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Topics

1. Introduction
% MEG II experiment

% pixelated / positron Timing Counter (pTC)
o pixels, performance so far

2. Pixel refurbishment plan
% Test and performance of new SiPMs
% Performance comparison with the past production
% Mass production in 2024
% Estimation of pTC performance after replacement

3. Summary
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MEG II experiment

18pT3-6,7
Liquid xenon photon detector
(LXe)

COBRA & AN /
superconducting magnet Eaatae SHTEIREIE
p \ g magnetSee
o%

Pixelated timing counter
(pTC)

! Muon stopping target
Cylindrical drift chamber
Radiative decay counter (CDCH)
(RDQ)
21pT1 - 3, 4

"The design of the MEG II experiment"
Eur. Phys.].C 78, 380 (2018)
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» Search for cLFV process y—ey
with aimed sensitivity: 6 x 10714

« An order better from the current

upper limit: B(u—ey) < 4.2x 10713
(MEG result, 2016)

« The physics run started in 2021

« Analysis on 2021 data:
Eur. Phys. J. C 84, 216 (2024)

« Analysis on 2022 data:
18aT2 -6, 7

Taku Yonemoto - MEG II pTC


https://link.springer.com/article/10.1140/epjc/s10052-018-5845-6
https://link.springer.com/article/10.1140/epjc/s10052-024-12416-2

pixelated Timing Counter (pTC)

Concept
512 . o> . T ;
counters’ Stopping Improvg e tl_me re_solutlon
N "";'_.;v-._“’A","?’get by multiple-pixel-hit scheme.

« Upstream 256 + Downstream
256 = 512 pixels

°

0.08

« Mean ~ 9 hits (MC, signal e*)

0.06

0.04

Probability

0.02

L pan X i
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Number of hit counters
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pTC: pixels

6 SIPMs

reflector (esr2)

e\ optical fiber for
N\ A laser calibration

3 b N
N, N

« Upstream 256 + Downstream 256 = 512 pixels
«12cm X 5cm (4 cm) X 5 mm plastic scintillator (Bc422).

« Read by series connection of 6 SiPMs on both side.
(AdvanSiD, ASD-NUV3S-P High-Gain, 3 x 3 mm?2, 50 X 50 pm2, Vireakdown ~ 24 V).
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pTC: pixels
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pTC: performance so far

timing calibration

Overall time Resolution (Even-Odd Analysis)

x10° _[s]
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Nhit
t.+ resolution for 9 hits - Overall resolution:
pilot run 2017 Nov. 37.1 ps z
onrc(Npi) X rate(Ny;
2021 Oct. 38.4 ps : pTCA Thit (Nni)
hit

2023 Jun. 38.5 ps

for Michel e* data in 2017, 2021, 2023 37.4 ps (2017) — 44.4 ps (2023)
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pTC: performance so far

Timing resolution for Michel e+
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pTC: performance so far

Single counter resolutions
« Single counter resolutions estimated with a

LI ] T T T T I L L L l_

reference time from other counters on the
same Michel et tracks.
old?

new __ 2 . o
O-single - \/U (thit tl‘ef) Oref
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« General degradation from 2017 (black) to
2021 (red) was observed as well.
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Figure 1: Single counter resolutions in 2017 (black) and in 2021 (red). The

bumps in resolution around pixel id equal 50 and 300 are due to presence of 5
“Operational results with the pixelated Time Detector of MEG II experiment during the first year of physics data taking”
Nucl. Instrum. and Methods A 1046, 167751 (2023)

cm wide pixels.
Taku Yonemoto - MEG II pTC
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https://doi.org/10.1016/j.nima.2022.167751

pTC: performance so far (pulse height)
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“Operational results with the pixelated Time Detector of MEG II experiment during the first year of physics data taking”
Nucl. Instrum. and Methods A 1046, 167751 (2023)
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https://doi.org/10.1016/j.nima.2022.167751

pTC: performance so far

terribly bad resolution counters
were investigated
L ’ u

Single counter resolutions
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SiPM detachment
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Figure 3: Counter suffering detachment: 3 adjacent SiPMs still glued are vis-
ible through the scintillator; 3 SiPMs, 2 on the right and one on the left, are
detached, due to air between scintillator and SiPM, and are hardly visible.

