
MEG II 実験 :  
2020年エンジニアリングラン 

に向けた準備状況
東京大学　素粒子物理国際研究センター

岩本敏幸　他MEG II コラボレーション


2020年3月17日

日本物理学会2020年年次大会＠名古屋大学

JSPS Core-to-Core Program



MEG II motivation
• μ→eγ search


• MEG experiment opened the door of CLFV search 
for the first time after the MEGA experiment


• 28 times better upper limit than the MEGA Exp.


• Sensitivity improvements became 
slower in 2013

• Accidental background dominates the 

improvements


• Need detector performance 
improvements


• PSI accelerator already has a sufficient 
muon beam intensity (>1×108μ+/s)
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MEG II Concept
• Need more 

statistics 

• for the sensitivity 

improvement 


• However, it does 
not work only if we 
increase the muon 
beam rate

• Nacc will be increased 

by Rμ2


• All the resolution 
improvements are 
crucial to keep the 
Nacc manageable
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Nacc∝Rμ2×ΔEγ2×ΔEe×ΔΘeγ2×Δteγ×T



Possible improvements

•

1. More stopping muons on target
2. Reducing target thickness
3. Cylindrical drift chamber to 

improve granularity
4. Transparent before TC
5. Pixelated timing counter to 

improve granularity
6. Extend γ acceptance
7. MPPCs at Inner face of LXe to 

improve resolutions for 
shallow events

8. Integrating trigger and DAQ
9. New detector to identify 

Radiative muon decay 
background
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Positron 
(e+) 

Gamma-ray (γ) Muon (µ+) 

Downstream Upstream 

Liquid Xenon γ Detector

MEG II Experiment

Radiative Decay  
 Counter

Cylindrical Drift Chamber

COBRA SC Magnet

Positron Timing Counter

7x107/s

30ps resolution w/ multiple hits

Single volume He:iC4H10  
small stereo cells, more hits

Further reduction
of radiative BG

900L LXe, 4092 MPPCs + 668 PMTs
Better uniformity w/ VUV-sensitive
12x12mm2 SiPM

x2 resolution everywhere

17aG22:9-10
野内、米本

16pG22:10-13
豊田、小林、家城、小川

17aG22:7-8
恩田、島田

17pG22:11
宇佐見



MEG II story
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2012 2013 2014 2015 2016 2017 2018 2019 2020

MEG II R&D started Proposal 
approved R&D Detector preparation period

CDCH R&D Design fixed , Parts procurement,   Construction at PISA

Installation at 
PSI

Test with muon 
beam

Repair work
Test with muon beam

TC R&D Beam test with test counter
Construction

1/4 detector, 1/2 detector
Michel run

Construction 
finished

Michel run
Michel run with DS /US

LXe MPPC R&D
MPPC test,  MPPC mass 

production

Detector 
construction

Construction 
finished

Muon run
Muon run Muon run & 

CEX run

DS RDC R&D Prototype test Construction Muon run with 
BGO crystal

Construction 
finished

Muon run
Muon run with LXe detector

Electronics R&D Prototype test
Single crate (256ch.),  4 crate (1024ch.),  6 crate 

(1536ch.) test

Final board 
design Final board test

Mass 
production & 

Test

OK!

OK!



CDCH up to 2019
• CDCH 


• Wire breaking issue seems to be solved by 
humidity control, and the assembly is finished in 
2018, CDCH finally sent to PSI


• For further stable operation, CDCH wire length 
optimized in 2019, and extra-stretch to screen 
weak wires

• Final HV map confirms the good length


• Beam intensity scan are performed for CDCH, 
and showed the reasonable current @ MEG II 
intensity.


• It seems functioning, but…


• Two problems observed

• One wire broken

• High current issue
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LXe γ calorimeter
• Non uniform response for shallow events


• due to finite PMT size (2”)


• Replace inner 216 PMTs with 4092 SiPMs (MPPCs)

• better granularity, better uniformity → better energy, position 

resolutions


• VUV-sensitive MPPCs are developed with 
Hamamatsu for the MEG II experiment

• Basic laboratory tests were all ok, but…
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Exposure to muon beam

LXe γ calorimeter in 2019 muon run
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MPPC PDE decrease  
 9 ± 2% in 160 hours  
@ MEG II intensity

• Unexpected (rapid!) PDE 
decrease observed

• Dose level is too low for PDE decrease


• Possible reasons

• Surface damage by VUV light

• Electron-hole pair generated in SiO2 

by VUV light → Holes are trapped at 
interface SiO2 - Si



Electronics 2019
• MEG II detectors improves granularity


• More readout channels (3000→9000ch.)

