract

The COMET experiment at J-PARC is an experiment to search for muon to electron conversion at a single event sensitivity of 3x10-7. This proc-
ess is charged-lepton flavor violating. We are planning to stage the COMET experiment. The staging approach is endorsed by J-PARC PAC and
KEK. We will present the details of COMET Phase-I.

Introduction

Searches for the charged lepton flavor violat-
ing (cLFV) processes are very important to study
the physics beyond the standard model of the
elementary particle physics. Among the cLFV
processes, a coherent neutrino-less conversion
of muons to electrons (u-e conversion), in the
presence of a nucleus, p- + N(A,Z) — e +
N(A,Z), is much attractive due to their upgradabil-
ity with powerful proton divers such as J-PARC
main ring and the Project-X in FNAL. Two ex-
perimental searches for the y-e conversion have
been proposed: COMET for the J-PARC and
MuZ2e for the FNAL. The both experiments are in
their design phase, therefore a lot of simulation
studies and R&D programs are underway. The
COMET stands for COherent Muon to Electron
Transition. It was approved as a stage-1 experi-
ment by the J-PARC PAC in July 2009, and given
the experiment number J-PARC E21.

Staging Approach of COMET

The proposed J-PARC mid-term plan includes
the construction of the COMET beamline. This
will provide the proton beamline for COMET and
part of the muon beamline in the south area of
the J-PARC Hadron Experimental Hall. We con-
sider a staged approach for COMET: “COMET
Phase-lI” and “COMET Phase-II”.
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COMET Phase-I : physics run 2017- COMET Phase-Il : physics run 2019-
BR(u+AI-e+A)<7x10"'5 @ 90%CL BR(u+AlI-e+A)<6x10""7 @ 90%CL
8GeV-3.2kW proton beam, 12 days 8GeV-56kW proton beam, 2 years
90deg. bend solenoid, cylindrical detector 180deg. bend solenoid, bend spectrometer,
sk wu S R transverse tracker+calorimeter

For the COMET Phase-I, we will construct the
first 90 degrees of the muon beamline so that a
muon beam can be extracted to the experimental
area. Then, we will:

D make a direct measurement of the proton
beam extinction and other potential back-
ground sources for the COMET Phase-Il ex-
periment, using the actual COMET beamline,
and

2) carry out a search for u—e conversion with a
singe-event sensitivity (S.E.S.) of 3 x 10715,
which is better than achieved by SINDRUM-II.

After these measurements, the muon transport
will be extended up to 180 degrees for the
COMET Phase-Il. We will start the u—e conver-
sion search with S.E.S. of 3 x 10717 sensitivity
with an electron spectrometer and detectors.
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Beam Power 8 kW

The J-PARC main ring (MR) is used to supply a pulsed 8 GeV \ e B GV
proton beam, which is slow extracted, maintaining its bunch RCS Bean Enittance 107 mnrad
structure, into the J-PARC Nuclear and Particle Experimental S filed et empty / o 10
Hall (NP Hall). The pulsed proton beam then hits the pion pro- P Buach Longth 100 e

duction target located inside the pion capture solenoid magnet.
The produced pions decay to muons as they are transported
from the pion production target to the muon stopping target. 1751 psce 685msee 3
These muons are momentum selected by the curved solenoid

transport channel. 1 1 q 1 1 q 1 1
The required proton beam power is 8 GeV x (0.1-1) pA ((0.63— S | |

6.3) x 10'2 protons/s), which will provide enough muons at e

COMET Phase-l to allow the beam properties to be studied and L 07scoondbeamopill

the physics goals to be achieved. For the beam property study, a L 147 secoud aceelemc yele

normal slow-extraction beam is best for reducing the instantane-

ous detector hit rate. For the y—e conversion search, as in the Figure 1: Up: COMET beam acceleration bunch configu-
case of that using the full COMET experiment, the proton beam ration in the RCS and the main ring with requirements on
needs to be pulsed with a time separation of about 1 ps, which the pulsed proton beam for the COMET experiment.
corresponds to the lifetime of a muon in a muonic atom. The pro- Bottom: Timing structure of the bunched proton beam in a

ton beam in the main ring is extracted and delivered to the pion slow extraction mode.