Figure 1: Single counter resolutions in 2017 (black) and in 2021 (red). The

bumps in resolution around pixel id equal 50 and 300 are due to presence of 5

cm wide pixels.

“Operational results with the pixelated Time Detector of MEG II experiment during the first year of physics data taking”
Nucl. Instrum. and Methods A 1046, 167751 (2023)

Taku Yonemoto - MEG II pTC
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https://doi.org/10.1016/j.nima.2022.167751

Pixel refurbishment plan

« SiPM: ASD-NUV3S-P (3x3 mm¢? active area)
-> ASD-NUV4S-P (4x4 mm? active area)

« 46+40 pixels will be newly producted.

« Performance of pixels

Counter SiPM model note Time resolution # of counters | Time resolution in
Producion in Lab. test installed pTC operation

2016 ASD-NUV3S-P 50x50 um? ~ 85 ps ~ 95 ps
pitch

2018, ASD-NUV3S-P 40x40 um? ~ 70 ps 40 ~ 80 ps

2021

2023 ASD-NUV4S-P 40x40 um? ~ 70 ps 16 N.A.

2024 ASD-NUV4S-P 40x40 um? ~ 70 ps 8 N.A.
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Counter Production

Soldering into
series
connection

Single SiPM

IV-curve « Time resolution
Pulse height with voltage, position

« 6 SiPMs with similar Vgp are grouped and soldered
Into series connection on PCB.

« The temperature is controlled by a thermal

chamber and set to 30degC through the tests.
the procedure is as reported by FAfAf@IPS2015FF K<
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Single SiPMs - 1V curve, grouping

IVAII SiPM Break Down Voltages
= = - x2 / ndf 150.5/15
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® All the SiPMs operate properly measured for I-Vs and BVs.
> To be ordered a company to perform soldering the 6 pieces into one array.

® Vp of single SiPM: 25.8 - 26.9 V
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SiPM arrays IV curv Vgp Of array ~ 156 -160 V
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Light yield check

LE D | |g h » LED pulse height, array R-01 in 2024 ref.
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Rough estimation of improvement

Z{Vhit t; Nhit 52 o~ g o
L E— E : i l

No? - N(1—p)o?+ Np(ac)* =N1 - (1 —a®)p)c?

o) o)
mm) /(1 — (1 —a?)p) ~ 0.95
improvement factor \ Nhit 1 v Nhit
p = g,a =~ (.7

« Detail estimation will be done by Toy MC simulation.
« The results will be compared, and the improvement factor will be considered whether useful.
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Summary

« MEG II timing counter has been on long-term operation.
« Resolution degradation had been expected and reported.

« 96 pixels (out of 512) refurbishment plan is ongoing
IV test, pulse height test has been done.
« Counter test is ongoing.
« Will resolve them for coming years of MEG II run. ~ 5%
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Back up
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LED test
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Dark current history in 2021

« 93 Days in 2021 + 1 Day ref. in 2023
« To follow in the same HV config.
« After 171 Days under muon beam.
(108 in 2022 + 63 in 2023)

« Almost all the pixels show the similar
increment.

« By +5 - 10 pA for 264 Days.
* Prediction (converted from FER@ 17MEAS)
e +5-7.5A

« 2 X 1010 ~50-MeV-positrons /cm2 ~ 6 Gy
« eff. NIEL -> 10° 1-MeV-neutrons /cm?

2021 Current

from 16 Aug. to 17 Nov. (2021) | + on 9 Aug. (2023)

+ 2023 Current at 2021 HV conf.

Majority

2021 Data
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Development in analysis side

« Radiation damage accumulates more on the inner side of

inner

SiPMs. w@44EEE£EEEML___

16000|
14000
12000
10000
8000
6000
4000
2000

Reco. w [cm]

« It causes a difference of the response of pixel, on the hit

position of a passing particle.
« Regard as time offsets depending
on the hit position.

» Offset correction resolves the problem.
FHRQ@ 20ERASR
KEQ2IBIASD
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180°

_ MuEGamma Decay (@

* One of charged lepton flavor violating (cLFV) decays, which
Is forbidden in the Standard Model.