• Better to operate SiPMs


• Amplifier, Voltage supply, simple trigger 
possible in a new waveform digitizer


• Waveform DRS4 based Readout Module 
(WaveDREAM) is developed by PSI researchers


• New board design,  
new firmware R&D take time


• Coherent noise can be issue for LXe  
calorimeter → noise filter introduced


• Final production model were tested  
for CDCH and LXe during muon  
beam time. 


• Final mass production  
summer in 2020
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Beam Transport Solenoid (BTS)
• Beam transport solenoid 


• needs any beam usage for MEG II (muon/pion beam)


• Two accidents happened in 2019

• BTS-crane crash (In Feb. Quickly fixed)

• BTS vacuum insulation break (November)


• Open connection between 4-B

• The remaining beam time (December) forced to be cancelled. 
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PSI User’s meeting
• Every January


• PSI review committee will decide one year’s beam time based on experiment’s beam time requests

• 2020-2022: PSI accelerator will be operated from May to December (Winter shutdown)


• MEG II requests for 2020

• June - October :  

all the detector calibration 
and full electronics installation 


• November-December: 
Engineering run
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Output from PSI review committee 
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Output from PSI review committee 

14



MEG II and Mu3e (phase I) at PSI
• MEG II and Mu3e 

experiments will share πE5 
beam line at PSI

• Upstream side beam 
components are switched

• Mu3e
• Magnet, and 

detector 
demonstrators 
will be ready 
for beam time 
2020
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MEG II story
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2012 2013 2014 2015 2016 2017 2018 2019 2020

MEG II R&D started Proposal 
approved R&D Detector preparation period

CDCH R&D Design fixed , Parts procurement,   Construction at PISA

Installation at 
PSI

Test with muon 
beam

Repair work
Test with muon beam

TC R&D Beam test with test counter
Construction

1/4 detector, 1/2 detector
Michel run

Construction 
finished

Michel run
Michel run with DS /US

LXe MPPC R&D
MPPC test,  MPPC mass 

production

Detector 
construction

Construction 
finished

Muon run
Muon run Muon run & 

CEX run

DS RDC R&D Prototype test Construction Muon run with 
BGO crystal

Construction 
finished

Muon run
Muon run with LXe detector

Electronics R&D Prototype test
Single crate (256ch.),  4 crate (1024ch.),  6 crate 

(1536ch.) test

Final board 
design Final board test

Mass 
production & 

Test



Run 2020
• We need priority list


• CDCH repair work is 
finalized, CDCH muon run 
will be carried out to check 
the CDCH functioning


• CEX run to evaluate the LXe 
detector performance 
against 55MeV γ


• LXe PDE decrease study 
with possible operation 
scenarios


• Not a good idea to spend full 
electronics installation during 
beam time

• All the electronics 

readout test will be 
planned at the end.


• The baseline schedule 
is defined, but…

• PSI work is severely affected 

by COVID-19, and the 
schedule delay is inevitable
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CDCH + TC installation

BTS installation & test 

Beam tuning

CDCH muon beam

WD2G replacement? (pre-series 30pc.)

CEX

DCB FW II test?

LXe PDE decrease

Full electronics test

CDCH Mockup, CDCH, 

BTS warm, BTS warm, removalInstall?
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Run 2020

• CDCH repair work 
started

• One wire removal

• High current issue 

reproduced outside, and pin 
down the problem.


• Installation in May

• One month muon beam time 

for CDCH stable operation

18

• Which operations are possible 
for LXe MPPC?


• Annealing (heating) helps PDE 
recovery. 


• How often should we do 
annealing?


• What is the allowed minimum 
PDE value?



Summary
• All the MEG II detectors were tested under MEG II intensity.


• There are several issues for CDCH, LXe, BTS, electronics for Run 2020. 
Those issues should be solved during winter shutdown.


• PSI accelerator beam time in 2020 is already decided (still provisional), 
and we will concentrate on each sub-detector beam test until November, 
and full electronics test in December. 


• COVID-19 will affect our beam time schedule at PSI, and the delay is now 
inevitable…
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