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Purpose of This Talk

• MEGII is mentioned frequently in discussions of LXe calorimeter.

• The aim of this talk is to introduce MEGII to younger people who are not familiar with MEGII.

• Mainly on my previous research.
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(MEG – chan)



𝜇 → 𝑒𝛾 Search
• 𝜇 → 𝑒𝛾 is a charged lepton flavor violation decay. 

• The decay is prohibited based on the Standard Model and 𝜈 oscillation.
ℬ 𝜇 → 𝑒𝛾 ∶ 10!"#

It can be observable in theories beyond SM.

ℬ 𝜇 → 𝑒𝛾 ∶ 10!$$~10!$#

• Upper limit on the branching ratio
MEG final result: 

ℬ 𝜇 → 𝑒𝛾 < 4.2×10!$% (90% C. L. )
MEGII first result (2021 data):

ℬ 𝜇 → 𝑒𝛾 < 3.1×10!$% (90% C. L. )
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MEG II Experiment

DAQ will continue until at least 2026.
PSI long shutdown from 2027

Goal of MEG II experiment

ℬ 𝜇 → 𝑒𝛾 ~6×10!$#

Liquid xenon (LXe) gamma-ray detector

LXe detector measures the position, energy and timing of the gamma-ray.
4092 VUV-sensitive MPPCs (entrance face) + 668 PMTs (other faces)
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MPPC

PMT

Signal of 𝜇 → 𝑒𝛾
𝑒& and 𝛾 are emitted

simultaneously
back-to-back
at monochromatic energy (52.8 MeV)
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List of Calibration
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Run type Frequency Purpose

Pedestal Once a day Noise check. Update templates if necessary.

Strong LED Once a day PMT gain calibration

Weak LED 3 times a week MPPC gain calibration

Alpha Once a day MPPC PDE calibration

Cosmic-ray 3 times a week Energy scale check

17.6 MeV gamma-ray from !Li(𝑝, 𝛾) "Be 3 times a week Energy scale calibration

9 MeV gamma-ray from #"Ni(n, γ)#$Ni 3 times a week Energy scale calibration

Various parameters, such as gain and PDE, are required to reconstruct events in LXe detector.
Parameters fluctuate over time.
Calibration is necessary to continue physics data taking with sufficient energy resolution.

Long calibration (3 days/week) : ~120 min
Short calibration (4 days/week) : ~50 min



Noise Reduction
Wave form of each channel is read out.

Pedestal run : periodic trigger without beam

→ Extract noise templates. 

Subtract templates from the raw waveform.

Temperature dependent template
Leakage current in the readout electronics → temperature dependent slope in wave form
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Noise effect : 0.5%
Enough smaller than energy resolution(2.6%).

Worsening noise conditions: insufficient cooling
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PMT Gain (Strong LED Run)
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It is known from experience in MEG that PMT gain decreases.
LEDs are installed inside detector for gain calibration.
Calculate charge of each sensor at different LED intensities.

Long calibration (22 different intensities)  3days/week
Short calibration (4 different intensities)   4days/week

Position of LEDs installed inside detector

Charge distribution of PM4754 for a given LED intensity

PMT gain can be calculated from the following equation.
𝝈𝒒𝟐 = 𝑮𝒆1𝒒 + 𝝈𝟎𝟐

(𝜎$:spread of charge distribution, 𝐺:gain, 𝑒:elementary charge, 𝑞:average charge)

!𝑞

𝜎,
Calculate 𝜎, and !𝑞
for different LED intensities

Gain is obtained from the slope.

(𝑞 and 𝜎$ at different LED intensities



PMT gain history
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red: absolute gain (intensity scan)
black : charge history (scaled by absolute history)

PMT HV adjustmentPMT HV adjustment

Charge history is scaled by a linear function to compensate for 
the effect of LXe purity.
Discrepancy between absolute gain history and scaled charge 
history is less than 0.5%. 

(scaled charge gain) = a * (original charge gain) + b

Δg = . absolute gain − scaled charge gain %

Minimize Δg and estimate a and b sensor by sensor in each period.



MPPC PDE / PMT QE 
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It was found in pre-engineering run that PDE decreases 
during beam time due to radiation damage.

PDE of at least a few percent is required for DAQ 
for sufficient sensitivity.

→ Beam rate and beam time are limited by PDE.

-./Am sources are installed inside the detector for PDE calibration.

PDE can be calculated from the number of photoelectrons using alpha-rays from -./Am.
𝑷𝑫𝑬𝐝𝐚𝐭𝐚 = 𝑷𝑫𝑬𝐌𝐂×

𝑵𝐝𝐚𝐭𝐚
𝑵𝐌𝐂

×𝑳𝒀
𝑁6787, 𝑁9:: the number of photoelectrons in data or MC
𝐿𝑌: Light yield

Assume PMT QE does not change.
→ Measured apparent QE fluctuation is due to LY.



PDE, QE history
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CEX run

LY is increasing.
New xenon was added in the 
commissioning period in 2022 beamtime.
(LXe level had not reached the top of the 
detector during 2021 beamtime.)
LY recovery by purification of gaseous 
xenon

Before 2022 beamtime, MPPCs were
annealed for PDE recovery.

Initially, a beam rate 3×10!𝜇; /s was used.
Based on PDE monitoring results, 
it was determined that a higher beam rate 
was available.
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Charge EXchange reaction (CEX)

𝜋<𝑝 → 𝜋=𝑛
𝜋= → 𝛾𝛾

𝜋< is injected into a liquid hydrogen target.