production target whilst maintaining the pulse structure of the  Since the magnetic field at the detector (of 1 Tesla) is
beam. For COMET Phase-| to achieve its expected sensitivity, smaller than that at the muon beamline, the beam
the relative number of residual protons between pulses needs to  would spread when it enters the detector. The beam
be as small as the requirement for the full COMET experiment, collimator is placed just after the end of the first 90-
namely 10° times smaller than the number of protons in the main  bend to determine a beam size so that muons that are
pulse, because of the shorter length of the muon transport line, not stopped in the muon stopping target are elimi-

which leads to a larger survival rate for the pions. nated before entering the detector. And at the same
time, it would eliminate high momentum muons. Fig-
Muon Beam ure 2 shows momentum distribution of negative

muons coming to the muon stop- ping target and a
The muon beam line of COMET Phase-l will include the pion faction of muons stopped in the muon stopping target.
capture section and the muon transport section up to the end of
first 90> bend of the COMET experiment. The design of the
muon beam line of COMET Phase-I is identical to that of the full
COMET experiment. COMET Phase-|l uses negatively-charged
low-energy muons, which can be easily stopped in a muon-
stopping target. The low-energy muons are mostly produced by
the decay in flight of low-energy pions. Therefore, the production -
of low-energy pions is of major interest. At the same time, high- N AN o
energy pions and muons, which could potentially cause back- e e e Py (e
ground events, should be eliminated as well as possible.

Detectors for the COMET Phase-l

Eor Background Study

This figure shows a schematic view of

By assuming a proton beam of 8 GeV with 0.4 YA,
with a running period of 10% s, a total number of
muon stopped is Nstop = 5.8 x 105 (= 0.0023 x 2.5 x

the setup for background measure- ' -
ment. Mea- surement of the proton = T

beam extinction ratio will be done by
using segmented hodoscope counters
as used in previous studies. The

setup composed of a solenoid magnet with 0.85-1 T mag- for COMET Phase-l to maximize an experimental
netic field strength, 5 layers of tracker, and crystal calorime- sensitivity for y——e— conversion search, and the
ter. Detectors are located in a vacuum vessel functioning as a latter is a prototype detector for the full COMET
cryostat of the spectrometer magnet. The same detector experiment.The baseline option for the detector to
technology as the COMET detector will be employed. The search for y—e conversion is a cylindrical detector.
tracker will be constructed using straw chambers being de-
veloped for the COMET tracker. The crystal calorimeter will
be composed of GSO or LYSO crystals; R&D is in progress
and produc- tion will be ready in time for COMET Phase-I.
We will make a decision which crystal to use according to the
result of R&D. Performance of these detectors will be investi-
gated in this measurement and upgraded for the COMET ex-
periment if necessary. It is also possible to test readout elec-
tronics and the data acquisition scheme. In this sense this
setup will be a real prototype of the COMET detector.

Eor u-e conversion search 10'8). The single event sensitivity is
Two types of detector configuration are considered B(p+Al—e +Al)=3.1%10715,

for the y——e— conversion search in COMET Phase- The 90 % confidence upper limit is
I. One is a cylindrical detector option, and the other B(p+Al—e+Al)<7.2x10-15

is a transverse tracker detector option, in which the
detector for background measurements mentioned
before is reused. The former is a detector dedicated

Table 6.4 shows a summary of the estimated back-
grounds. The total estimated back- ground is about
0.11 events for a single event sensitivity of 3.1 x
107"% with a proton extinction factor of 10-9. If the
proton extinction factor is increased, the expected
background events are further reduced.

Table 6.2 Table 6
the case o 3% 10

The technically-driven sched-

ule for COMET Phase-l is = ____
shown in Table 8.1. We are ==

hoping to start construction in = =

2013 and carry out measure- = ==
ments in 2016. = ———




