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µ→eγ search

• µ→eγ decay is a lepton flavor violating decay. 
• almost forbidden in SM+ν. oscillation(Br(µ→eγ)~10-54) 
• predicted in some theories(Br(µ→eγ):10-11~10-14) 

• Current upper limit of Br(µ→eγ) is given by the MEG 
experiment. 
• 4.2×10-13 (90% C.L.)
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MEG II Experiment

• MEG II experiment will search for the µ→eγ decay 
with unprecedented sensitivity. 
• Br(µ→eγ)~6×10-14 in 3 years 

• Liquid Xenon gamma-ray detector measures position, 
energy and timing of the incident gamma-ray.
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Liquid Xenon Detector Upgrade

• We have replaced 216 2-inch PMTs on the γ-entrance face 
with 4092 12×12 mm2 VUV-MPPCs. 
• High granularity & uniform readout 

• Position resolution: 5 mm → 2.5 mm 
• Energy resolution: 2% → 1% 

• Less material of the entrance face 
• Better detection efficiency
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Principle of Evaluation

• Goal: evaluate the position resolution. 
• The position resolution can be estimated using peaks of the 

reconstructed position distribution of collimated gamma-ray.
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図 2.14 キセノン検出器での PMT配置

検出器全体のキャリブレーションにはガンマ線を使用する。52.8MeV に近いガンマ線を得るために、
液体水素の標的に π 中間子を当てると起こる Charge EXchange (CEX)反応 (π−p → π0n) から得られ
る π0 中間子を使用する。π0 中間子が 2γ に崩壊したイベントのうち、２つのガンマ線が back-to-back

に出たイベントを選ぶと、55MeVおよび 83MeVの単色ガンマ線が得られる。キセノン検出器の反対側
に出たガンマ線は鉛プレート、プラスチックシンチレーター、BGO結晶からなる BGO検出器 (図 2.15)

によってタグされる。
また検出器の安定性、特に光量の安定性をモニターすることも必要である。CEX反応を用いたキャリ
ブレーションは標的やビームの設定を変えなければならないため、１年に１、２回程度しか行えず、検出
器の安定性を監視するには向いていない。かわりに検出器下流側に置かれた Cockcroft-Walton (CW)加
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First Measurement in 2017 - Set up

• We tried to estimate the resolution using BG 
gamma-ray from muon decay. 

• We reused MEG lead collimators. 
• Along with their support structure.
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First Measurement in 2017 - Result

• Vague position distribution. 
• The slit of the collimator was too wide. 
• The spread of the vertex of gamma-ray was too wide(a few cm). 

• Furthermore, following issues make it difficult to compare data with MC. 
• Neither detector nor collimator were aligned. 
• Support structure for the collimator was not robust enough.
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Redesign of collimator

• A new collimator with narrow slits was produced. 
• Slit width: 10mm→5mm: narrow peak 
• Thickness: 18mm→25mm: better S/N 

• Rigid support structure was produced. 
• Supports 15kg lead collimator with little deformation.
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Alignment of collimator & detector

• Collimator is precisely surveyed after the installation by laser tracker. 
• Precision: ~a few 10um. 

• The position of MPPCs was measured and transformed considering 
the position of the detector. 
• Precision: <500um. 

• The measured geometry is taken into account in MC simulation.
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Measurement in 2018

• Gamma-ray source: 17.6 MeV from 
• Proton beam from Cockcroft-Walton accelerator. 
• Target:  
• Beam vertex spread <1mm (2017: a few cm) 

• Data taking : ~3 days in pre-engineering run.
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separating two particles in time and in space. By ‘‘monitoring’’
one essentially means the check of the stability of all important
quantities, as often and as completely as feasible, in conditions
which are as close as possible, or similar to the normal running
conditions of MEG (COBRA magnet at full field, high beam
intensity, minimal modifications to the MEG set-up.). Another
important calibration method, relevant to liquid scintillator
calorimeters and in particular to liquid cryogenic noble gas
detectors, is based on the use of multiple a-sources distributed
in the detector sensitive volume. For the MEG experiment we
developed 241Am point sources deposited on thin (100 mm dia-
meter) gold-plated tungsten wires permanently suspended in the
volume as well as sources fixed on the surfaces of the large vessel
containing the LXe [14]. The method is valuable in measuring the
relative QEs of all PMTs surrounding the sensitive LXe volume, for
determining the LXe optical properties of the UV scintillation light
and for checking the stability of the calorimeter properties during
the experiment.

