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Ø Charged Lepton Flavor Violation
o practically forbidden in Standard Model by tiny neutrino mass
o but many predictions by new physics are within experimental reach
• eg. SUSY with GUT/Seesaw

Ø µ→eγ search

𝝁 → 𝒆𝜸
Introduction 3/15
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example	of	𝜇 → 𝑒𝛾 decay

o Signal o Dominant Background: Accidental
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𝜈

𝜈
+

from 𝜇 → 𝑒𝜈𝜈𝛾
𝑒𝑒 → 𝛾𝛾

• both 52.8 MeV/c
• back to back
• same timing
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o goal sensitivity:  𝟔. 𝟎×𝟏𝟎.𝟏𝟒 in 60 weeks
compared to MEG I result:
𝐵𝑟 𝜇 → 𝑒𝛾 < 4.2×10.78

(sensitivity: 5.3×10.78)

o key concept:
• high 𝜇 intensity: 7×10<𝜇/s @PSI
• high resolution detectors

o talks
• overall status:   19pT22-2
• timing counter: 17pT12-1,2,3
• radiative decay counter: 18pT12-1

JPS	autumn	2019

MEG	II
Introduction 4/15
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EPJ-C	78	(2018)	380

𝜎@A/𝐸C〜 1%

𝜎DE 〜 50	ps

𝜎FE 〜 100	keV
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Liquid	Xenon	Detector
Introduction 5/15
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o 900 L liquid Xe scintillator (VUV-light ~175 nm)

o PMTs on γ incident surface are replaced to MPPCs

→ improved uniformity and granularity
• energy resolution  : 2% @MEG I    → 1% @MEG II (expected)
• position resolution: 5 mm @MEG I    → 2.5 mm @MEG II (expected)

2	inch	PMT	×668	

12	mm×12	mm	MPPC	×4092 MC	event	display
example	of	pile	up
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Commissioning	of	Xe Detector	
Introduction 6/15
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o pre-Engineering Run 2018
• sensor calibration by LED, 241Am α source
• 17.6 MeV 𝛾 from p-Li reaction
• background γ from	𝜇 beam (𝜇 → 𝑒𝜈𝜈𝛾, 	𝑒𝑒 → 𝛾𝛾)
• limited to ¼ of full readout electronics

o talks
• MPPC PDE issue:  17aT12-4,5
• energy resolution:

• sensor monitoring:       19pT14-6 (this talk)
• background spectrum:  19pT14-7
• p-Li reaction:               19pT14-8
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Ø Introduction
o 𝜇 → 𝑒𝛾
o MEG II
o Liquid Xenon Detector
o pre-Engineering Run

Ø Monitoring of Photo-Sensor
o MPPC
o PMT
o Energy Scale
o Prospect

Commissioning of Liquid Xenon Detector (1)
Outline
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Ø 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑁FOPDPQ ⋅ 𝑃𝐷𝐸U ⋅ 𝑔𝑎𝑖𝑛 ⋅ 𝐸𝐶𝐹
o weak LED

o Strong LED: response for visible light
o charge from scintillation by α from 241Am
o current from scintillation by γ from µ

MPPC
Photo-Sensor Monitoring 8/15
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PDE : Photon Detection Efficiency
(depend on wavelength)

gain : charge from 1 pixel
ECF : Excess Charge Factor

( = crosstalk + afterpulsing)

Charge follows “Poisson + correlated noise” distribution
𝑔𝑎𝑖𝑛 ⋅ 𝐸𝐶𝐹 =

𝑚𝑒𝑎𝑛
𝜇	(𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑	#	𝑜𝑓	𝑝𝑟𝑖𝑚𝑎𝑟𝑦	𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒)

estimated	from	pedestal	fraction:
𝑃 0	𝑝𝑒 = 𝑒.f

LED 241Am	α	source

charge	[109e]
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Ø 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑁FOPDPQ ⋅ 𝑄𝐸 ⋅ 𝐶𝐸 ⋅ 𝑔𝑎𝑖𝑛
o LED of different intensity

o Strong LED: response for visible light
o charge from scintillation by α from 241Am
o current cannot be read out

