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Outline

• Introduction 
• MEG II experiment 
• Liquid Xenon Gamma-ray Detector Upgrade 

• Position resolution measurement 
• Measurement setup 
• Evaluation method 
• Measured position resolution 

• Summary & Prospects

2



Satoru Kobayashi 2020 JPS Autumn(Online)| 15aSE-9 | September 15

µ→eγ search

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

• The MEG experiment gives the current upper limit of Br(µ→eγ). 
• Br(µ+→e+γ) < 4.2×10-13 (90% C.L.)
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MEG II Experiment

• MEG II will search for the µ→eγ decay with unprecedented sensitivity. 
• Goal: Br(µ→eγ)~6×10-14 in 3 years of data acquisition. 
• Even higher intensity muon beam( ) 
• Detector upgrade(  improvement for each detector) 

• Liquid Xenon gamma-ray detector measures the position, energy, and 
timing of the incident gamma-ray. 
• 900 L liquid xenon + VUV-sensitive photosensor.

3 × 107μ/s → 7 × 107μ/s
× 𝟤
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Liquid Xenon Detector Upgrade

• MEG gamma-ray detector used 2-inch PMTs to detect 
scintillation light of liquid xenon in the VUV range( ). 

• Non-uniformity of light collection efficiency limited the resolution. 
• A small and square-shaped photosensor is desirable. 

• We use VUV-sensitive MPPCs in MEG II. 
• Developed for MEG II in collaboration with Hamamatsu K.K. 
• Entrance face: 216 PMTs  4092 MPPCs( )

λ ∼ 175 nm

→ 12 × 12 mm2
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Liquid Xenon Detector Upgrade

• Thanks to the granular readout by MPPCs, the resolution is 
expected to be improved by a factor of two. 
• Position resolution: 5 mm → 2.5 mm 
• Energy resolution: 2% → 1% 

• The commissioning is in progress with the limited number of 
readout electronics from 2017. 

• Today’s theme:  
• Measured improvement of the position resolution
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Position Resolution Measurement

• Measure the position distribution of gamma-ray with a lead collimator. 
• The width of peaks in the distribution corresponds to the resolution. 
• Rotate by 90  to measure the horizontal(u) & vertical(v) resolution. 

• Gamma-ray source: 17.6 MeV from  reaction 
• The geometry of the setup was precisely aligned by optical instruments. 

• Collimator: <50  / MPPC: <500  precision

∘
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Event Selection

• The position is reconstructed by the fitting of light distribution. 
• Energy cut and position cut were applied both for MC and for data. 

• Energy: : around energy peak(17.6 MeV) 

• Position: : around the collimator 

• With these selections, the distribution of reconstructed depth(w) in data and 
MC was consistent with each other.

16 MeV < Eγ < 20 MeV

{−10 cm < u < 10 cm
−27 cm < v < − 7 cm
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Reconstructed position distribution

• We smeared MC truth position distribution with a Gaussian 
function to fit the reconstructed position distribution. 
• We regard  of the Gaussian as the resolution. 

• Measured geometry is reflected in the MC simulation. 
• Four slits were used to evaluate the position resolution.

σ
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Position Resolution 

• The average resolution of four slits. 
• We observed an expected improvement of the position resolution. 

• u(horizontal) resolution: (w < 2 cm) 
• v(vertical) resolution: (w < 2 cm) 

• W binning is sparse for u direction because of the statistics.

σu = 2.5 ± 0.2 mm
σv = 2.4 ± 0.2 mm

10
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Position Resolution 

• The resolution for deep events was worse than the expectation. 
• Not critical because the fraction of deep events is small. 

• We have several candidates of this discrepancy. 
• Noise on readout electronics, S/N. 
• Correlated noise(cross-talk and after-pulsing) of MPPC. 

• We are investigating their impact on the position resolution using MC.
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Summary

• The commissioning of the liquid xenon gamma-ray 
detector for the MEG II experiment is in progress. 

• We evaluated the position resolution using a well-
aligned lead collimator with slits. 

• We achieved a 2.5 mm resolution for shallow 
events(w < 2 cm). 
• Twice better than ~5 mm in MEG as expected. 
• Thanks to the high-granularity readout with VUV-

sensitive MPPCs.

12
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Prospects

• Investigation of the discrepancy of the resolution for deep events. 
• Measurement of the position resolution for gamma-rays with  

(signal event) 
• As in MEG, we are planning to use 55 MeV gamma-ray from 

charge exchange reaction( ).