5. The Cockcroft–Walton accelerator project

The Cockcroft–Walton (C–W) accelerator is in operation in the
MEG experiment for calibrating, monitoring, and tuning the
performance of the Liquid Xenon, the relative inter-bar timing of
the TCs and the relative timing between the TC and LXe detector.

These calibration measurements are necessary on a frequent
basis and losses to the normal data-taking time should therefore
be minimized. For ease of operation the following requirements
were met:

(i) a separate radiation-safety monitored area with controlled
access;

(ii) an automated, controlled beam-pipe insertion bellows sys-
tem for the introduction of the LiF (or the Li2B4O7) target as
well as the transportation of the proton beam to the centre of
the COBRA spectrometer;

(iii) a beam transport system, consisting of vacuum pipes, a set of
two horizontal and two vertical steering magnets (parallel
displacement), with axial injection.

These measures minimize the effect of the COBRA stray magnetic
field on the C&M accelerator and allow interventions on the
accelerator to be performed, when necessary, in a separate area,
without interfering with the MEG experiment.

5.1. The Cockcroft–Walton characteristics

The accelerator which is coupled to MEG is a 1 MeV C–W of
recent production [15]. Its performance is listed in Table 2.

5.2. The positioning of the C–W accelerator

A picture of the C–W accelerator is shown in Fig. 2. The C–W
accelerator is placed in a separate area, independently radiation
surveyed, in which it can be opened, closed and tested. At the
moment of performing a calibration, the C–W accelerator must be
turned-on, conditioned and tuned. Since the accelerator is in a
separate area, these operations can take place in parallel with the
normal MEG running. Close to the accelerator, a system of two
horizontal-deflecting and two vertical-deflecting magnets (paral-
lel beam displacement) were installed allowing an axial injection
into the solenoid to hit the centre of the target (see Fig. 4.) The
problem of injecting a proton beam into COBRA to reach a target
at the COBRA centre is very similar to the one of the normal
m-beam. The particle momenta are similar and so are the optical

properties of the beam. The p-beam has to reach the target under
vacuum. The p-beam is introduced into the spectrometer from
downstream, in the opposite direction to the normal m-beam. The
present layouts of the downstream-side of the MEG experiment
and of the C–W area are shown in Fig. 3.

Table 2
Characteristics of the MEG C–W.

Proton beam properties MEG C–W

Energy (keV) 300–1000
Energy spread (FWHM) (keV) o0:5
Angular divergence (FWHM) (mrad!mrad) o3! 3
Spot size at 3 meter (FWHM) (cm! cm) o3! 3
Energy setting reproducibility (%) 0.1
Energy stability (FWHM) (%) 0.1
Range of the average current (mA) 1–10
Current stability (%) 3
Current reproducibility (%) 10
Duty cycle (%) 100

Fig. 2. A view of the Cockcroft–Walton accelerator.

Fig. 3. Layout of the MEG and C–W experimental areas.

J. Adam et al. / Nuclear Instruments and Methods in Physics Research A 641 (2011) 19–3222
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Position Distribution

• Sharp position distribution was successfully observed. 
• Narrow peak width & Higher S/N  

• Peaks are fitted with constant + Gaussian. 
• Position & width are compared with MC values.
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Peak Position

• Depth-dependent deviation between data and MC 
• Mis-alignment of gamma-ray vertex position @ target? 

• The collimator and the detector are aligned to an 
accuracy of <500um. 

• Bias of position reconstruction 
• Further investigation is planned.
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Peak Width

• The position resolution should be improved especially at 
shallow region(depth<4cm). 

• Peak width in data has similar depth dependence to that in MC 
as expected. 
• However, we have several sources of systematic uncertainty.
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Systematics to be considered

• There are several sources of systematic uncertainty. 
• Hit distribution may not be Gaussian-shaped. 
• Bias of reconstructed position. 
• Uncertainty of beam vertex position & spread.
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Summary

• MEG II experiment will search for µ→eγ down to 
Br(µ→eγ)~6×10-14. 

• Expected gamma-ray position resolution is 2.5 mm. 
• We improved the set up of the position resolution measurement. 
• At the first measurement in 2017, several issues were found.  

• Vague position distribution. 
• Alignment of collimator and detector. 

• In 2018, these issues were solved. 
• High contrast position distribution was successfully observed. 

• The evaluation of position resolution is in progress. 
• The estimation of systematic errors.
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