« Many of the new physics beyond the Standard Model (BSM)
predict that the branching ratio is 0 (10-13) — 0(10-14)
where an undiscovered particle in 0(10) TeV mediates the
process.

« Upper limit on the branching ratio was obtained by the MEG
experiment: B(u > ey) <42x10713 (90% C.L.)
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R Jution Lab.

 Set a pixel to the moving radiation source

stage in a thermal chamber
(~30 degC).

* Apply V4 + 24 V to each PCB.

- Triggered with B-ray source
(SroY) and reference counter,
to obtain time resolution for  CHI

t —_ (tl + tz)/z — tref
at three positions.

CH?

trigger & reference
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Trigger counter
o(trer) ~30ps

scintillator
with teflon

v 6 irradiated SiPMs were set at one side

v" On the other side, reference SiPMs were
set to check the measurement system

time resolution (one side)
O'(tsignal - tref) ~ G(tsignal)
t : picked up time of the channel

Domino Ring Sampling chip : DRS
Waveform digitizer used in MEG

»

: 5x5x5mms3
3x3 mm?
MPPC

HPK SiPM S10362-33-050C
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Time resolution evaluation

« 2 complemental

® fave i=——X(t;°° — £°° — TOF;) methods.
« Single counter
(single pixel / channel) resolution evaluation,
depends on the tave
from nearby
® toyen = — /ZZ(treCO t5c€° — TOF,; ) counters.
1 .
todd = n_—/ZZ(tgﬁf‘{ to$° — TOF,i410) - Even-odd analysis is
hit not sensitive to 1st
o(Nwv:) = o(t ¢t “odd orderofl_—th
( hlt) ( even odd) (even-odd) systematics on the
tracking.
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5cm high 4cm high
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New Pixels

*4cm, 5cm

40 mm 50 mm
5 1000—¢oa5, anay 7 ] = 1000—¢ o3, amay 1
E ®  old3x3, aray 2 L] E e  old3x3,array 2
£ 900 B newdx4,array 1 £ 900 B newdxd,array 1
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Hit rate

« 2017 - 2021 ~ generally halved

P R A S .

Rate (kHz)




Presumed increment

« Muon beam
« 2021: 93 Days (16 Aug — 17 Nov)
« 2022: 108 Days (1 Aug — 17 Nov)
« 2023: 63 Days (7 Jun -9 Aug)

e Presumed increment

« ~100 uA (from 2017 commissioning)
« 525 days, 30 degC

24 hours

e S R 31 hours + 55 min

x 7 days x (25 x 3) weeks~93uA (5.1)
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Irradiation test (‘16-'17)

* eqUivalent to 6 series IV curves

+100 UA increment for 160V S1?: " §
|
-E 10: -l(h(é.‘(ldegl

-> +30 UA @ 10 degC EOF
&

11 l | - | | e A | | I - |
155 160 165 170
voltage[ V]
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Examples (1, DS-pTC)

« Number = channel No.
(e.g. pixel O contains ch0-1, pixel 1 contains ch2-3)

Graph Graph

PN TN PP P PO e

= FARRRURTETY 1o FYTY RRRT1 FRUTA AAOTY FATI AT
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Examples (2, DS-pTC)

« Number = channel No.
(e.g. pixel O contains ch0-1, pixel 1 contains ch2-3)

uu!ua...!,uu]

9 PRETY RXTY SYTY PYUTE FAATI A

{
FYTTI R [T R T

I~ HT

<
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Examples (3, US-pTC)

« Number = channel No.
(e.g. pixel O contains ch0-1, pixel 1 contains ch2-3)

Graph Graph
45 692 i i 450708
693 709
40¢ 694 Ol
35F---[() 695 35F-- |0

30F- oo IS T S
25,

FTYL YT FETYL PR e
Lovwboosadonbionilen

20 20| E
15F- 15F---- E;
10f 10 =
5 4 E
0 20 40 60 80 100 0 40 60 80 100 0 20 40 60 80 100

Ldelonsi by biniily
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Examples (2)

« Number = channel No.
(e.g. pixel O contains ch0-1, pixel 1 contains ch2-3)

wlibiinbiondin
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