Eγ ∼ 52.8 MeV

π0 → γγ
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Thank you for listening!!

14



Satoru Kobayashi 2020 JPS Autumn(Online)| 15aSE-9 | September 15

Backup

• Evaluation in MEG 
• DAQ configuration 
• 2017 Measurement 
• Alignment of the setup 
• Position Reconstruction Algorithm 
• etc…

15
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Evaluation in MEG

• The position distribution was fitted by Gaussian function(+offset). 
• The hit position distribution of MC truth was approximated to Gaussian.

16
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DAQ Configuration

• TRG: sum of 256 MPPCs are used. 
• DAQ rate: ~5 Hz 
• The number of used channels was limited to ~1000 

because the mass production was not yet started. 
• ~360 PMTs and ~640 MPPCs.
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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.

20
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MC Configuration 

• Geant4 MC simulation + Waveform Digitization 
• Measured geometry of MPPC, collimator, vertex is reflected. 
• PDE: 8% = Measured PDE in PreEng2018

21

collimator
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Gamma-ray Source

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

• Data taking : ~3 days in pre-engineering run.

7
3 Li(p, γ)8

4Be
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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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Alignment of Gamma-ray vertex

• The vertex of gamma-ray at target was aligned. 
• with and without B-field. 

• The measured vertex position and its spread are 
reflected in MC simulation.

23

CW beam spot with Cobra on/off

• CW proton beam tuning for both Lithium and Boron settings with Cobra on/off 

• Initial vacuum acceptable (not optimum) 

• i.e. Boron Data

A. Gurgone: Summer Student

Cobra on Cobra off
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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.

24
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Verification of Evaluation Method

• Complementary method is to estimate the resolution from 
the deviation between reconstructed and true position. 
• σ(xreconstructed − xtruth)

25
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Position Reconstruction Algorithm

• The hit position of gamma-ray is reconstructed by 
the fitting of light distribution of MPPC. 

• The fitted position is corrected using MC simulation. 
• Geometry and electromagnetic shower.
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グローバル補正
グローバル補正ではフィットされた位置を自分自身の関数に従って補正を行う。補正関数はフィット
された位置と物理シミュレーションから得られる真のヒット位置 (MC truthのヒット位置)を比べるこ
とで求める。図 8.8に u方向の補正の概要を示す。右側のプロットはフィット結果 ufit とMC truthの
umc の差を ufit の関数して表しており、ufit − umc が ufit に依存していることが確認できる。つまり左
の図で言うと、赤の部分の大きさが青の部分に依存していることになる。このようなバイアスはシャワー
の発展方向がガンマ線入射方向と同じ方向を向きやすいことに起因すると考えられる。補正関数はここで
見えている依存性を打ち消すように定める。
図 8.9に v, wに対する同様のプロットを示す。uとは異なり、v 方向ではバイアスが見られないことが
わかる。v 方向ではガンマ線ヒット位置の v の値が大きくとも、ガンマ線は入射面に垂直に入射するから
である。w方向では既に議論したように、フィット結果がヒット位置後方のシャワーに引っ張られること
で、ヒット位置が深く評価されるようなバイアスが見られおり、これも適切な関数で補正する。
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図 8.8 (左)u 方向のバイアスの原因。真のヒット位置の u が大きければ大きいほど、シャワーは入
射面に対して斜めに入射しやすくなり、フィット結果と真の位置のずれ (図中の赤) は大きくなる。
(右)ufit − umc と ufit の相関
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の相関。フィット結果は真の位置より深くなることがわかる。
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Uncertainty of Position Resolution

• Statistic uncertainty is dominant over the whole uncertainty. 
• Uncertainty from geometry is considered to be negligible. 

• The spread of gamma-ray vertex and the position of 
collimator is measured.
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PDE from  2017 to 2019

• VUV sensitivity decreased by relatively ~40% after 530 hours of beam usage. 
• Very fast: We were going to use  beam for 140 days per one year. 
• MPPC PDE reaches zero in 70 days when we assume linear decrease. 
• Lab test at room temperature indicates that PDE decrease saturates at 30% 

• (17aG22-7(R. Onda)) 
• A good news is that we found the annealing were able to recover PDE by 80%  

• (16pG22-13(K. Ieki)). 
• We are going to do the annealing when the PDE becomes too low to achieve a good 

resolution.

μ
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S.Ogawa, JPS 2020s
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Distribution of Deviation 
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