Back-to-back 𝛾-rays : 54.9 MeV and 82.9 MeV

Close to the energy of the signal event (52.8 MeV).

Timing Resolution Evaluation of LXe Detector
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54.9 MeV

82.9 MeV

LXe Detector

pre-shower counter

BGO crystal

Hydrogen target
!!

"

!!"#

!$%

"

vertex

Inner face of LXe detector is divided into 24 patches.
BGO detector is moved according to the patch.

pre-shower counter : timing and position
BGO                            : energy

absolute timing resolution 𝜎>?@ = 𝜎 𝑇ABC − 𝑇D@ − 𝑇EFG ⊖𝜎D@⊖𝜎HBIJBA
even odd timing resolution 𝜎BHBKLMM = 𝜎 𝑇BHBK − 𝑇LMM /2

It is necessary to measure 𝜎HBIJBA to evaluate 𝜎>?@.

pre-shower counter



Timing reconstruction in LXe detector

12

ch 𝑖

𝛾

𝒕𝒊,𝒑𝒓𝒐𝒑 : Propagation time of scintillation light 
from the first interaction point to each sensor

𝒕𝒊,𝐩𝐦 : the signal detection timing 
of each sensor

first interaction point

!

0.1!
%!,#$

waveform of ch &
(CF=0.1)

time

𝒕𝒊,𝐰𝐚𝐥𝐤 : the time walk effect of each sensor
Calibrate the effect of time walk as a function of 𝑁DXB

waveform of ch !
(rising edge)

threshold by CF method

𝒕𝒊,𝐨𝐟𝐟𝐬𝐞𝐭 : the time offset of each sensor
Calibrated using pion beam run data based on the dedicated timing calibration counter

Gamma-ray timing 𝒕𝛄 is reconstructed with 𝝌𝟐 minimization fit.

same timing signals



Sensor timing calibration
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vertex

pre-shower counter

MPPC or PMT

! !

"!"

Δ"#$% &'$Δ"#$% ()*
Δ""+,-./ !/,!

Δ""01231 !/,!

light center

"45(after cable length correction)

"123""01231 45
("!"#$%# &' = "#$% + Δ"!()*+, -,)- + Δ"!"#$%# -,)-)

Δ"6177 = "45 − ""01231 45

("#$% = "-! − Δ"./012/ + Δ"./0345)
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Time offset and time walk are calibrated 
in pion beam run.

Δ𝑇M^__ = 𝑇 a − 𝑇@C^KJ^ `a

𝑇 a :	Signal detection time in each sensor obtained 
from waveform analysis

𝑇@C^KJ^ `a: Time when scintillation light reaches the sensor
calculated using 𝑇D@ as a reference

Time offset calibration
Average of Δ𝑇M^__ at each sensor is extracted.

Time walk calibration
Sensors are divided 6 groups.
Dependence of Δ𝑇M^__ on 𝑁DXB is extracted.

These parameters are calibrated iteratively.



Evaluation of 𝜎!"#$"% and Timing Resolution
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LXe Detector

reference counter

pre-shower counter

BGO crystal

Hydrogen target
!!

"

"

vertex

pre-shower counterreference counter

𝛾 𝛾
𝑇!-,/

𝑇!-,0
𝑇1"2,/

𝑇1"2,0

𝝈𝐯𝐞𝐫𝐭𝐞𝐱 = 𝝈 𝑻𝐩𝐬 − 𝑻𝐫𝐞𝐟 ⊖𝝈𝐩𝐬 ⊖𝝈𝐫𝐞𝐟

𝜎D@ = 𝜎
𝑇D@,= + 𝑇D@,/

2 = 𝜎
𝑇D@,= − 𝑇D@,/

2

𝜎IB_ = 𝜎
𝑇IB_,= + 𝑇IB_,/

2 = 𝜎
𝑇IB_,= − 𝑇IB_,/

2

Reference counter is installed in front of LXe in 𝜎HBIJBA measurement.

Timing resolution of a counter can be estimated from the time difference 
between two plates.
𝝈𝐯𝐞𝐫𝐭𝐞𝐱 can be calculated from the time difference between two counters.

parameter Value [ps]

𝜎 𝑇D@ − 𝑇IB_ 92.0 ± 1.3

𝜎D@ 84.7 ± 1.3

𝜎IB_ 84.3 ± 1.4

𝜎HBIJBA = 𝜎 𝑇D@ −𝑇IB_ ⊖𝜎D@⊖𝜎IB_ = 68.1 ± 1.7 ps
(1.02 ± 0.03 cm)

Result of 𝜎HBIJBA measurement in 2022

σ>?@ = 67.6 ± 1.7 ps
σBHBKLMM = 36.3 ± 0.0 ps

𝜎>?@ = 𝜎 𝑇fgh − 𝑇D@ − 𝑇EFG ⊖𝜎D@⊖𝜎HBIJBA
𝜎BHBKLMM = 𝜎((𝑇BHBK − 𝑇LMM)/2)



Summary
• MEG II experiment searches 𝜇 → 𝑒𝛾 decay.

• LXe detector measures position, timing, and energy of gamma-ray.
• Precise sensor calibration is required to achieve high resolution.

Noise reduction, gain, PDE, QE

• Timing is reconstructed by chi-square minimization fit after time offset and time walk calibration.

• Timing resolution is evaluated using the timing counter as a reference. (67.6 ps)

15