PMT
Photo-Sensor Monitoring 9/15
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QE :  Quantum Efficiency
CE :  Collection Efficiency
gain : charge from 1 photoelectron

Charge follows Poisson distribution

𝑔𝑎𝑖𝑛 =
𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒
𝑚𝑒𝑎𝑛

LED 241Am	α	source

mean	[109e]
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slope	=	gain

depend	on	B-field
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o gain looks stable < 0.5%
o LED response decrease ~ 1-2%

MPPC:	Visible	Light
10/15
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Photo-Sensor Monitoring

date	/	month

a.u.

gain	ECF
charge	from	LED
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o current behavior is not simple
o indicates ~10% decrease of PDE for VUV

in ~150 h @MEG II intensity

o response for VUV light is decreasing
much faster than for visible light

MPPC:	VUV	Light
11/15
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Photo-Sensor Monitoring

date	/	month

a.u.

current	from	γ (from	μ)
charge	from	α

# of	muon	(normalized)
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o gain & CE depends on
B-field configuration

o all behavior is consistent
within ~ 1%

o gain decrease ~ 7%

PMT
12/15
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Photo-Sensor Monitoring

gain

LED

alpha

no	B-field
B-field	config.	1
B-field	config.	2
during	μ beam

a.u.

#	of	muon	(normalized)
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Ø 0.4-1 MeV p by Cockcroft-Walton accelerator
Ø Li2B4O7 target
Ø 17.6 MeV γ from  7Li(p, γ)8Be
Ø first time in MEG II
→ detail in following talk

Ø 3 runs
o 30th Nov
o 10th Dec
o 17th Dec

Validation	by	γ from	p-Li	Reaction
Photo-Sensor Monitoring 13/15
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Ø 3 runs (30 Nov, 10 Dec, 17 Dec)

14/15

19-Sep-2019

Photo-Sensor Monitoring

MPPC PMT

o energy scale shift ~ 5%
o should be within 1%
o should be checked more frequently

energy	(a.u.)

Validation	by	γ from	p-Li	Reaction
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Ø MPPC
o PDE for VUV light looks decreasing

• under investigation (17aT12-4,5)
o cannot follow the change by frequent LED calibration

Ø PMT
o gain seems decreasing although it can be recovered by increasing HV
o but faster than expected → lab. test is going on

Ø Engineering Run 2019
o more stable long-term beam irradiation
o frequent α calibration (thanks to improve of DAQ speed)
o frequent p-Li runs to firmly confirm monitoring precision

Summary	&	Prospect
15/15

19-Sep-2019

Photo-Sensor Monitoring
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Physics	Background
Backup 17/15

19-Sep-2019
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About	XEC
Backup 18/15

19-Sep-2019
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XEC	Performance	(1)
Backup 19/15
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XEC	Performance	(2)
Backup 20/15
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Requirement	for	Sensor	Calibration
Backup 21/15
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Estimation	of	Radiation
Backup 22/15
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PMT	History
Backup 23/15
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Individual	Difference
Backup 24/15
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CW
Backup 25/15

19-Sep-2019
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Depth	Dependence	of	Energy
Backup 26/15

19-Sep-2019

depth	[cm]

#	of	photon

MPPC

PMT

30	Nov 10	Dec 17	Dec
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Position	Dependence	of	Decrease	@MEG	I
27/15
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Decrease	Rate
[10-2%/day]

Backup
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Position	Dependence	of	Decrease	Rate	@	MEG	II
Backup 28/15
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Decrease	Rate
[%/day]
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Estimation	in	2012
29/15
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Backup
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HV	Estimation	based	on	Different	Models
30/15

19-Sep-2019

Backup

HV

Ø 𝐺𝑎𝑖𝑛 = 𝑎 𝑉 − 𝑉l m

due	to	V0:	Zener	diodes,	cable	lossdue	to	a due	to	k:	dynode	material


